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SUMMARY %

The 7912AD Programmable Digitizer Is a high speed storage oscilloscope with a

microprocessor-based control system and both analog and digital outputs. In the

Investigation reported here, we are concerned with the factors that affect the

instrument's suitability for recording data from underground testing experiments

Including the 7912AD's data accuracy, data recovery time, bandwidth, susceptibility to
L-. ' electromagnetic interference, and its program m able control m icroprocessors and-.' .- '-"i

firmware system.

To evaluate the 7912AD's data accuracy, a precision voltage source was used. It

was found that the data accuracy of the 7912 was determined by the accuracy of the

7000-series plug-ins and, when they were within the calibration specifications, the

7912AD was as accurate as the instrument which was used as a reference - a Tektronix ""'" -

7854 Oscilloscope.

The data recovery time is the sum of the scan and storage time, 16.4 ms, and the. .

amount of time required to move the 8202 bytes of data out over the OPIB at

710 k bytes/sec, approximately 11.55 ms, for a total of almost 28 ms. These times are

calculated or referenced rather than measured since the system controller determines

the data recovery time. As with any device on an IEEE-488 bus, data moves at the rate

of the slowest listener and therefore the 28 ms is a minimum possible time for data

egress.

As was true for the data accuracy, the bandwidth of the 7912AD is primarily a

function of the 7000-series plug-ins. With a calculation of bandwidth based on rise times,

the 7912AD usually allows bandwidths to fall within their specifications. The highest

bandwidth found was approximately 484 MHz for a combination of a 7A19 vertical plug-

in and a 7880 horizontal plug-in; the specifications for the 7A19 claim a bandwidth of

500 M Hz.
The primary interest in this investigation of the 7912AD was of electromagnetic

interference susceptibility. It was found that the 7912AD could withstand a 1400 volt, 28 .-

amp pulse across Its chassis from front to rear panels applied with a Spire SPI-25 13
Pulser. The GPIB line and power line also proved resistant to any pulse that the SPI-25

Pulser could generate. (These lines were not driven directly so they were not exposed to

the same amount of power as the chassis itself.)
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Since the 7912AD is microprocessor-based, it depends upon a 6800 microprocessor ,

to interpret commands which are sent to it and a 2900 bit-slice microprocessor for

memory management, It was feared that a brief power loss might upset the operation of

the microprocessors. However, measurements revealed that, even with a power loss of

100 ms, no system malfunctions occured. In the statement of work, it was proposed that

the possibility of eliminating the microprocessors be considered. Since these

microprocessors control nearly every facet of the 7912AD, to eliminate them would

require a complete redesign and be a step backwards in terms of capability. Although a

series of programmable plug-ins is available from Tektronix, they were not evaluated !

since they are offered in a limited bandwidth; it was felt that the programmable plug-ins

were not likely to be used in underground testing.

In order to protect the system controller during testing, it was necessary to

disconnect the 7912AD from the controller. When this is done, however, the 7912AD '**"

enters the local mode and loses it programmed settings. Several designs were considered

to alleviate this problem and the final design, a TTL level open-collector driver on the

Remote Enable line of the GPIB, functioned well.

In the past, Tektronix has offered a high-speed digitizing option which allows the

7912AD to digitize and store a waveform in 4.5 ms rather than the standard 16.4 ms.

While this results in a loss in resolution due to the compression technique which is used,

it offers an appreciable decrease in data egress time. Tektronix is not offering this

option currently but may be willing to offer it if a sufficient number of 7912ADs is

involved.

The following recommendations are made with regard to 7912AD operating

procedures and arrangements:

1) The 7912AD should be allowed its recommended 20 minute warm-up time.

2) Non-programmable plug-ins should be used.

3) No attempt should be made to override or replace the microprocessor system.

4) Talk to Tektronix concerning the availability of a high-speed digitizing option

(7912AD Option #4). e"4:
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SECTION 1 N '

INTRODUCTION

The 7912 Programmable Digitizer is a storage oscilloscope with a microprocessor
,* . . .,,

based control system which is able to scan and then digitize the acquired waveform at a

very rapid rate by utilizing a scan converter tube containing a semiconductor target.

The writing electron gun scans the target, a diode matrix, and wherever the electron-

beam strikes it turns on a diode in the matrix. The reading gun then searches for points

where current flows and outputs these points as data. In TV mode, the grid is scanned in

the manner of a TV screen and the results of this scan are then output to a monitor. In - "

digital mode, the target is sequentially scanned by column and then by row to provide

pointers with which to interpret the data. The 7912AD is rather similiar to the 7912R,

.- the principal advantage of the 7912AD being its microprocessor-based control system.

This control system, as Is illustrated by Figure 1, monitors the GPIB, General Purpose

Interface Bus, for commands which are sent in ASCII and then uses the 6800

microprocessor to interpret and execute the commands.

The GPIB, or IEEE-488, is a communications interface for use between a computer,

the system controller, and associated test equipment. The GPIB allows a system

controller computer to command test equipment and then to gather data from the test

equipment. In a system under the control of a system controller, the test equipment is in

its 'REMOTE' mode and when the equipment is being controlled by its front panel

controls, it is designated as being in its *LOCAL' mode. The 6800 based control system

either directly or indirectly controls the plug-in interface (both the vertical and

horizontal plug-ins are Tektronix 7000-series oscilloscope plug-ins), the IEEE-488

interface, all of the 7912AD's programmable settings, and, of course, the 2900 bit-slice

microprocessor which is used for memory control and to send data over the GPIB. The

2900 bit-slice microprocessor is used for memory control since it is much faster than the

6800 microprocessor, but it cannot be used for any more than this because it is very

limited in capability.

Factors to be taken under consideration in this study are currents which would be
induced on the chassis, power lines, and GPIB control lines as well as a possible power

interruption. Temperature and physical shock are not test conditions for the 7912 AD .'.-.",>.'

since, ideally, all of the data should be out of the 7912AD and into the portal recording *'*,

station before the ground shock arrives at the 7912's location.
IMW1
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SECTION 2

DISCUSSION OF METHODS USED AND RESULTS OBTAINED

This evaluation of the suitability of the 7912AD for underground testing can be

'; divided into four areas. The first of these areas is concerned with familiarity with the

7912 operation and circuitry as well as conducting operational tests to establish

operating requirements. The next basis for evaluation is one concerning the data

accuracy, data recovery time, and bandwidth of the 7912AD. The third of these areas,

and the most important, consists of evaluating the 7912AD's susceptibility to

electromagnetic interference through various ports of entry into the machine. The

fourth area is an evaluation of the 7912AD's programmable control microprocessors and

firmware system in terms of the best method for utilizing or eliminating the

microprocessors in order to assure maximum reliability during underground nuclear

testing.

2.1 7912 OPERATION

First of these four areas of investigation involved familiarization with the 7912 and

its operating requirements. The 7912AD is, as was described in the introduction,

basically a digital oscilloscope. It requires the same conditions for operation as a

conventional oscilloscope including a properly adjusted trigger level. The 7912, however,

requires a more precisely adjusted trigger level than do conventional oscilloscopes and

therein lies a problem. Even though the 'tiggered" indicator may light and a waveform

be present in the TV mode, the 7912 may not be triggered properly in the digital mode,

which results in setting the pointers for the raw data array to zero. Without these

pointers, the data is meaningless. The best triggering results appear to be with the

trigger level just barely in the triggered region. Also, an error condition for the 7912

sometimes occurs depending upon the physical location of the waveform on the diode

matrix. The 7912 does not allow for more than five values to be found on the same

vertical line; two values are required for the top and the bottom of the trace and two

more values may be required for the top and the bottom of a defect in the diode matrix.

