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ADDENDUM 1
VERSION 08 FIRMWARE OPERATIONAL CHANGES

The ND600 Version 08 Firmware changes the following operating characteristics
of the ND600 Analyzer System:

1. The operation of the ACQ pushbutton has been altered such that depressing
the ACQ pushbutton alternately initiates or terminates acquisition with an
acquisition pause accomplished by depressing the minus (=) pushbutton at the
operand pushbutton array and they depressing the ACQ pushbutton. Continu-
ation of acquisition from a pause state is accomplished by depressing the ACQ
pushbutton. Previous versions of the ND600 firmware allowed acquire, pause,
acquire by successive depressions of the ACQ pushbutton. Termination of acquire
from a pause state was accomplished by depressing the minus (=) pushbutton and
then the ACQ pushbutton,

2.  The characters "ND&00" now appear in the first line of all alphanumeric
status displays.
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CHAPTER |
INTRODUCTION

SYSTEM DESCRIPTION

The ND60O is a firmware controlled, microcomputer-based, multichannel analyzer system.
It combines the operational convenience of a hardwired analyzer with the computational
power of a completely firmware controlled LSI-11 microcomputer to produce an extremely
powerful, yet easy to use multichannel data analysis system.

ND600 is packaged in two compact convenient units, representing a modern new approach

in multichannel analyzer design and operational simplicity. One unit, the ND600
Terminal, is the system's display and operational control center. It contains a large, 6-inch x
8-inch, display CRT, a functionally grouped 44-pushbutton interactive keyboard and a
four-wide NIM enclosure and power supply .

The built=in NIM enclosure and power supply houses and powers the analog to digital
converter (ADC) module (an ND575 ADC is included with each system) and optional
front end modules such as preamplifiers, amplifiers, discriminators or detector high
voltage supplies.

The second unit, the NDé00 Electronics Enclosure, is only five and one-quarter inches
high and can be mounted in a 19=inch rack or used as a table-top pedestal for the terminal.
It contains the LSI-111/O bus, two printed circuit board housings, each capable of
accommodating up to six full-size plug=in boards, and the system power supplies. All
other ND600 hardware and firmware is contained on printed circuit boards which plug

into either of the board housings.

The front board housing accepts two full=size basic system boards and up to four full-size
or eight-half-size optional boards. One of the basic system boards contains the LSI-11
microcomputer, 2K, 20-bits of data storage memory and 1K, 16-bits of scratch pad. The
other basic system board contains the basic system firmware (preprogrammed ROM memory).
Optional boards which can be plugged into the front board housing include a full-size
RAM memory board for expanding data storage memory to up to 8K data channels, a
variety of half-size boards for interfacing to input/output peripherals including high speed
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paper tape punch/reader, line printer and serial devices such as Teletype, Terminal
printer or RS-232 channel, and a second full-size ROM memory board for firmware options
or peripheral drivers. All boards plugged into the front board housing connect to the
common bidirectional data and control lines of the LSI=11 1/O Bus.

The rear board housing contains the Direct Memory Access (DMA) Controller and Keyboard
Interface, the Acquisition Controller and DMA Interface, the Acquisition Interface and
the Display Interface, all on full=size boards. The remaining space in the rear board
housing is available for insertion of up to two additional full-size boards for interfacing

to DMA peripheral options such as industry standard 7 or 9 magnetic tape. The DMA
controller and keyboard interface connect to the common bidirectional data and control
lines of the LSI-11 1/0O Bus. The Acquisition, Display and any optional DMA peripheral
interfaces access the LSI-11 1/O Bus using a true DMA priority scheme through the DMA
controller.

SYSTEM SPECIFICATIONS

ND600 Terminal

CRT Parameters: Phosphor - Green, P=31. Display Face - Fldt, rectangular (6=in. x 8=in,
full screen).

Keyboard: 44-pushbuttons, arranged in four functionally grouped arrays (2 x 4, 4 x 4,
1x4and 4x4).

NIM Enclosure Module Power Receptacles: Four Amp type 202516-3 connectors, wired
in parallel.

NIM Enclosure Power Supply: +12 Vdec @ 2A. =12 Vdec @ 1A, +24 Vdc @ 250 mA.
Dimensions (overall): 15.3-in. h, X 18.5=in. w. X 25-in. d.

Weight: 65 lbs.

Operating Temperature Range: 10 to 40°C.

Power Requirements: 115 Vac +10%, 50/60 Hz, Single Phase, 200 W, max. (Strapping
for 230 Vac, available on request.)

ND600 Electronics Enclosure

LSI=-111/0O Bus: Asynchronous, bidirectional bus with common interface connections
between LSI-11 microcomputer and system component boards for 16 multiplexed data/address
lines, 18 control/synchronization signal lines and power distribution from the system power
supplies. Bus supports both vectored interrupts without polling and priority DMA structured
1/O with highest priority assigned to device electronically closest fo LSI-11.
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Mechanical: Front and back printed circuit board housings, each capable of accommodating
six full=size (8.5-in. x 10.5-in.) system component boards.

System Power Supplies: 5 Vde @ 25 A, +12 Vde @ 2.5 A, 115 Vdc @ 200 mA.,
Dimensions: 5.25-in. h, x 19=in. w. x 23-in. d.

Weight: 65 Ibs.

Operating Temperature Range: 10 to 40°C.,

Power Requirements: 115 Vac +10%, 50/60 Hz, Single Phase, 350 W, max. (Strapping
for 230 Vac, available on request.)

Data Storage Memory

Number of Channels: 2048, 4096 or 8192; field expandable from 2K to 4K to 8K,
Count Capacity per Channel: 220-1 (1,048, 575) plus 4 flag bits.

Type: Solid state, random access.

Cycle Time: 960 nsec.

Refresh Cycle: Every 25 psec. Complete memory refresh in 1.6 msec.

Arithmetic: Add or subtract.

Storage Group Size: Selectable in binary increments from 32 channels to full memory.
Data Acquisition

Acquisition Modes: PHA, MCS or List.

Acquisition Control: Automatic termination upon reaching preset live or clock time
(preset number of passes in MCS), preset count level in any channel or preset count
total between markers.

Preset Time (Pass) Selection: 1 to 6,553,500 sec (65,535 passes).

Preset Level Selection: 1 to 1,048,575 counts.

Preset Total Selection: 1to 4,294,967,295 counts.

ADC Digital Offset: Selectable from 0 to 8191 channels.



Digital Ratemeter: Automatic computation and display of input count rate between markers
during PHA acquisition.

MCS Count Rate: 100 KHz, max.
Dwell Time Selection: 10 psec to 900 sec in decade increments.

MCS Count Input: Pulse Amplitude = +2.4 to t5 V. Duration - 30 nsec, min. Input
Impedance = 75 ohms.

Pass Initiation: Single or repetitive triggering.

External Sweep Trigger Input: Pulse Amplitude - +3to 0 V, with sweep start occurring
on negative transition of pulse. Duration = 0.5 psec, min. Input Impedance - 1000 ohms.

External MCS Time Base Input: Pulse Amplitude = +2.4 to +5 V, with clock occurring on
positive transition of pulse. Duration = 0.5 psec, min. Pulse repetition rate - 100 kHz,
max .

List Word Size: Up to 12 bits.

List Data Rate: 100 kHz, max.

Auto Job Mode: Permits entry of a sequence of up to eight operations and automatically
repeating the sequence from 1 to 65,535 times.

Data Display

Display Rate: 100 kHz.

Display Presentation: Linear or logarithmic.

Display Group Size: Selectable in binary increments from 32 channels to full memory .
Counts Full Scale: Selectable from 32 to 1,048,575 in binary increments.

Display Resolution: One part in 1024 (10-bits) for both X and Y axes.

Display Linearity: 2%.

Analog Display Output: X-Y Axes - 0 to 4V. Blanking = OV to +5V (blank to normal).
Display Expansion: Digital selection of any segment of channels for expanded display .

Alphanumeric Character Display: Internal circuitry permits generation of 64 ASCII
characters for display .



Display Overlap: Spectral data in up to four selected memory groups can be overlapped
and displayed at fixed vertical displacements (stacked) or with a common baseline (superimposed).

Region of Interest Identification: Dual (left and right) channel markers permit selection of

any region of interest. Display intensification permits identification of multiple regions of
interest .

X-Y Plotter Control: Internal Circuitry with external connections permits analog readout
of entire display (including alphanumeric characters) to an X-Y Plotter.

Numeric Readout Mode: Permits statically displaying the contents of up to 56 channels,
starting with the left marker channel or the channel contents or count totals in up to 12

consecutive intensified regions.

Spectrum Strip Mode: Permits multiplying a selected memory group by a specified strip
factor and adding it to, or subtracting it from, the current display group.

Data Input/Output Peripheral Interface Options

Serial Devices (Teletype, Terminal Printer, RS=232 Channel, etc.):

Communications: 20 mA current loop or EIA RS-232, =
Transmission Code: ASCII| or ND Binary.
Transmission Rate: Selectable from 110 to 9600 baud, depending on device.

High Speed Paper Tape Punch/Reader:

Input/Ovutput Code: 8 level ASCII or ND Binary.
Input Rate: 200 or 300 char/sec, depending on device.
Output Rate: 75 char/sec.

Line Printer:

Printing Method: Impact, character-by=-character, one line at a time.
Printing Rate: 100 char/sec.

Character Structure: 5 x 7 dot matrix, 10-point type equivalent.
Code: ASCII, 64 printing characters.

Format: 80 char/line. 6 lines/inch.

Industry Standard Magnetic Tape:

Number of Tracks: 9 or 7-track, IBM compatible.

Data Density: 9-track at 800 bpi. 7-track at 800/556 bpi.

Tape Velocity: 25 or 45 ips.

Reel Size: 7-in. on 25 ips units; 10.5 in. on 45 ips units.

Tape (Computer Grade): 0.5=in. wide, 1.5 mil thick.

Tape Labelling: In accordance with ANSI STANDARD ANSI X3.27-1969.
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Operational Function Firmware Option Packages

Data Manipulation Package (47-0054)

Performs the following functions: integration, differentiation, addition of a constant to,
or subtraction of a constant from the data spectrum, data transfer, data smooth (five-point),
square root calculation, and relative error calculation.

Intensified Region Peak Extraction Package (47-0055)

Determines the peak channel, FWHM and intensity information for each region of interest
identified by intensified display. Upon determining the peak in each region, the following
information is provided: peak channel energy, FWHM in energy, net area, background,
peak=to-background ratio, left and right region limits, and statistical error.

Intensified Region Isotope ldentification Package (47-0056)

Provides a report identifying the isotope, half-life, energy and percent abundance for
each peak determined during the intensified region peak extraction process. Each isotope
is identified on the basis of finding an energy line which corresponds to an isotope in the
isotope library .

Automatic Peak Search Package (47-0057)

Automatically determines the centroid, FWHM and intensity information for each peak
in the marker defined portion of the data spectrum. Upon determining each peak, the
following information is provided: peak centroid energy, FWHM in energy, net area,
background, peak=-to-background ratio, left and right peak limits, and statistical error.

Automatic Isotope ldentification Package (47-0058)

Provides a report identifying the isotope, half-life, decay, energy, percent cbundance,
percent efficiency and activity for each peak determined during the automatic peak search
process which corresponds to an energy line of an isotope in the isotope library.

Digital Ratio Package (47-0071)

Permits monitoring up to 12 digital ratios between net areas, gross areas or combinations

of net and gross areas in overlapping or non-overlapping regions in any memory group.

The net or gross area of any region bracketed by left and right markers can be

specified as either the numerator or denominator for any of the 12 digital ratios. The
ratios are dynamically computed for monitoring live during data acquisitions. The package
also permits generating a summary report at an optional hardcopy peripheral device.



CHAPTER Il
INSTALLATION

GENERAL

The user should familiarize himself with the information contained in this section before
attempting to install or operate the ND&0O System.

UNPACKING AND INSPECTION

Carefully unpack the ND600 Electronics Enclosure, ND600 Terminal and peripherals,
saving the shipping cartons for possible re=shipment. Refer to the instruction manuals on
the respective peripherals for specific information relating to unpacking and inspecting
these units. Carefully examine each unit for possible damage to controls, indicators
and connectors. |If damage incurred during transit is apparent, notify the delivering
carrier and then notify the hearest Nuclear Data representative, or the Nuclear Data
home office.

NOTE: The delivering carrier must be notified within 24 hours after receipt of the
equipment to insure reimbursement for any damage incurred during transit.

ND600 Electronics Enclosure

Remove the front panel, top and rear cover retaining screws, remove front panel, top and
rear covers and examine each plug-in system component board installed in the ND600
Electronic Enclosure for damage. If no damage is apparent, carefully push~in on each
circuit board and interboard connector to ensure proper contact between the board/chassis
connector and cable connector/board connector which may have shaken loose during transit.
Leave front panel, top and rear covers off the unit until installation and interconnection
procedures are completed.

ND600 Terminal

Remove the retaining screws (two at the bottom front and two at the rear) holding the top
to the base of the ND600 Terminal, carefully pull forward on the top and lift it off the base.
Be careful not to damage the cable which extends through the cable slot at the rear of the



ND600 Terminal and attaches to the Keyboard by allowing the cdble sufficient slack to slide
through the cable slot when lifting the top from the base. With the top of the ND400
Terminal removed, examine the internal circuitry for damage. If no damage is apparent,
carefully push-in each internal circuit board and interconnecting cable connector
(including the one attached to the keyboard) to ensure they are properly seated. If any
ADC's are to be installed in the ND600 Terminal, leave the top off the base until the ADC
installation is completed. If not, carefully replace the top of the base, pulling the slack in
the keyboard cable through the cable slot, and replace the four retaining screws.

VENTILLATION

Locate the ND600 Electronics Enclosure so that there is free air space at the sides and rear
of the unit. The ND600 Electronic Enclosure is equipped with cooling fans; however, if it
is totally enclosed in an unventilated area, there will be insufficient heat dissipation which
will result in damage to the unit.

CAUTION: Do not operate the ND600 Electronics Enclosure without the front panel, top
and rear covers installed as this will hamper operation of the cooling fans and result in
damage to the unit.

If the ND600 Electronics Enclosure is mounted with other units in an enclosed rack type
cabinet, forced air cooling may be required. When possible those units with high heat
dissipation should be mounted at the top of the cabinet.

POWER SOURCE

The ND600 System requires a 115 Vac (strapping for 230 Vac is available on request),
60/50 Hz source which is free of excessive noise or fluctuations. A voltage stabilizing
transformer can be inserted between the ac source and the ND&00 System where available
power is subject to large fluctuations. Noise produced by various types of electrical
equipment can be eliminated or greatly reduced by connecting a suitable filter between
the ac source and the interfering equipment.

ADC INSTALLATION

With the top removed from the base of the ND600 Terminal, install an ADC module into its
4~wide NIM enclosure as follows:

NOTE: One ADC module is normally supplied with, and installed in the ND&00 Terminal
at the factory prior to shipment of the system. However, if the ADC module is ordered
separately, the following installation procedure must be performed.

1. Insert the ADC module into the 4=wide NIM enclosure of the ND600 Terminal in
such a manner as to mate the 42-pin male power connector on the rear of the module with
a 42-pin female power connector at the rear of the 4-wide NIM enclosure.



2. Fasten the ADC module to the front of the 4-wide NIM enclosure with the two
retaining screws on the module front panel.

3. Lead the 26-pin female connector on the ribbon cable extending from the rear
of the ADC module through the cable slot located at the bottom rear of the terminal base,
pulling the slack in the ADC cable through the cable slot.

4. After completing installation of the ADC module, replace the top of the ND600
Terminal on the base, pulling the slack in the keyboard cable through the cable slot
and replace the four retaining screws.

OPTIONAL SYSTEM COMPONENT BOARD INSTALLATION

If an optional system component board (additional memory, firmware option or input/output
peripheral interface option) is ordered with the system, it is normally installed in the ND600
Electronics Enclosure prior to shipment from the factory. However, if the optional system
component board is ordered separately, it is necessary to install it into an available
connector in the ND600 Electronics Enclosure..

1. Insert the system component board into an available connector in the ND600 Electronics
Enclosure such that the component side of the board being inserted is at the top.

2. Connect any interface cables which are provided for interconnecting to an optional
module or peripheral to the system component board.

NOTE: To insure proper interconnection between the system component boards and any
associated peripherals, refer to the appropriate installation procedure outlined in the
corresponding chapters of this instruction manual .

SYSTEM INTERCONNECTIONS

The basic ND6&00 System consists of two units, the ND600 Electronics Enclosure and the
ND600 Terminal. All ND&00 System Component Boards plug into either the front or rear
board housing of the ND&00 Electronics Enclosure. Basic system component boards to which
external connection is required include the DMA board, DMB board and ACX (or ACT) board,
each of which is installed in the rear board housing of the ND600 Electronics Enclosure.

The Terminal keyboard is interconnected to the DMA board. The Terminal display is inter-
connected to the DMB Board. The analog to digital converter (ADC) module is interconnected
to the ACX (or ACT) board.

Installation procedures for interconnecting the ND600 Terminal, ADC module and optional
X=Y plotter to the appropriate ND&00 System Component Boards installed in the ND600
Electronics Enclosure are provided in the following paragraphs. Installation Procedures
for firmware options or input/output peripheral interface options are provided in the
corresponding chapters of this instruction manual .
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ND600 Terminal Installation

1. Locate the ND600 Terminal on top or adjacent to the ND600 Electronics Enclosure
(or adjacent to the cabinet in which the ND&00 Electronics Enclosure is installed).

NOTE: The interconnecting cables between the ND600 Terminal Keyboard and the ADC
module (installed in the ND600 Terminal 4-wide NIM enclosure) are normally connected
internally to the ND600 Terminal and lead through the cable slot at the bottom rear of the
terminal base prior to shipment from the factory.

2. Interconnect the ND600 Terminal Keyboard to the DMA board installed in the rear
board housing of the ND600 Electronics Enclosure by inserting the 20=pin female connector
on one of the ribbon cables extending from the cable slot at the bottom rear of the

ND600 Terminal into the 20=pin male connector on the DMA board (rear center connector,
component side, viewing the ND&0O Electronics Enclosure from the rear) such that the color
mark on the ribbon cable is at the right.

3. Interconnect the ADC module installed in the ND&00 Terminal 4-wide NIM enclosure
to the ACX board installed in the rear board housing of the ND&00 Electronics Enclosure by
inserting the 26~-pin female connector (designated ADC) on one of the ribbon cables
extending from the cable slot at the bottom rear of the ND600 Terminal into the 26-pin
male connector (designated ADC) on the ACX (or ACT) board such that the color mark on
the ribbon cable is at the right.

4, Connect the display interface ribbon cable (contains a 26-pin female connector

on one end and a 25-pin male connector on the other end) between ND&00 Terminal and
the DMB board installed in the rear board housing of the ND600 Electronics Enclosure
as follows:

NOTE: If an X=Y Plotter is ordered with the ND600 System, the display interface ribbon
cable is replaced by a display/plotter interface ribbon cable which permits interconnecting
both the ND600 Terminal Display and the X=Y Plotter to the ND&00 Electronics Enclosure.
Refer to the X=Y Plotter Interconnection procedure.

a. Insert the 26-pin female connector on the ribbon cable into the 26~-pin male

connector (designated DISPLAY) on the DMB board (rear center connector, component side,
viewing the ND600 Electronics Enclosure from rear) such that the color mark on the ribbon
cable is at the right.

b. Insert the 25-pin male connector on the ribbon cable into the 25-pin female
connector (designated DISP IN) ot the right rear of the ND600 Terminal.
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5. Connect an ac line cord from the ac line receptacle (designated AC INPUT) on the
rear of the ND600 Terminal to a conveniently located 115 Vac outlet.

X-Y Plotter Interconnection

If an optional X-Y Plotter was ordered with the ND600 System, interconnect it to the
ND600 Electronics Enclosure as follows:

1. Remove the display interface ribbon cable (installed in step 4 of the ND600

Terminal Installation procedure) and connect the display/plotter interface ribbon

cable (contains a 26=pin female connector on one end, a 25-pin male connector in the
middle and another 25-pin male connector at the other end) between the ND600 Terminal,
X=Y Plotter and the DMB board installed in the rear board housing of the ND&00 Electronics

Enclosure as follows:

a. Insert the 26=pin female connector on the ribbon cable into the 26~pin male
connector (designated DISPLAY) on the DMB board (rear center connector, component
side, viewing the ND&00 Electronics Enclosure from the rear) such that the color mark
on the ribbon cable is at the right.

b. Insert one of the 25-pin male connectors on the ribbon cable into the 25-pin
female connector (designated DISP IN) of the right rear of the ND&00 Terminal.

c. Insert the other 25-pin male connector on the ribbon cable into the 25-pin
female connector on the bottom front of the X-Y Plotter,

2. Connect the ac line cord supplied with the X-Y Plotter from the ac line receptacle
on the bottom front of the X-Y plotter to a conveniently located 115 Vac outlet.

NOTE: The X-Y Plotter must be calibrated for proper operation with the ND600 System,
Refer to Chapter IV for the X=Y Plotter Calibration procedure.

Power Connection

After completing system installation, replace the front panel, top and rear covers of the
ND600 Electronics Enclosures, and connect an ac line cord from the ac line receptacle
on the rear of the ND600 Electronics Enclosure to a conveniently located 115 Vac outlet.

CAUTION: Do not operate the ND600 System without the front panel, top and rear covers
installed as this will hamper operation of the cooling fans and may result in damage to the
unit.






CHAPTER Il
CONTROL, INDICATOR AND
CONNECTOR DESCRIPTIONS

GENERAL

This section contains detailed descriptions of the controls, indicators and connectors on
the ND&00 Terminal and the ND600 Electronics Enclosure .

ND600 TERMINAL ALPHANUMERIC STATUS DISPLAY

ND600 displays anyone of four separate pages of alphanumeric data simultaneously with
spectral data ot a fast, flickerfree 100 kHz rate. Each page contains parameter data
pertinent to basic operational functions of the ND600. Page 1 contains the parameters
normally associated with visually monitoring spectral data. Page 2 contains the
parameters relating to set=up and performance of data acquisition. Page 3 contains the
data manipulation parameters. Page 4 contains the parameters available for set-up of
an auto job sequence.

Parameter data which varies with operational functions, such as elapsed time, channel
contents or count totals, is periodically updated by the system. Parameter data which
is user selected, such as an operational mode, numerical value or mathematical mani-
pulation, is altered by positioning the display cursor to the desired parameter and then
entering the new parameter data at the operand pushbutton array, or by sequencing

to the desired parameter entry via the NXTV pushbutton.
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PAGE 1 — Display Parameters

TOTL Total counts between markers, OGRP  Overlap group numbers.
including left, excluding ;
right marker channel., OGRP

AGRP Current acquire group number. OGRP

GSIZ Current group size, i.e. number
of channels/group (Note 1).

GRPS Number of groups (Note 2). DGRP  Current display group number.
LMRK Left marker channel number. RMRK  Right marker channel number.
LCNT Left marker channel content. RCNT  Right marker channel content.
LE Left marker channel energy. RE Right marker channel energy.
CFS Current counts full scale value.

NOTE 1: The group size (GSIZ) is in binary increments from 32 to 8192 channels depending
upon system memory configuration. If the number of channels entered for the GSIZ parameter
is not an integer binary multiple, it is rounded up to the next available integer binary multiple.
For example, if 1000 were entered for the GSIZ parameter, it would be rounded to 1024.

NOTE 2: The number of groups (GRPS) is in binary increments from 1 to 256 groups depending
upon system memory configuration. GSIZ X GRPS = number of channels in the system memory
configuration (2048, 4096, or 8192). If the number of groups entered for the GRPS parameter
is not an integer binary multiple, it is rounded up to the next available integer binary multiple.
For example, if 7 were entered for the GRPS parameter, it would be rounded to 8.
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PAGE 2 — Data Acquisition Parameters

MODE

AGRP

TBASE

PTIM

Current data acquisition mode.
PHAC PHA clock time mode.
PHAL PHA live time mode.

TOGO

MCS Multichannel scaling mode.

LIST List Mode.
Current acquire group number.

Time base (1 to 9).

DGRP

TMULT

TBASE X TMULT = MCS dwell time.

Preset time for PHAC or PHAL

LT

Zeif vorwwl{ modes; preset number of passes for

PTOT

PLEV

DOFF

TOTL

MCS mode (1 to 65K). ¢ 35535

PTIM X TMULT = PHA preset time.

Preset total counts between
markers for terminating data
acquisition (1 to 4 billion).
z, 107
Preset level (counts) in any
channel for terminating
acquisition (1 to 1 million).

ADC digital offset (0 to 8K
channels) ,

Total counts between markers,
including left, excluding
right marker channel.

o)

BUSY

RATE

3-3

Preset time remaining in PHAC or
PHAL modes; preset number of
passes remaining in MCS mode.

Current display group number.

Time multiplier (10 psec to 100 sec,
1 min or External).

Current elapsed live time in time
units entered for TMULT.

Current elapsed clock time in time
units entered for TMULT.

System busy status in percent.

Effective input count rate between
markers .
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PAGE 3 — Data Manipulation Parameters
E/CH Calibrated energy per channel. E(0) Calibrated energy offset.

AGRP Current acquire group number. D/O Ratio(s) of gross counts between
markers in current display group

AREA Net area (total counts minus and respective overlap group(s).
backgraund counts) between Ratio(s) of net counts (total minus
markers., D/O background) between markers in

current display group and respective

BGND  Background counts between overlap group(s) is obtained by
markers . depressing the minus(=) pushbutton

D/O  at the operand pushbutton array and

TOTL _ Total counts between markers, then the AREA BGND pushbutton.
including left, excluding
right marker channel. DGRP  Current display group number.

