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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
electromagnetic interference, and its programmable control microprocessors and

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 GPIB 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 |EE E~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 7B80 horizontal plug-in; the specifications for the 7A19 claim a bandwidth of

’ 500 MHz.

:;:j The primary interest in this investigation of the 7912AD was of electromagnetic

s 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
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

i 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

o4 GBS
ats Tl

s w
Y.t .

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

x =

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
i 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, 2:.:::'
- 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 EE:E-\
". involved. P

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).
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SECTION 1
INTRODUCTION

The 7912 Programmable Digitizer is a storage oscilloscope with a microprocessor
based contro!l 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 ASCIl and then uses the 6800

microprocessor to interpret and execute the commands.

The GPIB, or I1EEE-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 IJEEE-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 7912AD
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.
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Figure 1. 7912AD microprocessor system
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SECTION 2
DISCUSSION OF METHODS USED AND RESULTS OBTAINED

O 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
7 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,
o and the most important, consists of evaluating the 7912AD's susceptibility to

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

"y Yy
PR An

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

e,

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,

‘s A

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

S h

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.
o (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
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more than five values in the same vertical line but a repositioning 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
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 f:;
pull the REN line low. An 820 ohm resistor placed between the REN line and the logic 7.! 'j
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,

PRI SN

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 chms 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, PRl

4

e

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

(A

which was used by JAYCOR is a Hewlett Packard 9816 Computer which was programmed ~::; :\_ W
RIS AR
in HP's basic. Appendix B contains a listing of the program which was used for the 7912's ‘-:.:_.: .::_.;
e e ]
evaluation. 2~
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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 |AYCOR'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 Bii~L format suitable for transmission over a
fiber optic cable to the portal recording station. In this manner, the data could be x\.:":
removed from the 7912 much faster because the device could be constructed to handle E}_:E\:.E“
Yl S

the fastest data rate that the 7912 is capable of and the distance between the 7912 and
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this device would be less than the distance between the 7912 and the system controller.’ *"r'f‘_.-"'

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 lrg}:.:p_:

system waits for a reply that the data was received before sending more data. :::“E‘.‘_Z’.:::

The evaluation of the bandwidth of the 7912AD is dependent upon, as was the data :‘::‘\'J::.,::' )

accuracy, the 7000-series plug-ins. For several sets of plug-ins, bandwidths were ?g‘m

" calculated using measured rise times; the product of bandwidth and rise time is E";\ .'E’izf

j approximately a constant of 0.35. The bandwidth was found, as was expected, to be a l:'_'::":-;]:::'.
;'.: function of the amplifier being used and was usually within the amplifier's (.'.’
- specifications. The highest bandwidth found, and the only bandwidth which did not fall :“i‘."“"

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

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

ClCad

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.
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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 Puiser 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.
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POWER CORD Figqure 2. Pulse injection configuration.
SERIES: PULSE INJECTION BETWEEN POINTS:
2000 A, C CPIB cable shield to chassis
3000 B8, 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
circuit shown in Appendix D
5000 C, D Chassis to chassis




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 GPIB 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 Puiser,
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 usede 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 puise 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
fimit 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
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-fiop® changes its state and the 7912 does
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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 porta! 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.
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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
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
trigger level is out of adjustment, then the pointers with which to interpret the data will
be set to zero.) The operation of the 7912 also requires a familiarity with the GPIB
which may be provided by the IEEE~-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 GPIB 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 leve] 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
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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
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may be selected by choosing a plug=-in which is designed for the desired bandwidth and -. R
::: the data accuracy is dependent upon the calibration of the vertical amplifier. The data ....:'\'
j;f: recovery time, however, is dependent upon the 7912AD itself and the system controller .\E‘}l
~ 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 }’.

LR o

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

e .ﬂ‘.‘. “‘.“’."'v ""-',. RS

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 GP1B cable shield

. v

Iy
? 4
N

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

()
P |
«"a

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

L)
4

Spire Pulser which was used.