(A defect in the diode matrix is a point that is read as data regardless of whether or not

there is actually any data at that point and the specifications for the 7912 specify that

no more than one defect is allowed per vertical line.) The 7912 periodically detected

3
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more than five values In the same vertical line but a repositining of the waveform on

the screen caused this problem to disappear.

The 7912 has another operating requirement which must be met and which can be a .>'

problem depending upon the way In which the 7912AD is controlled. For electromagnetic

interference testing In the laboratory, it was desired that the 7912AD be electrically

isolated from Its system controller in order to protect the system controller. In order to

accomplish this protection, the GPIB connector was physically removed from the 7912AD
with the immediate result of sending the 7912 into local mode; the programmed settings

of the 7912 were completely lost. If the 7912AD is being used in a configuration such

that the intensity level and other settings are being set by the system controller, then it - m
is important that the 7912 not be allowed to enter the local mode as these settings will -.

be lost. If the 7912 were to enter the local mode during a scan, the settings could change

and the waveform might be distorted. After the IEEE-488 standard was reviewed and all

of the GPIB lines were monitored both before and after the disconnection of the 7912

from the GPIB line, it was concluded that holding the remote enable line low would result

in the 7912 remaining in local mode. In order to protect the 7912 from a current surge in

case it attempted to alter the REN line's state, a current limiting resistor was used to

pull the REN line low. An 820 ohm resistor placed between the REN line and the logic - A

ground on the GPIB line resulted in holding the 7912 in local mode when it was

disconnected from the system controller. Once any interference was applied, however,

the 7912 reverted to local mode and lost the values of its programmed settings. A pulse

of just a few volts anywhere on the chassis was enough to promote this mode change. A

reduction in the resistors value made the REN line's state more stable and the 7912 was

now resistant to pulses of up to 35 volts. A further reduction to 560 ohms made the 7912

stable all the way up to 1 kV and, at this point, the resistor was replaced with an open-

collector TTL driver.

Since the 7912AD digitizes its input by causing an electron beam to scan a

semiconductor matrix, it is possible for the delicate semiconductor matrix to be

permanently damaged if care is not taken to limit the intensity of the electron beam.

The only other operating requirement, besides those of a conventional oscilloscope, I

is that, for remote control applications, a system controller be utilized. The controller

which was used by JAYCOR is a Hewlett Packard 9816 Computer which was programmed ,

in HP's basic. Appendix B contains a listing of the program which was used for the 7912's
evaluation. ."

........ . .. . ....... ..........

.-'..>. .-. -.. • .-.:." . .. ; ;. -. * : - . * .. . -. ... n-.'-. -..... ;... -.A..'. -.-* .- .., . -.- . -. ,.- -.- . .



2.2 ACCURACY, RECOVERY TIME, AND BANDWIDTH

In order to evaluate data accuracy, a precision voltage source was used. The

Tektronix 7854 Oscilloscope includes a precision voltage source which was utilized to

evaluate the 7912AD and several sets of 7000-series plug-ins. With the Tektronix 7854 as .,,, , *

a reference in which the plug-ins could also be used, the 7912 was used to measure the

precision output voltage of the 7854 and it was found that the 7854 and 7912 were in

agreement with one another as long as the same plug-in set was being used in each of the .

instruments. The main factors which determined the data accuracy were the plug-in

horizontal and vertical sections. The 7912 can only be as accurate as the plug-ins being

used and, as long as the plug-ins used were properly calibrated, the 7912 was as accurate

as readings would permit. No degradation of data accuracy was observed as a result of

pulsing the 7912AD.

Data recovery time in a GPIB system is a function of the reception rate of the

slowest listener on the bus. Due to the relatively slow data transfer rate of JAYCOR's

system controller, 110 k bytes/sec, the maximum transfer capability of the 7912 for data

* egress could not be measured. However, the Tektronix specifications claim a scan time

of 16.4 ms and a data transfer rate of 710 k bytes/sec. For the 8202 bytes which are

required to convey the delimeters, pointers, and data values in a *DUMP RAW'

command, approximately 11.55 ms are required at the 710 k bytes/sec data transfer

rate. This brings the minimum amount of time required for data egress to just under 28

ms. If the HP 9816 were used as the system controller this data egress time would be -

approximately 94 ms due to the relatively slow data transfer rate of that computer. Of

course, data egress time is also dependent upon the time required for the data to reach

the system controller. While a system could be employed to convert the GPIB lines

which come out of the 7912 into a bi-directional fiber optic link for communications

between the 7912 and the system controller, JAYCOR has a better suggestion. The 7912

may be used in local mode during the actual testing and directed to execute a service

request once the data is gathered. A controller could be constructed which would detect '.-

this service request, send the 'DUMP RAW' command to the 7912, and then convert the

data which comes out of the 7912 into a BI-L format suitable for transmission over a P 'S

fiber optic cable to the portal recording station. In this manner, the data could be -.

removed from the 7912 much faster because the device could be constructed to handle

the fastest data rate that the 7912 is capable of and the distance between the 7912 and

5-' . -
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P this device would be less than the distance between the 7912 and the system controller.

The distance between the 7912 and the controller is important In a GPIB system because

the GPIB line employs a hand-shake data transfer technique; i.e. once data is sent, the r -V

system waits for a reply that the data was received before sending more data.

The evaluation of the bandwidth of the 7912AD is dependent upon, as was the data %

accuracy, the 7000-series plug-ins. For several sets of plug-ins, bandwidths were -

calculated using measured rise times; the product of bandwidth and rise time is

* approximately a constant of 0.35. The bandwidth was found, as was expected, to he a

. function of the amplifier being used and was usually within the amplifier's

specifications. The highest bandwidth found, and the only bandwidth which d~d not fall Aa

within the plug-In's specifications, was one of approximately 484 MHz. JAYCOR's stock

". of Tektronix 7000-series plug-ins was limited to an upper bandwidth of 500 MHz, a 7A19
"- with a literature bandwidth of 500 MHz, but there is a one GHz plug-in available from

*' Tektronix, the 7A21. The reason that no programmable plug-ins were tested is that they

are restricted to a bandwidth of 200 MHz according to Table 1-2, 7912AD System

*" Electrical Characteristics, of the 7912AD Programmable Digitizer Operator's Manual.

2.3 CURRENT INJECTION TESTS

In order to evaluate the 7912AD's susceptibility to electromagnetic interference,

pulse injection tests were made on the power lines, GPIB cables, and directly onto the

chassis of the 7912AD. A related problem is a possible power loss due to

electromagnetic interference on the main power system; this subject was also

investigated. The accompanying computer print-outs and plots (please refer to

Appendix C) are referenced by shot number and indicate the 'status of* and the 'data in'

the 7912AD before and after it is subjected to electromagnetic interference. These

- values are compared with each other to determine if the interference altered any of the

settings of the 7912, the data in the 7912, or the operability of the 7912. The computer

printouts and plots for these tests are in Appendix C.

For the 3000 test series, the output of the Spire SPI-25 Pulser was capacitively

coupled to the power line of the 7912AD as indicated by Figure 2. The second test

conducted in this series, shot number 3001, shows a typical test output. The top section

*. of the printout indicates that the pulser voltage was set at 750 volts and identifies the

*,' Ailtech current probe. The 'before' and *after" values are for the programmable and . "

* non-programmable settings of the 7912ADs both before and after the pulse injection.