FWHM  Full width ot half maximum value SF Strip factor for spectrum
in energy . stripping operation performed

by depressing STRIP pushbutton.

PEAK Peak channel between markers

in energy .
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PAGE 4 — Auto Job Parameters

CYCLES Preset number of auto job F1 Optional firmware controlled
cycles (1 to 65K) F2 operational functions which are
F3 performed when F1, F2, F3 or
CTOGO Preset number of auto job F4 F4 pushbutton is depressed, or
cycles remaining. when specified as steps in an
auto job sequence.
STEPI Operations performed in steps INTEG
STEP2 1 to 8 of auto job sequence. DIFF
STEP3 ERASE Erase operation. PSRCH
STEP4 ACR Acquire operation. Etc.
STEPS STRP Strip operation.
STEP6 PLOT Plot operation. 101 Optional input/output devices used for
STEP7 NXTG  Increment AUTG by 1,102 data input/output when 101 or 102
STEP8 Fl Operational function pushbutton is depressed, or when 101
F2 specified for F1,F2, or 102 operation is specified as a
F3 F3 or F4. step in an auto job sequence.
F4 TTY  Teletype.
101 Input /output operation MAGT 7 of 9-track magnetic tape.
102 specified for 101 or 102, LP Line Printer.
PT High speed paper tape reader/
AUTG Current auto group number. punch.
SU1  Available for future special
D GRP Current display group number. SU2  units, such as SDCC, etc.
_ SU3

AGRP Current acquire group number,
MODE  Input/output mode (101 or 102).
BCDl BCD formatted input.
BCDO BCD formatted output,
BINI  Binary formatted input.
BINO Binary formatted output.

DATA  Input/output data (101 or 102),

ALL  Content of all channels in group.

MRKR Content of channels between
markers. ‘

ROl  Content of channels in
intensified regions.

TOT Intensified region count totals.

STAT  Current status page.

STRIP  Auto job additive (1) or
subtractive (=) spectrum strip mode
and factor.
WGRP  Work group for auto job
spectrum strip operation.
WGRP: WGRP X (+ STRIP) + AUTG > AUTG
3-5 -WGRP: AUTG X (+ STRIP) + WGRP > WGRP



ND600 TERMINAL PUSHBUTTON KEYBOARD

The ND600 Terminal's 44=pushbutton interactive keyboard is functionally grouped for ease

of operation. _Eight Display pushbuttons control data display . 16 Function pushbuttons

allows selection of data acquisition, manipulation and input/output functions. Four Status
pushbuttons select and control status display. 16 Operand pushbuttons permit numerical “entry,
mode selection and mathematical manipulation.

Mades ||

Ma_JZu r

Display Pushbuttons

MPOS

ju‘»{a
HoSn

g
MSPN

bells H.

&
22 L/Z/

CFS

The MPOS pushbutton permits moving the left and right markers (vertical lines
imposed upon the spectrum display) to the left or right on the display. Holding
the MPOS pushbutton depressed moves the left and right markers in the
direction selected by the SHIFT pushbutton. The rate of movement is a function
of the length of time the MPOS pushbutton is held depressed, However, a
momentary depression will only move the left and right markers one channel.
The left and right marker channel numbers, contents and energies are displayed
on Status Page 1. '

The MSPN pushbutton permits moving the right marker to the left or right on the
display, decreasing or increasing the number of channels between the left and
right markers. Holding the MSPN pushbutton depressed moves the right marker
in the direction specified by the SHIFT pushbutton. The rate of movement is

a function of the length of time the MSPN pushbutton is held depressed.
However, a momentary depression will only move the right marker one chanrel.

The CFS pushbutton permits selecting the linear display range (counts full scale)
or logarithmic display. Depressing the CFS pushbutton increases the counts full
scale value by a factor of two when the right (>>) direction is selected by the
SHIFT pushbutton, or decreases the counts full scale by a factor of two when the
left (<< ) direction is selected by the SHIFT pushbutton. The range of counts
full scale values is from 32 to 1M in binary increments. Logarithmic display

is selected by depressing the CFS pushbutton after the minimum counts full

scale value (32) is reached when the left (<< ) direction is selected by the SHIFT
pushbutton, or after the maximum counts full scale value (1M) is reached when
the right (>>) direction is selected by the SHIFT pushbutton.
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XPND

RST

ADV

Lyirt

>> ,fo EOZ

oI

INT

DEL

Depressing the XPND pushbutton expands the display defined by the left and
right markers to horizontal full scale. Once expanded, the display can be

returned to normal (display of the full group) by depressing the XPND push-
button a second time.

Depressing the RST/ADV pushbutton when the right (>>) direction is selected by
the SHIFT pushbutton, resets the markers to the first and last channels of the current
display group.

Depressing the RST/ADV pushbutton when the left (K<) direction is selected
by the SHIFT pushbutton sequentially advances the markers to the next assigned
region of interest to the right on the display. After the last assigned region of
interest on the right selection reverts to the first assigned region on the left of
the display.

Depressing the INT/DEL pushbutton when the right (>>) direction is selected by
the SHIFT pushbutton enters the channels between the left and right markers as
an assigned regions of interest and intensifies the display of the marker defined
channels, including left, excluding right marker channel.

Depressing the INT/DEL pushbutton when the left (<<) direction is selected by
the SHIFT pushbutton deletes any previously assigned region(s) or portions of a
region between the left and right markers and clears the intensified display
between the left and right markers.

The MOTN pushbutton permits moving the expanded display to the right or left.
Holding the MOTN pushbutton depressed moves the expanded display horizontally
in the direction specified by the SHIFT pushbutton. The rate of movement is a
function of the length of time the MOTN pushbutton is held depressed.

However, a momentary depression will only move the expanded segment one
channel,

The WIDTH pushbutton permits horizontally expanding or contracting the display.
Holding the WID TH pushbutton depressed horizontally contracts the display when
the left (<< ) direction is selected by the SHIFT pushbutton, or horizontally
expands the display when the right (>>) direction is selected by the SHIFT
pushbutton, Horizontal expansion increases the spacing between channels,
causing the number of channels displayed to decrease, while horizontal
contraction decreases the spacing between channels, causing the number

of channels displayed to increase. The rate of expansion or contraction

is a function of the length of time the WIDTH pushbutton is held depressed.

However, a momentary depression will only expand or contract the display by
one channel.
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Function Pushbuttons '4';‘4— '

ACQ

AUTO

Alternately starts, pauses or stops data acquisition in the selected mode.
Depressing the ACQ pushbutton once starts data acquisition. Depressing the
ACQ pushbutton a second time pauses data acquisition, allowing it to continue
when the ACQ pushbutton is depressed a third time. During the time data
acquisition is in progress, the letter "A" is flashed on the display. When data
acquisition is paused, depressing the minus (=) pushbutton at the operand push-
button array and then the ACQ pushbutton stops data acquisition. Data
acquisition can be preset to stop automatically after reaching a preset live or
clock time (preset number of passes in MCS), after reaching a preset count total
in the channels between the markers, or ofter reaching a preset count level in any
channel. ADC digital offset from O to 8191 channels may also be selected for
PHA acquisition. The desired acquisition mode, PHA preset time (MCS passes),
preset count total, preset count level, digital offset, and MCS dwell time are
entered via the operand pushbutton array and displayed as acquisition parameters
(Status Page 2). During PHA acquisition, the system automatically computes and
displays the elapsed live and clock times, the preset time (passes) remaining, the
count total and effective count rate in the channels between the markers, and
the system busy status in percent.

Initiates the preselected auto job sequence. Depressing the AUTO pushbutton

‘initiates the sequence of up to eight auto job operations and automatically repeats

the sequence the specified number of times. Entering a group number at the
operand pushbutton array and then depressing the AUTO pushbutton sets the

auto group (group in which the auto job operations are performed) to the

group number entered and then initiates the sequence of auto job operations.
The auto job is terminated upon completion of the last operation of the last
specified auto job cycle or when the STOP pushbutton is depressed. Operations
which can be included in the sequence are erase, acquire, spectrum strip, plot,
next group, any of the four operational functions or the input/oufpuf operations.
The auto group, strip factor, work group, the operational functions, erase, acquire,
spectrum strip, plot, next group and input/output operations and the preset
number of auto job cycles are entered via the operand pushbutton array and
displayed as auto job parameters (Status Page 4). During auto job, the preset
number of cycles remaining is displayed as an auto job parameter (Status Page 4).
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ECAL

SCRL

AREA
BGND

Selects energy calibrate mode permitting entry of the known energies for two
known reference energy peaks. Depressing the ECAL enters the energy
calibrate mode as indicated by the letter "E" being Flashed on the display.
In this mode, energy calibration is performed as follows:

1. Select Status Page 1 and position the left and right markers at the
respective low and high reference energy peaks. —

2, Position the display cursor at the LE parameter, enter the known low
energy value at the operand pushbutton array and depress the ENTER
pushbutton, =

3. Position the display cursor at the RE parameter, enter the known high
energy value at the operand pushbutton array and depress the ENTER
pushbutton.

4. Exit the energy calibrate mode by depressing the ECAL pushbutton a second
time. This removes the flashing "E" from the display, causes system to
compute the energy per channel (slope) and zero energy intercept
(offset), and updates the display of the E/CH and E(0) parameters
(Status Page 3) to the respective computed values.

Depressing the SCRL pushbutton statically displays the numeric content of

up to 56 channels, starting with the left marker channel; the content of the
channels in up to six consecutive intensified regions withinithe current marker
defined portion of the spectrum; or the count totals of up to 12 consecutive
intensified regions within'the current marker defined portion|of the spectrum. All
channels, intensified region channels or intensified region totals are specified by
selecting ALL, ROl or TOT, respectively, as the DATA parameter for 101
(Status Page 4). The numeric display is updated as the markers are moved

to select another portion of the spectrum or during data acquisition when

channel contents and region totals are changing. Spectral data display
simultaneous with numeric Scroll display can be selected by momentarily
depressing the WIDTH pushbutton. Scroll display is terminated by depressing

the SCRL pushbutton a second time.

Depressing the AREA BGND pushbutton computes the net area (total counts
minus background counts), background counts, FWHM energy, and peak
channel energy between the left and right markers and displays these values
for the AREA, BGND, FWHM and PEAK parameters, respectively (Status
Page 3). Depressing the minus (=) pushbutton at the operand pushbutton
array and then the AREA BGND pushbutton computes the ratio(s) of the

net counts (fotal counts minus background counts) between the markers in
the current display group and the respective overlap group(s) and displays
the value(s) for the respective D/O parameter(s) (Status Page 3).
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SP1, SP2, Spare pushbuttons available for future operational functions.
SP3

F1/F2, Depressing the F1/F2 or F3/F4 pushbutton when the right ( >> ) direction
F3/F4 is selected by the SHIFT pushbutton performs the operational functions specified
for the F1 or F3 parameter (Status Page 4), respectively. Depressing the F1/
F2 or F3/F4 pushbutton when the left (K<) direction is selected by the SHIFT
pushbutton performs the operational function specified for the F2 or F4 parameter
(Status Page 4), respectively.

NOTE: Pushbuttons F1/F2 and F3/F4 are only operational when one or more
of the firmware option packages are ordered with the system and an operational
function contained in these packages is specified for the respective

F1, F2, F3 or F4 parameter (Status Page 4).

STRP Multiplies a selected group by the strip factor (SF) and adds it to, or subtracts
it from the current display group. The strip factor (SF) is entered via the
operation pushbutton array and displayed as a data manipulation parameter
(Status Page 3). Entering a group number at the operand pushbutton array
and then depressing the STRP/PLOT pushbutton when the right (>>) direction
is selected by the SHIFT pushbutton, multiplies the selected group by the strip
factor and adds it to the current display group. Depressing the minus (=)
pushbutton prior to entering a group number at the operand pushbutton array
and then depressing the STRP/PLOT pushbutton when the right (>>) direction
is selected by the SHIFT pushbutton, multiplies the selected group by the
strip factor and subtracts it from the current display group.

)< PLOT Depressing the STRP/PLOT pushbutton when the left (<< ) direction is
selected by the SHIFT pushbutton, plots the current spectral data display and
the current alphanumeric parameter display (current status page or scroll

data) at the X=Y plotter. Output to the X=Y plotter is terminated by
depressing the STRP/PLOT pushbutton a second time when the left <)
direction is selected by the SHIFT pushbutton. Depressing the minus (-)
pushbutton at the operand pushbutton array and then the STRP/PLOT
pushbutton when the left (K<) direction is selected by the SHIFT pushbutton,
alternately displays and supplies a (0,0) and full scale (X,Y) point for plotter
calibration. Output of the plotter calibration points is terminated by
depressing the STRP/PLOT pushbutton a second time when the left (<<)
direction is selected by the SHIFT pushbutton.
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101,
102

ERASE

STOP

Depressing the 101 or 102 pushbutton performs the selected data input/output
operation at the input/output device specified for IO1 or 102, respectively.
The input/output device, input/output mode and input/output data for IO1 and
102 are entered via the operand pushbutton array or selected via the NXTV
pushbutfon as auto analysis parameters (Status Page 4).

NOTE: Pushbuttons IO1 and 102 are only operational when one or more
input/output peripheral interface option is ordered with the system and the
desired input/output device, mode and data is specified for the 101

or 102 parameter (Status Page 4). If no 1/O device is specified

when the 101 or 102 pushbutton is depressed, the selected data
input/output operation defaults to the ND600 Terminal operand
pushbutton array/CRT display .

Simultaneously depressing both ERASE pushbuttons clears all channels of the
current display group.

Depressing the STOP pushbutton terminates auto analysis or any input/output
operation currently in progress.

NOTE: Depressing the STOP pushbutton does not terminate data acquisition.
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Status Pushbuttons

SHIFT

CRSR

NXTV

ENTER

Depressing the SHIFT pushbutton alternately selects display of a double left
(<< )/right ( >> ) caret (one flashing, one static) to specify the lower/upper
function of a dual function pushbutton, or to specify the direction of display
parameter movement (left, decrease or contract/right, increase or expand).

Depressing the CRSR pushbutton when the right ( >>) direction is selected
by the SHIFT pushbutton, moves the display cursor to the next status
parameter to the left or up, line by line. After the first parameter (PAGE)
of the currently displayed status page is selected, selection reverts to the
last parameter. Depressing the CRSR pushbutton, when the left (K<)
direction is selected by the SHIFT pushbutton, moves the display cursor
to the next status parameter to the right or down, line by line. After

the last parameter of the currently displayed status page is selected,
selection reverts to the first parameter (PAGE). Depressing the minus (=)
pushbutton at the operand pushbutton array and then depressing the CRSR
pushbutton, sets the display cursor to the first parameter (PAGE) of the
currently displayed status page.

Holding the NXTV pushbutton depressed sequentially displays the list of
parameter entries available for the status parameter selected by the display
cursor. After the last parameter entry for the status parameter is displayed,
selection reverts to the first parameter entry (except for the PAGE parameter) .
Entering minus (=) at the operand pushbutton array and then momentarily
depressing the NXTV pushbutton, backs up the display of the list by one
parameter entry. However, if the NXTV pushbutton is held depressed,
display of the list is again sequentially advanced.

Depressing the ENTER pushbutton enters the parameter value selected at the
operand pushbutton array for the status parameter selected by the display
cursor,

NOTE: Depressing the ENTER pushbutton when no parameter value was entered
at the operand pushbutton array deletes the parameter value of the status
parameter selected by the display cursor. If the parameter value required a
numeric entry at the operand pushbutton array and no parameter value

was entered, depressing the ENTER pushbutton sets the parameter value

to zero.
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Operand Pushbutton Array

This 16-pushbutton array permits entry of numerical values, operational codes and
mathematical operators to define data acquisition, display, manipulation and input/output
functions. The telephone format alpha characters on number pushbuttons 2=9 permit

entry of functions using understandable mnemonic codes. For example, entering PHAC
specifies the PHA Clock Time Acquisition Mode.

Entries made at the operand pushbutton array (numerical values, numeric equivalents of
mnemonic operational codes, and mathematical operators) are displayed in the order
of entry just below the display of the current status page. This allows the operator to
verify their correctness before they are entered by depressing the ENTER pushbutton,

Power On/Off Rocker Switch
Controls application of the ac line voltage to the display CRT and NIM power supply of the

ND&00 Terminal. When the upper portion of the rocker switch is depressed, power is
applied. When the lower portion is depressed, power is removed.

NOTE: On later units, the switch will be located on the rear panel of the. NDé00 Terminal.

ND600 TERMINAL CRT CONTROLS
INTENSITY Adjusts the brightness of the CRT display.
FOCUS Adjusts the sharpness of the CRT display.

I This control, which is located on the rear of the terminal, adjusts the
vertical position of the alphnumeric and spectral data display on the

POSITION CRT screen.

— This control, which is located on the rear of the terminal, adjusts the
POSITION horizontal position of the alphanumeric and spectral data display on
the CRT screen.
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ND600 ELECTRONICS ENCLOSURE (REAR PANEL)

POWER OFF/ON

J1 (MSINP)

J2 (MSSTA¥)

J3 (EXTTB)

J4 (ACQEN)

Controls application of the ac line voltage to the NDé600 Electronics
Enclosure. When set to POWER ON, power is applied to the circuits
of the ND600 System. When set to POWER OFF, power is removed.

An input used in multichannel scaling for incrementing the count in
each channel. Requires positive pulses, 12.4 to 5V in amplitude
with a minimum duration of 30 nsec. Maximum pulse repetition rate
is 15 MHz, Input impedance is 75 ohms.

An input used to start a multichannel scaling pass. Requires a +3 to
0V pulse with a minimum duration of 0.5 psec. Start occurs on the
negative or positive transition of the pulse depending upon the setting
of switch SW3 on the ACT-A board. If SW3 is set to ON, start
occurs on the negative transition of the pulse. |F SW3 is set to OFF,

start occurs on the positive transition of the pulse. Input impedance
is 220 ohms.

NOTE: A multiple pass, recurrent mode of operation can be selected
by setting SW3 to OFF and leaving the start signal either disconnected
or at a positive level.

An input used to provide an external clock/time base for determining
dwell time per channel during multichannel scaling. Requires positive
pulses, 2.4 to +5V in amplitude with a minimum duration of 0.5 psec.
Maximum pulse repetition rate is 100 kHz. Clocking occurs on the
negative or positive transition of the pulse depending upon the setting
of switch SW4 on the ACT-A board. If SW4 is set to OFF, clocking
or channel advance occurs on the negative transition of the pulse.

If SW4 is set to ON, clocking occurs on the positive transition of the
pulse. To use the external clock/time base, TBASE parameter is set

to 1 and TMULT parameter is set to EXT.

NOTE: An external time base may also be substituted for the internal
clock time base in PHA. When an external clock time is selected for
PHA, the live time clock scales at one second intervals with correction
introduced of the 10 MHz level. Live time correction can be disabled
by setting switch SW7 on the ACT-A board to ON.

An input used to enable or hold off acquisition. When switch SW6 on

the ACT-A board is set to OFF, this input is normally open (biased af
+3V) to enable acquisition. When this input is brought to ground (0V),
acquisition is disabled. Setting switch SWé to ON inverts the acquisition
enable/disable function.
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J5 (CHNG?#) A TTL compatible output signal level which is at ¥5V during acquisition
(i.e., when static or flashing A is displayed on the CRT). Upon termination
of acquisition in the auto analysis mode, this level changes to OV. The
transition of this level from +5 to OV can be used to advance an external
sample changer to the next sample.

Jé6 Switch SW5 on the ACT-A board selectively enables one of two internal
signals for output at BNC J6., When SW5 is set to ON, J6 provides a
10 MHz pulse train for system test purposes. When SWS5 is set to OFF,
J6 provides a pulse upon completion of a multichannel scaling pass.
This pulse is TTL compatible, active low, approximately 50 nsec in

duration. The circuitry feeding J6 can drive coax cable terminated
with 50 ohms.

”

J7, J8, J9 Spare BNC's,

MODE 2 ACQUISITION

MODE 2 Acquisition is activated by setting either switch SW2 or SW8 on the ACT-A board
to ON, or by externally supplying signal DEVEN* to the ACT-A board (50-pin DXT |
connector, pin 15). Setting the MODE parameter (Status Page 2) to MCS or either of

the PHA modes (PHAC or PHAL) when MODE 2 Acquisition is activated, selects MCS
MODE 2 and PHA MODE 2, respectively. |

‘MCS MODE 2 endbles addition of a 12-bit data word on the ADC data input lines (signals
ADC00* = ADC11* where ADCO0* is the least significant bit) to the current channel
location. Sequential channel advance is controlled by either the internal or an external
time base.

PHA MODE 2 endbles addition of a 20-bit data word (signals DX04* - DX23%, where
signal DX23* is the least significant bit ) to the channel location defined by the ADC
data input lines (signals ADCO0* - ADC12¥).

In both of the above modes, sweep synchronization must be controlled via a signal supplied

to the J4 (ACQEN*) BNC not the J2 (MSSTA*) BNC. Both modes require a service time
of 50 psec per storage cycle.

3-15






CHAPTER IV
OPERATING PROCEDURES

INTRODUCTION

From the point of view of the scientist using the multichannel analyzer, the most impor-
tant portion of the analyzer is the analog-to-digital converter which produces, in response
to each input pulse, a number whose magnitude is a linear function of the peak amplitude
of the input pulse.

The basic method used for conversion is a Wilkinson=type converter which employs a
circuit which causes a capacitor to become charged to a voltage proportional to the

peak voltage of the input pulse. Following this charging operation, the capacitor is
linearly discharged, with the time required for this discharge therefore a linear function

of the input pulse magnitude. During the discharge, pulses from a periodic pulse generator
are counted by means of a simple scaler; the state of the scaler at the end of the process
indicating in digital form the magnitude of the input pulse.

This description of the Wilkinson conversion method may also be used in describing the
operation of the ADC which is used in the ND600 Analyzer System. This description is,
of course, not complete, in that nothing has been said of such things as coincidence
gating, generation of "end of conversion" signals, and the like. For a preliminary
understanding of the complete analyzer, however, no further discussion is needed of the
ADC, in order to understand the overall structure of the pulse height analyzer.

DEFINITION OF TERMS AND DESCRIPTION OF COMMON SPECTRAL FEATURES

Before discussing the principles of radiation analysis, it will be helpful first to define,
with explanatory remarks, the terms to be used in the discussion.

Some of these terms emerge from a description of the spectrum shown in Figure 4=1 which
shows the distribution of energy of gamma radiation detected by means of a scintillation
crystal, NAI (T1), which is one of the most commonly utilized detectors. While the
general shape of the Cs137 spectrum is peculiar to this form of detector, the observations
usually apply to other detectors.
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The presentation is in logarithmic form, wherein the vertical position of each point is at
a level which is a linear function of the logarithm of the number of counts recorded in
the corresponding analyzer channel. Various features of the spectrum are indicated by
Figure 4-2, the legend underneath the figure, and the following explanation.

Figure 4-1. Typical 1024 channel Cs137 Figure 4-2, Principle features of typical
spectrum taken with energy scale set at Cs137 spectrum shown in Figure 4-1,
approximately 1.3 MeV full scale. a. 32 keV Barium X-ray line.

b. Backscatter peak

c. Compton edge.

d. 662 keV Cs137 photopeak.

e. 749 keV photopeak of Cs134 impurity.
f. Continuum due to accidental self-
concidences producing partial sum pulses.
g. Accident sum coincidence peak.

h. Detail due to background radiation.

Barium X-Ray, 32 keV

This X=-ray is useful from the operator's point of view in setting the analyzer zero energy
position. It can be removed from the spectrum by use of an absorber such as a one~

millimeter thick iron disk. There should be a flat region on the low energy side of this

line, extending back to the photomultiplier noise region. Typical noise, at room temperature,
does not extend beyond the equivalent of 10 keV. Slightly incorrect amplifier adjustments
can cause this noisy region to extend up to the low energy side of the X-ray line, at high
counting rates. Amplifier misadjustments can be decreasing the counting rate. At low
counting rates amplifier misadjustments produce less apparent noise, whereas photomulti-

plier noise is not affected appreciably by counting rate and becomes proportionately a

greater part of all recorded information.



Backscatter Peak

This broad line is produced by gamma photons which are scattered back at about 180°
from surrounding material . The amount of scattering is a function of the distance of

the source from the material, descreasing with increasing distance. The proportion of
backscattered gammas entering the crystal to the number of gammas directly received,

for a fixed sample-to~surrounding-shield distance obviously decreases as the distance
from the source to the detector decreases. The shielding around the detector and source
should not be nearer than approximately one foot, and the source should not be more than
two or three inches from the detector.

Compton Distribution

Although the Cesium 137 source emits a nearly monochromatic gamma, the sodium iodide
crystal does not absorb all of the energy of all of the gamma photons entering the crystal.
The amount of energy absorbed in the crystal is quite random, except that there is a
minimum amount of energy with which any gamma may escape after interacting, The
probability of any gamma, which has lost only part of its energy in an interaction with
an atom within the crystal, losing all or part of its remaining energy in interactions
subsequent to the initial "collision" increases with crystal size. The resolution of the
crystal=photomultiplier combination usually decreases somewhat as the crystal size
increases, but the slight loss in resolution is much less important than the effect of a
large number of gammas escaping the crystal after losing only part of their energies.