In other words, the 7912AD is highly resistant to electromagnetic interference at SRt
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
5 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.) !f the power in the

tunnel should fail after the tunnel has been evacuated but before the actual test, the
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7912 will go off and not come back on without being turned on from its front panel. The g} ~
GPIB system controller cannot turn the 7912 back on but, if this capability is desired, a :i '-.:_’
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 ?f'
Rt

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 AR
RECOMMENDATIONS B
N
N
\-‘.\.;‘n’\}
PLANRGCY
Results of the tests and research conducted on the 7912AD Programmable :‘. .,.\""\
NGRS
Digitizers suggest several recommendations which concern the basic operation of the :'; : \:-

7912AD, the resistance of the 7912 to electromagnetic interference, and its

P Al
R’m
1 .

microprocessor-based control system.

A0
..
)

’ -;r')_l

4.1 BASIC OPERATION -
i Recomendations concerning the basic operation of the 7912 can be broken into two - TeTEzed
. . .‘.'\ "" t
4 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 %

Y l...‘.’ LR .a_
;-\ is fast enough to handle the data required. Due to the increased bandwidth of the non- 'r ,-}‘_-t}‘-.
L:' programmable amplifiers, it is recommended that a set of non-programmable plug=ins be :'::_-':',:':"'.f
. SNEACS
o used. It is also recommended that an attempt be made to preset the trigger level to “_.*
i ensure proper triggering of the 7912. . 4

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
L 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 GPIB 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 GPIB 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 Puiser or by brief power interruptions. Since no 7912AD upsets occured within
the range of the Spire Puiser, 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.

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

2l N

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

Ve
.

recommended that DN A consider asking Tektronix to modify the 7912ADs for high-speed

]
’

v
P4

digitizing as this will allow the data to be out of the 7912s approximately 12 ms sooner.
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DEF OFF
EMI

FOC

GPiB
GRAT OFF
GRI

HS1

HU1

iD

MAI
MODE DIG
MODE TV
OPC OFF
REM OFF
SSw DiIs
SSW NSS
TV ON
VSs1

VU1

Xyt

n_c \3.'.] A

APPENDIX A
GLOSSARY OF TERMS

Reset Defect Flags
Electromagnetic Interference
Focus Level

General Purpose Interface Bus
Graticule Only Mode is Off
Grid Intensity Level
Horizontal Channel 1 Scale Factor
Horizontal Channel 1 Units
Identity of Instrument

Main Intensity Level

Digital Mode

TV Mode

Do Not Assert a Service Request When Completed

Do Not Assert a Service Request When Remote is Pressed

Single Sweep Mode Disarmed
Single Sweep Mode Not Selected
Television Scale Factors On
Vertical Channel 1 Scale Factors
Vertical Channel 1 Units

X YZ Outputs for External Oscilloscope M onitor
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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

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
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

'.T. MR
LI T}
. feo e e e

o search for any discrepencies, errors, and the remainder of the program prints the before
t:'_: and after settings as well as any errors and a plot of the top and bottom edges of the
“':

t;,: waveform which is being used for reference.
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OUTEUT w512 7308 (F) sEND

EEER R 700 JeFRECY UF)
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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.
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-? P i Eive b L v lery BOLD GES T -l MUMBER s

FUL2ER 1 YFE SFIRE SFI-29 FULoER VUL Teotk 100
thUustE | rFPE HILIECH 91157-1 T TENUATION 0
854 VERTICAL LUE—03 78354 HURl¢ SE-Oy

LCUMMENT S is 1s the ti1rst attempt to drive the braid ot the cable direc
Eiv.
rrits ol b Liws OF THE 9 i gD ARE SUMMARL ZED wELOW

LOGLuAL UNLI ve LOoluAL UNIT wy
vEFJRE mF TEF SEFORE AFTER

FIODE D1 MODE Dlws MODE D1iG: MODE Tvs
V1 OFF 3 LI UFF: pT UFFs DT OFF:
GFa T OFFs GReaT OFF g BRAST UFF: GRAT OFF
X(Z Us vl Relds xvZ WOFF: xYZ OFF:
Minl 2o Ml w&0s MAL wrus MAL Zrs0g
GRI Zos GRI Zos LRI Zug GRI Zog
FOL zos oL 2o FO Los FOC zoj
SISl pIae ou D1S: o5l MNSo: BEW NSS:
1Y LN 1V URN: v UN3 TV UN;s
FLY WUk REM WFF 2 FEM OFF: REM UOFF:
QF OFF: OFC UFE uUFC UFiFs OFC OFF:
OEF OFF: DEF UFF: DEF OFF3: DEF OFF3;
V3L w20 E-075; VTS B PO RIS g S VS5 +200,B-05; V51 +Z200,E-07;
Vil Ve vulL Vs VUL W VUl Ve

bl +JO,E-0%: Hoal 1o, k--0ys Mol +10. k-0 Mol +10Q.b—urs
HEL S HUL =3 HUL b3 HUL S3