6. . . . . . . .. .o"
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HP 9816
SYSTEM COuITROLLER

OSCILLOSCOPE GEIIEPATGR

SC

SPIR

POWER CORD Figure 2. Pulse injection configuration. :::c:

SERIES: PULSE INJECTION BETWEEN POINTS:

2000 A, C CPIB cable shield to chassis

3000 B, C Capacitive coupling on power lines to chasis

4000 Does not apply, no pulse injection was used but

instead the power supply was interrupted by the RM'

circuit shown in Appendix D

5000 C, D Chassis to chassis *-.

7
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The 7912 unit #06 was the unit which digitized an actual input and the unit to which the

electromagnetic interference was applied. 7912 unit #07 was to be used for reference in

case the settings changed for #06 and not for #07. The change in unit #07 from DIGITAL _

MODE to TV MODE is the result of a five minute timeout routine in the GPIB system

controller; unit #06 did not respond to this change because it was off the GPIB when the

command was sent. The main intensity levels are slightly different for the two 7912s due

to slight differences in their electrical characteristics. Brief descriptions of the

mneumonics for the remainder of the settings may be found in Appendix A. The next .- ;.

portion of the printout contains pointers and the byte count of the data sent when a

*DUMP RAW* command is sent which are used to help reconstruct the digitized

waveform. The final lines of the printout are of the differences between the values

stored in the data memory of the 7912 before and after the electromagnetic interference

has been applied. These differences will always be equal to zero unless the data memory

in the 7912 is altered by the interference. The accompanying plot is of the top and the

bottom edges of the data values. The rest of the series of Injection tests upon the power

line are similiar to this one with the exception that the voltage Is being increased so that

more current will be induced onto the power line. The last in this series, shot number

3004, uses an 11.5 inch strip of copper foil to induce a 12.8A spike onto the power line.

As is illustrated by the printout for this shot, there is no loss of data or settings or even a

change to the local mode due to the 12.8 amp pulse on the power line.

The next application of pulse injection was conducted on the GPIB cable. In order
to introduce current into the G PIB line, the insulation was removed from a small section

two feet away from the 7912 and the braid of the cable was driven directly by a high

voltage pulser. This set of tests, the 2000 series, starts with a current of 1.3 amps

between the braid and the chassis and goes all the way up to the limit of the Spire Pulser,

21.8 amps. Pulse duration is slightly less than 10 ns. In this range, there is no apparent

damage or interference to the 7912AD. The measured resistance to interference is

higher than expected since a 22 amp current pulse represents approximately 1000 times

the amount of current normally carried on a line in the GPIB cable. Two representative

printouts are provided for reference; shot number 2000 is of the 1.3 amp current pulse...

and shot number 2006 illustrates the resistance of the 7912AD to a 21.8 amp current

spike.

The next application of electromagnetic interference was to pulse the chassis. In

shots of series 900, 1000, and shot number 5000, attempts were made to upset the 7912 ..

--". -~.. -.
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with voltage applied between various points on its chassis. These attempts stem from

the fact that the shots prior to the 900 series were unsuccessful because, with an

improperly terminated GPIB line, the 7912 was upset with voltages as low as one volt

applied to its chassis. Once this REN line on the GPIB cable was properly driven, ,.

however, attempts made with pulses as large as 1400 volts, the Spire Pulser's upper.'

voltage limit, were unable to disrupt the 7912. Shot number 5000, for example, has a

voltage spike applied between the front and rear panels of the 7912AD through a 54 ohm,

resistor. The current in this shot was found to be 28.8 amps, nearly six times the current

consumption of the 7912, and no disruption of the 7912 was detected.

In order to evaluate the capability of the 7912AD to withstand a pulsE during a

digitize operation, the following test was used. A TEK-109 Pulser was connected .

between the front and rear panels of the 7912 through a delay line of approximately

50 ns. A tap was connected to the output of the pulser in order to furnish a lower

voltage pulse which would slightly precede the primary pulse. The pulse from the tap

was used as a trigger for the 7912 which was configured to digitize a 10 MHz sinewave

input. A single pulse was applied by the TEK-109 and the waveform which was digitized

was displayed on a monitor and examined for errors. With a 300 volt pulse, the upper

limit of the TEK-109 Pulser, there were no errors observed in the waveform.

Although the final type of testing conducted in this group of tests does not deal

directly with applying electromagnetic interference, It is a simulation of what could

occur if any interference were to momentarily disrupt the power supply of the 7912. For

this series of tests, the 4000 series, a device was constructed which Interrupts the power

supply for a short period of time. A circuit schematic and description can be found in

Appendix D. The power interruption is especially important In a microprocessor-based

system because a single instruction lost could disrupt the entire system, and millions of

instructions are executed per second. The 7912AD was, however, found to be well

protected against a momentary power loss. Power Interruptions ranging from 50

microseconds to 100 milliseconds in duration were unable to disrupt either the

microprocessors or the data memory of the 7912. Although the Tektronix literature

claims that the 7912 can survive a power Interruption of 10 ms, JAYCOR found no

problems with a 100 ms power interruption. This resistance to power Interruption is V -

probably due to Internal capacitance in the 7912 power supply which is used to stabilize

the voltage level. An interruption in the power supply is also important because the 7912

depends upon the state of a flip-flop for power. If power is interrupted to the 7912 for a

sufficient amount of time, then the *power flip-f iop' changes its state and the 7912 does

9
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not come back on once power is restored. In order to be able to restore power to the

7912 from a remote location, a TTL level signal must be applied to the 7912's actuate

input.

2.4 MICROPROCESSOR UTILIZATION

The fourth part of the evaluation Is to determine the best method of utilizing or

eliminating the microprocessors and associated firmware system to improve reliability.. .

The 7912AD does not use its microprocessors for minor tasks. The 6800 microprocessor
Is used to interpret commands from the system controller and to control the intensity.-....

level to the electron gun, even when in local mode, and the 2900 bit-slice microprocessor

is used for memory management. With very few exceptions, every aspect of the 7912AD
is under control of either one or both of the microprocessors and eliminating them would

require a complete redesign of the 7912AD; in fact, eliminating the microprocessors

would be a step back to the earlier non-microprocessor controlled version of the 7912AD.

In terms of the best utilization of the firmware systems, JAYCOR's first suggestion

is to dump the raw data into the portal recording station rather than directing the .

7912AD to process it. The 7912AD has the capability of limited processing of the data in

order to reduce the burden on the system controller but, of course, this processing

requires time which the 7912AD may not have; this additional amount of time may allow

for ground shock to reach the location of the 7912 and all of the data could be lost. If

the raw data is taken from the 7912 by a device which the 7912 treats as a system: "

controller but is actually merely a 'black box' which then transmits the data over a uni-

directional fiber optic link to the portal recording station, then the data will be out of
the tunnel much faster than otherwise possible. Such a device would allow the data to be

removed from the tunnel very rapidly but could be buffered on the other end to allow the

data to be fed into a computer at a rate that the computer could comprehend.

LA
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. SECTION 3
CONCLUSIONS

Conclusions reached regarding the 7912AD are divided Into sections concerning the

operation and operating requirements, the 7912AD's performance characteristics, its ,

resistance to electromagnetic Interference, and the microprocessor-based control system r

and firmware of the 7912AD.

3.1 OPERATION AND OPERATING REQUIREMENTS

Operations with regard to the oscilloscope aspects of the 7912AD, as with any

oscilloscope, require that an appropriate intensity level be set as well as the triggering

level and appropriate ranges for the vertical and horizontal sections. The main

differences here are that an improperly set intensity level can easily burn out the diode

matrix and that the trigger level on the 7912 is exceptionally difficult to set. (If the Iaw
trigger level is out of adjustment, then the pointers with which to interpret the data will *;'".e .

be set to zero.) The operation of the 7912 also requires a familiarity with the GPIB

which may be provided by the IEE E-488 Standard, a knowledge of the commands required

for operating the 7912 in remote mode If that method of operation is desired, and a

system controller or computer to receive and interpret the data.