0.662 MeV Photopeak

Those gammas which lose all of their energies within the crystal produce a large number
of scintillations in the crystal. The number of light photons produced is, on the average,
proportional to the gamma energy absorbed, but unfortunately only a small percentage

of light photons produce photoelectrons af the photomultiplier cathode. Since the number
of scintillations and the number of photoelectrons produced is subject to statistical vari=
ations, the pulse height produced at the photomultiplier anode differs from individual
gamma photons, despite the fact that all of the absorbed gamma photons were virtually
identical in energy. The width of the photopeak, at half height, is approximately

equal to 2 /N, where N is the average number of photoelectrons produced at the
phototube cathode. A typical width, at half height, for the cesium 137 photopeak,

is 53 keV.

0.794 MeV Cesium 134 Photopeak

Accidental Self-coincidence Continuum

At any counting rate, there is a finite probability of two gammas entering the crystal
at nearly the same time. Even if these gammas are of identical energies, there is a

certain chance that one, or neither, will lose all of their energies, or that both will
be totally absorbed. There is a greater chance that they will enter at slightly different
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times, perhaps a microsecond apart, than nearly coincidentally. There will always be a
photomultiplier output pulse which is greater than if only one of the gammas had entered,
if the two are coincident within a microsecond. The "sum" pulse produces the apparent
continuum beyond the photopeak, and in fact produces a continuum ot lower energies
also, obscured by the non-coincident gamma counts. The number of counts in this
continuum is directly proportional to the source intensity, for a given isotope. It is
obvious that not only is this continuum capable of completely obscuring very wedk lines,
but what is quite as important in some cases is the fact that counts appearing in this
continuum represent counts which have been "swept out" of some other region of the
spectrum by the accidental self~coincidences. Analyzers capable of perfect, dead time
corrected, timing of experiments are frequently accused of incorrect timing because of
the absence of counts in a line, swept out by accidental coincidences. Errors of a
percent can occur af counting rates of 10,000 pulses per second while the accuracy of
the timing should be better than one percent. The sweepout effect must be considered
during tests of timing accuracy or during quantitative measurements of activity.

Accidental Self-coincidence Sum Peak

Calculation of the shape of the self-coincidence component of the complete spectrum
would be difficult, since the amplifier and analyzer characteristics enter the situation.

It is not difficult to see, however, that it is not unreasonable to expect that two com-
pletely absorbed gammas virtually in coincidence will occur frequently enough to produce
a sum peck at the region corresponding to 1.324 MeV. Such "accidental" or quasium
peaks can readily be distinguished from true sum peaks by changing the counting rate
without changing the source~to~detector position (use a weaker sample). True sum peaks
do not vary in intensity, relative to other lines in the spectrum, as a function of source
intensity .

Background Detail
The detector used in this measurement was not shielded.

PRINCIPLES OF RADIATION ANALYSIS

In this section will be discussed the numerous concepts and instrument requirements which
are encountered in the analysis of the energy distribution of events detected by various
radiation detectors. The discussion will be general in the sense that it will usually not
refer to the use of Nuclear Data analyzers but to matters encountered in the use of any
pulse height analyzer. It should not be taken to represent universally accepted inter-
pretations, but it is a reasonably objective discussion,

In any interpretation of a multichannel analyzer spectrum, it is important that all the
effects of experimental conditions be carefully considered. For example, in the spectrum
shown in Figure 4~1, experimental conditions can alter the shape of the spectrum in

many ways. The amount of X-radiation detected depends upon the material between



the source and the sodium iodide crystal, and the backscatter peak magnitude depends
upon the nature and location of the surrounding material, The reasons for which these
changes in condition can alter the spectral shape are for the most part beyond the scope
of this discussion. But it is important to appreciate that conditions which might appear
irrelevant to those not well acquainted with the techniques, can markedly affect the
spectrum shape. Not only can experimental results be misinterpreted, if the experimental
conditions are improperly controlled, but the operation of the analyzer cannot properly
be evaluated unless test conditions are quite well reproduced.

The effect of counting rate, that is to say, source intensity, upon the shape of the spectrum
is evident from comparative measurements made under the same conditions except for
source intensity . The apparent continuum of radiation beyond the photopeak is at a

higher level for the case of higher counting rate than for the low counting rate measure~
ment. This is to be expected for the following reasons.

The probability of two events being nearly coincident, by accident, at any given
counting rate can readily be calculated. If the input pulses are one microsecond wide,
after amplification and shaping, then ot 10,000 events per second at the radiation detector,
about one percent of the events will be to some degree improperly reported by the
detector. It is not always important that the number of accidental self-coincidences

be minimized, but in some measurements if such coincidences occur once per hundred
pulses, the error may be important. What is more important is there may well be
information of interest obscurred by the presence of large number of "accidentals",
Where accurate quantitative measurements are involved, and whenever experimental
conditions permit, analysis should be at a sufficiently low counting rate to reduce the
number of accidental coincidences to an acceptably low level. The effects produced by
accidental self-coincidence are commonly referred to as pulse pile-up effects.

More frequently than in the past, automatic data reduction techniques are utilized in
interpreting accumulated data. The method most commonly used is to subtract, point
by point, one or more components of the spectrum by use of a previously measured or
computer-derived standard spectrum. If the standard spectrum was compiled at low
counting rate, then the remainder of the complex spectrum, after subtracting out a
single component may be in error if the complex spectrum was measured at high count~
ing rates, The same sort of error will be made if the source~detector geometry has been
changed from that used in accumulating the standard. This is further evidence that for
highly accurate work, source intensities should be kept as low as economics and other
experimental factors permit, Carefully standardized detector-source geometrics, and
standardized energy scales are recommended in applications involving activation
analysis.

A large proportion of the experiments made with this type instrument do not involve gamma
analysis, of course, and in some cases nuclear particles (protons, neutrons, deuterons, etc.),
or dust, rather than gamma radiation is involved. But, in as much as the input signals

are of the same general shape and randomness as those encountered in gamma analysis,

the requirements upon the analyzer are roughly the same.
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Analog to Digital Converter

Conversion Gain Selection. One factor to consider in the selection of the proper conversion
gain is storage capacity of the analyzer memory being used. Since the number of address ad~
vance pulses for a full scale (8 volt) input signal corresponds to the Conversion Gain switch
positions of 256, 512, 1024, 2048, 4096 and 8192, it may seem feasible to select the

switch position corresponding to the memory size, i.e., for a 1024 channel memory, set the
switch at 1024, for a 2048 channel memory, set the switch ot 2048, etc. This is true in
some experiments but not necessarily in others. For example, if the energy of interest does
not exceed four volts, it would be better to select a conversion gain of 2048 with a 1024
channel memory size since the spectrum peaks would be spread out over the full memory
rather than half as would be the case if a conversion gain of 1024 were chosen.

Another factor to consider is resolution. With the Conversion Gain switch set ot 1024,

each channel represents 8 millivolts for a full scale 8 volt input. This means the voltage
levels can be resolved within 8 millivolts of each other, hence the term resolution. As the
conversion gain is lowered (voltage per channel increased), the resolution decreases accord-
ingly. Therefore, if the experiment being performed requires high resolution to obtain the
desired accuracy, it may be advantageous to use a higher conversion gain setting.

Still another factor to consider is speed. Since the analysis time for a full scale input pulse
with the Conversion Gain switch set af 1024 is twice as long as it is with the switch set at
512, it may be feasible to use a lower conversion gain setting when speed rather than
resolution is desired. However, since the average analysis time rather than the maximum

is usually used in evaluating the selection of the proper conversion gain, the percentage of
increase in speed is considerably less and the loss in resolution may be enough to make the
increase in speed meaningless. Therefore, first consider how these factors will affect the
experiment being performed and then select the conversion gain which is most applicable.

Lower Level Discriminator Adjustment. In some experiments, intense noise or low energy
radiation may be present. To reduce the effect of dead time, which is a result of noise
analysis, the THRESHOLD (LLD) control must be adjusted above the level of the noise. The
THRESHOLD (LLD) control biases a discriminator circuit such that signals below the bias
level imposed by this control are not presented to the ADC for analysis. For those signals
which exceed the bias level, the bias is removed to permit passage of the entire signal.
Therefore, a large signal would be analyzed into exactly the same counting channel,
independent of the bias, but small signals would not be analyzed.

A percent dead time meter is a useful tool in determining whether or not the ADC is
preoccupied with the useless analysis of noise. This allows the user to determine whether
or not the setting of the THRESHOLD (LLD) control affects the indicated percent dead time.

When there is no appreciable noise mixed with the input signal, a minimum THRESHOLD
(LLD) control setting equivalent to 30 to 40mV is usually appropriate. For highest linearity
in the lower energy regions, the THRESHOLD (LLD) control should be set at the minimum
value. However, if there is an apparent increase in noise, the minimum setting should be
increased accordingly.
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Upper Level Discriminator Adjustment. The setting of the ULD control (may be loctaed on
the front panel or internal) selects the triggering level of the upper level discriminator
circuit. Input pulses which exceed the bias setting imposed by this control will cause the
linear gate of the ADC to close, prohibiting the analysis of the input pulse. For most exper-
iments, this control is set to maximum (approximately 8.8V), but can be set as desired iment
depending upon experiment requirements.

Zero Level Adjustment. The Zero control is used primarily for precise adjustment of energy
zero to correspond to the lower boundry of channel zero. It will be found that alteration

of the Conversion Gain switch or input coupling (AD/DC) switch changes the energy zero
position. It is therefore recommended that the proper setting of the ZERO control to locate the
zero energy intercept be correctly determined each time a different conversion gain or

input coupling mode is selected. It is likely that a calibration performance check once a
month will be adequate for most applications, but this must be determined by experience.

ND600 Terminal

The ND600 Terminal is the system's display and operational control center. It contains the
display CRT, 44-pushbutton interactive keyboard and four-wide NIM enclosure and power

supply.

The CRT provides display of four separate pages of alphanumeric data simultaneously with
spectral data. Each page contains parameter data pertinent to basic operational functions of
the ND600. Page 1 contains parameters normally associated with visually monitoring
spectral data. Page 2 contains parameters relating to set-up and performance of data
acquisition. Page 3 contains the data manipulation parameters. Page 4 contains the
parameters available for set~up of an auto-job sequence.

The 44-pushbutton interactive keyboard is functionally grouped for ease of operation.

An eight-pushbutton array controls data display, a 16-pushbutton array allows quick
selection of data acquisition, manipulation and input/output functions, a four-pushbutton
array selects and controls status display, and another 16~pushbuttons array permits
numerical entry, mode selection and mathematical manipulation.

The 4-wide NIM enclosure and power supply houses and powers the ADC and other front-
end signal conditioning modules and places them in close proximity to the CRT display and
pushbutton keyboard.



DATA ACQUISITION

A brief definition of data acquisition is that mode in which the ND600 Analyzer System
is able fo accept and accumulate new information. The three acquisition modes are
pulse height analysis (amplitude analysis), multichannel scaling (time analysis) and
sequential listing.

Pulse Height Analysis

Analysis of signals on an amplitude basis enables the acquisition of data which represents
radiation intensity as a function of either energy or velocity. Other relationships that
- can be expressed by number of counts or sampling per unit of voltage amplitude can also
be acquired. In certain applications, additional external equipment may be required.

During amplitude analysis, the converter generates a train of pulses with the number of
pulses directly proportional to the amplitude of an analyzed input signal. The pulses are
counted by the channel scaler in the ADC and the resultant number is then transferred

to the address register in the Data Handling Unit. This address is then used to index a
storage address in the memory. A count of one is then added to, or subtracted from, the
indexed storage channel, depending upon whether add or subtract operation has been
selected by the experimenter.

The following operating procedures describe data acquisition in the pulse height analysis
mode. Included are initial set~up procedures for PHA spectrum storage, energy calibration
and alphanumeric status page selection and parameter entry. Also included is a procedure
for PHA spectrum storage for a preset clock time. When performing the pulse height analysis
procedures, the Nal detector and ND520 PAD are connected to the ADC by connecting
BNC cables between the NAI detector and the ND520 PREAMP IN BNC and between the
ND520 AMP OUT BNC and the ND575 SIGNAL BNC,

Initial System Set-Up and Spectrum Storage

The following procedures provide step=by step instructions to ensure the ND600 Analyzer
System is ready for normal operation. These procedures should be performed as a matter
of routine before operating the ND600 Analyzer System.

1. Set ADC and PAD controls to initial positions as follows:

a. ND575 ADC Module

Control Initial Position

CONV GAIN 2K

ULD Fully clockwise (if internal, it is preset
fully clockwise at the factory).

THRESHOLD(LLD) Fully counterclockwise.

ZERO Fully counterclockwise.

ACQ/OFF/STRB OFF

DC/AC AC (down position)

COIN/OFF/ANTI OFF
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b. ND520 PAD Module

Control Initial Position
COARSE GAIN 4

FINE GAIN Mid range.
DISC 10.0

2. After the ADC and PAD controls have been initially set, initiate acquisition as follows:

a. Set the POWER rocker switches on ND&00 Electronics Enclosure rear panel and ND&00
terminal keyboard to POWER ON.,

b.  Adjust the INTENSITY control on the ND600 Terminal until the display is visible on
the CRT screen. Then adjust the FOCUS control for the desired display sharpness.

NOTE: When power is applied, the display is initialized to Status Page 1 and 2048 data
channels with the left and right markers positioned at channels 1 and 2047, respectively.

c.  Simultaneously depress both ERASE pushbuttons to clear the contents of all data
channels to zero.

d.  Depress the SHIFT pushbutton to select the left (<<)direction and then depress the
INT/DEL pushbutton to delete any intensified channels.

~-FASGE 1 ¥
TOTL 3] QGRF ]
RIGRF 1 OGRF a
b= Zraz AGRF @
GBRFS 1 DGRF 1
LMEE 1 FHMEE 2847
LCHT =] FCHT @
lLE 1.864a FE 2847 . 0068
LFES Los
HELLO

Initial display of Status Page 1 and 2048 data
channels with the left and right markers
positioned at channel 1 and 2047, respectively.

e. Disconnect the BNC cable from the ND575 SIGNAL BNC and set the ND 575
ACQ/OFF/STRB switch to STRB.

f.  Depress the ACQ pushbutton.

NOTE: When power is applied, the acquisition mode (MODE parameter, Status Page 2)

is initialized to PHA Live Time (PHAL) and acquisition time is initialized to infinity
seconds, i.e., the PTIM and TMULT parameters (Status Page 2) are set to zero (0) and one
second (15), respectively.
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g- Adjust the ND575 ZERO contiol until storage is observed in channel one (1).

-FARGE 1 < A

TOTL a OGRP ]
AGRF 1 OGRF a
G512 zB42 OGRF a
GRPS 1 DGRF 1
LMRK 1 RMRK 2847
LCNT @ RCHT a
LE 1.886 RE ZB47.000
CFS S1z

2048 channel display showing storage
in channel 1.

h. Set ND575 ACQ/OFF/STROBE switch to ACQ.

i. Re=connect the BNC cable from the ND520 AMP OUT BNC to the ND575 SIGNAL
BNC.

. Adjust the ND575 THRESHOLD (LLD) control clockwise until storage of a spectrum is
observed. The system is now in operation and the ND575 ADC is properly zeroed.

_FAGE 1 << A
TOTL z888@ OGRP a
AGRF S1z OGRP @
G31Z 2648 OGRP @
GRPS 1 DGRF 1
LMREK 1 RMRE 2847
LCHT @ RCNT a
LE 1.088 RE 2847.000
CFs ZK
}v
i
.
é‘ L& )
z 2 & . 1 L] .
~g!"”-ljm_j | 2048 channel display showing storage
of a Cs137 spectrum.,

NOTE: If acquired data is never to be directly compared with other data runs, i.e.,
channel by channel comparison or spectrum stripping, ADC zero can be set at the highest
value which ensures a positive intercept for all conversion gains. If data is to be compared
directly or stripped from other data, such as reference standards, precise front-end calibra-
tion as described in the following paragraphs is required.
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System Calibration

Using the ND600 marker pushbuttons, the ND520 amplifier gain controls and the ND575
ZERO control, the system can be calibrated for direct reading in keV/channel. The follow-
ing is a typical procedure for system calibration at 1 keV/channel. This procedure assumes
the Initial System Set-Up and Spectrum Storage procedure has been performed to verify
proper system operation, i.e., power is on, and all controls are set to initial positions.

This procedure also assumes the front end equipment (particularly the detector) is fairly
linear over the 0 to 1 MeV range. Since Nal detectors are not very linear, better
calibration accuracy could be obtained using a solid state Geli detector, but for
exemplatory purposes a Nal detector will suffice. Cs137 will be used as the calibration
source,

1. Depress minus (=) pushbutton and then ACQ pushbutton,
2. Set ND575 CONV Gain switch to 1024,

3. Position the display cursor to the GSIZ parameter (Status Page 1) using the CRSR

pushbutton, enter 1024 at the operand pushbutton array and depress the ENTER pushbutton .
This selects a storage group size of 1024 channels.

NOTE: The display group (D GRP) and the acquire group (AGRP) parameters are initialized
to 1 when power is applied.

4. Using the MPOS and MSPN pushbuttons, position the left and right markers at
channels 32 and 662, respectively.

FPAGE

N
N

1
TOTL a OGRP a
AGRF 1 OGRP a
-G512 1az4 OGRP @
GRPS 2 DGRF 1
LMREK 3z EMRE &z
LCNT a RCHMT a
LE Iz.80a RE SE2.086
CFs 512

1024 ¢hannel display showing left and right
markers positioned at channels 32 and 662,
respectively.

5. Depress ACQ pushbutton,

6. Adjust ND520 COARSE and FINE GAIN controls so that 0.662 MeV Cs137 photo=

peak falls at channel 662 (right marker). After each gain adjustment allow sufficient

data accumulation time to determine peak position and then depress both ERASE pushbuttons.
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7. Adjust ND575 ZERO control and the ND520 FINE GAIN control so that both the
0.032 MeV X-ray peak and the 0.662 MeV Cs137 photopeak fall at the proper channel
locations. The system is now calibrated for 1 keV/channel.

8. After satisfactory calibration is achieved, depress the ACQ pushbutton, the minus(-)
pushbutton and then thet ACQ pushbutton again.

PAGE 1 << A

TOTL 13698 OGRP @
AGRP 1 OGRP =]
-GSs1IZ 18z4 OGRP a
GRPS 2 DGRP 1
LMRK 32 RMRK 662
LCHNHT 286 RCNT 112
LE 32.068868 RE 662.000
CFS S1z

1024 channel display showing 32 keV

i X-ray peak and 662 keV Cs137 photo-
D peak falling at left and right markers,
respectively, after achieving satisfac-
tory calibration.

NOTE: The procedure for an energy calibration of 1 keV/channel with a CONV

GAIN Switch setting of 1024 was described above. A similar procedure can be performed
for energy calibration of 4, 2, 0.5, 0.25 and 0.125 keV/channel with respective CONV
GAIN switch settings of 256, 512, 2048, 4096 and 8192,

Alphanumeric Status Page and Parameter Entry

Any of eight status pages can be selected for display of alphanumeric parameter data
simultaneous with spectral data. Status Pages 1, 2, 3 and 4 each contain alphanumeric
parameter data pertinent to basic operational functions of the system, Status Page O is
completely blank and is used primarily during acquisition and readout when display of
alphanumeric data is not desired or when outputting to an S-Y plotter. Status

Pages 5, 6 and 7 are also blank except for the PAGE parameter. The blank status
pages are available for alphanumeric parameter data associated with certain firmware
options or for user entry of special alphanumeric parameter data appliable to a
particular experiment, such as dates, titles or other alphanumeric information a user
desires to further identify a particular experiment.

The procedure for status page selection is as follows:

1. Depress the minus (=) pushbutton at the operand pushbutton array and then depress
the CRSR pushbutton to set the display cursor to the PAGE parameter of the currently
displayed status page.
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2. If the status page desired is a higher numbered page than the current status page, depress
the NXTV pushbutton until the desired status page is displayed.

3. If the status page desired is a lower numbered page (or a higher numbered page) than
the current status page, enter the number of the desired page af the operand pushbutton
array and then depress the ENTER pushbutton. When the ENTER pushbutton is depressed,
the selected status page ‘is displayed. If the ENTER pushbutton is depressed without an
entry at the operand pushbutton array, Status Page 0 (no status display) is selected.

When power is applied to the ND600 System, the display is initialized to Status Page 1

with each of its parameters set to an initial value. When power is applied, the parameters
of Status Pages 2, 3 and 4 are also set to initial values. The initialized state of Status Pages
1, 2, 3 and 4 is shown below:

~PRGE 1 << -PAGE z <<
TOTL & OGRP @ MODE PHAL TOGO @
AGRF 1 OGRP @ AGRF 1 DGRP 1
GS1Z 2848 OGRF @ TBASE 1 TMULT 15
GRPS 1 DGRF 1 PTIN @ LT @
LHMRE 1 RMRK z@47 PTOT @ cT @
CONT @ RCNT @ PLEU @ BUSY a.e0a
CE 1. 600 RE z@47. paa DOFF @ RATE @.86a
CFS LOG TOTL @
Status Page 1 Status Page 2
-PAGE 3 << -PAGE 4 <<
E-CH 1.000 Ecey ©.00@ CYCLES 1 F1
AGRP 1 B0 . pea CTOGO ) F2
AREFR @ D-0 0.068 STEP1 F3
EGHN a D0 @.840a STEPZ F4
TOTL ] DGRP 1 STEFP3 101 TTY
FWHH 4.800 SF 1.608 STEP4 MODE BCDO
PERK .86 STEFS DATA ALL
STEPE 102
STEP? MODE
STEPS DRTAH
AUTG 1 STRIF 0.860
DGRP 1 WGRP a
AGRP 1
Status Page 3 Status Page 4
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Parameter data on Status Page 1, 2, 3 and 4 which varies with operational functions, such
as elapsed time, channel contents or count totals, is periodically updated by the system.
Parameter data which is user selected, such as an operational mode, numerical value or
mathematical manipulation is altered as follows:

1. Position the display cursor to the desired parameter.

a. |f the status parameter to be altered is near the top of the current status page, depress
the SHIFT pushbutton to select the left (<< ) direction and depress the CRSR pushbutton
until the display cursor is adjacent to the desired parameter. Each time the CRSR pushbutton
is depressed, the display cursor will move to the next parameter to the right or down, line
by line. After selection of the last parameter of the current status page, selection reverts
to the first (PAGE) parameter.

b. If the status parameter to be altered is near the bottom of the current status page, depress
the SHIFT pushbutton to select the right (>>) direction and depress the CRSR pushbutton

until the display cursor is adjacent to the desired parameter. Each time the CRSR pushbutton
is depressed, the display cursor will move to the next parameter to the left or up, line by
line. After selection of the first (PAGE) parameter, selection reverts to the last parameter

of the current status page.

2. Enter the new value for the selected parameter.

a. If the parameter value to be altered is a numerical value, sequentially enter the digits

of the number at the operand pushbutton array, preceded by a minus (=) if the value is
negative, insert a decimal point (.) where required if the value is a decimal fraction,

and then depress the ENTER pushbutton. Entries at the operand pushbutton array are displayed
as they are entered in the line following the last line of the current status page for veri-
fication of their correctness prior to depressing the ENTER pushbutton. For most numerical
entries, the number can be up to 6 digits, exclusive of sign and decimal point. For decimal
entries, at least one digit must precede the decimal point (e.g. 0.436).

b. If the parameter value to be altered is for a parameter which is defined by a list of
alphanumeric codes (such as an acquisition mode, time multiplier, 1/O device, etc.)or

by a list of integer values (such as, a status page number, group size, acquire or display
group number, etc.), it may be selected by depressing the NXTV pushbutton until the
desired value is displayed for the parameter selected by the display cursor. Holding the
NXTV pushbutton depressed sequentially displays the list of parameter value for the
parameter selected by the display cursor. After the last parameter value in the list is
displayed, selection reverts to the first parameter value (except for the PAGE parameter) .
Entering minus (=) at the operand pushbutton array and then momentarily depressing the
NXTV pushbutton permits backing up display of the list by one parameter value. However,
if the NXTV pushbutton is held depressed, display of the list is again sequentially advanced.

NOTE: The telephone format alpha characters on number pushbuttons 2-9 of the operand
pushbutton array permit entry of functions in understandable mnemonic codes. For
example, PHA Clock Time Acquisition is specified for the MODE parameter (Status
Page 2) by sequentially depressing the number pushbuttons containing the alpha characters
PHAC and then depressing the ENTER pushbutton. The numerical equivalent of the
mnemonic code (i.e. the numbers of the pushbuttons corresponding to the alpha characters)
is displayed in the line following the last line of the current status page for verification
of its correctness prior to depressing the ENTER pushbutton.
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PHA Spectrum Storage for a Preset Clock Time

The following is a typical procedure for acquiring 1024 channels of data in the pulse height
analysis mode for a preset clock time of 60 seconds. Memory group 2 will be selected for

data storage. This procedure assumes the Initial System Set-up and Spectrum Storage
procedure has been performed to verify proper system operation, i.e., power is on and all
controls are set to initial positions.

1. Enter Stop Mode by depressing the ND600 STOP pushbutton.

NOTE: If system is still in the acquire mode as indicated by display of a flashing "A", depress
the ACQ pushbutton, the minus (=) pushbutton and then depress the ACQ pushbutton again.

If a static "A" is displayed, depress the minus (=) pushbutton and then the ACQ pushbutton.