Iy TUV, "9 1 2 Vv7 relWF2ats ID Tev/79leruwVi701.Fe. 1

R TE Wbt
4 a1 su
HHE PRl pela FEMORY FUINTERS SRE: BEFURE i TER

PHE o1l il Lo He0t a0l
FIEDT biadv VHLUE STORED DURING LEFT VERT S0 44 I44
FIRGE Vel 1D WORD IN THE ¥ DrRiA rBkRAY U W
Led D YALTD WORD I THE v &aRRey y88 750
UHE ADUDIRESY @ABOVE LasT ELEMENT I LEFFELTS ARRAY 583
THIE. CHIED E.SUM Weas 210
THE SEFICOLOMN [5 FRINTED 1F RECELIVEWR

FHE Rl Datia BEFURE aND AFTER THE SHU L Heas BELEN COMPaGRED
THIE MUFEE R OF ERRURS IN THE T0F EDGE Divlea wRE ©

PHE, HIWIREF o ERERORS [N THE BUOT EDGE 0DATA RE 0

THE HMUMBER OF ERFOFRS TN THE np EXTRa DIODE oRE o
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v
‘:~ crbllE TERDS F O o7 lemy B 1ED(—ohiul HUMBER Zouoo
1 FULZER |k SFIRE SFI-25 FULDER VUL | ABE L
FUBE 1 YRE AILTECH 91167-1 ATTENUATION 0
p 7854 VERTI1uabL LE—0 /894 HORIL SE-0Y
RS
;: LUMMENTSS (his i1s the tinal attempt to drive between the braid and the sc
o rew o
s N che L'l connector.
- tti oE L HIrkS uk THE 791270 ARE SUMMeR L CED BELUOW
- LUiAL UL we LOLLCAL UNLL w7
- Lk UFk mk (ER bEFURE HFTER
= MIGDE L Iw; MUDE DG MUDE L1ts MUDE Dl
L1 UFFs vl UFF3 uT OFF; D7 OFF:
GiiaT OFF 3 GRiaT OFF 3 GBRAT OFF: GRA1 OFF:
v Z UN: X¥ <L RAWs xYZ OFF3 XyZ OFF s
Mgl a0 MAL wavg Ml 2703 M Z70s
LT ZO0; LRI Zog GRI 3Zog GRI 203
3 FOO oz FOL <o FOL w03 FOC =us
. Sal DIs: L LISy o5W NbS; SSW NSS:
= TV Qs TV ONs TV ONg 1V ONg
- REM UFF 3 REM OFF: FEM OFF; REM OFF3
- OFC UFF; OFC OFF 3 OFL OFF: OFC OFF 3
- DEF OFF 3 DEF OFF: VEF OFF3 DEF OFF;
= VE1 +E00, E-0%s V81 +Z00,.E-03: VE1 +200,E-03; VSl +200.E-03F; 7
, VITRRVE VUL Vi VUL Vi VUL Vi =
- HS1 +10,.6-0%; HS1 +10,.E—0Y; Hol +10,.E-073 HSL +10.E~0v; -
o HUL 53 HUL 93 HUL o3 HUL S3
o ID TEF /791260570 LaF s 1D TEE/7912RD.V/ 7.1 Feals
11:5/,217
- 4 gan 1585 T
- IHE FAW DATA MEMORY FPUINTERS ARE: HEFORE AFTER SRR
.. THE BilE COUNT La BxOl 801 OAGAC,
; FIFST DAla Y UE STORED DURING LEFT VERT SCAN 0 O S
FIKST ViHaLID WORD 1M THE v DATA aRRAY 0 0 il -
il Vb In WORD IN THE ¥ ARRAY 296 755 SRR
ONE ADDRESS AROVE LAST ELEMENT IN DEFFECTS ARREAY 3583 3583
THE CHIECH SUM Was e 22
- THE SHEMICOLON IS PRINTED IF RECELIVED 3 : R
" THE FaW UDATA BEITORE «ND AFTER THE SHOT HAS BEEN COMFARED S
R THE NUMBER OF ERRORS IN THE TOF EDGE DATH ARE O :
o THE HUMEBER 0F ERRORS I[N THE B80T EDGE DaTa ARE O
> THE MUMBEFR OF ERRORS 1M THE ZND ExTRA DIODE ARE o
-