While the 7912AD can be operated rather easily as a conventional oscilloscope in

TV MODE, operation in DIGITAL REMOTE MODE is more complex. First, a control

program must be written. This program must have the capability of addressing individual

devices on the CPIB line, commanding and interrogating these devices, and the ability to • _ -.

reorganize the data output by the 7912 into a useable format. Care must also be taken

to set the triggering level and to not exceed the intensity level which is safe for the

particular 7912 being used while under remote control. Incidently, there is no standard

value for maximum safe intensity level since the amount of energy which is transferred

to the grid is also dependent upon the sweep speed and the input waveform.

3.2 PERFORMANCE CHARACTERISTICS

Conclusions reached concerning the performance characteristics of the 7912AD

such as the data accuracy, data recovery time, and bandwidth reflect the fact that the

7912 is one of the 7000-series oscilloscopes with plug-ins for the vertical amplifier and

11 -. . . ..
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the horizontal time base. The data accuracy and the bandwidth are primarily functions

of the 7000-series plug-ins rather than of the 7912 itself since an appropriate bandwidth

may be selected by choosing a plug-in which is designed for the desired bandwidth and
the data accuracy is dependent upon the calibration of the vertical amplifier. The data

recovery time, however, is dependent upon the 7912AD itself and the system controller

which is used. The minimum amount of time required for data egress is approximately 28

ms. For this to be the actual time required for data egress, the system controller must

be capable of reading in data at 710 k bytes/sec, assuming there is no propagation delay

between the 7912 and the system controller. As very few systems can manage this, the
actual time required will be a function of the system controller which is used and the
delay between the 7912 and the system controller unless the previously described

communications device is used. This device would take data from the 7912's GPIB

connector as quickly as the 7912 was capable of transmitting data and then retransmit

this data to the portal recording station over a fiber optic link.

3.3 ELECTROMAGNETIC INTERFERENCE

The conclusions reached regarding the resistance of the 7912AD to electromagnetic

interference were rather surprising. The 7912 was found to be unaffected by a 12.8 amp
pulse induced into its power supply, a 21.8 amp pulse injected into its GPIB cable shield * -

(not the internal lines themselvesl), and a 28.8 amp pulse which was driven between the

front and rear panels. These values are not upset values but actually the limits of the

Spire Pulser which was used.

In other words, the 7912AD is highly resistant to electromagnetic interference at
all of the connections which were tested. Since the 7912 was also unaffected by a power

interruption of slightly over 100 ms, it can also be concluded that a successful attempt ..-

has been made to stabilize the 7912AD's power circuitry. Since, with an appropriate

system controller or the device previously described, the 7912AD can scan and unload its -

data in under 50 ms, an interruption of the main power supply should not be a problem.
(The only foreseeable problem is if the scanning of the grid which requires 16.4 ms is not

completed before power is interrupted since the electron gun requires far more power
than the semiconductors and is therefore more difficult to stabilize. The 100 ms of

power-interruption with continued operation applies only to the semiconductors and not
to the electron gun or any of the rest of the associated circuitry.) If the power in the .-..

tunnel should fail after the tunnel has been evacuated but before the actual test, the -'.v-
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7912 will go off and not come back on without being turned on from its front panel. The

GPIB system controller cannot turn the 7912 back on but, if this capability is desired, a N

TTL level signal which is applied at the ACTUATE input can restore the 7912AD to the

'ON' condition; the 7912 would then remain in the local mode until addressed by a

system controller. This remote control of the 7912's power may also be used as a master ...

reset for the 7912 if some sort of lockup should occur, such as the previously described

positioning problem, before the event by merely turning the 7912 off and then back on.

It should be noted, however, that such an operation will result in the 7912 losing any

programmed settings which would then have to be reprogrammed.

3.4 MICROPROCESSORS AND FIRMWARE

The fourth and final group of conclusions concerns the research done on the

7912AD's microprocessor-based control system and its firmware system. From this

research, it can be concluded that the 7912AD is so dependent upon its microprocessors

that to eliminate them would require for the 7912 to be completely redesigned. Also,

while the 7912AD has the capability of data processing, its use is not recommended as it

requires a delay in data egress which can be avoided by merely allowing the computer in

the portal recording station to process the data.
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SECTION 4

RECOMMENDATIONS

Results of the tests and research conducted on the 7912AD Programmable %

Digitizers suggest several recommendations which concern the basic operation of the
7912AD, the resistance of the 7912 to electromagnetic Interference, and its

microprocessor-based control system.-

4.1 BASIC OPERATION

Recomendations concerning the basic operation of the 7912 can be broken into two

subsections. The first of these subsections concerns the oscilloscope characteristics of

the 7912AD including data accuracy and bandwidth. In order to properly gather data in

an underground test environment, it will be necessary to first calibrate the 7000-series

plug-ins which will be used. It will also '-- necessary to use a horizontal time base which

is fast enough to handle the data required. Due to the increased bandwidth of the non- ,

programmable amplifiers, it is recommended that a set of non-programmable plug-ins be

used. It is also recommended that an attempt be made to preset the trigger level to

ensure proper triggering of the 7912.

Further recommendations concern the GPIB and the system controller. In order to

remove the data as quickly as possible, it is necessary for the system controller to be

able to read the data as quickly as possible, up to 710 k bytes/sec, since the 7912AD

cannot transfer data any faster, and for the GPIB to be able to transfer data as quickly

as is possible. Rather than actually connecting the system controller and the 7912ADs

with a GPIB line, it is recommended that the GPIB connector on the 7912 be fed into a

device which detects that data is ready, instructs the 7912 to begin transmitting data,

and then relays the data out of the tunnel into a computer in the portal recording station

over a fiber optic cable. If this approach is not used, and if an attempt is made to

replace the G PIB cable between the 7912s and the system controller with a bi-directional ...

fiber optic link, care should be taken to confirm that the drivers on the ends of the fiber

optic link are capable of supplying sufficient current to hold the lines in determinate
states. If these drivers are not capable of supplying sufficient current, then

indeterminate states will occur on the C PIB lines as they did in the lab when the lines .. .

were improperly driven and the operation of the 7912 will become unstable. ".. "
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4.2 ELECTROMAGNETIC INTERFERENCE

The 7912AD proved remarkably resistant to electromagnetic interference. Once

the GPIB lines were properly driven (see Section 2), the 7912AD was unaffected by either

the Spire Pulser or by brief power Interruptions. Since no 7912AD upsets occured within

the range of the Spire Pulser, 1400V at up to 28A, the only recommendations to be made

concerning electromagnetic interference are to physically shield the 7912AD such that

induced currents will be less than those experimentally applied. The equipment appears - -

to be safe if shielded such that the power cable surge is less than approximately 10

amperes, the GPIB line transient less than 20 amperes, and shield the chassis sufficiently

well to prevent the current from exceeding 30 amps. Since no electromagnetic -:

interference testing was conducted on any of the 7000-series programmable plug-ins,

their bandwidth is so restrictive that it seemed unlikely that they would be used for

.. underground testing, it is recommended that programmable plug-ins such as the 7B90P -

not be used.