2. Select an ADC conversion gain of 1024 channels by setting the ND575 CONV GAIN
switch to 1024,

3. Select memory storage group size of 1024 channels.

a. Select Status Page 1.

b. Set the display cursor to GSIZ parameter using the CRSR pushbutton.

c. Enter 1024 ot the operand pushbutton array and depress the ENTER pushbutton,
4, Select group 2 as the acquire and display group.

a. Select Status Page 2.

b. Set the display cursor to the AGRP parameter using the CRSR pushbutton.

c. Enter 2 at the operand pushbutton array and depress the ENTER pushbutton,

d. Set the display cursor to tEe DGRP parameter using the CRSR pushbutton .

e. Enter 2 af the operand pushbutton array and depress the ENTER pushbutton.

5. Erase the selected memory group by simultaneously depressing both ND600 ERASE
pushbuttons.

6. Select the PHA Clock Time Mode of Acquisition.
a. Set the display cursor to the MODE parameter using the CRSR pushbutton.

b. Depress the NXTV pushbutton until PHAC is displayed for the MODE parameter.
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7. Select a preset acquisition time of 60 seconds,
a. Set the display cursor to the TMULT parameter using the CRSR pushbutton.
b. Depress the NXTV pushbutton until 1S is displayed for the TMULT parameter.

c. Set the display cursor to the PTIM parameter using the CRSR pushbutton.

d. Enter 60 at the operand pushbutton array and depress ENTER pushbutton.

8. Start data acquisition by depressing the ACQ pushbutton. The ND600 will now acquire
data for 60 seconds (clock time) and then automatically stop acquiring data. During

acquisition the character "A" is flashed on the display to indicate the ND600 is in the
acquire mode.

PAGE

-~

2 44
MODE PHALC TOGO 2]
AGRP z DGRP 2
TEARSE 1 THMULT 15
_PTIM (1% LT s
FTOT @ T ea
FLEW B EBEUSY 3.333
DOFF 5] RATE 3224.555
12783a@a

TOTL

Display of Status Page 2 and resultant 1024

::, i i channel Cs137 spectrum after acquiring for
{Mmj y 60 seconds in the PHA clock time mode.

Counts full scale is 4K.

Multichannel Scaling

Analzsis of signals on a time basis enables the acquisition of data which represents
radiation intensity as a function of time. Data which represents other relationships that
can be expressed by the number of counts per unit of time can also be acquired when
appropriate external equipment is employed.

Multichannel scaling is comparable to counting in a series of scalers. Up to one million
counts can be totalized and stored in each channel of the memory. The address register
can either be advanced by the internal or an external time base generator to enable data
accumulation in each channel for a fixed period of time (dwell time).

The following two operating procedures describe data acquisition in the multichannel
scaling mode. One is a procedure for performing a single multichannel scaling pass.
The other is a procedure for performing recurrent multichannel scaling passes. When
performing these multichannel scaling procedures, the Nal detector and ND520 PAD are
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connected to the ND600 unit by connecting BNC cables between the Nal detector and

the ND520 PREAMP IN BNC and between the ND520 DISC OUT BNC and the ND600 <
J1 (MSINP) BNC (rear panel). These procedures assume the Initial System Set=-Up and

Spectrum Storage Procedure has been performed to verify proper system operation, i.e.,

power is on and all controls are set to initial positions.

Multichannel Scaling (Single Pass)

The following is a typical procedure for performing a single multichannel scaling pass in a
1024 channel memory group at a dwell time of 10 msec per channel. The multichannel
scaling pass is initiated by a *+3 to OV start pulse applied to the ND&00 J2 (MSSTA*) BNC
(rear panel) from the external equipment.

NOTE: Each multichannel scaling pass can be initiated simply by depressing the ACQ

pushbutton rather than applying an external start pulse if a shorting BNC is inserted in
the ND&600 J2 (MSSTA*) BNC,

1. Enter the Stop Mode by depressing the ND600 STOP pushbutton.

2, Select a memory storage group of 1024 channels.

a. Select Status Page 1.

b. Set the display cursor to the GSIZ parameter using the CRSR pushbutton,

c. Enter 1024 at the operand pushbutton array and depress the ENTER pushbutton.

NOTE: The display group (DGRP) and acquire group (AGRP) parameters are initialized
to 1 when power is applied.

3. Erase selected memory group by simultaneously depressing both ND&00 ERASE pushbuttons.
4. Select the Multichannel Scaling Mode.

a. Select Status Page 2

b. Set the display cursor to MODE parameter using the CRSR pushbutton.

c. Select the MCS mode using the NXTV pushbutton.

5. Select adwell time per channel of 10 msec.

a. Set the display cursor to the TBASE parameter using the CRSR pushbutton.

b. Enter 1 at operand pushbutton array and depress the ENTER pushbutton,
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c. Set the display cursor to the TMULT parameter using the CRSR pushbutton.

d. Select atime multiplier of 10MS using the NXTV pushbutton.

6. Select asingle MCS pass.

a. Set the display cursor to the PTIM parameter using the CRSR pushbutton.

b. Enter | at the operand pushbutton array and depress the ENTER pushbutton.

7. Start data acquisition by depressing ND600 ACQ pushbutton. The multichannel scaling
pass will begin when the start pulse is applied. When the pass is completed, the ND600 will

automatically stop acquiring data.

8. When multichannel scaling pass is completed, set the CFS parameter (Status Page 1)

to the desired viewing level using the CFS pushbutton and view the resultant spectrum on
the display CRT.

FAGE 2 <<

MODE MCS TOGO @
AGRP 1 UGRF 1
TEASE 1 THULT 18M5
_FTIM 1 LT 2
FTOT @ cT a
FLEW @ ELSY @.06a
DOFF @ RATE 6.280
TOTL 227554

T e T O L

Display of Status Page 2 and resultant 1024
channel spectrum after a single multichannel
scaling pass. Counts full scale is 1K,

Multichannel Scaling (Preset Recurrent Passes)

The following is a typical procedure for performing a preset number of recurrent multichannel
passes in a 1024 channel memory group at a dwell time of 10 msec per channel. Data acquired
in each subsequent pass is added to the data stored in the previous pass. Each multichannel

scaling pass is initiated by a +3 to OV start pulse applied to the ND&00 J2 (MSSTA*) BNC
(rear panel) from the external equipment.

NOTE: A preset number of multichannel scaling passes can be initiated simply by depressing
the ACQ pushbutton rather than applying a separate start pulse to initiate each pass if a
shorting BNC is inserted in the ND600 J2 (MSSTA*) BNC.

1. Enter the STOP mode by depressing the ND600 STOP pushbutton.
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2, Select a memory storage group of 1024 channels.
a. Select Status Page 1.
b. Set the display cursor to the GSIZ parameter using the CRSR pushbutton,

c. Enter 1024 ot the operand pushbutton array and depress the ENTER pushbutton,

NOTE: The display group (DGRP) and acquire group (AGRP) parameters are initialized
to 1 when power is applied

3. Erase selected memory group by simultaneously depressing both ND600 ERASE pushbuttons.
4. Select the Multichannel Scaling Mode.

a. Select Status Page 2.

b. Set the display cursor to the MODE parameter using the CRSR pushbutton,
c. Select the MCS mode using the NXTV pushbutton,

5. Select a dwell time per channel of 10 msec.

a. Set the display cursor to the TBASE parameter using the CRSR pushbutton.
b. Enter 1 at the operand pushbutton array and depress the ENTER pushbutton.
c. Set the display cursor to the TMULT parameter using the CRSR pushbutton.
d. Select a'time multiplier of 10MS using the NXTV pushbutton.

6. Select 10 recurrent passes.

a. Set the display cursor to the PTIM parameter using the CRSR pushbutton,

b. Enter 10 at the operand pushbutton array and depress the ENTER pushbutton.

7. Start data acquisition by depressing the ND600 ACQ pushbutton. The first multichannel
scaling pass is initiated when the start pulse is applied. Upon completion of the first pass,

the ND600 awaits the arrival of the next start pulse. Each subsequent pass is initiated when
another start pulse is applied. The counts obtained on each subsequent pass are added to those
stored in the selected memory group on the previous passes.

8. Observe and count the number of passes on the oscilloscope. When the last (10th) of
the preset number of passes is completed, the ND600 will automatically stop acquiring
data. Set the CFS parameter (Status Page 1) to the desired viewing level using the CFS
pushbutton and view the resultant spectrum on the display CRT.
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FAGE

Eay
-~

=
MODE MCs TOGO @
AGRF 1 DGRP 1
TEASE 1 THULT 16M3
_PTIM 18 LT a
PTOT a CT a
FLEWV @ BUsSY a.paa
DOFF a EATE a.0aa
TOTL 2281149

Display of Status Page 2 and resultant 1024
channel spectrum after ten multichannel
scaling passes. Counts full scale is 8K.

Sequential Listing

During sequential listing, events (words) from the ADC are stored as 12-bit digital words
in sequential memory locations, i.e., the first event is stored in channel zero, the

second in channel one, etc. The 12-bit data words can be accepted up to a maximum
rate of 100 kHz.

The List Mode of Acquisition provides precise amplitude versus time digitization of slowly
varying analog inputs. It also permits use of the memory as a buffer in conjunction with
an external digital computer or magnetic tape.

NOTE: If the ADC is used to sample slowly varying analog inputs, the digitized data

for list entry can be controlled by the ADC internal autostrobe circuitry at a nominal rate
of 7,500 samples per second.

DATA SUBTRACTION

Data can be subtracted from a cleared memory group or from previously accumulated data
which is stored in memory group. The subtraction operation is accomplished by setting
the display cursor to the AGRP parameter, entering minus (=) and the acquire group
number at the operand pushbutton array and then depressing the ENTER pushbutton .

Data subtraction from a cleared memory group can be used to remove background from a
spectrum. This is accomplished by first acquiring the background, storing this information
in one memory group, and then transferring this information to a second memory group.
The resultant spectrum represents the desired spectrum less background. Since the back-
ground is stored in a second memory group, there is no need to re-acquire it each time
another spectrum analysis process is performed.

Data subtraction from previous stored data can be used to identify an unknown spectrum,
This is accomplished by subtracting a known spectrum and observing whether or not the
subtraction process removes the identifying peaks. The preset level (PLEV parameter, Status
Page 2) which is initialized to 0, prevents underflows from occurring when subtracting one
spectrum from another as any channel reaching 0 terminates acquisition and prohibits restart.
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SPECTRUM COMPARISON

Data stored in up to four memory groups can be overlapped and displayed either at fixed
vertical displacements (stacked) or with a common baseline (superimposed) for spectral
comparison. The procedure for overlapping two memory groups at fixed vertical displace-

ment is as follows:

1. Select group 4 as the current display group (memory group to which another memory
group is to be compared).

a. Select Status Page 1.
b. Set the display cursor to the DGRP parameter using the CRSR pushbutton.
c. Enter 4 at the operand pushbutton array and depress the ENTER pushbutton.

2. Select group 3 as the overlap group (memory group to be displayed at fixed vertical
displacement to the current display group).

a. Set the display cursor to the first O GRP parameter (right hand column, top line).
b. Enter 3 at the operand pushbutton array and depress the ENTER pushbutton.
3. Observe the two overlapped spectra at the display CRT. Display of the selected

overlap group can be distinguished from the current display group as it has no visible
markers or intensified regions.

-PRGE 1 <<
TOTL 185826  OGRP 3
RGRP 4  OGRP @
G512 512  OGRP ]
GRP3 4 DGRP 4
LMRK 151 RMRK 187
LCHT 3692 RCNT 3877
LE 688,943 RE 745,552
CFS 16K
A Display of Status Page 1 with 512 channel
. overlapped spectral data display of Co60 .
//\_J,/\I,\_/\ spectrum in overlap group 3 vertically displaced
\ relative to Cs137 and Co60 composite spectrum
in current display group 4.

NOTE: Overlapped display with a common baseline is selected by setting the display
cursor to the DGRP parameter, entering minus (=) at the operand pushbutton array and then
depressing the ENTER pushbutton. When overlapped display with a common baseline is
selected, an "S" is displayed following the DGRP parameter to indicate suppression of the
display offset. Return to overlapped display at fixed vertical displacement is selected by
setting the display cursor to the D GRP parameter, entering minus (=) at the operand push-
button array and then depressing the ENTER pushbutton.,
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4. Select Status Page 3 and observe the value displayed for the first D/O parameter
(right hand column, second line from top). This value is the ratio of gross counts between
the markers in the current display group and the overlap group. The D/O parameters are
only updated when the AREA BGND pushbutton is depressed.

_PRGE 3 <<

E/CH 4.817 ECB) -5.583

AGRP 4 D0 2.938

ARER 58186 D0 9.09089

BGHD 135720 D0 9.000

TOTL 185326 DGRP 4

FUHN 35.483 SF -1.0008

PERK  673.25@
: A Display of Status Page 3 with 512 channel
overlapped spectral data display of Coé0
M/\L\/\ spectrum in overlap group 3 vertically

AN_________ | displaced relative to Cs137 and Co60
composite spectrum in current display group 4.

NOTE: The value displayed for the D/O parameter can be changed to the ratio of net counts
(total counts minus background counts) between the markers in the current display group and
the overlap group by depressing the minus (-) pushbutton at the operand pushbutton array

and then depress the AREA BGND pushbutton.

SPECTRUM STRIPPING

Data stored in one memory group can be multiplied by a selected strip factor and added to
or subtracted from the data in any other memory group. The procedure is as follows:

1. Select group 4 as the current display group (memory group to/from which another
memory group is to be added/subtracted).

a. Select Status Page 3.
b. Set the display cursor to the DGRP parameter using the CRSR pushbutton.
c. Enter 4 at the operand pushbutton array and depress the ENTER pushbutton.

2. Select -1 as the strip factor. The minus () specifies subtractive stripping with one (1)
as the strip factor.

a. Set the display cursor to the strip factor (SF) parameter (Status Page 3) using the
CRSR pushbutton.

b. Enter =1 at the operand pushbutton array and depress the ENTER pushbutton.
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-PRGE 1 <<

TOTL 13582¢ QGRP 3
RGRP 4 OGRP =}
GSIZ 512 OGRP =}
GRP3 4 DGRP 4
LMRE 151 RMRE 187
LCHT 3632 RCHT 3877
LE 683,342 RE 745.552
CF:3 16K

A
*” ,\\L\L\/\A

Display of Status Page 1 with 512 channel
overlapped spectral data display of Coé0
spectrum in overlap group 3 vertically
displayed relative to Cs137 and Co60
composite spectrum in current display
group 4.

3. Select the right (>>) direction using the SHIFT pushbutton.

4, Enter 3 at the operand pushbutton array to select group 3 as the strip group and depress
the STRP/PLOT pushbutton. Data stored in strip group 3 is multiplied by =1 and added to the

data stored in current display group 4.

NOTE: Subtractive spectrum stripping can either be specified by entering a negative (-)
strip factor or by entering a minus (=) and then the strip group number at the operand

pushbutton array.

-PRGE 3 <<
E/CH 4.817 ECB) -5,583
AGRP 4 D0 8.0888
ARER e D-0 g.880
BGND 8 D-0 g.088
TOTL 132116 DGRP 4
FURM 8.0888 SF -1.988
PERK 9.828

P AN

Display of Status Page 3 with 512 channel
overlapped spectral data display after
subtracting Cob0 spectrum in overlap (strip)
group 3 from Cs137 and Cob0 composite
spectrum in current display group 4.
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REGION OF INTEREST SELECTION, INTENSIFICATION, TOTALIZATION AND READOUT

A specific region of interest can be selected using the MPOS and MSPN pushbuttons, The
selected region of interest can then be entered as one of the multiple assigned regions of
interest, totalized and/or readout. A specific region of the display can be selected as
follows:

1. Select Status Page 1.
2, Depress the SHIFT pushbutton to select the right (>>) direction.

3. Depress the RST/ADV pushbutton to position the left and right markers at the first and
last channels of the current display group. Observe the status display of the left and right
marker channel numbers. The channel number of the left marker (LMRK parameter) should
be 1 and the channel marker of the right marker (RMRK) parameter should be equal to the
number of channels in the current display group minus one or the last channel in the
current display group.

4. Depress the SHIFT pushbutton to select the right (>>) direction.

5. Hold the MPOS pushbutton depressed and observe the status display of the left marker
channel number (LMRK parameter). When the left marker coincides with the left limit of
the desired region of interest, release the MPOS pushbutton.

6. Depress the SHIFT pushbutton to select the left (<< ) direction.

7. Hold the MSPN pushbutton depressed and observe the status display of the right marker
channel number (RMRK parameter). When its channel number is approximately equal to the
number of channels to be contained in the desired region of interest, release the MSPN
pushbutton .

NOTE: After the desired region of interest is coarsely bracketed using the MPOS and
MSPN pushbuttons, the XPND pushbutton may be depressed to expand the bracketed region
to facilitate the fine adjustment of the left and right limits in steps 8 and 9.

8. If the left marker is positioned to the left or right of the left limit of the desired
region, depress the SHIFT pushbutton to select the right (>>) or left (€<) direction,
respectively, and depress the MPOS pushbutton until the left marker coincides with the
left limit.

9. If the right marker is positioned to the left or right of the right limit of the desired

region, depress the SHIFT pushbutton to select the right (>> ) or left (<) direction,
respectively, and depress the MSPN until the right marker coincides with the right limit.
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TOTL 719844 OGRF 4]
AGRP 1 OGRP a
5512 1824 OGRP a
GRPS 2z LGRP 1
LMRK 237 -RMRE J&7
LCNT 3873 RCHT 2987
LE 297 .860 RE JE7.060
CFS E4K

Display of Status Page 1 and 1024 channel

Cs137 and Cob0 composite spectrum after
*/\\l positioning left and right markers at the
. left and right limits of Cs137 photopeak,

respectively .

NOTE: The left and right markers can be set directly to any specified channel or energy
value by positioning the display cursor to the respective marker channel (LMRK or RMRK
parameter) or marker energy (LE and RE parameters), entering the desired channel number or
energy value at the operand pushbutton array, and then depressing the ENTEP  ushbutton.

The selected region of interest can be entered as one of the multiple assigned regions
of interest as follows:

1. Depress the SHIFT pushbutton to select the right (>>) direction.

2. Depress the INT/DEL pushbutton. This intensifies the display of the channels within
the selected region of interest (between the markers), assigning the channels as a region

of interest. The channels will remain assigned as a region (intensified) even though the

markers are subsequently moved.

" PAGE 1 <<
TOTL 7190844 OGRP a
AGRP 1 OGRP a
GSIZ 1824 OGRP a
GRPS z DGRP 1
LMRIC 297  _RMRK 367
LENT 3875 RCNT 2387
LE 297. 008 RE 367.000
- CFS G 4K
Ed
; i Display of Status Page 1 and 1024 channel
H Cs137 and Co60 composite spectrum aofter
selecting and intensifying the first region
of interest (Cs137 photopeak).
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" PAGE 1 << " FAGE 1 <<
TOTL z2@2472 OGRF ] TOTL 122487 OGRF @
AGRP 1 OGRP ] AGRP 1 OGRF 2]
ES1Z 18z4 OGRP a GSIZ imz4 OGRP a
GRPS 2 DGRP 1 SRPS 2 DGRF 1
LMRE =51 ~RMRE €21 LMRE S32 ~RMRK ez
LCHMT 1447 RECHT 2947 LCHT 237 RCNT £53
LE S51.6868 RE £21.0400 LE 532.86a RE Teaz2.e0a

\CES Eak - CFS E4K

Display of Status Page 1 and 1024 channel Display of Status Page 1 and 1024 channel
Cs137 and Cob0 composite spectrum after Cs137 and Cob0 composite spectrum after

selecting and intensifying the second region selecting and intensifying the third region
of interest (first Co60 photopeak). of interest (second Co60 photopeak).

3. To remove the intensified channels from the display, bracket the channels with the
markers, depress the SHIFT pushbutton to select the left (<<) direction and depress the
INT/DEL pushbutton. The markers can be set to bracket all regions by depressing the
SHIFT pushbutton to select the right (>>) direction and then depressing the RST/ADV
pushbutton, or sequentially advanced to bracket any single region by depressing the
SHIFT pushbutton to select the left (<<) direction and then depressing the RST/ADV
pushbutton.

The total counts in the channels within the region of interest currently bracketed by the
markers are displayed for the TOTL parameter (Status Page 1, 2, or 3). The total counts
in each region is quickly determined by depressing the SHIFT pushbutton to select the left
(<<) direction, depressing the RST/ADV pushbutton and observing the TOTL parameter
as markers are advanced to each assigned region in ascending energy sequence. The net
area (total counts minus background counts), the background counts, the full-width ot
half maximum amplitude and the peak channel energy within the region of interest
bracketed by the markers can be obtained as follows:

1. Select Status Page 3.

2. Depress the AREA BGND pushbutton, This updates the display of the AREA, BGND,
FWHM and PEAK parameters to reflect the net total counts (net ared), background counts,
the full width ot half maximum amplitude and the peak channel energy within the region
of interest currently bracketed by the markers.

NOTE: AREA +BGND = TOTL if acquisition is not in progress and the markers are not moved.
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" PAGE

3
~E-CH 1.6880 ECa: B.60a
AGRP 1 D0 a.eaa
ARERA SEETED D0 9.80a
EGMD 212275 g s] o.oaa
TOTL 719644 DGRF 1
FHM 23.774 SF 1.6008

PEAK 335.000

Display of Status Page 3 and 1024 channel
Cs 137 and Cob0 composite spectrum showing
. . area, background, FWHM and peak energy

of first intensified region (Cs 137 photopeak).

3. To update the status display to reflect the net total counts (AREA parameter), the
background counts (BGND parameter), the full width at half maximum amplitude (FWHM
parameter) and the peak channel energy (PEAK parameter) in the next sequential region

(if more than one is assigned), depress the SHIFT pushbutton to select the left (<< )
direction, depress the RST/ADV pushbutton to advance the markers to the next sequential
region and then depress the AREA BGND pushbutton to update the display of the AREA,
BGND, FWHM and PEAK parameters to reflect the net area, background, FWHM and peak
energy within the region bracketed by the markers.

" PAGE 3 <<
-E-/CH 1.0aa ECE> @.e0@
AGRP 1 o0 5.000
ARERA 121917 D0 a.e0a
EGND SESSS L0 8.000
TOTL 208472 LGRP 1
FHM 35.661 SF 1.000
eaa

PEAK 587

w/\ Display of Status Page 3 and 1024 channel
\XI \_\‘/\l/; Cs 137 and Cob0 composite spectrum showing
) area, background, FWHM and peak energy of

second intensified region (first Co60 photopeak).

The region of interest bracketed by the markers can be readout as follows:

1. Select Status Page 4.
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2, Select the input/output device, mode and data for IO1 as follows:
NOTE: If 102 is desired, substitute |02 for IO1 in the following steps.

a. Set the display cursor to the |O1 parameter using the CRSR pushbutton and depress
NXTV pushbutton to select desired input/output device code (TTY for Teletype, MAGT
for 7 or 9=track magnetic tape, LP for line printer or PT for high speed paper tape punch).

b. Set the display cursor to the |O1/MODE parameter using the CRSR pushbutton and
depress NXTV pushbutton to select BCDO (BCD formatted output) or BINO (binary
formatted output) as desired.

c. Set the display cursor to the IO1/DATA parameter using the CRSR pushbutton and
depress NXTV pushbutton to select MRKS (Content of channels between the markers).

NOTE: The content of channels in each region (if more than one is assigned) or the total
counts in the channels in each region can be selected by setting the IO1/DATA parameter
to ROl or TOT, respectively.

3. Depress the IO1 pushbutton. The content of each channel in the region of interest
bracketed by the markers is readout to the 1/O device specified for 101,

DISPLAY EXPANSION AND POSITIONING

Display expansion is useful to permit closer examination of narrow spectral peaks such as
encountered in spectra acquired using a solid state detector. It also helps in visually
resolving multiple peaks of similar energies and in precisely setting regions of interest
for peak integration and peak data readout.

ND&00 provides two flexible methods of expanding selected segments of the spectral

data display. One method uses the MPOS and MSPN pushbuttons to bracket the desired
segment and the XPND pushbutton to expand the selected segment to horizontal full scale.

1. Using the MPOS and MSPN pushbuttons, bracket a desired segment of the display.

-FPAGE 1 <<
TOTL 282337 QGRF =]
RIGRF 1 QOGRF a
GSIZ 1924 QGRP ]
GRPS 2 DGRF 1
LMRK 30z RMRK &6
- LCNT 93 RCNT E=13
LE 36z.8008 RE JEE. 000
CFs 16K

i

oA 1024 channel display of Cs137 and Co60
~ \\\J composite spectrum after positioning the left
N AW and right markers at the left and right limits
of the Cs137 photopeadk, respectively.
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2. Depress the XPND pushbutton to expand the bracketed segment to horizontal full scale.

-PAGE 1 <<

TOTL 282337 OGRP a
AGRP 1 OGRP -]
GSIZ 18z4 OGRP a
GRPS 2 DGRP 1
LMRK 3az RMRK 366
LCNT 293 RCNT 9886
LE 362.0008 RE 366.0080
CFS 16K

Full scale horizontal expansion of Cs137
photopeak.

3. Return the expanded display to normal (display of the full group) by depressing the
XPND pushbutton a second time.

The other method uses the WDTH pushbutton to expand the display to as few as two channels

full scale and the MOTN pushbutton to position the expanded segment in either direction
across the entire display group.

1. Depress the SHIFT pushbutton to select the right (>>) direction and then hold the
WIDTH pushbutton depressed until the desired degree of display expansion is attained.
The display can be expanded to display as few as two channels full scale.