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Cd
. b lehE GRSy lemb EMI 1EST-3HOT NUMBER 3004
FuLsSeER TYFE SFIRE SFI-24% Fub ok YUl rbE 14u¢
> FROEBE TvYFE RILTECH 91197-1 ATTENUATION Q
$ 78594 VERTICAL LOE 073 7a¢ HORIz SE -09
o COMMENI1S: This attempt 15 with the 11.5 irch fo1l and the other connector
\ 1S O
o n the tan agrvd.
“ PHE B INGS ub THE  Tlonb ofE SUMMGRIZED BELOW
s LOG Ll Uil o Louliml UNLL w7
cEFAORE n” TER BEFGRE nFTER
- HMOLE DI1G: MUDE DIusg MODE Dlus MODE TV
" DI uFF: LT UFF; pY OFF: DT UFF:
o GRAT OFF s BRAT OFF s ORAT OFF GRAT OFF:
. AY L g x:Z RAW: Ay« UOFF s xYZ OFFg
- Me] 260 Ml Loeug MRl 2703 MAL 2703
- GRI Jug GRI T BRI Jus GRI 303
FOC Zog FOL o3 FOC =o: FOC Z0Og
4 S35 DS S35W DISs SSW MES: 39W NSS:
| TV ON: TV ON: TV ON: TV ON:
REM UFF 3 REM UOFF3 REM OFF3 REM OFF
X OFC UFFg OFC OFF; OFC OFF3; OFC OFF:
P DEF OFF: DEF UFF3 DEF OFF DEF OFF;
V81 +:200, E-07g VSl +200,E--Qs VSl +200.E-0Z; VGl +200,E-033
Vil g vutl Vi VUl Vi VUl Vi
. HSL +10.E-0%; H31 +10.E-0%; H51 +10.E-07; HS1 +10.E-09;
- HUL S HU1 5: HUL S3 HUL S;
- ID TEF 7771230V 7 Fuls ID TEF/7912AD V7 7.1 ,Fea1;
Dde B4 26
. T oJden 7
" THE e Dt TIEFOERY FOINTERS mRE: BEFORE AFTER
- THE By TE GO 15 ool gz01
FIftkal DaTay VYalule STORED DURING LEFT VERT SCAN QL6 926
FIFEET 240LT0D WORD IN THE « DAlA AaRRAY 0 (W)
. Lein T Yl 1D WORD IN THE v aREny 1004 1004
- OHE ADDIHESS ABOVE LAST ELEMENT IN DCFFELTS ARRA Y ToB A 3063
B LHIE UHIEE 3L WAs 210 =10
- THEZ SEMLICLL O T3 FRINTEL IF RECELVEL H H
THE Fal waTa BEFORE AND AFTER THE SHOT HAS EBEEN CUOMFARED
: THE HUMIZETR OF ERRURS IMN THE TOF EDGE DATA AFE O
, FPHIZ HUOMBER 0aF ERRGORS T THE B EDGE DATA AFE O
. THE MUMBEFR OF ERRORS (M MTHE 2ND ExTia DIODE ARE o
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s L o oty rbermer Bl TEST—acit riUbigER [0l

Fulobr Tkl SFIRE SFI-25 Ful ok Vubrrok w
FhHugke i FE rlLTELH U197 AT TEHUAT IO Q0
78594 VEIRTIGL 1 AGTY HU Lo Qo -uws

LUl 1 5 his 13 an attemnt Lo 1nterrupt the power 1o approdimatelv loo
ms.
CHE sy s we ke L leme sl UM T ZED BEL G

el Lkl e LUGieAL WUNLL w7
kb il BTN vEFURE mF TER

PeaDE O L 0D Do MO Like: MUDE wiws

I UFE el LFFs Ui urfFs pt OFFs

CEAT GRF GR#l OFF 3 Ol wFE s GRAT OFF:

I uide Xv o Fmbls Are UFFz2 KyZ QFF=

il seos Il Dot Mivl o0 Ml Lo

ol 30s Uil Zdg GRI Zo: BRI Zuos

FOQC o Fow s FOCL «ws FOL 2o

SnW pDiose SHW LIS B5W NS5 a8W HES:

I Okl IV O ™ b T ONg

RiZFE OFF s REM UFF REM OFF 2 REM OFF g

UFC (FFs UFt OFr UFC OF§- UG OFF &

DEF UFF;s pEF JFF DEF UFF 3 DEF OFF:

RS W R T S S ‘51 +200 E-Uls VSl +200,E~0%: V31l +200.E-03g
AN R VL Vs VUl Vs VUL Vs

HS1 +ilo.L-0%s HS1l +10.Ebe~07: MG +10.E-QYs HS1 +10.E-0Q7;
HUL =z HUL 53 MHUL 93 HUL 52

as 88 aa
» o

I TEF/79120D V77 1 FEals 1D Tek/79120D V770 aF a1

VPt Sar 37

10 vann 1787

THE Fedd o Des HIEFRORY FOLRHTERS mRE: BEFUGRE AFTER

THE e TE Ol do geial HBaul
FLESE waTer Ui e STURED DURTHG LEFT VERT SCrdd 552 SHe
FOsT Vel LD WOl 1 THE v DETee fal e 0 (W]
Covad ed 0 WO T THE v viRREre Y48 =43
OHE ADDIRESS an)VE Lead D ECLEMERNT IN DEFFECTES AR Rt I I56T
N L I o T T I P Ll gt

Pz SEV GO e 1S FIRIMTEL TF RECETVED : :
U bkl DR )y sEFORE f0lD SEFTER THE SHOTD HeS BEEN COMPARED
THE HUHGEF. OF EFRORD 16 THE TOF EDGE DalTe aRE O
P ekl oF ERRORS I THE BOT EDGE DaTa ARE O
VHE  THIMUER OF EFROMS TR THE SNMD EXTRA DLOLE ARE
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‘am

E .
| '- '-""?
I Fmithie tERD FUul L7 lambl B TEST--SHOT NUMBER G000 -
’ FULSER 1.y FE SF{RE SFI-25 FULSER VUL Lok 1400
l FROBE ThYFE AILTECH 91197-1 ATTENUATION ©
' 7854 VERTICAL ZOR-0O5 78594 HUKLZ SBE—0Y
. LUMMENTS: fThis 15 an attempt to pulse the /71% from front to back with a
: 1400
i volt pulze.

l frile SEiHINGS UF THE 7loemk ARE SUMMaRIZER BELUW
LUidieae Unll wve LUGICHL UL o/
Ltk URE A TER BEFUORE AFTER
. MODE D1G: MULE Dilw: MOUDE Dl MODE D1G:
l D1 OFF: LI OFF; LT OFF s DT OFF;
GRAT OFF: GR&ET OFFs GRAT OFF GRAT OFF;
AvZ OMg XvZ RAW: XxvZ UFF: XYZ OFF;
MAl JLows Ml Loos MAI X703 MAL 2703
GR1 503 GRI 303 LRI ZoOg GRI 303
X FOC 203 FOC zog FOC =os FOC Z0:
' SHW DIS: SulW DISs B5W NBSs SSW NGSS:
T UN;s 1Y UN;: TV ON: TV 0ON3
REIM UOFF s REM OFF; REM OFF: REM OFF 3
OFC OFF; OFC OFF3s OFC OFF3; OFC OFF:
DEF OFF 3 DEF OFF 3 VEF OFF: DEF OFF 3
V51 +z00,E-03; V51 +Z200.E-0T;: VGl +200,E-03; V51 +3Z00,E-03;
' VUi Vi YUl Vs vul Vi VUl Vi
HS1 +10.E-09; H51 +10.E-0%; HS1 +1u.E-09; HS1 +10.E-09;
HU1 S; HU1 S: HUL S3 HU1 S3
ID TEE/7F1ZAD V771 ,Faluls ID TEE/7912ADV77.1.F. 1
| 0215717
; 9 Jan 1785
. THE RAW DATA MEMORY FOINTERS ARE: BEFORE AFTER
. THE BYTE COUNT I3 8z01 8zu1l
N FIRST DaAaTa VaALUE STORED DURING LEFT VERT SCAN 852 a5z
. FIRST ValLID WORD IN THE v DATA ARRAY O ()
d LasT VYALID WORD M THE ¥ ARRAY 1000 1000
OHE ADDRESS ABOVE LAST ELEMENT IN DEFFECTS #RRaY 15837 358
THE. CHECESUM WAS 70 0
THE SEMICOLON IS FRIN(ED IF RECELIVED H H
IHE Raw DaTAa BEFORE &aND AFTER THE SHOT HAwm BEEN COMFARED
. THE MUMEBER OF ERRURS IM THE TOF EDGE DATA ARE O
E THE MUMEBER OF ERFORS IN THE EBOT EDGE DATH ARE O
. THE mfUMEBEFR OF ERRORS IN THE 2ND EXTRA DIQDE ARE O
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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
Sv INPUT 18;:"
‘b
< INQ
10K2 pl g =T )
N3
1000 10uF T ?g‘l‘ig v
LN
S\ = T
OHE SHOT )
1: MR
1
-[... 1509
1KQ
'OIZOV AC
Q INPUT