.5-

4.3 MICROPROCESSOR-BASED CONTROL SYSTEM

The final division of these recommendations regards the 7912AD's microprocessor-

based control system and the accompanying firmware. Since the most electronically

sensitive part of the 7912AD is probably the microprocessor and its support circuitry, it

- should receive as much protection as practical. The electromagnetic interference tests
which were conducted, however, were unable to disrupt the operation of the

microprocessor control system. Although the 7912AD is able to do limited processing of

data such as signal averaging to reduce the processing load on the system controller, this

processing is not recommended. The command 'DUMP RAW' will dump the unprocessed

data to the system controller which can then analyze the data itself. In this manner, not

only will more data be available for analysis, but the data will be out of the 7912AD

before ground shock can reach its location. It is also recommended that, for an actual

* underground test, the 7912 be operated in local mode and a device constructed which has

"- the capability to detect when the 7912 is ready to unload its data, to send the 7912 a

'DUMP RAW' command, and then to receive the data from the 7912 and transmit the

data into the portal recording station via a fiber optic cable. In conclusion, it is

recommended that DNA consider asking Tektronix to modify the 7912ADs for high-speed
digitizing as this will allow the data to be out of the 7912s approximately 12 ms sooner.-: "
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APPENDIX A

GLOSSARY OF TERMS

DE F 0 F F Reset Defect Flags

EMI Electromagnetic Interference

FOC Focus Level

GPIB General Purpose Interface Bus

GRAT OFF Graticule Only Mode is Off

GRI Grid Intensity Level

HS1 Horizontal Channel 1 Scale Factor

HU1 Horizontal Channel 1 Units

ID Identity of Instrument

MAI Main Intensity Level

MODE DIG Digital Mode

MODE TV TV Mode

OPC OFF Do Not Assert a Service Request When Completed

REM OFF Do Not Assert a Service Request When Remote is Pressed

SSW DIS Single Sweep Mode Disarmed

SSW NSS Single Sweep Mode Not Selected

TV ON Television Scale Factors On

VS1 Vertical Channel 1 Scale Factors

VUl Vertical Channel 1 Units

XYZ XYZ Outputs for External Oscilloscope Monitor

17
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APPENDIX B

PROGRAM LISTING AND EXPLANATION

The accompanying program commands the 7912ADs, checks to see if those

commands were obeyed, reads data from one of the 7912ADs, pauses for electromagnetic

interference to be applied to the 7912AD, and then reads the settings and data to see if ;iy.
they were altered.

Lines 10 - 201 are merely used to dimension the variables used and to establish a

set of commands which will be sent to the 7912ADs. Lines 210 - 271 are used to

establish addresses for the devices on the GPIB. The next section, through line 2140, is " ip-k

used to send the commands mentioned earlier to the 7912ADs and to record their

responses. The following section, through 2335, reads and stores data from one of the

7912ADs and section 2387 - 2431 reorganizes this data into a useable format. Menu 3 is

used to print messages on the printout. The computer is then removed from the GPIB for

EMI to be applied. The 5000 - 5198 block reads the data and settings again, and the

. following block reorganizes the data with the use of the pointers as was done in

2387 - 2431. The 6000 series of statements compares the before and after' values to

" search for any discrepencies, errors, and the remainder of the program prints the before

and after settings as well as any errors and a plot of the top and bottom edges of the

waveform which is being used for reference.

19' .. .
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* i-.',' Fk-INI Iti~. : FFU6iEI 1F v'E' HF 8 Foe:I~~C):A ENUAI ION" rMb(57).t

a ~ V' : l1ar sets

.."o IF- I c. ,iij-V F~~ HLIN
u.*4 U ILu Fir e PU I er

d. 'i-I I I L~'Et. UilIIILI-I l b o GO30T.Ovnn

(o..' Ull IFLt I - f~~ L ' lLSER L.EVEL *b ur O o et I tve I
t 1 01 1I fi I.ll PPUr.- f3PE 0-l .b J f 0 et probe,

* *i .: 1I14 &L I.L ",,I I ENIJ,r I31 ' . a .oUlL U #et Atten

I HI I ul i v I-i.L'fL. " ,ZsS4 Vllf'T"*b i.,i.IUj t.t vert
* *1.' 0 l- 4 1 bL ftI I NUN"l * GOT IC Cet hat-

. 141 CIN 1 1' L' t -41L "L:'jf I l-4UE". -~UUrO FP rit. ait

-. 2 ~~~~~~~IIIJ I L IIl f~ *L1' L u. iii-c L - Li~f.f

.4.* o'.'bti~i l''1110jM II HE IL-31l f-lLSEi T'iPE

P41 9' tII_-Ill Irl IJ tI I fL 1-LILSFF I iE F.Iu1er

23



I vv-w I vel IINPI IL PL=L,( t~rI- VLIA

IN~~~~~~~~~ur~~~. .c.FU 11E P L E U P IVJrHE "Fu sr v llt

a Av,.' Set prvees 'iwi1 THE PULRI uYtUIVUL*k

74 4 INPUt "114F ILHb LIREMEI'T PkOBEfl I'S" ".Pt oov$

.5t_ LUIL) Menu-

-. 6)Set tt t,,n: 'II E t; IIFEIIUt-IION bErTWEEN F RObL tAND 7394 1%;
?724o iNt-t ' I HE .i1IENUATION BETWEEN THE PROBE AND tHE 7354 IS- ' .Atten

Set .,ert:

I4 PI~f't4 TAi(w1.l."T'HE VERTICA~fL SETTING WLL bE RED AUOMATIALLY"

flflij [ 'i I tIL id "IP1S 11'R 5 '. L"n n e

GdI I FU Ien -,cte SLUX

"' 1 IF[1- t.ali'-Ho sF;11"IEN
I'''' ~ -:'- [ar iIs F~ IS '

-.4-) FF I W~z'.FIII IF*ASS" ETIGWL B ~,DAT'ATCLY
.Q.) ENDF IJI2L - J

ii IF Fl.a1.RT~'TE

* *114 END IF
421, bi., Iu Menui 7, 4
4 . ' -- - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I I>' IL IFOMIJ IER W ILL. BE D ISCONNEC TED BEEFORE FI R ING3 PULSER

* ~ ~~~~ 'v" -~ tIa

4,),-) F- I It FE I R I tib

4'".. ' , Fl~i~ U:Cei I

4'I' IF 114 t l k'5.5) :CHFJ' iZ> I 'Tu!"; T#4B (401~ "t sTOP': Toke' 7..': "STUF'"

44 *I''.0t' [[ii Il I 9 , I .U

* 4- Fu 10111 TH'''':"OSON~ &E t.W I FRM MIE CONFUlEF' b ElORE FIRING PULSER

I.' : I I III I ai' I'' FI1 ES tjIiTIIUL ISUF 0[LE :,FTER TE t rI NG AND RECONNECT ING GP -h

* 1.. ''11 F 1,01 1~ r' I Ih 4 .c L60J10 40''t,

+'It -uF It a ' .. r

4't. '- - - ---------------------------------------------

P'""' 'F I THE 912 SE. IINGS AND CIJOMF-4RE T10 S FUREDj GEi T1 GS-
----'--.------------------------------------------------------

I.' 'hrL., L1 IINuoj HERE
'"'II . 'FI(JTI)D ii IN F A.

t t'..' k,LL Iit 'r ruu(kCbf7-,'12 . Cl/2 '

It I I M' t'F I1'I' FENtL

24



F R1 1 41 ,LI I USOFTHE 7912-A~D A~RE SUMM1AR IZED BELOW"

bk-)"Lt013ICAL UN IT ub:TAB (49) : "LOGI CAL UNI T t.,"

F~b, NjIGIr zuh Ul-Us NOW

F''L 1-' 1141 Ill,4b -1

I,2tt'- I 1141 F ME IUIEIizE u" : NME'iW

,.~j t-UNT 't F.-. v-Ij~t IIEMOF .WW,":er*.tt PUINERS iFE::1>,'bst"UEF rE,E OL"MFTr"'
* ~ ~~~ -c,> Fr it lt'