-PRGE 1 << _PAGE 1 <<
TOTL 282337 OGRP ] TOTL 282337 OGRP @
AGRP 1 OGRP e AGRP 1 OGRP @
GS1Z 1824 OGRP e GS1Z 18624 OGRP a
GRPS 2 DGRP 1 GRPS 2 DGRP 1
LMRK 382 RMRK SE6 LMRK 382 RMRK 366
LCNT 893 RCNT 986 LCNT 893 RCNT 986
LE J02.008 RE 366.0080 LE 302.080606 RE 3I65.0600
CFS 32K CFs 32K
1024 channel display of Cs137 and Co60 Expanded display aofter depressing WIDTH
composite spectrum with the left and pushbutton. Note that display expansion
right markers positioned at the left has caused the marker bracketed Cs137
and right limits of the Cs137 photo- photopeak to move off the display.
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2. Depress the MOTN pushbutton depressed until the desired segment of the expanded
segment is brought into view. Depressing the MOTN pushbutton when the right (>>)
direction is selected by the SHIFT pushbutton, moves the expanded display to the left
across the face of the CRT to select an expanded segment to the right on the current
display group. Depressing the MOTN pushbutton when the left (<<) direction is
selected by the SHIFT pushbutton, moves the expanded display to the right across the face
of the CRT to select an expanded segment to the left on the current display group.

-PRGE 1 <<

TOTL 282337 OGRP %]
AGRP 1 OGRP 1]
GSIZ 1824 OGRP =]
GRPS 2 DGRP 1
LMRK 382 RMRK 366
LCNT 893 RCNT 986
LE 302.0660 RE 366.06006
CFs 32K

Expanded display after depressing the MOTN
T pushbutton to bring the expanded Cs137
photopeadk into view,

3. Closely examine the expanded display to visually resolve any multiple peaks or to
select a specific region of interest. The selected region of interest can then be defined
for totalization or readout using the markers.

4, Return the display to normal (display of the full group) by depressing the XPND
pushbutton.

Both methods allow close examination of any segment of the spectrum and can be used
independently, or concurrently, such as using an expanded display to position the
markers for precise region of interest selection.

SCROLL DISPLAY

The Scroll Display mode provides static CRT display of the numeric contents of up to 56
channels, starting with the left marker channel. It also provides numeric display of the
contents of the channels in up to six consecutive intensified regions or the count totals in
up to 12 consecutive intensified regions which are within the current marker defined portion
of the spectrum. The numeric display is periodically updated as the markers are moved to
select another portion of the spectrum or during data acquisition when channel contents

and region totals are changing. Spectral data display simultaneous with scroll display

can also be selected. Scroll display mode data is selected by the IO1/DATA parameter
(Status Page 4). The procedure for selecting the scroll display mode is as follows:
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1. Select the desired display group for scroll display as follows:
a. Select Status Page 1.
b. Set the display cursor to the DGRP parameter using the CRSR pushbutton.

c. Enter the desired display group number ot the operand pushbutton array and depress
the ENTER pushbutton,

2. Select up to 56 marker channels, the channels within up to isix consecutive intensified
regions within the marker defined portion of the spectrum, or the count totals in up to 12

consecutive intensified regions within the marker defined portion of the spectrum for scoll
display as follows:

a. Select Status Page 4.
b. Set the display cursor to the IO1/DATA parameter using the CRSR pushbutton.
c. Depress the NXTV pushbutton to select MRKS, ROl or TOT as desired. MRKR specifies

up to 56 marker channels, ROI specifies the region channels and TOT specifies the region
totals.

3. Depress the SCRL pushbutton. This provides display of the numeric contents of either
the marker channels, region channels or region totals as selected for the IO 1/DATA parameter.

4. |f spectral data display simultaneous with scroll display of numeric data is desired,
momentarily depress the WIDTH pushbutton,

5. Depress the SCRL pushbutton a second time to terminate the scroll display and return to
normal display.

<<
8632
829 793 782 823
743 776 722 781
728 711 781 749
770 762 633 752
728 687 734 633
738 696 747 798
758 789 924 2503
12839 13777 1937 666
638 649 637 641
642 646 616 644
627 628 643 603
619 632 625 643
630 666 620 556
683 589 6a4 647
Scroll display of the numeric contents of the
. _ first 56 channels within the current marker
l_ ' _ _l defined portion of the spectrum. The number
e 4 e preceded by @ is the left marker channel
number .
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@632

R658

924 2583 12839 13777
1937 666 664

@830

761 893 2011 8190
11219 2744 668 @837
e1111

522 718 1794 4278
3216 796 378 e1118
@1163

453 746 2380 9515
17767 8442 896 238
#1176
@1195

Scroll display of the numeric contents of four
intensified regions within the current marker
: . ' defined portion of the spectrum. The numbers
: ’ preceded by @ are channel numbers (left
I__'. : : J_I marker, first and last channel of each region,
right marker).

@632 .
2653 32646 2664
@838 26486 #2337
@1111 11694 01118
#1168 48423 01176
®1195
Scroll display of the total counts in four
intensified regions within the current marker
: i defined portion of the spectrum., The numbers
: : preceded by @ are channel numbers (left marker,
: : . first and last channel of each region, right
marker) .

AUTOMATIC ENERGY CALIBRATION

The built-in energy calibrate function permits precise calibration of any acquired gamma
energy spectrum over any energy scale. The system is initially calibrated at 1 keV per
channel and automatically computes and displays the energy values of the marker channels.
Thus, by selectively positioning the markers, the energy value of any peak or channel can
be read directly from the display .

NOTE: The energy calibration function may be used for any calibration units, i.e, energy,
time, mass, wavelength, etfc.

The calibrated energy scale is based upon the known energy values for two known reference
energy peaks. The known energy can be obtained from a calibration source such as Cs137
acquired before or concurrent with the unknown spectrum,

Calibration of the system for any energy scale can be performed either by selecting the
energy calibrate mode or by changing the values of the E/CH and E(0) calibration
parameters (Status Page 3). The energy calibrate mode is selected by depressing the

4-32



ECAL pushbutton. In this mode, calibration is performed by positioning the left and
right markers at the known low and high reference energy peaks in the spectrum and
then entering the known energy values for the LE and RE parameters (Status Page 1),
respectively. After entry of the two known reference energies, the system-computes
the energy per channel (slope) and zero energy intercept (offset) and updates the

display of the E/CH and E (0) parameters (Status Page 3) to the respective computed values.

The following is a procedure for energy calibration. This procedure assumes that a spectrum
with several identifiable peaks has been acquired using Nuclear Spectroscopic Standards

(in this case, Cs137 and Coé0) and that the detector, amplifier and ADC are accurate

and linear over the observed energy range. In this procedure, the 661.2 keV photopeak

of Cs137 and the 1332 keV photopeak of Co60 will be used as the low and high energy
reference peaks, respectively.

1. Select Status Page 1.

2. Using the MPOS and MSPN pushbuttons, position the left number at the low energy
reference peak (661.2 keV) and the right marker at the high energy reference peak
(1332 keV).

3. Depress the ECAL pushbutton. This causes the system to enter the energy calibrate
mode as indicated by the character "E" being flashed on the display.

4, Set the display cursor to select the LE parameter using the CRSR pushbutton.

5. Enter the low energy reference value (661.2) at the operand pushbutton array and
then depress the ENTER pushbutton.,

6. Set the display cursor to select the RE parameter using the CRSR pushbutton.

7. Enter the high energy reference value (1332) at the operand pushbutton array and
then depress the ENTER pushbutton,

PRE 1 << E i
TOTL 260652 OGRP . @
RAGRFP 1 OGRFP [u]
G512 za4a DGRP a
GRF3 1 DoRR 1
LMRE =1-51 AR 1332
LCHT 1616 RCHT 5333
LE el . 2Ea ~RE 1332, 888
CF= 32k
Display of Status Page 1 and 2048 channel
Cs137 and Cob0 composite spectrum after
l positioning the left and right markers at the
respective low and high energy reference peaks
. . and then entering the low (667.2 keV) and
Y D high (1332 keV) energy reference values for
the LE and RE parameters, respectively .
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8. Depress the ECAL pushbutton again. This exits the energy calibrate mode as _
indicated by removal of the flashing "E" from the display, computes the energy per channel
(slope) and the zero energy intercept (offset) and updates the display of the E/CH and E (0)
parameters (Status Page 3) to the respective computed values.

_PARGE 3 <<
E~CH 1.@@8 Ecad 8,397
RGRP 1 D0 .88
ARERA 8 D @888
BGHD @ Ba . BEE
TOTL 268652 DGRP 1
FUHN . BE8 5F ENEEE
FERK LT
Display of Status Page 3 showing the values
. computed for the E/CH and E (0) parameters
S . N L after performing the energy calibration
procedure,

NOTE: Although the display of the E/CH and E(0) parameter only shows three digits below

the decimal points, the system internally maintains seven significant digits above and below
the decimal point.

9. By positioning the left or right marker to any channel in the spectrum, the energy value
of that channel is computed and displayed as a Page 1 Status Parameter (LE for the left
marker and RE for the right marker). The energy values computed are displayed in the
energy units of the energy reference values entered. For example, if the energy reference
values entered are in keV as they were in the above procedure (661.2 keV and 1332 keV),
the values for the LE and RE parameter (Status Page 1) and the E/CH and E (0) parameters
(Status Page 3) are displayed in keV. The energy values computed for the left and right
markers are also adjusted for the digital offset selected for the DOFF parameter (Status

Page 2), i.e. the digital offset is added to the respective marker channel number prior to
computing its energy value.

NOTE:# The left or right marker can be positioned to any channel either by using the MPOS
and MSPN pushbuttons or by setting the display cursor to select either the LMRK or RMRK
parameter (Status Page 1), entering the desired channel number at the operand pushbutton
array and then depressing the ENTER pushbutton. The left or right marker can also be
positioned to any energy value by setting the display cursor to select either the LE or RE
parameter (Status Page 1), entering the desired energy value at the operand pushbutton
array and then depressing the ENTER pushbutton.

The microcomputer logic automatically computes the energy per channel (slope) and the zero

energy intercept (offset) based upon the values entered for the low and high energy reference
peaks. The formula for calculation of the slope is as follows:
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E/CH = _AE = E2-E]
AX X2-X1
where = E/CH = energy per channel (slope)
El = energy value entered for the low energy reference peak
(LE parameter)
E2 = energy value entered for the high energy reference peak
(RE parameter)
X1 = channel number of the left marker (LMRK parameter)
X2 = channel number of the right marker (RMRK parameter)

The formula for calculation of the offset is as follows:

E( = E2-E/CH (X2 +D)
where E (0) = zero energy intercept (offset), i.e., energy at channel zero.
E2 = energy value entered for the high energy reference peak
(RE parameter)
E/CH = energy per channel (slope) calculated above
X2 = channel number of the right marker (RMRK parameter)
D = digital offset selected for the DOFF parameter (Status Page 2)

The formula for calculation of the left or right marker channel energy (LE or RE parameter)
is as follows:

E = (XiD) (E/CH) +E (0)

where E = energy calculated for the LE or RE parameter
X = channel number of the left or right marker
D = digital offset selected for the DOFF parameter (Status Page 2)
E/CH = energy per channel (slope) calculated above
E (0) = zero energy intercept (offset) calculated above
AUTO JOB

The Auto Job routine permits entry and execution of up to eight separate operations which
can be automatically repeated from 1 to 65,535 times. Operations which can be included
in the sequence are ERASE, acquire (ACR), spectrum strip (STRP), PLOT, next group (NXTG),
the operational functions (F1, F2, F3, F4) or the input/output operations (101, 102).

The auto group, strip factor, work group, the operational functions, erase, acquire,
spectrum strip, plot, next group and input/output operations, and the preset numberiof
auto job cycles are entered using the NXTV pushbutton or via the operand pushbutton
array and displayed as status parameters (Status Page 4). Execution of an auto job
sequence is accomplished by depressing the AUTO pushbutton. During auto job, the
system automatically displays the preset number of cycles remaining. A typical procedure
for set-up and execution of an auto job sequence is as follows:

1.  Select a group size of 1024 channels.
a. Select Status Page 1.

b.  Set the display cursor to the GSIZ parameter using the CRSR pushbutton
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-FHGE 4 L

CYCLES i Fi INTES
CTOGO 473 Fa PSINHT
STEF 1 ERASE F3

STEPZ ACF F4

STEFI - 3TRP 101 TTY
STEF4 102 HEDE Boo
STEFS Fz LATH TGT
STEPE 101 102 HRGT
STEFP? , MOLE BIND
STEFS DRTH ALL
AUTS 1 STRIP &. 160
DGRP 1 WGRP Z
AGRF o1

L’w . y _ \ Display of Status Page 4 showing auto

job set-up parameters.

c.  Enter 1024 ot the operand pushbutton array and then depress the ENTER pushbutton.
This select two groups of 1024 channels each for a basic system memory of 2048 channels.

2.  Acquire the work group spectrum in group 2 for a preset live time of 600 seconds.
This spectrum will be multiplied by =0.1 and added to the spectrum in auto group 1 when the
strip operation (STEP 3) is performed in the auto job sequence.

NOTE: This spectrum could represent the ambient background radiation in the absence of
samples acquired at 10 times the counting time for each sample (600 seconds versus 60
seconds which will be used for auto job).

a. Select Status Page 2.

b.  Set the display cursor to the MODE parameter using the CRSR pushbutton.

c. Depress the NXTV pushbutton to select PHAL,
-d.  Set the display cursor to the AGRP parameter using the CRSR pushbutton.

e. Depress the NXTV pushbutton to select 2 as the acquire group number.

f. Set the display cursor to the D GRP parameter using the CRSR pushbutton.

g. Depress the NXTV pushbutton to select group 2 as the display group number.

h.  Set the display cursor to the TMULT parameter using the CRSR pushbutton.

i. Depress the NXTV pushbutton to select 1S (one second).

i Set the display cursor to the PTIM parameter using the CRSR pushbutton.

k.  Enter the preset time (in this case, 600) at the operand pushbutton array and then

depress the ENTER pushbutton.
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I.  Depress the ACQ pushbutton to acquire a spectrum in group 2 for a preset live time
of 600 seconds. Upon completion of 600 seconds (live time) acquisition automatically
terminates.

m.  Upon completion of acquisition in group 2, select a preset live time of 60 seconds

for the auto job acquire (ACR) operation by entering 60 at the operand pushbutton array and
then depressing the ENTER pushbutton.

3.  Select Status Page 4.

4.  Set the display cursor to the CYCLES parameter using the CRSR pushbutton,

5.  Enter the number of auto job cycles (in this case, 50) at the operand pushbutton
array and depress the ENTER pushbutton.

6.  Set the display cursor to the STEP 1 parameter using the CRSR pushbutton.

7.  Depress the NXTV pushbutton to select the operations to be performed for step 1 of
the auto job sequence (in this case, ERASE).

8.  Set the display cursor to the STEP 2 parameter using the CRSR pushbutton .

9.  Depress the NXTV pushbutton to select the operation to be performed for step 2 of
the auto job sequence (in this case, ACR).

NOTE: Data acquisition during auto job is performed in the mode currently selected
for the MODE parameter (Status Page 2).

10.  Set the display cursor to the STEP 3 parameter using the CRSR pushbutton,

11.  Depress the NXTV pushbutton to select the operation to be performed for step 3 of
the auto job sequence (in this case, STRP).

12,  Set the display cursor to the STEP 4 parameter using the CRSR pushbutton,

13. Depress the NXTV pushbutton to select the operation to be performed for step 4
of the auto job sequence (in this case, 102).

14.  Set the display cursor to the STEP 5 parameter using the CRSR pushbutton.

15. Depress the NXTV pushbutton to select the operation to be performed for step 5 of
the auto job sequence (in this case, F2).

16.  Set the display cursor to the STEP 6 parameter using the CRSR pushbutton.

17. Depress the NXTV pushbutton to select the operation to be performed for step 6 of
the auto job sequence (in this case, 101).

NOTE: No operations are to be performed for step 7 and 8 of the auto job sequence,
therefore the STEP 7 and STEP 8 parameters are left blank.

18.  Set the display cursor to the AUTG parameter using the CRSR pushbutton.
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19.  Enter the auto group number (in this case, 1) at the operand pushbutton array and
then depress the ENTER pushbutton.

NOTE: The auto group is the group in which all input/output and data processing operations
of the auto job sequence are performed. The auto group can be entered prior to executing
the auto job sequence, irregardless of the current status page, by entering the desired group
number at the operand pushbutton array and then depressing the AUTO pushbutton. The
auto group can also be incremented by one during execution of the auto job sequence by
entering NXTG as an operation in the sequence.

20. Select peak search intensify (PSINT) as the operational function for F2,

a.  Set the display cursor to the F2 parameter using the CRSR pushbutton.

b.  Enter the function select code for PSINT (in this case, 502) at the operand pushbutton
array and depress the ENTER pushbutton.

21, Select readout of totals in BCD format to the Teletype for |01,

a.  Set the display cursor to the |IO1 parameter using the CRSR pushbutton.

b.  Depress the NXTV pushbutton to select TTY,

c.  Set the display cursor to the IO1/MODE parameter using the CRSR pushbutton,
d.  Depress the NXTV pushbutton to select BCDO,

e. Set the display cursor to the IO1/DATA parameter using the CRSR pushbutton.

f. Depress the NXTV pushbutton to select TOT.

22. Select readout of all data in binary format to magnetic tape for 102,

a. Set the display cursor to the 102 parameter using the CRSR pushbutton.

b.  Depress the NXTV pushbutton to select MAGT.,

c. Set the display cursor to the 102/MODE parameter using the CRSR pushbutton.
d.  Depress the NXTV pushbutton to select BINO,

e. Set the display cursor to the IO2/DATA parameter using the CRSR pushbutton .

f. Depress the NXTV pushbutton to select ALL.

23. Set the display cursor to the SF parameter using the CRSR pushbutton.

24, Enter the strip factor (in this case, =0.1) at the operand pushbutton array and
then depress the ENTER pushbutton.

25, Set the display cursor to the WGRP parameter using the CRSR pushbutton.
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26, Enter the work group number (in this case, 2) at the operand pushbutton array and
then depress the ENTER pushbutton.

27. Set the display cursor to the D GRP parameter using the CRSR pushbutton and select
group 1 (which is also the auto group) for display during auto job by entering 1 at the
operand pushbutton array and depressing the ENTER pushbutton .

28. Set the display cursor to the AGRP parameter using the CRSR pushbutton and select
group 1 as the acquire group for auto job by entering 1 at the operand pushbutton array
and depressing the ENTER pushbutton,

29. Depress the AUTO pushbutton. The system will now perform the following sequence
of auto job operations and automatically repeat the sequence 50 times. Upon completion
of the 50th sequence, auto job automatically terminates. Auto job can be terminated

at any time by depressing the STOP pushbutton.

a.  Erase auto group 1.
b.  Acquire for a preset live time of 60 seconds in group 1.

c.  Multiply the spectrum stored in work group 2 by 0.1 and add it to the spectrum stored
in group 1 to obtain a background corrected spectrum,

d. Readout the spectrum in auto group 1 to magnetic tape.

e.  Perform a pedk search on the spectrum in auto group 1, intensifying each peak region
and printing the peak search report at the Teletype.

f. Readout the total counts in each intensified region of auto group 1 to the Teletype.
g. Repeat steps a to f 50 times.

NOTE: The input/output and functional operations specified in this auto job sequence
require that the corresponding input/output interfaces and firmware options be included in
the system in order for this auto job sequence to be performed as described.

PLOTTER READOUT

The ND600 is capable of driving several types of X-Y Plotters. The following procedure
describes its use with the HP7041A X-Y Plotter. It is first necessary to calibrate the X-Y
Plotter before normal operation can be performed. Therefore, the calibration procedure is
described prior to the normal operating procedure. These procedures assume the Initial System
Set-up and Spectrum Storage procedure has been performed to verify proper system operation,
i.e. all power is on and all controls are set to initial position. They further assume the

X=Y Plotter is properly interconnected to the ND600, set-up for point plotting and inked.
Refer to Chapter Il for interconnection and the X-Y Plotter Instruction Manual for its
operating characteristics.
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Calibration Procedure

1. Set controls at the 7041A X-Y Plotter as follows:

a. Set the NULL DETECTOR ON/OFF switch to ON.

b. Set the NULL DETECTOR RECORDER switch to NO MUTE.
c. Set the NULL DETECTOR PLOT RATE switch to EXT.

d.  Set the LINE switch to ON.

e. Place asheet of 8.5 =in. x 11=in. or 11=in. x 17=in. plotter paper (as desired)
on the X-Y Plotter.

f.  When the sheet is properly aligned, set the CHART switch to HOLD.

g. Set the SCALE switch to 8.5x 11 or 11 x 17 according to the plotter paper size
being used.

h.  Set the PEN switch to LIFT.

2.  Select the display group to be plotted as follows:

a. Select Status Pagé 1.

b.  Set the display cursor to the D GRP parameter using the CRSR pushbutton.

c.  Enter the desired display group number at the operand pushbutton array and depress
the ENTER pushbutton.

3.  Depress the SHIFT pushbutton to select the left (<< ) direction.

4.  Depress the minus (=) pushbutton at the operand pushbutton array and then depress the
STRP/PLOT pushbutton. This alternately supplies (0,0) and full scale X,Y calibration
voltages to the X-Y Plotter.

5. Adjust the plotter X and Y ZERO SET and SENSITIVITY controls to position the

pen cartridge at the desired (0,0) and full scale X,Y points on the recorder paper,
respectively.

6.  Repeat step 5 as often as necessary to attain satisfactory calibration. When satisfactory

calibration is attained, depress the STRP/PLOT pushbutton again, or depress the STOP
pushbutton .

Readout Procedure

1. Repeat step 2 of the Calibration Procedure to select the display group to be plotted.

2.  Select the desired Status Page to be plotted with the spectral data in the current
display group. If no alphanumeric status data is to be plotted, select Status Page 0.
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NOTE: The numeric scroll display specified for the IO1/DATA parameter (Status Page 4)
may be selected for plotting by depressing the SCRL pushbutton. Plots of both the numeric
scroll display and the spectral data in the current display group can be attained by
momentarily depressing the WIDTH pushbutton after depressing the SCRL pushbutton.

3.  Depress the SHIFT pushbutton to select the left (<<) direction.

4, Depress the STRP/PLOT pushbutton. The current alphanumeric parameter display
(current status page or scroll display) and the current spectral data display are plotted at
the X=Y Plotter., Output to the X~Y plotter can be terminated at any time by depressing
the STRP/PLOT pushbutton a second time.

NOTE: During plotter readout of spectral data, a marker is displayed at the channel currently
being plotted.

STATUS DISPLAY INPUT/OUTPUT

Up to 36 characters of user selected information can be entered at the operand pushbutton
array and displayed on any of the eight available status pages. The 36 characters can be
any special parameter data which can be defined using the number (0-9) and special
character (/, *, +, =, ., or &) pushbuttons of the operand pushbutton array and the ENTER
pushbutton to specify a space, such as a date, time, or other numerical information the
user desires to identify or label a particular experiment. The procedure for entry of
information from the operand pushbutton array is as follows:

1.  Select Status Page 4.
2.  Set the display cursor to the |O1 parameter using the CRSR pushbutton.

3. Depress the ENTER pushbutton to "blank" the parameter value for |O1, i.e. to select
the ND600 Terminal operand pushbutton array /CRT display as the input/output device for IO1,

4,  Set the display cursor to the 101/MODE parameter using the CRSR pushbutton.
5. Depress the NXTV pushbutton to select BCDI.
6.  Set the display cursor to the IO1/DATA parameter using the CRSR pushbutton.
7. Depress the NXTV pushbutton to select STAT.

8.  Select the Status Page on which the information entered is to be displayed (in this
case, Status Page 4).

9. Depress the 101 pushbutton. This selects the BCD readin mode to the CRT status

display from the operand pushbutton array. This mode is indicated by a colon (:) and a

caret ( <) being flashed on the display in the two lines below the last line of alphanumeric

data contained on the selected status page. After entry into this mode any sequence of pushbutton
characters available on the operand pushbutton array may be entered using the ENTER
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pushbutton where desired, to provide a space. For example, to enter and display a date,
such as 10/30/76, sequentially depress the 1, 0, /, 3, 0, /, 7 and 6 pushbuttons at the
operand pushbutton array. The information is displayed as entered in the two redundant
lines. Up to 36 characters can be entered and displayed in the first line. |f more than
36 characters are entered, the excess characters will overlap those previously entered,
starting with the first character of the line. The second line displays up to 27 of the
entered characters with excess character entries causing the first character entries in

the line to shift off the display to the left.

NOTE: The two lines can be removed from the display at any time by depressing the STOP
pushbutton. If the information entered and displayed in the two lines is to be retained for
readout to an X-Y plotter, avoid depressing the STOP pushbutton before performing the
plot operation as this will require re=entry of the information into the status display .

PAGE 4 <<
CYCLES 1 F1
CTOGO ) F2
STEP1 F3
STEP2 Fa
STEP3 101
STEP4 MODE - BCDI
STEPS - DRTA STAT
STEFPE 102
STEP? MODE
STEPS DATA
AUTG 1 STRIP 2.800
DGRP 1 WGRP @
AGRP 1
18-38/76:
16-38,76<
. A Display of Status Page 4 showing the date
&\J/ (10/30/76) displayed in two redundant
3 lines after entry at the operand pushbutton
array .

The operand pushbutton array can also be used to enter numerical information into any data
channel or any sequential group of data channels. The procedure for inputting numerical
information from the operand pushbutton array is as follows:

1. Select Status Page 4.

2,  Set the display cursor to the 101 parameter using the CRSR pushbutton.