When S1 is closed and reopened, it discharges the capacitor to provide a negative pulse to
the one-shot integrated circuit. This pulls the 6 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.

43







M A A TG S R A S e hiy Suie 200

APPENDIX E
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 1.3A
2006 21.8A
3001 1.8A
3004 12.8A
4013 does not apply
(101ms of power interruption)
- 5000 28.8A
T
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3 B
- '- .-"..
-, RN
v .-.‘. » \I‘\b.
t::‘.}:. s _ .
e




Sirlie st

L 4

S A AL

¢ \J)

B SR Are

Eaid ol S cten et g

DESLNE SN g i A et e S i sl il P (LB g Bt i B K AP

46




APPENDIX F
SELECTED BIBLIOGRAPHY

B

(3

7912AD Programmable Digitizer Operators Instruction M anual, 1979, Tektronix (no
author's name), Revised Edition, May 1981.

g N A

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

Tektronix (no author's name), Revised Edition, January 1983.
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CENTRAL INTELLIGENCE AGENCY
ATTN: OSWR/NED

DEPARTMENT OF THE INTERIOR
ATTN: J OBERT

ENVIRONMENTAL MONITORING & SUPPORT LABORATORY
ATTN: R STANLEY

U S GEOLOGICAL SURVEY
ATTN: P ORKILD
ATTN: R CARROLL

DEPARTMENT OF DEFENSE CONTRACTORS

AGBABIAN ASSOCIATES, INC
ATTN: C BAGGE
ATTN: DOCUMENT CONTROL

BOEING CO
ATTN: M/S 17-53 R L DYRDAHL
ATTN: M/S 42/37 K FRIDDELL

CUSHING ASSOCIATES
ATTN: V CUSHING

EG&G, INC
ATTN: M NELSON

GENERAL RESEARCH CORP
ATTN: E STEELE

H-TECH LABS, INC
ATTN: 8 HARTENBAUM

JAYCOR
2CYS ATTN: J BRYARS
2CYS ATTN: J FARMER
2CYS ATTN: R BONN
ATTN: RSTAHL

JAYCOR
ATTN: RPOLL

KAMAN SCIENCES CORP
ATTN: D OSBORN
ATTN: G ROARK

KAMAN SCIENCES CORP
ATTN: D OSBORN
ATTN: F SHELTON

KAMAN TEMPO
ATTN: DASIAC

KAMAN TEMPO
ATTN: DASIAC

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

M | TLINCOLN LAB
ATTN: W BRACE

PACIFIC-SIERRA RESEARCH CORP
ATTN: H BRODE, CHAIRMAN SAGE

PACIFICA TECHNOLOGY
ATTN: D PATCH
ATTN: G KENT

PHYSICS INTERNATIONAL CO
ATTN: P CAYERE

R & D ASSOCIATES
ATTN: C KNOWLES
2CYS ATTN: TECHNICAL INFORMATION CENTER

RAND CORP
ATTN: PDAVIS

RAND CORP
ATTN: B BENNETT

S-CUBED
ATTN: C DISMUKES
ATTN: K PYATT
ATTN: R DUFF

SCIENCE & ENGRG ASSOCIATES, INC
ATTN: C KELLER
ATTN: J CRAMER

SCIENCE & ENGRG ASSOCIATES, INC
ATTN: J STOCKTON

SCIENCE APPLICATIONS INTL CORP
ATTN: LAREN SCOTT

SCIENCE APPLICATIONS INTL CORP
ATTN: W LAYSON

SR! INTERNATIONAL
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