'1.&'4..I f14 I,Ljt.IR UL4G~ VAUESORDDUIG ET EC 6N :ADt:CzI - : id*- EN -'I' 13 ChzIN votr"Le5Ul~b
()U. tF* III1 ib2 AS t "F 177 ,il Wh 14tE An A;Yz ~ii' Fsvt A(

I: t mi [,, "ME : iNC oIt MOG PBflVERLSt HEEEN IN Dti6() EFCTS A#\ -, ": TATER"I
ti FF IM I':LE'io

rF A-(IIl I "bt "IH HE CIC COUl WT IS" TB (at) . Bye : TAB 6tn ; Byeut
If 1 III'. :oF "VA SMC L 1 STRED DUI G LEEVE" T"~ :c$ TA t 0)

I ~ ~ ~ ~ ~ ~ ~ ~~~E MU ctrit fO HENSCOR): LLF OCANEFROTo AE ZERO

1-~i F 1 JI hzib p "f+I lb f Lvpjto-D1. E e AIoiAF+1T1 t stv A 0

F~ Ft-114' 1JA-tv 1pt IHrC.,f-11 l oh, ":i TA .'ptre:5U AiI.7- C e u

,~a1 Seq F 1I <i )

NI N
I. t r =I L,jix14,3 itic & siIT iLUE 1IN I HE cELL' v ,ITURI A

fIIt sV~~i futil([~ iF 1-05 ITICtN Ili Et I'it-IFit'i OF ( V'tLUE
Ii1 14tFI I t fH~FN' Otward-

-c
t

I Ir -Lr +I

i-IiF tt O'I fHi oiiard

-r -t '.1t .141 'I'eq V IL tr;
lt'-L Itr+1

.4 JfU PFtr I= THEN4 jn,jra

* Ltr=Ctr +1N

5-&d' t o (4c 4.J, =Eeq -"If..tr

'F 141 r -I I HLN LOnward'

C.4. -Ct *i e t

SLI

25

. .. .. . . . ....



A--

. . ' .'

.. " l LI" t- L ti.-Lr P 4 1 HE.N %%,",

5'89 FRINT "TOu M4Ni" V' VmiLU:S-"-N,L4,I-tr ,-'tr

N,-2,;rI E4E IF %'
%." w.. 1 Cinj- I 'ALL 'V'.L UES OF LEO e" HAVE 6ELN FEADl IN FORK THE NUM&ER IN B -9'%

c/,t) ' rHE BEFORE AND kF-IER RAIW DATA iS CUMFHNED HERt --

-----------------------------------------------------------.-

i,-1 too r "

o''.4 E<: I er r A11)M
e3'44 LE : err l':,.

o%,. c -OF rJ= i 0 SR

o,,). IF .-. I t I .Ni;. t al 1,-l) [HEN fop err=fop err L. .

c,',', IF J.i c.N , Lic242.i) IHtN ibt err=bot err +1

c, +,d' IF I ,oi' . r val 2'. .. J IH I.: I E ; I err E - I err + 1.
,-_')'9 IF " Io '4.N). , v ul-'4.NI ILN E;.: z rr-Lx.2 err-t-
o LI.. ) I.IL' I E'l f'l

1.i' , 11 tr',, -,: IIE RMW DA,, E'FFORE rND AFTER THE ,HOT H6z bEEN CO.UlKED"
oI:' F'INT "[B 2kg"IHE NUI-IEIER OF ERRORPS IN THE IOF EDGE D[IH ti-.E ". lop err

,I. I I liil I,, .'1;111 I , IJPI' .E - -I kKOR IN THE bO EDGE 0D1 6- ARE ":8.t err
1 -4, 11' - 1lll 1 Ail I ):"I HE NUMbER OF E-F.iJRS IN TIHE :'ND L' TRt- DIODE ki-E "3E::2 err

OIS'.' Wi 1 .

5,,,,---'FIJI IJ E BEFORE rNU HFrE iiW Drfh-I HEIE

'"'4 - ------------------------------------------.

,),.,v t-Lit d.ra: fLul IE -il- H Ef- .. " "

- UJu kF"111 Lt I<\'$' I' 'CLE. &LKH.EN
,'I.." Dr-c..l ,1j4'r:,1  'F'i II kLl-Lhl

;l 15 ;--. ."HI-IL ""

-"03' PEN I 1
'19 IjEb'L

I'' -IE wFaA4f I L. I~ -. m-)I~

:. Ru- Il-I IL'., "*

S <'2 '. itF- , t "I. -*N. .,)
DR. I*.-

, -- I~l N
-4,- 7 FUR 14--1 L'i

>'+a rlI-tIE ',o4.HI

LI "1 '.1'" 1 .j1 IJ i --14 11A T N-

- I-IIvE I* r -vol t . I-

,' 14 1 'L I T I . " ,
b,.. W I . , ti v I * I

'--4 1-l7 XI I

- O I-I1=1 10 ,1.
10. , I 'F I. v vat k-'..

,,,41-, uk--w I.r val ,:.) -a l --

, 1.41 14L x I I
')4o t.L IF OFF

P4 o I-L LL ' , I.a-,L' RF,,W MEI*IOFY LjIJI'I FOR EM I L-.T-
,', +=... - 'E --I,,. + -.- * ..*- -

''ILSIZL..,, ti fL 11= 1146 f.[ 1).... ..C -'. 0' E I ,L ra hi ra h
"% k. LN :,tL I|I' hI' i' . _ .LE . X .I- " HIl ,I 

;.  -,EI-I3 [ Y I - I ".L~ra+ hs l cGr- tI$26

I\.:

E-.-.::: -

-p::------------------------------------------------------------------



- - - - - - - , , - " -C C C

t5' LM8%EL US1I&, "k.2A.DE,2.A.I':""VERT iCAL SE1WS IS ".bra vsI.Gra-vul$ s
-58S LUIF

2 15; PhOVE-I-. -1,

''" SIZE 5-
(.o2, L43BEL TAIA IUWtER" . Shatnumber-
;0t3 PRINTER is 1

.4 n(wlj ENDU
Sil.1I It)SU PoaI ,IIll OF' I I uOtiL De,**

Z0~ 1') IN ILiEK- I
CUMI , Ltus, Lov Arr-a v t*INILEGER Num rev.SZ5tatus b vte %*
ON f"INEIJI / .. 5 LUbUt No rE-roonse *-

~ L LiuF

LXii U I- Dev=Dev arravki) -.

z'.IluStatu. bvtekI)=bULL LILv,
SUBE A 1 1

L' iSL t

. 1' z4'. f- I I 10) 14un1 .1ev
.I..1 1. iF 1-tatuts byte t , It 1 H 14

I 0JLtat us b v t e (I =3FLLL kjrv t &ry'l vA'a

iF t1 I il I 1-; Il-HLlN
'I ~ ~ ~ U *jFIt-.1I lU HuLmi' dev

I F ,LaI Lis b-.te1-.' mrO-i

LatatUSov Ove I)SULL kLley ar ri~'

1' -pNE A I

U.IF Li 1lt ) a (j E

).kFT1141 "DEVICE NOT EB'iJI~

EI-uu II-

H-ID ELC
'.an UFF FIM1EUI

7, EWHiLE li-lIE.
'44,.? SUiE X I I

*u 4,l RLI IIRN

.;0b fistrrua 'nF 12 c0ei7'ulI
2Z~" CLIII .- Irity FII fr* .i'kn qu.es. X .