3.  Depress the ENTER pushbutton to "blank" the parameter value for 101, i.e. to select
the ND600 Terminal operand pushbutton array /CRT display as the input/output device for 101,

4.  Set the display cursor to the |O1/MODE parameter using the CRSR pushbutton.

5.  Depress the NXTV pushbutton to select BCDI,
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6.  Set the display cursor to IO1/DATA parameter using the CRSR pushbutton.

7. Depress the NXTV pushbutton to select MRKR.

8.  Select Status Page 1 and set the left marker to the first channel into which numerical
information is to be entered.

9.  Depress the 101 pushbutton, This selects the BCD read-in mode to the marker
channels from the operand pushbutton array. This mode is indicated by a caret (< ) being
flashed on the display in the line below the last line of alphanumeric data contained on the
selected status page.

10.  Sequentially enter the numerical value for each data channel starting with the left
marker channel, depressing the ENTER pushbutton after each value. For example, to enter
10, 20, 30, 40 and 50 into the first five marker defined channels respectively, enter 10

at the operand pushbutton array and depress the ENTER pushbutton; enter 20, depress ENTER;
enter 30, depress ENTER; enter 40, depress ENTER; enter 50 and depress ENTER. The values
are displayed as entered in the line below the last line of alphanumeric data contained on
the selected status page and also as a display point in the channel in which they are
entered. This mode can be exited at any time by depressing the stop pushbutton. This
removes the flashing caret (<) and line of numerical entries from the display. However,
the values entered into the data channels will remain until the ERASE pushbuttons are
simultaneously depressed.

PAGE 4 <<

CYCLES 1 F1

CTOGO ] F2

STEP1 F3

STEP2 F4

STEP3 101

STEP4 MODE BCDI
STEPS - DATR MRKR
STEPS& 102

STEP? MODE
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AUTG 1 STRIP 0.000
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18 20 38 4@ 56 <

numerical value entries and the resultant
display of the data channels between the

"' Display of Status Page 4 showing the five
.................... | e
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The status display can also be specified as the output device for BCD readout of contents
of all channels, the contents of the channels between the markers, the contents of the
channels in each intensified region or the region totals. The procedure for selecting the
status display as the BCD readout device is as follows:

NOTE: Use of the Scroll display mode is preferred to this method of BCD readout as the
data presentation is more clearly formatted. However, if the user desires to visually scan
through the contents of a selected group of data channels, this method is appropriate.

1.  Select Status Page 4.

2.‘ Set the display cursor to the 101 parameter using the cursor pushbutton.

3.  Depress the ENTER pushbutton to "blank” the parameter value for 101, i.e. fo select
the CRT display as the input/output device for 101.

4,  Set the display cursor to the IO1/MODE parameter using the CRSR pushbutton.
5. Depress the NXTV pushbutton to select BCDO.
6.  Set the display cursor to the 101/DATA parameter using the CRSR pushbutton.

7. Depress the NXTV pushbutton to select the desired readout data (ALL, MRKR,
ROl or TOT).

8. Depress the IO1 pushbutton. The contents of the data channels selected is sequentially
displayed in up to six lines on the CRT with channel identification for the first channel,
every 100th channel, and the last channel. After six lines are displayed, the data displayed
on the first line is rolled off the CRT while the data in subsequent channels appears in the
sixth line. This method of display continues until all specified data has been displayed.

The CRT readout mode can be paused by depressing the minus (=) pushbutton, and then
allowed to continue by depressing the minus (=) pushbutton again. The CRT readout mode

can be terminated at any time by depressing the STOP pushbutton.

~-FPAGE 3 <<

é?a? v 2KBS ? 2332 7t 2873 7 19
T 1515 7 1521 7 1445 7

127S * 1188 7 1898 T 1@47 7 18
33 7 P46 7T @355
>

............ || BCD readout to CRT display of marker
channel contents.
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CHAPTER V
ND600 DATA MANIPULATION PACKAGE (47-0054)

DESCRIPTION

The ND600 Data Manipulation Package provides the ND&00 System with the following
firmware controlled operational functions: Addition of a constant to, or subtraction of a
constant from the data spectrum, integration, differentiation, data transfer, data smooth,
square root calculation, relative error calculation, and spectrum compression. Any of

the data manipulation functions can be assigned to either the F1, F2, F3 or F4 parameter
(Status Page 4) by positioning the display cursor to the desired "F" parameter, entering
the 3-digit select code of the selected function at the operand pushbutton array and then
depressing the ENTER pushbutton. When the ENTER pushbutton is depressed, the mnemonic
code of the selected function is displayed for the selected "F" parameter (Status Page 4).
When any one of the data manipulation functions is assigned to a particular "F" parameter,
each of the other data manipulation functions can be sequentially selected for that
parameter by depressing the NXTV pushbutton. The 3=-digit select code and mnemonic
code for each of the data manipulation functions are as follows:

Select Code Mnemonic Code Function

200 ADD _ Add a constant to, or subtract a constant from
(i.e., add a negative constant to) each channel
in the current display group.

201 INTEG Integrate the area defined by the left and right
markers in the current display group and store
the integral curve in the marker defined area.

202 DIFF , Differentiate the area defined by the left and
right markers in the current display group and
store the differential curve in the marker defined
area.



Select Code Mnemonic Code Function

203 XFER Transfer the data spectrum from any specified
group into the current display group.

204 SMOOTH Perform a five-point coefficient smooth on the
data spectrum in the current display group.

205 SQRT Calculate the square root of the data spectrum
in the current display group.

206 REL ERR Calculate the relative counting error of the
data spectrum in the current display group.

207 COMPRESS Compress the data spectrum in the current
display group by a factor of two.

All the data manipulation functions except ADD and XFER can be performed either by
depressing the corresponding "F" pushbutton or as steps in an auto job sequence. The ADD
and XFER Functions require entry of a value at the operand pushbutton array prior to
depressing the "F" pushbutton, and therefore cannot be performed during auto job. The
ADD function requires entry of a positive or negative (=) constant. The XFER function
requires entry of the source group number. Functions selected as steps in an auto job
sequence are always performed on the data spectrum in the current acquisition group rather
than the current display group.

NOTE: The REL ERR function can also be performed on the data spectrum in any specified
group by first entering the desired group number at the operand pushbutton array and then
depressing the corresponding "F" pushbutton. The data spectrum in the specified group is
first transferred to the current display group and then the REL ERR function is performed.

INSTALLATION

The ND&00 Data Manipulation package consists of two 512 x 8 EPROM's (one firmware
pair) which must be installed on the Firmware Option board (70-2434).



TECHNICAL
SPECIFICATIONS

NUCLEAR DATA INC
Golf and Meacham Roads
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ND600 Data Manipulation Package
(47-0054)

The NDGB0O Data Manipulation Package provides the
NDB600O System with the following capabilities:
Addition of a constant to, or subtraction of a constant
from the data spectrum, integration, differentiation,
data transfer, data smooth, square root calculation,
relative error calculation, and spectrum compression.
Any of the data manipulation functions can be
assigned to any of the “F” status parameters, by
entering its select code (20X). When any one of the
functions is assigned to a particular “F” parameter,
each of the other functions can be sequentially
selected for that parameter by depressing the NXTV
pushbutton.

ADD Function (200)

Adds a constant to, or subtracts a constant from
(i.e., adds a negative constant to) each channel in
the current display group.

INTEG Function (201)

Iintegrates the area defined by the left and right
markers in the current display group and stores the
integral curve in the marker defined area.

DIFF Function (202)

Differentiates the area defined by the left and right
markers in the current display group and stores the
differential curve in the marker defined area.

XFER Function (203)

Transfers the data spectrum from any specified group
into the current display group.

SMOOTH Function (204)

Performs a five-point coefficient smooth on the data
spectrum in the current display group.

NUCLEAR DATA INC

SQRT Function {205)

Calculates the square root of the data spectrum in
the current display group.

REL ERR Function (206)

Calculates the relative counting error of the data
spectrum in the current display group.

COMPRESS Function (207)

Compresses the data spectrum in the current display
group by a factor of two.

All the data manipulation functions except ADD and
XFER can be performed either by depressing the
corresponding “F” pushbutton or as steps in an auto
analysis sequence. The ADD and XFER Functions
require entry of a value and therefore cannot be
performed during auto analysis. The ADD function
requires entry of a positive or negative (—) constant.
The XFER function requires entry of the source group
number. Functions selected as steps in an auto
analysis sequence are performed on the data spectrum
in the current acquisition group rather than the
current display group.

THE REL ERR function can also be performed on the
data spectrum in any specified group by entering

the desired group number and then depressing the
corresponding “F” pushbutton. The data spectrum in
the specified group is first transferred to the current
display group and then the REL ERR function is
performed.

The ND600 Data Manipulation package consists of
two 512 x 8 EPROM'’s (one firmware pair) which
require the Firmware Option board (70-2434) for
installation.

Specifications subject to change.
Printed in U. S. A. 10/77 PS 1033 2.5

Sales and Service Facilities
United States and Canada

Atlanta, Georgia
Tel: 404/284-1747

Boston, Mass.
Tel: 617/535-5665

Cleveland, Ohio

Tel: 216/331-6145  Tel: 212/962-3666

Denver, Colorado
Tel: 303/755-6607

Los Angeles, Calif.
Tel: 714/898-7760

San Francisco, Calif.
Tel: 415/483-9200

Schaumburg, Illinois
Tel: 312/884-3600

New York, New York

Other Sales and Service
Representatives located
throughout the world.
Please write or call
Schaumburg, Hllinois for
your local
representative.

Washington, D.C.
Tel: 301/345-6766

London, England
Tel: 22733, 25357

Uppsala, Sweden

Europe Tel: (018) 15-256-15

Frankfurt, Germany
Tel: 529952







CHAPTER VI
ND600 INTENSIFIED REGION PEAK EXTRACTION PACKAGE (47-0055)

DESCRIPTION

The ND600 Intensified Region Peak Extraction Package provides the ND600 System with
the capability of determining the peak channel, FWHM and intensity information for each
intensified region of interest between the left and right markers in the current display group.
Upon determining the peak channel in each region, the following information is outputted
at the input/output device selected for the 101 parameter (Status Page 4): the peak
number (from left to right), the channel location of the left limit of the region, the
number of channels in the region, the peak channel energy, the FWHM in energy, the
background counts in the region, the area (total counts in the region minus the background
counts), the percent error (square root of the area plus two times the background, divided
by the area), the counts per second (area divided by current elapsed live time in seconds),
and the peak to background ratio (peak channel height divided by the background height).

The intensified region peak extraction function can be assigned to either the F1, F2, F3 or
F4 parameter (Status Page 4) by positioning the display cursor to the desired "F" parameter,
entering its 3-digit select code (100) at the operand pushbutton array, and then depressing
the ENTER pushbutton, When the ENTER pushbutton is depressed, the function's mnemonic
code (XTRCT) is displayed for the selected "F" parameter (Status Page 4).

The XTRCT function can be performed either by depressing the corresponding "F" pushbutton
or as a step in an auto job sequence. When the XTRCT function is selected as a step in an
auto job sequence, it is performed on the data spectrum in the current acquisition group
rather than the current display group. The XTRCT function can be terminated af any time
by depressing the STOP pushbutton.

The following is an example of performing the XTRCT function on a 2048~channel Geli
spectrum with five previously assigned pedk regions of interest. In this example, the XTRCT
function was assigned to the F1 parameter (Status Page 4) and performed by depressing the
F1 pushbutton with the line printer (LP) assigned to the 101 parameter (Status Page 4) for
output of the intensified region peak extraction report.
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NOTE: ~ When the 101 parameter (Status Page 4) is blanked to select output to the CRT
display, the intensified region peak extraction report is displayed following the last line
of the current status page.

FM LEFT FHM FERK FlriHH EGNE ARER wER CTES/SEC PRECBGHD
1 172 14 125 @A 3. 43214 22117 B2l 12473, 19 Fes
2 282 18 287, a4 . 2216 423 EO5S 281 4. 374
3 224 =R R A 5 15 = (=2 ey e3VE 10 x4 D47 2E. 217
4 1745 14 175Z a4 S 126 o4y 91 THE. =1, 258
o 1283 1 13234 84 4. IS FEHE 4 B = Il 547

INSTALLATION

The Intensified Region Peak Extraction Package consists of two 512 x 8 EPROM's (one
firmware pair) which must be installed on the Firmware Option board (70~2434) .
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SPECIFICATIONS
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Golf and Meacham Roads
Schaumburg, Illinois 60196
Telephone (312) 884-3621

ND600 Intensified Region Peak
Extraction Package (47-0055)

The NDB0O Intensified Region Peak Extraction
Package provides the ND60O System with the
capability of determining the peak channel, FWHM
and intensity information for each intensified region
of interest between the left and right markers in the
current display group. Upon determining the peak
channel in each region, the following information is
outputted at the 101 device: the peak number (from
left to right), the channel location of the left limit of
the region, the number of channels in the region, the
peak channel energy, the FWHM in energy, the back-
ground counts in the region, the area (total counts in
the region minus the background counts), the percent
error (square root of the area plus two times the
background, divided by the area), the counts per
second (area divided by current elapsed live time in
seconds), and the peak to background ratio (peak
channel height divided by the background height).

Sample Printout of Peak Extraction Report on a
2048-channel Geli spectrum with five previously
assigned peak regions of interest.

The intensified region peak extraction (XTRCT)
function can be assigned to any of the “F” status
parameters by entering its select code (100). The
XTRCT function can be performed either by
depressing the corresponding “F” pushbutton or as
a step in an auto analysis sequence. When the
XTRCT function is selected as a step on an auto
analysis sequence, it is performed on the data
spectrum in the current acquisition group rather
than the current display group.

The Intensified Region Peak Extraction Package
consists of four 512 x 8 EPROM's (two firmware
pairs) which require the Firmware Option board
(70-2434) for installation.

PN LM MW FKE FLIHM EGND ARER “ER CTEASEC PKAS/BGND
1 178 14 418285 64 Ioaze 4514 Zz1l7 b=l 1943 BRE 13 FES
2 282 18 287,88 I RST Z21a 45z 2055 291 43z 4. 874
3 838 13 2920 88 I 391 (25 e G37E 1. F4 547 58@ 54, 247
4 1745 14 1753 68 817 1264 =L N | A SRR 21 288
o 1882 13 137844 4. 552 S ras 4. B SE. 833 21 547
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CHAPTER VII
ND600 INTENSIFIED REGION ISOTOPE IDENTIFICATION PACKAGE (47-0056)

DESCRIPTION

The ND600 Intensified Region Isotope Identification Package provides a report identifying
the isotope, half-life, energy and percent abundance for each peak determined during the
intensified region peak extraction process. Each isotope is identified on the basis of finding
an energy line which corresponds to the isotope in the isotope library. The intensified
region isotope identification package requires that the ND600 System include the ND600

Intensified Region Peak Extraction Package (47-0055) and either the Standard or Special
Isotope Library Firmware.

The Intensified Region Isotope Identification Package provides three firmware controlled
operational functions: isotope identification setup, output isotope identification report,
and list isotope library table. Any of the intensified region isotope identification functions
can be assigned to either the F1, F2, F3 or F4 parameter (Status Page 4) by positioning the
display cursor to the desired "F" parameter, entering the 3-digit select code of the selected
function at the operand pushbutton array and then depressing the ENTER pushbutton. When
the ENTER pushbutton is depressed, the mnemonic code of the selected function is displayed
for the selected "F" parameter (Status Page 4). When anyone of the intensified region
isotope identification functions is assigned to a particular "F" parameter, each of the other
intensified region isotope identification functions can be sequentially selected for that
parameter by depressing the NXTV pushbutton. The 3-digit select code and mnemonic
code for each of the intensified region isotope identification functions are as follows:

Select Code Mnemonic Code Function

400 SETUP ID Permits entering a value in keV which
represents an acceptable tolerance (+)
between the calculated energy and the actual
energy listed in the isotope library when
generating an isotope identification report.
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Select Code Mnemonic Code Function

401 ID Outputs the intensified region peak
extraction report and then the intensified
region isotope identification report at the
input/output device selected for the 101
parameter (Status Page 4).

402 LIST TAB Lists the isotope library table at the
input/output device selected for the 1O1
parameter (Status Page 4).

The SETUP ID function is selected for the F1 parameter (Status Page 4) and performed as
follows:

1.  Select Status Page 4.
2.  Set the display cursor to the F1 parameter using the CRSR pushbutton.

3.  Enter 400 ot the operand pushbutton array and depress the ENTER pushbutton.
SETUP ID is displayed for the F1 parameter.

4.  Set the display cursor to the PAGE parameter using the CRSR pushbutton.

5. Enter 7 at the operand pushbutton array and depress the ENTER pushbutton.
Status Page 7 is displayed.

6. Depress the SHIFT pushbutton to select the right ( >>) direction and depress the
F1/F2 pushbutton. The set-up intensified region isotope identification parameters are
displayed as follows:

~FARGE 7 IRID
TOL 2. aga
NOTE: The energy tolerance is initialized to 2,000 keV when power is applied, but

can be changed to any value desired. For example, to change the energy tolerance to
1.5 keV perform the following:

7.  Set the display cursor to the TOL parameter using the CRSR pushbutton.

8.  Enter 1.5 at the operand pushbutton array and depress the ENTER pushbutton.
1.500 is displayed for the TOL parameter.

NOTE: After entering the desired energy tolerance, the system is ready to perform the

ID function. The ID function can be selected for the F1 parameter by depressing the NXTV
pushbutton or for any other "F" parameter by entering its 3 digit select code at the operand
pushbutton array and then depressing the ENTER pushbutton.
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The ID function can be performed either by depressing the corresponding "F" pushbutton
or as a step in an auto job sequence. When the ID function is selected as a step in an
auto job sequence, it is performed on the data spectrum in the current acquisition group

rather than the current display group. The ID function can be terminated at any time by
depressing the STOP pushbutton

The following is an example of performing the ID function on a 2048-channel Geli
spectrum with five previously assigned peak regions of interest. In this example, the ID
function was assigned to the F1 parameter (Status Page 4) and performed by depressing the
F1 pushbutton with the line printer (LP) assigned to the 101 parameter (Status Page 4) for

output of the intensified region peak extraction report and then the intensified region
isotope identification report.

NOTE: When the IO1 parameter (Status Page 4) is blanked to select the CRT display, the
two reports are displayed following the last line of the current status page.

FHN LEFT PN FERE FLHM EGND ARER LER CTSASEC FPEABGHD
1 1vs2 14 122 &5 Z.Bz2a LRET IgEls BoES 18/ea Fas 19 RS
2 282 1w  1Z7. 3 2. |3E F@a| a4 Z01E 2RSS Q53 TET
I O828 48 &s&2. 84 234z = FEFE 115 SE4. 888 48 136
4 1745 14 1173 21 2. 457 ig3 1153 Z =8 &3 17E 193 FFT
S 1383 13 1332 488 = 21e 184 aFe I5X 57,412 2R 55Z
TSaTOPE HLIFE ENERGY  ZAEBLIND

Co-57 S7E. 4ap 122 18a 25 ca

16 40|10 11 14

CoO-&R S3.2e% AA7VE ZR@a 33 24

1332 5@ 1aga |d

SE-TF5 iz@ 4ab 1Za. Aa@lda 57, A
CZ-137 =@, aay aal. cEE 1@ aE
EL-152 i1z vay 121, 2@ X7 aa

The LIST TAB function is performed by depressing the corresponding "F" pushbutton., The
LIST TAB function can be terminated at any time by depressing the STOP pushbutton.

The printout of the standard library table on the following pages was obtained by assigning
the LIST TAB function to the F1 parameter (Status Page 4) and depressing the F1 pushbutton
with the line printer (LP) assigned to the 101 parameter (Status Page 4).
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INSTALLATION

The Intensified Region Isotope Identification Package consists of two 512 x 8 EPROM's
(one firmware pair) which must be installed on the Firmware Option board (70-2434),
The Standard Isotope Library consists of four 512 x 8 EPROM's (two firmware pairs) which
must be installed on the Firmware Option board (70-2434).

NOTE: The Intensified Region Isotope Identification Package requires that the Intensified
Region Peak Extraction Package (47-0055) and either the Standard or Special Isotope
Library Firmware be installed on the Firmware Option board (70-2434).






CHAPTER VIII
ND600 AUTOMATIC PEAK SEARCH PACKAGE (47-0057)

The ND600 Automatic Peak Search Package automatically determines the centroid FWHM
and intensity information for each peak in the marker defined portion of the data spectrum
stored in the current display group. The values are determined using a peak extraction
process which is based on the values entered for the full width half maximum and sensitivity
parameters. Upon extraction of each peak the following information is outputted at the
input/output device selected for the |IO1 parameter (Status Page 4): the peak number

from left to right, the channel location of the left limit of the peak, the peak width in
channels, the peak centroid energy, the FWHM in energy, the background counts in the
peak, the peak area (total counts in the peak minus the background counts), the percent
error in the area calculation (square root of the area plus two times the background,
divided by the area), and the counts per second (area divided by the current elapsed

live time in seconds). In addition to output of the peak search information, the spectral
display of each peak can be automatically intensified as the peak is extracted to permit
visual identification of each extracted peak on the spectral display.

The Automatic Peak Search Package provides four firmware controlled operational functions:
set up peak search, peak search, peak search intensify and calculate variable FWHM curve
coefficients. Any of the automatic peak search functions can be assigned to either the

F1, F2, F3 or F4 parameter (Status Page 4) by positioning the display cursor to the desired
"F" parameter, entering the 3-digit select code of the selected function at the operand
pushbuttons array and then depressing the ENTER pushbutton. When the ENTER pushbutton
is depressed, the mnemonic code of the selected function is displayed for the selected "F"
parameter (Status Page 4). When anyone of the automatic peak search functions is
assigned to a particular "F" parameter, each of the other automatic pedk search functions
can be sequentially selected for that parameter by depressing the NXTV pushbutton. The
3-digit select code and mnemonic code for each automatic peak search function are as
follows:



Select Code Mnemonic Code Function

500 SETPS Permits entry and display of the setup peak
search parameters (Status Page 7). Included are
the coefficients of the variable FWHM curve,
the run number, the sensitivity level, and two
energy versus FWHM values for defining the
variable FWHM curve.

501 PSRCH Automatically determines the centroid, FWHM
and intensity information for each pedk in the
marker defined portion of the data spectrum
and outputs the peak search information at the
input/output device selected for the 101
parameter (Status Page 4).

502 PSINT Automatically determines the centroid, FWHM
and intensity information for each peak in the
marker defined portion of the data spectrum,
intensifies the spectral display of each peak,
and outputs the peak search information at the
input/output device selected for the 101
parameter (Status Page 4).

503 VFWHM Calculates the coefficients of the variable FWHM
curve based on the values entered for the energy
versus FWHM parameter (Status Page 7). This
curve is used to improve performance when
processing Nal spectral peaks.

Setup Peak Search Function

The SETPS function is selected for the F1 parameter (Status Page 4) and performed as follows:

1. Select Status Page 4.

2. Set the display cursor to the Fl parameter using the CRSR pushbutton.

3. Enter 500 at the operand pushbution array and depress the F1 pushbutton. SET PS is
displayed for the F1 parameter.

4. Set the display cursor to the PAGE parameter using the CRSR pushbutton .

5. Enter 7 ot the operand pushbution array and depress the ENTER pushbutton. Status
Page 7 is displayed.
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6. Depress the SHIFT pushbutton to select the right (>>) direction and depress the F1/F2
pushbutton. The setup peak search parameters are displayed as follows:

APS Status Parameter Display

-PRGE v << APS
HWCa2 2. 8ea HW/E 6. 0o
RUN K SENS 2. o8B
EN1 8. 8o Hidi 2. 8vB
EN2 0. 6oo HWz 8. e

APS Status Parameter Descriptions

Parameter Description
HW(0) The HW(0) parameter is initialized to 5.000 when power is applied but

can be changed o any value desired. The HW(0) parameter sets the
average number of channels at the full width half maximum points of
the GelLi peaks to be determined during the peak extraction process.
When processing Geli spectral peaks, an estimation of the HW(0)
parameters can be obtained by observing several Geli peaks in an
expanded displayed, actually counting the number of channels ot the
full width half maximum points of the GeLi peaks and entering the
average number for the HW(0) parameter. When processing Nal
spectral peaks, the calculate variable FWHM curve coefficients
function can be used to determine the HW(0) parameter (an estimate
of the number of channels at the full width half maximum points of
Nal peaks at.channel 0 or the zero intercept of the variable FWHM
curve).

HW(E) The HW(E) parameter is initialized to 0.000 when power is applied but
can be changed to any value desired. When processing Geli spectral
peaks, the HW(E) parameter is set equal to 0. When processing Nal
spectral peaks, the calculate variable FWHM curve coefficients function
can be used to determine the HW(E) parameter (the rate of change in
the number of channels at the full width half maximum points of Nal

peaks with respect to the square root of energy or the slope of the
variable FWHM curve).



Parameter

RUN

SENS

EN1, EN2
HW1, HW2

Descriefion

The run number (RUN) parameter is initially set to 0 but can be set to
any number from 0 to 65,535. The currently displayed run number is
incremented by one whenever the PSRCH or PSINT function is performed.

The SENS parameter is initialized to a value of 7.500 when power is
applied but can be changed to any value desired. The SENS parameters
sets the sensitivity level of the peak extraction process with respect to
background. To increase sensitivity, i.e., to extract peaks that
slightly exceed the average background content, decrease the value

of the SENS parameter. Maximum sensitivity is obtained by a SENS
parameter value of 1.000. To decrease sensitivity, i.e., to extract
only large pedks, increase the value of the SENS parameter.

The energy (EN1, EN2) versus Full width half maximum (HW1, HW2)
parameters, except the HW1 parameter, are initially set o 0. The HW1
parameter is initialized to the value of the HW(0) parameter (5.000).

Values entered for these parameters define two points (EN, HW) on the
variable FWHM curve.

A value for any of the APS status parameters is entered as follows:

1. Set the display cursor to the desired parameter using the CRSR pushbutton.

2. Enter an appropriate value for the selected parameter at the operand pushbutton
array and depress the ENTER pushbutton. The value entered is displayed for the selected

parameter.

Peak Search Function

The PSRCH function can be selected for the F1 parameter by depressing the NXTV
pushbutton or for any other "F" parameter by entering its 3-digit select code (501) at the
operand pushbutton array and then depressing the ENTER pushbutton.

The PSRCH function can be performed by depressing the corresponding "F" pushbutton or
as a step in an auto job sequence. When the PSRCH function is selected as a step in an
auto job sequence, it is performed on the data spectrum in the current auto group rather
than the current display group. The PSRCH function can be terminated at any time by
depressing the STOP pushbutton.

The following is an example of performing the PSRCH Function on the marker defined
portion (from 21,737 to 2040.460 keV) of a 2048-channel Geli spectrum and finding
17 peaks. In this example, the PSRCH function was assigned to the F1 parameter
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(Status Page 4) and performed by depressing the F1 pushbutton with the line printer (LP)
assigned to the IO1 parameter (Status Page 4) for output of the peak search report.

The HW(0) parameter was set to a value of 3.000. The SENS parameter is set to a
value of 3.000.

NOTE: When the 101 parameter (Status Page 4) is blanked to select output to the CRT
display, the peak search report is displayed following the last line of the current status

page.

Peak Search Report

RUM # = 2
SRCH FREM 21. 727 TO 20840. 460
LT = 1000. boaea CT = 1017. 66666
HW(a» = Z 00806066 HW/E = 6. 00000000
SENS = Z 00600806
PM LEFT PH CENT FIHM BK.GND HRER ~ER CTS~5EC
1 gz 11 gv. 82 1. 865 17259 24938 B8.75 324, 958006000
2 117 9 12194 1. 748 11858 32216 8. .72 32 203500600
2 121 18 136 324 1. 144 11448 2985 4. .19 Z 905900600
4 161 9 165 7= 1. 918 9671 848X 1. 97 8. 4325680608
5 251 8 254. 75 1. 3=24 =14 0986 21. 41 0. 5860600800
& 2vVS g8 zve 51 1. 487 vive 437 2V. 8% 0. 43706600080
v 388 o 318 == 1. 659 41328 237 328. 89 0. 2E7000000
8 28?7 18 231 42 1. 285 O35 68891 2. 17 6. 201808600
3 288 14 512 78 1. 642 3687 1731 7. 99 4. 731680000
18 6383 16 661, 27 1. 565 09506 232901 ©8. 79 22 90168608
11 812 8 813 4@ 1. 928 41208 427 21. 88 0. 427080000
12 835 18 897. 65 1. 84X £1956 11614 1 =22 11, 61486006
12 1171 14 1472 38 2. 285 2469 32474 9. .56 32 47250000
14 1274 8 127v4. 29 2. 524 656 22114 . 56 Q. BR2Z000006
15 1231 11 1322 21 2. 246 1862 28046 8. 62 28 84550000
16 1460 11 1468, 71 2.8v8 611 129 28. 59 6. 1285008000
17 1826 12 183€. 16 2. 791 198 9329 1. 39 5 529000000

PERK SERRCH DONE



Peak Search Report Parameter Descriptions

Parameter
RUN#

SRCH FRM/TO
LT

o)

HW(0)

HW/E

SENS
PN

LEFT
PW
CENT
FWHM
BKGND
AREA

%ER

CTS/SEC

Description

Current run number.

Energy in keV of the left/right marker channels.

Current elapsed live time in seconds.

Current elapsed clock time in seconds.

Average number of channels at the full width half maximum points of
Geli peak or an estimate of the number of channels at the full width
half maximum points of Nal peaks at channel 0 (zero intercept of

the variable FWHM curve).

Rate of change in the number of channels at the full width half maximum
points of Nal peaks with respect to the square root of energy (slope of
the variable FWHM curve; equals O for Geli peaks).

Sensitivity level of peak extraction process with respect to background.
Sequential number of peak (from left to right) within marker defined area.
Channel location of the left limit of the peak.

Peak width in channels.

Energy of peak centroid in keV .

Full width half maximum of peak in keV.

Background counts within peak area.

Net area (total counts minus background counts) of peak.

Percent error in area calculation determined by taking the square root
of the area plus two times the background, divided by the area.

Counts per second calculated by dividing the area by the current
elapsed live time in seconds.



Peak Search Intensify Function

The PSINT function can be selected for the F1 parameter by depressing the NXTV pushbutton
or for any other "F" parameter by entering its 3-digit select code (502) at the operand
pushbutton array and then depressing the ENTER pushbutton.,

The PSINT function can be performed by depressing the corresponding "F" pushbutton or as
a step in an auto job sequence. When the PSINT function is selected as a step in an auto
job sequence, it is performed on the data specirum in the current auto group rather than the

current display group. The PSINT function can be terminated at any time by depressing the
STOP pushbutton.

When PSINT function is performed, it outputs the automatic peak search report in the same
manner as the PSRCH function. In addition, the PSINT function provides visual identification
of each pedk as it is extracted by automatically intensifying each peak on the spectral display.

NOTE: The PSINT function de-intensifies the channel preceding the left limit of each peak.

Thus, the start channel of each peak (including dublets) can be readily identified using the
RGN ADYV pushbutton.

Calculate Variable FWHM Curve Coefficients Function.

The VFWHM function can be selected for the F1 parameter by depressing the NXTV push-
button or for any "F" parameter by entering its 3-digit code (503) at the operand pushbutton
array and then depressing the ENTER pushbutton .,

The VFWHM function is performed by depressing the corresponding "F" pushbutton. When
the VFWHM function is performed, it calculates and displays the values for the coefficient
(HW(0), HW/E) parameters (Status Page 7) of the variable FWHM curve based on the values
entered for the energy (EN1, EN2) versus full width half maximum (HW1, HW2) parameters
(Status Page 7).

The formula for variable FWHM curve is:

HW=HW/E * JEN + HW(0)

where:

HW = Full width half maximum in channels.

HW/E = AHW/AJEN (rate of change in HW with respect to the square root of EN),
EN = Energy in keV.

HW() = Full width half maximum at channel 0.

INSTALLATION

The Automatic Peak Search Package consists of twelve 512 x 8 EPROM!s (six firmware
pairs) which must be installed on the Firmware Option board (70-2434).

8-7






TECHNICAL
SPECIFICATIONS

NUCLEAR DATA INC

Golf and Meacham Roads
Schaumburg, Illinois 60196
Telephone (312) 884-3621

NDG600 Automatic Peak Search
Package (47-0057)

The ND600 Automatic Peak Search Package auto-
matically determines the centroid FWHM and intensity
information for each peak in the marker defined
portion of the data spectrum stored in the current
display group. The values are determined using a
peak extraction process which is based on the values
entered for the full width half maximum and sensitivity
parameters. Upon extraction of each peak the
following information is outputted at the 101 device:
the peak number from left to right, the channel
location of the left limit of the peak, the peak width
in channels, the peak centroid energy, the FWHM

in energy, the background counts in the peak, the
peak area (total counts in the peak minus the back-
bround counts), the percent error in the area
calculation (square root of the area plus two times
the background, divided by the area), and the counts
per second (area divided by the current elapsed live
time in seconds). In addition to output of the peak
search information, the spectral display of each peak
can be automatically intensified as the peak is
extracted to permit visual identification of each
extracted peak on the spectral display.

The Automatic Peak Search Package provides three
functions: set up peak search, peak search and peak
search intensify. Any of the functions can be assigned
to any of the “F” status parameters by entering its
select code (50X) and performed by depressing the
corresponding “F” pushbutton. The PSRCH and the
PSINT functions can also be performed as steps in
an auto analysis sequence. Functions selected as
steps in an auto analysis sequence are performed on
the data spectrum in the current acquisition group
rather than the current display group. When anyone
of the functions is assigned to a particular “F”
parameter, each of the other functions can be
sequentially selected for that parameter by depressing
the NXTV pushbutton.

SETPS Function (500)

Permits entering values for the HW and SENS
parameters (Status Page 7). The HW parameter sets
the average number of channels at the full width
half maximum points of the peaks to be determined
during the peak extraction process. The SENS
parameter sets the sensitivity level of the peak
extraction process with respect to background.

PSRCH Function (501)

Automatically determines the centroid, FWHM and
intensity information for each peak in the marker
defined portion of the data spectrum and outputs the
peak search information at the 101 device.

PSINT Function (502)

Automatically determines the centroid, FWHM and
intensity information for each peak in the marker
defined portion of the data spectrum, intensifies the
spectral display of each peak, and outputs the peak
search information at the 101 device.

The Automatic Peak Search Package consists of
twelve 512 x 8 EPROM's (six firmware pairs) which
require the Firmware Option Board (70-2434) for
installation.



Peak Search Report

SEARCH FROM S5 852 TO
LT = ZE80, aEB8nEE CT = ZA51
Hid = 5 90000R00EE  SEMS =
FH LEFT Fhl CEMT  FMHM
1 o | 275 1 as
= 11 121 8% 185
= 9 1z Z1 41z =
4 18 185 &6 1 Az =
= ¥oOEES a4 4 2= 5
= S EVE Rz 1 4= T
T 2 Zie 14 121 6]
= 11 =31 =4 1 &7 v
= 18 51z 57 40 29 b
1E 12 &5l 18 1. 43 =)
11 1| 21Z 43 1 &3 <4
iz 14 297 52 1. 7 =
12 1172 F1 2 8z
12 1274, 22 2 18 &
SEOAEEL 3% 2 4F 4
11 1486 65 1. 25
2B A2ES o84 2 52
TOTAL MWER FERES = iv

Peak Search Report Parameter Descriptions

SEARCH FROM/TO—Energy in keV of left/right
marker channel.

LT—Current elapsed live time in seconds.
CT—Current elapsed clock time in seconds.

HW—Average number of channels at full width half
maximum points of peaks to be determined during
peak extraction process.

SENS—Sensitivity level of peak extraction process
with respect to background.

PN—Sequential number of peak (from left to right)
within marker defined area.

LEFT—Channel location of the left limit of the peak.
PW—Peak width in channels.

NUCLEAR DATA INC
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CENT—Energy of peak centroid in keV.
FWHM— Full width half maximum of peak in keV.
BKGND —Background counts within peak area.

AREA—Net area (total counts minus background
counts) of peak.

%ER —Percent error in area calculation determined
by taking the square root of the area plus two times
the background, divided by the area.

CTS/SEC—Counts per second calculated by dividing
the area by the current elapsed live time in seconds.

TOTAL NBR PEAKS —Total number of peaks found
during automatic peak search process.

Specifications subject to change.
Printed in U.S.A. 10/77 PS 1036 2.5

Sales and Service Facilities
United States and Canada

Atlanta, Georgia
Tel: 404/284-1747

Boston, Mass.
Tel: 617/535-5665

Cleveland, Ohio

Denver, Colorado

Tel: 714/898-7760

New York, New York
Tel: 216/331-5145  Tel: 212/962-3666

San Francisco, Calif.
Tel: 303/755-6607  Tel: 415/483-9200

Los Angeles, Calif.  Schaumburg, lllinois
Tel: 312/884-3600

Washington, D.C. London, England Other Sales and Service
Tel: 301/345-6766  Tel: 22733, 25357  Representatives located
throughout the world.
Uppsala, Sweden Please write or call
Europe Tel: (018) 15-25-15  Schaumburg, llinois for
your local

Frankfurt, Germany representative

Tel: 529952




CHAPTER IX
ND600 AUTOMATIC ISOTOPE IDENTIFICATION PACKAGE (47-0058)

DESCRIPTION

The ND600 Automatic Isotope Identification Package provides a report identifying the
isotope, half-life, decay, energy, percent dbundance, percent efficiency and activity
for each peak determined during the automatic peak extraction process which corresponds
to an energy line of an isotope in the isotope library. The automatic isotope ident-
fication package requires that the ND600 System include the ND600 Automatic Peak
Search Package (47-0057) and either the Standard or Special Isotope Library Firmware.

The Automatic Isotope Identification Package provides five firmware controlled
operational functions: automatic isotope identification setup, output isotope identification
report, list isotope library table, calculate efficiency curve coefficients, and graph
efficiency curve. Any of the automatic isotope identification functions can be assigned to
either the F1, F2, F3 or F4 parameter (Status Page 4) by positioning the display cursor to
the desired "F" parameter, entering the 3-digit select code of the selected function at the
operand pushbutton array and then depressing the ENTER pushbutton. When the ENTER
pushbutton is depressed, the mnemonic code of the selected function is displayed for the
selected "F" parameter (Status Page 4). When anyone of the automatic isotope identification
functions is assigned fo a particular "F" parameter, each of the other automatic isotope
identification functions can be sequentially selected for that parameter by depressing the
NXTV pushbutton. The 3-digit select code and mnemonic code for each of the automatic
isotope identification functions are as follows:

Select Code Mnemonic Code Function
600 AID Permits entry and display of the isotope identifi-

cation set-up parameters (Status Page 7). Included
are the display and acquire group numbers, the
energy break point and six energy versus
efficiency values for defining a dual parabola
detector efficiency curve, the coefficients of

the dual parabola curve, the energy tolerance,
the hold time and the sample units.
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Select Code Mnemonic Code Function

601 ISO ID Outputs the automatic peak search report and
then the automatic isotope identification report
at the input/output device selected for the 101
parameter (Status Page 4).

602 LIST TAB Lists the isotope library table at the input/output
device selected for the 101 parameter (Status
" Page 4).
603 COEFFS Calculates the coefficients of the dual parabola

detector efficiency curve based upon the values
entered for the energy versus efficiency parameters
(Status Page 7).

604 GRAPH Displays a graph of the dual parabola detector
efficiency curve in spectral data channels 1-N
where N is any number of channels from 1 to
4096.

Automatic Isotope Identification Setup Function

The AID function is selected for the F1 parameter (Status Page 4) and performed as follows:

1. Select Status Page 4.

2. Set the display cursor to the F1 parameter using the CRSR pushbutton.

3. Enter 600 at the operand pushbutton array and depress the ENTER pushbutton, AID
is displayed for the F1 parameter.

4. Set the display cursor to the PAGE parameter using the CRSR pushbutton.

5. Enter 7 at the operand pushbutton array and depress the ENTER pushbutton, Status
Page 7 is displayed.

6. Depress the SHIFT pushbutton to select the right (>>) direction and depress the F1/F2
pushbutton. The automatic isotope identification set up parameters are displayed as follows:
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AID Status Parameter Display

-PAGE v O RID
DGRP 1 AGRP 1
ETOL 2. ega EEBP 276. Bo06
EN1 8v¥. 884 EF1 4. 535
EN2 165. 984 EF2 2 732
ENZ 27S. 286 EFZ 2. 853
EN4 291. vBa EF4 1. 254
ENS &51. 688 EFS 8. 624
EN6& 117=. 288 EFe 8. 237
AL ~17. 8747 Az 16. 2287806
Bl £. 486256 B2 -2 55873
c1i —@. 71865 cz 8. 188465
HT 258. 58860 SAM 1. oga

AID Status Parameter Descriptions

Parameter Description

DGRP, AGRP The display group (DGRP) and acquire group (AGRP) parameters

are initialized to group 1 when power is applied. Either can be
changed to any valid group number desired.

NOTE: The ISO ID function is performed on the data spectrum
in the current display group when initiated by depressing the
corresponding "F" pushbutton or on the data spectrum in the
current acquire group when performed as a step in an auto job
sequence.

ETOL The energy tolerance (ETOL) parameter is initially set to 2,000
keV and represents an acceptable tolerance (+) between the
calculated energy and the actual energy listed in the isotope
library when generating the isotope identification report,

EBP The energy break point (EBP) parameter is initialized to 350.0000
keV and defines the point at which transition from the lower to
upper parabola occurs.

ENT-ENé6 The energy (EN1-EN6) versus efficiency (EF1-EF6) parameters
EF1-EF6 are initially set to 0. Values entered for these parameter
define six points (EN, EF) on the dual parabola detector
efficiency curve. The six points should be entered for
ascending energy values with the second entry (EN2, EF2)
having the highest efficiency of the first three. The Ffirst
three points (ENT, EF1; EN2, EF2; EN3, EF3) define the lower

9-3



Parameter

Al, B1, C1
A2, B2, C2

HT

SAM

Description

parabola and therefore must be below the value of the EBP
parameter. The second three entries (EN4, EF4; EN5, EF5;
ENé, EF6) define the upper parabola and therefore must be
above the EBP parameter (preferably above 500 keV).

The coefficient (A1, B1, C1, A2, B2, B2, C2) parameters are
initially set to 0, If the coefficients of the lower

(A1 +BlIx +C1 x2) and upper (A2 + B2x + C2x2) parabolas

are known, the dual parabola detector efficiency curve can

be defined by entering the known coefficient values for the
corresponding Al, B1, C1, A2, B2 and C2 parameters. The
coefficients of the dual parabola detector efficiency curve can
be determined based on the values entered for the energy
(ENT-ENS) versus efficiency (EF1-EF6) parameters by performing
the COEFFS function.

The hold time (HT) parameter is initially set to 0. The value
entered for the HT parameter is the time differential in seconds
(S), minutes (M), hours (H), days (D) or years (Y) between the
time the analysis sample was collected and the time that data
acquisition on the analysis sample was performed with the

time unit (S, M, H, D or Y) selected by depressing the

NXTV pushbutton. This value is converted to seconds and
used in calculation of the decay listed for the identified
isotopes in the isotope identification report.

The sample size (SAM) parameter is initially set to 1. The value
entered for the SAM parameter is the sample size in units and
must be greater than 0. This value is used in calculation of the
activity in microcuries per unit of sample volume listed for the
identified isofopes in the isotope identification report.

A value for any of the AID status parameters is entered as follows:

1. Set the display cursor to the desired parameter using the CRSR pushbutton.

2. Enter an appropriate value for the selected parameter at the operand pushbutton array
and depress the ENTER pushbutton. The value entered is displayed for the selected parameter.



Output Isotope Identification Report Function

The 1SO ID function can be selected for the F1 parameter by depressing the NXTV pushbutton
or for any "F" parameter by entering its 3-digit select code (601) at the operand pushbutton
array and then depressing the ENTER pushbutton,

The ISO ID function can be performed either by depressing the corresponding "F" pushbutton
or as a step in an auto job sequence. When the ISO ID function is selected as a step in an
auto job sequence, it is performed on the data spectrum in the current acquisition group
rather than the current display group. The ISO ID function can be terminated at any time
by depressing the STOP pushbutton.

The following is an example of performing the ISO ID function on the marker defined
portion (from 21,737 to 2040.460 keV) of a 2048-channel Geli spectrum. In this example,
the 1SO ID function was assigned to the F1 parameter (Status Page 4) and performed by
depressing the F1 pushbutton with the line printer (LP) assigned to the 101 parameter
(Status Page 4) for output of the peak search report and then the isotope identification
report.

NOTE: When the 101 parameter (Status Page 4) is blanked to select the CRT display, the
two reports are displayed following the last line of the current status page.

Peak Search and Isotope Identification Reports

RUN # = =z
SRECH FREM 21. ¥EF¥  TO 2846, 4c
LT = 1068, baeaa  CT = 1617, BeBOY
HWCe) = Z 60aa0ee8 HWAE = 0. 08800066
SEMS = I 98800080
FN LEFT Pl CEMNT FLiHM EKGND AREA “ER CTS/SEC
1 g2 11 87. 82 1. 865 17259 349538 6. 75 24, 558000608
2 147 9 121 94 1. 748 11858 22218 B, T3 322 289500060
F 131 186 41Z6 =4 1. 144 11446 39635 4.19 X2 905000869
4 161 8 15 7= 1. 918 Q671 8483 1. 57 8 4825086013
5 2% g 254. 7o 1. 2=4 =T 986 21, 41 9. S8cageaoa
& 275 g 2ve 81 1. 4687 7176 437 27 82 0. 4270usaaan
v 288 S 210 =2 1. 659 41=8 2327V 2889 Q. 2EZ7E066868
8 387V 18 291 42 1. 285 vO33 6801 2 17 . 881000066
9 3588 14 512 78 1. e4Z2 8687 viEL V.89 1 71008864
18 &58 18 &6l 27 1. 5&5 5958 23981 8. 79 2Z 99106006
11 212 8 ©81Z= 49 1. 828 41206 427 21. €8 0. 4270000060
12 885 1@ 897. 65 1. 84z 6196a 11614 1. =X 11. 61466008
1% 1171 11 1472 S8 2. 285 2469 22474 8. 60 22 47250080
14 12v4 8 1274, 29 2. 524 656 32114. 56 8. 822000000
15 1321 41 A==z 21 2. 346 1862 28845 @ 62 28. 04550000
15 14668 11.1468. 71 Z 8vs8 611 129 28. 59 0. 128500000
17 1826 12 18Z6. 16 2. 751 198 99322 1. 29 5. 539008000

PERK SERRCH DONE
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MA-22
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Co~-37¥

Co-&@

SE-VS

KR—-ga
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¥-88
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SH-11=
C5—-1=E7
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EU-152
EU-154
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Al
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EEP
HTIM

HLIFE
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1.
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=L}
10c.

456,
115.
=8
146
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(NN
NENE L
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UBBBOE+a&
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NOTE: The DECAY, %EFF and UC/US parameters are only computed for the prime line

of each isotope, i.e., the first line entered in the library for the isotope. The upper and
lower limits of computed values listed in the output report are 1037 and 1037, respectively.
Values above or below these limits are listed as >E+37 or <E-37, respectively.



Peak Search Report Parameter Descriptions

Parameter
RUN #

SRCH FRM/TO
LT

CT

HW(0)

HW/E

SENS
PN
LEFT
PW
CENT
FWHM
BKGND
AREA

%ER

CTS/SEC

Description

Current run number.

Energy in keV of left/right marker channels.

Current elapsed live time in seconds.

Current elapsed clock time in seconds.

Average number of channels at the full width half maximum points

of Geli peaks or an estimate of the number of channels at the full

width half maximum points of the Nal peaks at channel 0 (zero

intercept of the variable FWHM curve).

Rate of change in the number of channels at the full width half maximum
points of Nal peaks with respect to the square root of energy (slope

of the available FWHM curve; equals 0 for Geli peaks).

Sensitivity level of peak extraction process with respect to background.
Sequential number of peak (from left to right) within marker defined area.
Channel location of the left limit of the peak.

Peak width in channels.

Energy of peak centroid in keV.

Full width half maximum of peak in keV.

Background counts within peak area.

Net area (fotal counts minus background counts) of peak.

Percent error in area calculation determined by taking the square
root of the area plus two times the background, divided by the area.

Counts per second calculated by dividing the area by the current
elapsed live time in seconds.



Isotope Identification Report Parameter Descriptions

Parameter

ISOTOPE

HLIFE

DECAY

ENERGY

%ABUND

%EFF

Description
Isotope identified.

Half life of identified isotope in seconds (S),
minutes (M), hours (H), days (D), years (Y),
or billions of years (B) from Isotope Library.

Calculated decay of identified isotope in the fraction
of atoms remaining. The equation for calculation of
decay (D) is as follows:

D = A/AO = e_KT

where
AO = Number of radioactive nuclei ot time = 0.
A = Number of radioactive nuclei remaining to decay
at the end of the total collection time (T):
where
T = H+C.
H = Hold time in seconds.
C = Elapsed clock or real time of acquisition in seconds.
K = Radioactive decay constant = In2/HL
HA = Half life of identified isotope in seconds.

Energy line of identified isotope from isotope library.
Percent abundance of energy line from isotope library.
Percent efficiency of the detector at the energy line
listed based on a fit to the predetermined dual parabola
detector efficiency,curve. The efficiency curves

(Eff = A +Bx +Cx“) are parabolas on log log scale,

i.e., Eff =In Eff and x = In x. The derivation of the
equation is:

EH: = eA + B (In X) +C (In X)2

In Eff = A +B(In x) +C(In x )2

Eff = A + Bx + Cx2
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Uc/us

Al, B1, CI
A2, B2, C2

EBP

ENTOL

HTIM

SAM

Calculated activity of identified isotope in uC
per unit of sample volume. The equation for calculation
of activity (o) is as follows:

L = CApke N AyNGy (KCoy)

where

C = Elapsed clock or real time of acquisition in seconds.

Ap = Net area of peak (total counts minus background
counts.

K= Radioactive decay factor = In2/Hj .

Ho = Half life of identified isotope in seconds.

H = Hold time in seconds.

L Elapsed live time of acquisition in seconds.

Y = Abundance (% ABUND/100),

N = Efficiency (% EFF/100) of detector at centroid energy.

G = Conversion factor = 3.7 x 104 disintegrations/sec/uC.

\ = Sample size or volume in units.

NOTE: If KC<L 10_8, the following approximation is used to
calculate activity (o< ):

o = ApeRCH) 1yNGY

Coefficients of lower (A1 +Blx + C]xz) and upper
(A2 +B2x + C2 x“) parabolas used for determining
detector efficiency.

Energy break point of dual parabola detector efficiency
curve in keV.

Energy tolerance () in keV between the calculated energy
and actual energy Tisted in the isotope library.

Hold time in seconds between the time the analysis
sample was collected and the time that data acquisition

on the analysis sample was performed.

Sample size in units of volume.