-jIli4Lt UkOGtw. E 016111 LEK SET I 11405 HEE
S'iBGo FOF Fri 10U Nun1 ques-1

j> Ai ~ I Fil t1I&R71 12 o.CIA) F* :ECIA)WW
l:1t.) LIIj EFR IF r1 e F( A . F)

.I .C) t i iIE f '" r 7 ?:F-,I C tv ,P)E D
L 1 . 111 k i o I P .. Y P)

24 i4' I lIEl F,

27

4..~ ~ ~ ~~r .- . %V- - -. . . . .

. . . . . . .. . . . . . . . . . . . .



- - - - . a - a . 4 - a - ~ -

*-

*%*%~*. .%

p

I 
'* -

a 'I *4~* *C

I

I 
-~

I

ai*.I

I 
-.

I
28

-

I

* . * ... *-..*..*..............

. . .. - .. * * * - . *~ ~ * -* * -- ~ ~ . . . ~.. ~ a- a - ~ .~.



-- - - ~ -. . .~r -. - r ~. ~ P -rrr r F rr 4 r C.rr - p .--

APPENDIX C -

COMPUTER PRINTOUTS AND PLOTS -

The accompanying printouts and plots are of the various types of testing and of the

data recovered from each test. There are no errors in any of the printouts or plots since

* the 7912AD was not disrupted by any of the pulses or power losses.

29
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ufI [F; hE RL FF. REM OFF: REM OFF:
OFT. UFf=-: OFC uJFi L-C OF F: OFC OFF;
DEr OFF: L-1F OFF: uEF OFF: DEF OFF;.

Vl VIi I .: v'U.l : ii V; VIi V:

1401 S. HUI 1. HUI !D HUI S;

I b r 1-: '1 .J2 L.V . . L I F2 11) -1L . -I I . 1I

I sIF Ri4-W u-ift- r -H JIUiF t' [IiNT ER< tiRE hL-O E t-r E

Li I I:~ r F i...I.Jij 1 j:j a .0
*Fr I I'th- Vi.l.UE z-:TLjFED DURING LEF T VERf IAN -',4 4 .'44

F I R '0I1 'L. 1 D WORD IN I HE 'e D t- f - t U

It'z) -HIAL) WORD 114 IAIE IF OI i 988 J
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r-ew 0
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LIJIa3 i t M-L Uli I I 'J LuuICAL UNiI v;'
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I 1HEsIICI.1 IS FRItATED IF RECEVVEL'
THE Pi W LDg-ri-,1 fE -liF ,NfO AFTER: THE £,Ht) Ha',IS BEEN COlI~falRED
IHE NUMECE.R OF ERRORS I4 *rHE TOP EDGE DATA~ ARE

li4E 1JUI0f-R ;OF E~OSIN THE OOT EDGE DATA AREf
1 HE NUMER OF ERRORS 1IN I HE 2ND Ex.I1RA DIODE ARE 0 -
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Tw. .7 -7 .A.

i tif-I IL.I.. . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..')

F*UL5L-F(~~~~ ~ ~ ~ ~ ~ 6.k P R FI': FL'~- O -u jtj

itfI I' i 7 i-dju (EM iT-HOM~t NUMBER) BELOW

LOLGR i I SPIR SF1 I-~. --aU nLI-< L U141 P 4--7
LF.OER 'PEti .-arEC e1-7i ~ TEFUON ./.. '

GF i I ~ L L1 R IH 3.jL 6RIA 11M1-FZI 3tELO 3

FOCO.. FUf- EF EFOR 2, FTERm~

T 1)OND; TlV ON. TV, MOE TVb MONT;
PEN FF. REM CFF. REM OFF; REM OFF;
OPCi OF F GRPr OFF;: O3Fi FF GRPF OFF
DEFY OF: OEZ OFFW; DE OFF; DEZ OFF;
I1 MM I E--() V 1 + Eu -v. V 1 2700 E--3

HS FI 3uo. HiI 3') I E H SRI 10.E

HUI35 S HUW IS.- HUW S HUI S

TV ON;7 jF.+..1 ID T & ON: 12AL.V; I V ON: 1

P~lOFF; t1I .f1 REMF 'OFF: FRS OFE: REMR OFF ER

FIS OFF: i)EF SOFF: DRNGLF EFI OFFN 9EF 9FF 6
Fvs"i ' +Y()LEQ: VSI'%L 11\1 .-- C~ lilt. +20E-'. DVlfl +200.-0

IHIli- SEN IU C: uUI O; HI S;', F-I1J )I

ID 1E F 72 .Y i.*; i EiF'F.:. oND IDTE rEE SHOTUD~7/ HiA BEEN 1UP

T ikIUM[' OF ERORS INF~ TUHEN TF7 DE[ DATA RE92
I I If-'.' 1 FL. IL) WO F R,- -1 THEr 1-0 . .hP -,E DAT iI)'E t
THE NUML Tb OFO EINOIC3 1r HL -'N0~ 11uu4'v 10(14A-

* OiE~DDE':, L~~E .TELEEN JNL)FFLT~i-~R~ m36:
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F UL .ZA. F. ' ~I- L SPIRE SPI-2? FUj3LAi% YUALitIuL
FiFE volkL. I ELH 9 k W i I1 A EI JUt-i r 1014

LAi-01011. I S, Ii i IS itli ALLefflrjt LO ifiterruc~t the oower icr approlximateiv loo1
flos.

i..Uij. - 'IL. uli i '.*lc LUbjI..iL U14 il
* .Lf ilt-': I,& LS., LEFtUXE MF 1E F"

VliolA: [.1fWj I CJkL ! 16z: I'IUJLPL Lji~U: I'lOjE Liu:

U -)f: ul' I LA- F:- uFF: 0 f OFF:m
I. :'i GFF LGF.(A I OFF Gkri oFF: G R lOFF:

.~u4: Ar. kI-F44: 4 r OF-I-: Af Z OFF:

F CR. C, .k F lL; .' FC - k.)~ FOL :

.: ki L) I:,) SSW L)Is: SW NS SW I.-S'S.: £ q IS
(Jr-I: 1IV 01\: f' OH: I V ON; - .*

RLTI OFF: R.EM OJFF; fIEN OF F: 1FEM 'OFF-.
L'IOFF;OFf. OF i- . OPt OF F.a OPCT OF F

f)EF7 OFF: ujEF O3FF:D OEF OCF I DtEF OFF:
- V 1 uC --Q-: VS 1 + k.) E--Qi 3 VSI +2(_0. E-) V'S 1 +2u0Al E-(.-.;

Y ,,1L I:v V: vul VYt 2U I Va

HIls HUI ,:HU I: b10 HU : S.

I D I1E[ 791-,,D . ,.V77. 1 .F.. 1:I 1. k: K 792~ V7, I *F... I .:

10 Jitn I -- !i

I I f I ~ fi 06 II-Ilik %- F0(.( IA J-I G uL iKL: 6L [7 RE OF1ECR

Fif: I Lyit Ii 'taIJEL;IFf OURIJ LJO LT' 3C~I 5 5 22 5
F 1.S 1-".:) 1 1 f- F-i! III IIIE I Lhil~ i-if 4A 4i1.
Li i., f I .p Wi* 0 1. II TIF: I fR ti4 4~
0.11 IF~OIL.,~iLtY i E LLEEITI IIA OFFEF~ i r35
I IL IA1 WAl I WolI H c*

A L ;i1 I'f I..11 I tl F1 FI" I I I Il. . 1:: REiILJY L

i I~l ~ t1,j It, t I JFL FdIDkw ii l) A FE ME. I I SHO I HI&15 LuELN CoIllFHRED - -

I HLf o .'I Uf- Of:,Ruh5" 11I1I-HE TOP- EIAGE Di- f -,RE f.)
I iIF I-Il illmL.Fk OF EFF:0F3 i DA IE BUT EDTE !3AT(. AR~E .
I I IF I I'I-ILER OF LFF-<LlF,3 IN U IHC 2ND EAxI Fri 011n.3A E.
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I t. I.E F FiUh , L.."ti'b LHI TEST HSt T NLMiER 5kjo ,

PULSER 1 ,FE SF ( E SP-2. :ULAL VUL. Ii6L 1 4k -v

PFROE TPE MILTECH 91197-i ATTENUAiTI ON C fi,
7854 VERTICkL -OL-013 7854 HOR I Z bE-o' v

LUMMENTS: rhis is an attempt to pulse the 1 f. irom front to back with a
1401 % 

vollt pul •'e. .  -

tiHE E I lN , uF HE kR1,U MRE SUIIMriRIZED BELOW

LO iL. .L UI411 LOUL ICHL UNI I "
*tl-LF uORE kF I ER b EFORE AFTER

MODE bIb: MULE D)itu: MODE L)Iu: MODE 0l1;
D I OFF: UI OFF; U- OFF: Dr OFF:
GR-f OFFOFF: G<M1 OFF; GRAT OFF F:;
,Z ON xYZ RAW. xYZ OFF: XYZ OFF;
MilI 2b :M(-1 . b~L MI I 7 MAI 27o: ":--".GRI bRI JO uRI 3;-

GkI 1' 30.I 6R 1 R

FOC 20; FOG -"; FOG L.: FoC 20:
SSW DIS; bW SS BSW NSS; SSW NSS;
TV ON: 1V UN; TV ON: TV ON;
REIl OFF: REM OFF: REM OFF; REM OFF;
OF' OFF; OCPC OFF. OFF OPC OFF: .,.

DEF OFF; DEF OFF: DEF OFF. DEF OFF; -

VSI +2,00. E- 073 VSI +200. E- 03. VS1 +20). EI v 200. E0-:; .- -.-

VUJ1 V, VUI V; VU1 V; VUI V;
HSI + 10.E--09; HSI +10.E-09; HS1 +Io.E- 9 HSI +IO.E-09;
HUI S; HUI S; HUI S: HUI S; - -

,. ID TEK/7912AD V77. 1 ,F. 1" ID TEI.7912AD.V77 1.F". 1"

02: 53:17
9 Jan 1985IHE RAW DOATA MEMORY FOINTERS ARE: BEFORE AFTER "

THE BYIE COUNT IS 62oI 82L(i "
FIRS3T DAf'A VALUE STORED DURING LEFT VERT SCAN 852 852 .
FIRST VALID WORD IN THE Y DAIA ARRAY 0 0
Li-;Sf ViiLiD WORD IN THE Y ARRAY I0 I(
ONE ADDRESS ABOVE LAST ELEMEIJT IN DEFFECrS HiRRA? 3583 3563
I lE CHECKSUM WAS ) o 90 "
1HE SEIl ICCOIN IS PRINTED IF RELEIVELD
IHE R~iW DiIA BEFORE AND AFTER THE SHOr HA , SEEN COMPARED
[HE NUMBER OF ERRORS I N THE TOP EDGE DATf ARE .

IE NIUMBER OF ERROR:S IN THE OT EDGE DATA ARE C)
SIle I.UuliE." OF ERRORS IN THE 2ND EXTRA DIODE ARE 0 ..--

:..--..-.-.
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APPENDIX D

POWER INTERRUPTION DEVICE ,

Since a brief power interruption is desired for testing, the following device was

constructed:

120V AC SOCKET

Sw INPUT180D

IKn

LO120V AC
______________INPUT

When S.1 is closed and reopened, it discharges the capacitor to provide a negative pulse to

*the one-shot integrated circuit. This pulls the Q output low for a time period set by the

timing resistor and capacitor which turns off the light emitting diodes in the

optocouplers. While off, power is interrupted to the output and once the one-shot times

out, power is restored.
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APPENDIX E I.

V DESCRIPTION OF SERIES AND SHOT NUMBERS

SERIES TYPE OF TEST

*2000 Pulse Injection on GPIB Cable

3000 Pulse Injection on Power Line

4000 Power Interruption

5000 Pulse Injection on Chassis

SHOT NUMBER MEASURED CURRENT IN PULSE

* 2000 1.3 A

2006 21.8A

3001 1.8 A

3004 12.8A

4013 does not apply
(l01ms of power interruption)

5000 28.8 A
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APPENDIX F

SELECTED BIBLIOGRAPHY V'

1.7912AD Programmable Digitizer Operators instruction Manual, 1979, Tektronix (no

author's name), Revised Edition, May 1981. V

2. 7912AD Programmable Digitizer Service Volumes 1 and 2 Instruction Manuals, 1979

Tektronix (no author's name), Revised Edition, January 1983.
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OTHERGOVERNm KAMAN TEMPO
ATTN: DASIAC

CENTRAL INTELLGENCE AGENCY
ATT'N: OSWR/NED KAMAN TEMPO

ATTN: DASIAC lp
DEPARTMENT OF THE INTERIOR

ATTN: J OBERT LOCKHEED MISSILES & SPACE CO, INC
2 CYS ATTN: L CHASE

ENVIRONMENTAL MONITORING & SUPPORT LABORATORY "

ATTN: R STANLEY M I T LINCOLN LAB
ATTN: W BRACE

*~ US GEOLOGICAL SURVEY
ATTN: P ORKILD PACIFIC-SIERRA RESEARCH CORP
ATTN: R CARROLL ATTN: H BRODE. CHAIRMAN SAGE

DEPAfrMENT OF DEFENS CONTRACTORS PACIFICA TECHNOLOGY
ATTN: 0 PATCH

AGBABIAN ASSOCIATES, INC ATTN: G KENT
ATTN: C BAGGE
ATTN: DOCUMENT CONTROL PH4YSICS INTERNATIONAL CO

ATTN: P CAYERE
BOEING CO

ATTN: MIS 17-53 R L DYRDAHL R & D ASSOCIATES
ATTN: M/S 42/37 KFRI DDELL ATTN: C KNOWLES

CUSHNG ASOCITES2 CYS ATTN: TECHNICAL INFORMATION CENTER

ATTN: V CUSH-ING RAND CORP
ATTN: P DAVIS

EG&G. INC
ATTN: M NELSON RAND CORP

ATTN: B BENNETT
* GENERAL RESEARCH CORP

ATTN: E STEELE S-CUBED
ATTN: C DISMUKES

H-TECH LABS. INC ATTN: K PYATT
ATTN: B HARTENBAUM ATTN: R DUFF --

* JAYCOR SCIENCE & ENGRG ASSOCIATES, INC --

2 CYS ATTN: J BRYARS ATTN: C KELLER
2 CYS ATTN: J FARMER ATTN: J CRAMER
2 CYS ATTN: R BONN

ATTN: R STAHL SCIENCE & ENGRG ASSOCIATES, INC
ATTN. J STOCKTON

JAYCOR-.
ATTN: R POLL SCIENCE APPLICATIONS INTL CORP

ATTN: LAREN SCOTT
* KAMAN SCIENCES CORP

ATTN: D OSBORN SCIENCE APPLICATIONS INTL CORP
ATTN: G ROARK ATTN: W LAYSON

KAMAN SCIENCES CORP SRI INTERNATIONAL
ATTN: D OSBORN ATTN: A FLORENCE
ATTN: F SHELTON
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