List Isotope Library Table Function

The LIST TAB function can be selected for the F1 parameter by depressing the NXTV push-
button or for any "F" parameter by entering its 3-digit select code (602) at the operand
pushbutton array and then depressing the ENTER pushbutton,

The LIST TAB function is performed by depressing the corresponding "F" pushbutton. The
LIST TAB function can be terminated at any time by depressing the STOP pushbutton.

The printout of the standard isotope library table on the following pages was obtained by
assigning the LIST TAB function to the F1 parameter (Status Page 4) and depressing the
F1 pushbutton with the line printer (LP) assigned to the 101 parameter (Status Page 4).

IS0TOPE HLIFE EMERGY XABUMD
BE-7 SE zZah V.88 18 Z8
HA-22 2. &8y 274, 588 29 35
HNA-24 15 80H  1Z68. 508 106, 66
=754, 188 99 85

CL-=2 7. ZEM 1642 488 22 205
2167 588 44, 84

AR-41 1 23H 1292 688 23 4f
kK—4a 1268811528, ¥ 1458, FEa 168, 78
=42 12 48H 1524, 7@ 17 98
SC—-45 2z 2an S22 200 100, 66
11z6. 588 166 39

CR-51 27, 280 Z28. 196 9. 5@
MN-54 214 BE 2834, 806 1588, 68
MMH-5¢& 2. S7H 245, 688 93, B9
1811 288 Z6. 94

2112 88 15 S8

FE-5% 44, s@l 18399 298 S6. 60
142 S588a @ ga

192 298 2. ea

1291, S68 44, 66

Co-57 278, Bab 122 188 285 €8
1z2s. 488 14, €@

co-5g vl ZADL 16, 6es 99 48
CO-68 Q.28 147 280 99 9@
1=Z2. 508 196, 60

Cu-e&& 3.168M 1629 204 =" 1%
ZN-&5 244, galh 1115 406 50, 66
AS-7E& 26, 48H 959 288 43 68
1215 2688 5. va

SE-VS 128, 480 264, 688 59. 19
136 B8a@ 55, 69

273 688 25, 99

BR-8Z 35, 48H FrE. Ve 82 89
S54. 2@ 7z oo

215 188 42 @
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KR-88

rRB-89

SR-85
SrR-91
¥-88

ZRE=-95
ME-94

NE-95
RU-18Z=

RU-186
AG-1106M

Ch-189
SH-113
SB-1zz
SB-124

5B-125

I-1=1

I-1z2

I-133

I-135

14.

1@,

&5.

28008,

25,
39.

3567,
268,

456,
115.
. 8ab
66.

o

2a.

. 8BH

S6M

. Bap
. YBH

BaD
zab

48D

.Y

196.
166.
834,
1529.
1830,
658.
948,
1246,
S514.
1824,
652
749,
838
1836.
7356,
rad.
ari
vez.
vED.
498,
616
621,
&357.
763,
284,
937,
1284,
1585.
8v.
291
S564.
1631,
caz.
427,
17E.
453,
&80.
606,
636,
364,
284,
637,
657,
522.
638,
Fre.
954,
S29.
8v5.
1121,
S26.
1838.
1268.
1457,
1678,

166
o ]n]%)
voa
g8a
rag
t=Jele)
588
488
888
2848
aee
5688
eaa
188
288
200
7 1710
aaa
sao
S8
Beo
888
g =%
80
rBg
Sea
208
BBo
809
BY
alale)
saa
600
954
296
51@a
Ve
gzm
156
S84
3068
(2120
rug
Acio]
280
688
Sva
See
2006
580
See
800
Seg
588
380

22.
5.
24,
26.
14
1949,
106,
63
48.
98.

29

16.
i18.

11.
g2.

-

9,
ie.
14.
vS.
17.
89.

26.
16.
149.
24,
16.
11.
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. 8B
. 8@
. BB
. 20
. 88
. 78
. 8a
. 68
. 38
. 88
. B8
. 8@
. 48
. 40
. 88
. 68
. 88
. 8aa
. 86
. 88
. 48
. €8
. 40

=15
1a
48
1@
%1%
Ba
(2[5

28
28
(=10

. 28

(2 ]%)
49

. 28

28
40

. 88
. 98

28
49
2]%)
S0
26
1217

. 48

sa
48
7 ]%)
=17
(212}
86



CS-134

.

Led =

C5-13
BH-'J._'-

o b

ER-146

LA-148

CE-1Z=9

CE-141
CE-144

SM-153
EU-152

EU-154

EU-155

HF-151

W-187

AU-193
HG-28Z2
BEI-214

FA-226

P

1)
Ry

146

T

-y

284,

in

N
3

m
1

B
T [

1686,

L deYy

. aay
.28y

=J
o
ol

I
e
I

P o 1T
DR N ]
oo

%]

5, S8H
14,

b
fan]
-

ey

aaYy

. Bek

3. SEH

vab

. 58k
. azy

1 30 |
a0
YR

Y

=

PuCHL Y
182,
94,
1536,

w2

456,
815,
azs,
155,
145,
1323
59,
183,
1467,

29,
44,
=)
954,
1BSE.
1112,
. 808
123,
723,
a7z,
99,
16184,
155,

25,
4582,
106
245,
655,
134,
479,
411.

127

132

2ve

&E9,
1126
12z8.
1ved.

6a9.

299,

352.
1126.
1754

. 88a
. 293
. res
&5l.
41

81,
2ZVE.
Z83,
284,

= EE
2aa
2 1%]5]
488
18a
188
ZBE
s6a
60
=Y5]5)
Syalc)
t=iale)
=is]e)
Z8a
s 16
586
Sea
SaE
288
Sag
288
2ea
280
joloic)
gaEs
%617

169
284
288
2ad
=]
Ze8
586
28R

vEa
Fgcls
pe v 1
204
2eE
288
KAL)
4848
g 15
avg
486
208
Bea
466
reg

8¢&.
1e.
8.
34
188,
SS.
12,
28,

23,

18,

22
23
8X.
41.
1z
22
18.
26.
95,
21,
47

-

po

17
43.
i8.

-

14.
16,
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aa
8a
16
&d
21%)
oa
%1%
&8

. &8

=1%)

.28
.08
. &8
%)
. B@
.18
. 98

aa
(500
(=10
58
4a

. Z8

z2a

. 48
. 28
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. 88
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O A
=15
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1. =29

v
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PR-22Z2 27. 48D 311. 9689 Z=8. 066
238 4868 1z SO

208. 166 6. 68

NF-2329 2. 25D 277. 9688 12 16
32,588 11 96

182 786 18. 90

1686 488 22 80

228. 106 9. 56

Calculate Efficiency Curve Coefficients Function

The COEFFS function can be selected for the F1 parameter by depressing the NXTV
pushbutton or for any "F" parameter by entering its 3-digit select code (603) at the
operand pushbutton array and then depressing the ENTER pushbutton.

The COEFFS function is performed by depressing the corresponding "F" pushbutton. When
the COEFFS function is performed, it calculates and displays the values for the coeffic'fnf
(A1, B1, C1, A2, B2, C2) parameters (Status Page 7) of the lower (Al and Bl x +C1 x

and upper (A2 +B2x +C2 x2) parabolas based on values entered for the energy (ENT-EN6)
versus efficiency (EF1-EF6) parameters (Status Page 7).

An example of Status Page 7 showing the entered and calculated values is as follows:

-PAGE Vo3> AID
DGRP 1 AGRP i
ETOL 2. e EBP 276, B0
EN1 §7. oo EF1 4. 595
ENZ2 165. Soa EFz 2732
ENZ 2v9. 204 EFZ 2. 853
ENg 391. 706 EF4 1. 254
ENS 661. cBa@ EFS 8. 624
EME 117Z. 266 EF& 8. 337
Al -17. 8747 A2 16. 28786
Bl 6. 486250 B2 -3, 5507z
c1 -8. 71056 c2 8. 180465
HT 350. 588D SAM 1. Bea
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Graph Efficiency Curve Function

The GRAPH function can be selected for the F1 parameter by depressing the NXTV pushbutton
or for any "F" parameter by entering its 3-digit select code (604) at the operand pushbutton
array and then depressing the ENTER pushbutton.

The GRAPH function is performed by entering a compression ratio number at the operand
pushbutton array and then depressing the "F" pushbutton corresponding to the "F" parameter
to which the GRAPH function is assigned. The compression ratio number can be any
number from 1 to 4096 and represents the ratio between the energy scale of data spectrum
display and the graph display, i.e., 1 =1:1, 2=2:1, 3=3:1, 4 = 4:4, etc. A 1:1
compression ratio is automatically selected; therefore, entry of a 1 prior to depressing

the "F" pushbutton is not required. The compression ratio number selects the number of
data channels to be used for display of the graph of the energy versus efficiency curve.

For example, entering 16 selects a 16:1 compression ratio or a 256-point graph for a 4096~
channel spectrum (4096/16 = 256) and is adequate to provide a good graphic representation
of the energy versus efficiency curve. When the GRAPH function is performed with a
compression ratio of 16:1 selected, a graph of the dual parabola detector efficiency curve
is plotted in the first 256 data channels starting at channel 1. Each point displayed
represents energy on the horizontal (each point equalling 16 times the energy per channel)
versus efficiency on the vertical (1,000,000 counts vertical = 100%).

NOTE: For an expanded display of the energy versus efficiency curve, bracket the first
256 channels of the spectral display with the markers and depress the XPND pushbutton.
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INSTALLATION

The Automatic Isotope Identification Package consists of six 512 x 8 EPROM's (three
firmware pairs) which must be installed on the Firmware Option board (70-2434),
The Standard Isotope Library consists of four 512 x 8 EPROM's (two firmware pairs)
which must be installed on the Firmware Option board (70-2434) .

NOTE: The Automatic Isotope Identification Package requires that the Automatic

Peak Search Package (47-0057) and either the Standard or Special Isotope Library
Firmware be installed on the Firmware Option board (70-2434) .
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TECHNICAL
SPECIFICATIONS

NUCLEAR DATA INC
Golf and Meacham Roads
Schaumburg, lllinois 60196
Telephone (312) 884-3621

ND600 Automatic Isotope Identification
Package (47-0058)

The NDB00 Automatic Isotope Identification Package
provides a report identifying the isotope, half-life,
decay, energy, percent abundance, percent efficiency
and activity for each peak determined during the
automatic peak extraction process which corresponds
to an energy line of an isotope in the isotope library.

The Automatic Isotope Identification Package provides
five functions: automatic isotope identification setup,
output isotope identification report, list isotope library
table, calculate efficiency curve coefficients, and
graph efficiency curve. Any of the functions can be
assigned to any of the “F” status parameters by
entering its select code (60X) and performed by
depressing the corresponding “F” pushbutton. The
ISO ID function can also be performed as a step in
an auto analysis sequence. When any one of the
functions is assigned to a particular “F" parameter,
each of the other functions can be sequentially
selected for that parameter by depressing the NXTV
pushbutton.

AID Function (600)

Permits entry and display of the isotope identification
set-up paramters (Status Page 7). Included are the
display and acquire group numbers, the run number,
the energy break point and six energy versus efficiency
values for defining a dual parabola detector efficiency
curve, the coefficients of the dual parabola curve,

the energy tolerance, the hold time and the sample
units.

1SO ID Function (601)

Outputs the automatic peak search report and then
the automatic isotope identification report at the
101 device.

LIST TAB Function (602)
Lists the isotope library table at the 101 device.
COEFFS Function (603)

Calculates the coefficients of the dual parabola
detector efficiency curve based the values entered
for the energy versus efficiency parameters (Status
Page 7).

GRAPH Function (604)

Displays a graph of the dual parabola detector
efficiency curve in spectral data channels 1-N where
N is any number of channels from 1 to 4096.

The Automatic Isotope Identification Package consists
of six 512 x 8 EPROM's (three firmware pairs)

which require the Firmware Option board (70-2434)
for installation. The Standard Isotope Library consists
of four 512 x 8 EPROM's (two firmware pairs) which
require the Firmware Option board (70-2434) for
installation.

AID Status Parameter Display

—FARGE oA HID
DGRF 1 AGRF 1
FILIM v.oaaa EEF 50, ggas
EH1 7. 28a EF1 4. 595
EMZ 15, [EE EFz EOTEE
EM= 279 28 EFZ= 2 BSE
ErM< KA B 5 1 EF4 1. 254
EMS Sl S8 EF3 @ e34
EM= 1472 208 EFe [ I
Al ~1¥. 8745 Az 18, ZR7VoE
Bl & 4E5led B2 -2 55
ci —B. V1Es5 Ccz 15 T
ETOL 1. Bag HT =5E. 58
SAM 1. @B

AID Status Parameter Descriptions
DGRP, AGRP—Current display and acquire group.
RUN—Current run number.

EBP—Energy break point in keV which defines the
point at which transition from the lower to upper
parabola occurs.

EN1-ENG6, EF1-EF6—Energy (EN1-ENG) versus
efficiency (EF1-EF6) values which define six points
(EN, EF) on the dual parabola detector efficiency
curve.

A1, B1, C1, A2, B2, C2—Coefficients of the lower
(A1 + B1x + C1 x2) and upper (A2 + B2x + C2x?)
parabolas used for determing detector efficiency.

ETOL—Energy tolerance (=) in keV between the
calculated energy and the actual energy listed in the
isotope library when generating the isotope
identification report.

HT—Hold time in seconds (S), minutes (M), hours (H),
days (D) or years (Y) between the time the analysis
sample was collected and the time that data acquisitior
on the analysis sample was performed.

SAM—Sample size in units of volume.



Standard Isotope Library Table (47-0082)

I=0TOFE HLIFE EMERIGY  HABLMD
BE-T =, 38l 477, e@E 18, Z8
HR-22 28Ry 1274 sEm 33 85
MA-24 15 @EH  1ZEE TEE 1009, S5
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cL-za IT.ZEM 0 1843 488 Z2 88
Z1ET. SRE 44, 69
AR-41 1. B3H sEa 99 pa
Lt =] 1. 2EQELE+RSY a1 I R R =
K-42 12 48H L TEE 1V S0
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SR-21 QO TEH 1624 208 33 04
G593, e i ]
43 288 24, 6@
Y-ga 1@c. 7ab 222 BaH 93, 44
1826 168 39, 48
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T24. 2a@ 42 88
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Sales and Service Facilities
United States and Canada

Atlanta, Georgia
Tel: 404/284-1747

Boston, Mass.
Tel: 617/535-5665

Cleveland, Ohio
Tel: 216/331-5145

Denver, Colorado
Tel: 303/755-6607

Los Angeles, Calif.
Tel: 714/898-7760

New York, New York
Tel: 212/962-3666

San Francisco, Calif.
Tel: 415/483-9200

Schaumburg, lllinois
Tel: 312/884-3600

Washington, D.C.
Tel: 301/345-6766
Europe

Frankfurt, Germany
Tel: 529952

London, England
Tel: 22733, 25357

Uppsala, Sweden
Tel: (018) 15-25-15

Other Sales and Service
Representatives located
throughout the world.
Please write or call
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your local
representative.
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CHAPTER X
ND600 DIGITAL RATIOS PACKAGE (47-0071)

DESCRIPTION

The ND600 Digital Ratios Package permits monitoring up to 12 digital ratios between
net areas, gross areas or combinations of net and gross areas in overlapping or non-over-
lapping regions in any memory group. Either the net or gross area of any region
bracketed by the left and right markers can be specified as either the numerator or
denominator for any of the 12 digital ratios. The ratios are dynamically computed for
monitoring live during data acquisition. The package also permits generating a summary
report at an optional hardcopy peripheral device.

The Digital Ratios Package provides three firmware controlled operational functions:
digital ratios setup, output digital ratios list, and freeze status update. Any of the digital
ratios functions can be assigned to either the F1, F2, F3 or F4 parameter (Status Page 4)
by positioning the display cursor to the desired "F" parameter, entering the 3-digit select
code of the selected function at the operand pushbutton array and then depressing the
ENTER pushbutton. When the ENTER pushbutton is depressed, the mnemonic code of the
selected function is displayed for the selected "F" parameter (Status Page 4). When

any one of the digital ratios functions is assigned to a particular "F" parameter, each of
the other digital ratios functions can be sequentially selected for that parameter by
depressing the NXTV pushbutton. The 3-digit select code and mnemonic code for each
of the digital ratios functions are as follows:

Select Code Mnemonic Code Function
300 DIGITAL RATIOS  Activates the DIG RATIO status display (PAGE 7)

to permit specifying either the net or gross area
of any region bracketed by the left and right
markers as either the numerator or denominator
of any of the 12 digital ratios, deleting any
one or all defined ratios or restoring the
markers to bracket the numerator or
denominator region of any ratio.
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Select Code Mnemonic Code Function

301 RATIO LIST Outputs the digital ratios list at the input/output
device selected for the 101 parameter (Status
Page 4).

302 FREEZE Permits visual monitoring of digital ratios

during accumulation by freezing the periodic
update of the status display.

INSTALLATION

The Digital Ratios Packages consists of four 512 x 8 EPROM's (two firmware pairs)
which must be installed on the Firmware Option board (70-2434),

OPERATION
DIGITAL RATIOS Function

The DIGITAL RATIOS function is selected for the F1 parameter (Status Page 4) and
performed as follows:

1.  Select Status Page 4.
2.  Set the display cursor to the F1 parameter using the CRSR pushbutton.

3.  Enter 300 ot the operand pushbutton array and depress the ENTER pushbutton.
DIGITAL RATIOS is displayed for the F1 parameter.

4.  Set the display cursor to the PAGE parameter using the CRSR pushbutton.

5.  Enter 7 ot the operand pushbutton array and depress the ENTER pushbutton.
Status Page 7 is displayed.

6.  Depress the SHIFT pushbutton to select the right (>>) direction and depress the

F1/F2 pushbutton, The DIGITAL RATIOS parameters as shown and described below are
displayed on Status Page 7.
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DIGITAL RATIOS Status Parameter Display

-FAGE PR CIG RATIO
HO RATIO LMEK HUM AREA LHMRK DEN ARER
1 @ 218 17V3H 22117 17VES 2Taz1
2 B 612 ZBHEN 2423 282056 SYAZ
ESrS- 5 286G F1a2 174506 2V
4 8,122 1745N 547 I2aN E5TE
5 B 325 304G iz 17EN 22117
7 o8. 2ee 22406 18z  47EG 27rdzl
5 8. 237 S840N E5TE 1T7TEN 22117
18 6. 838 174506 I =1 e 27|zl
11 8. 5322 2ZBEN 3433 228N E5TE
12 8. 325 22806 Tige  1TEN 22117
LMRK 1 RHE} 2E47
DGRP 1
DIGITAL RATIOS Status Parameter Descriptions
Parameter Description
NO Ratio number 1 = 12,
RATIO Ratio value in fixed decimal notation (0.000 to 99999).
LMRK Numerator region left marker channel number and N or G

for net or gross areq; respectively.

NUM AREA Numerator region area (1 to 108-]). A value of 108 will
displace N or G character.

LMRK Denominator region left marker channel number and N or G
for net or gross area, respectively.

DEN AREA Denominator region area (1 to 108-1). A value of 108 will
displace N or G character.
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Parameter DescriEfion

LMRK Current left marker channel number.
RMRK Current right marker channel number.
DGRP Current display group number.

DIGITAL RATIOS Set-up

After selecting and entering the DIGITAL RATIOS function as described above,

any overlapping or non-overlapping region in any group can be selected and entered
either as the numerator or denominator for any of the 12 ratios as follows:

1. Set the display cursor to the DGRP parameter using the CRSR pushbutton.

2.  Enter the desired display group number at the operand pushbutton array and
depress the ENTER pushbutton.

3.  Bracket the desired spectral region with the markers.

NOTE: The markers can be positioned to bracket any spectral region using the MPOS and
MSPN pushbutton; or by setting the display cursor first to the LMRK and then the RMRK
parameter, entering the respective left and right channel number at the operand pushbutton
array and depressing the ENTER pushbutton after each marker channel number entry,

4.  Set the display cursor to the desired ratio NO parameter using the CRSR pushbutton,
5.  Define the net or gross area of the spectral region bracketed by the markers as the
numerator or denominator of the selected ratio by entering one of the following two-=letter

codes at the operand pushbutton array, and then depressing the ENTER pushbutton.

a. Enter NN (66) to define the net area of the spectral region as the numerator of the
ratio.

b.  Enter GN (46) to define the gross area of the spectral region as the numerator of the
ratio.

c. Enter ND (63) to define the net area of the spectral region as the denominator of
the ratio.

d.  Enter GD (43) to define the gross area of the spectral region as the denominator of
the spectral region.
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6.  Repeat steps 3, 4 and 5 to define the net or gross areas of numerator and denominator
regions to each ratio desired. Up to 12 ratios can be defined and the definitions can be
performed in any order desired. Peak ratios can be obtained by setting the markers to select
regions of one channel width, i.e., by setting the left marker at the peak channel and

the right marker in the adjacent channel. However, these regions must be defined either
as the gross numerator (GN) or gross denominator (GD) of a ratio.

NOTE: If the spectral regions to be defined are located within more than one memory
group, repeat steps 1 and 2 whenever a change in display group is desired.

7.  Delete any defined ratio by setting the display cursor to the desired ratio NO
parameter, depressing the minus (=) pushbutton and entering R (7) at the operand pushbutton
array, and then depressing the ENTER pushbutton.

8.  Delete all defined ratios by setting the display cursor to any ratio NO parameter,
depressing the minus (~) pushbutton and entering A (2) at the operand pushbutton array,
and then depressing the ENTER pushbutton.

9.  Restore the markers to bracket the spectral region in any group which was originally
used to define the numerator or denominator of any ratio by setting the display cursor to the
desired ratio NO parameter, entering either of the following two-letter codes at the
operand pushbutton array, and then depressing the ENTER pushbutton.

a.  Enter RN (76) to restore the markers to bracket the numerator region of the ratio.
b.  Enter RD (73) to restore the markers to bracket the denominator region of the ratio.

RATIO LIST Function

The RATIO LIST function is performed by depressing the corresponding "F" pushbutton,
The RATIO LIST function can be terminated at any time by depressing the STOP pushbutton.

The following is an example of the summary report generated by the RATIO LIST function.
In this example, the RATIO LIST function was assigned to the F1 parameter (Status Page 4)
and performed by depressing the F1 pushbutton with line printer (LP) assigned to the 101
parameter (Status Page 4) for output of the RATIO LIST summary report.

NOTE: When the 101 parameter (Status Page 4) is blanked to select the CRT display,
the summary report is displayed following the last line of the current status page.
However, due to the number of characters per line limitation of the CRT display, the
summary report will be in an overlapped and staggered array .
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Summary Report

DIGITAL RATIO= L
o NLUMERATOR CENOMIMNATOR

HO RATIO SRP LMEK MU FERK N/G ARER GREF LMEK  FW FERE
1 8. 121 2 42 14 51, HEEN = 4z 14 S1. HERG
2 8. 8e: 2 g2 12 &5, aRaEN z ERIC I 5, BEEG
o8 218 = SE 1= 57, BAEN = SE 1z SV, B
4 8. 5V3 4 19 18 15, gaan 4 I 15, daas
5 B 835 168 22 = IH. AEAN 1e 22 1= e s
s OB B35 28 17 1 25, BEEN 25 17 1& 25 B8
7oE Fis E1 23 21 FE. BEEN S | a0 21 TR, BEEG
o8 123 31 e 21 FE. EEEN SEan e 42 14 Sl 86
22085 1e 22 1= ZE. BEAG SELLY & a9 1z 5, BEEk
18 350 ZV = 581X 57, BEEG 1av4ze 21 Se 21 FE.EBE
11 |, 2ed4 =1 a2 21 TE. BHAG SvEl & e 1z 5 HEAG
12 |, 8581 z 9 1s =5, BEEN 229G 1 12E48 125 888G

Summary Report Parameter Descriptions

Parameter Description

NO Ratio number 1 = 12,

RATIOS Ratio value in fixed decimal notation (0.000 - 99999).
NUMERATOR/GRP Numerator region group number.

NUMERATOR/LMRK Numerator region left marker channel number.

NUMERATOR /MW Numerator region marker channel width in number of channels.

NUMERATOR/PEAK Numerator region peak channel location in fixed decimal
notation (0.001 - 9999.999).

NUMERATOR N/G Numerator region net (N) or gross (G) area indicator.

NUMERATOR AREA Numerator region area (1 to ]09-1). A value of 107
will displace N or G indicator.
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Parameter Description

DENOMINATOR/GRP Denominator region group number,
DENOMINATOR/LMRK Denominator region left marker channel number.

DENOMINATOR/MW Denominator region marker channel width in number of
channels.

DENOMINATOR/PEAK Denominator region peak channel location in fixed decimal
notation (0.001 - 9999,999.)

DENOMINATOR N/G Denominator region net (N) or gross (G) area indicator.

DENOMINATOR AREA Denominator region area (1 to 109-1). A value of 107
will displace N or G indicator,

FREEZE Function

The FREEZE Function is performed by depressing the corresponding "F" pushbutton.
When the FREEZE function is activated, it locks out the periodic update of the status
display to permit live monitoring of the digital ratios during data acquisition.

CAUTION: Since the FREEZE function locks out the periodic update of the status display,
care must be exercised in its use as various parameter values and system functional displays
may not reflect their true current state.

The FREEZE function can be positively terminated by depressing the STOP pushbutton,
If the SHIFT pushbutton is not depressed to change the direction after the FREEZE function

is activated, depressing the corresponding "F" pushbutton a second time will also terminate
the FREEZE function.
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TECHNICAL
SPECIFICATIONS

NUCLEAR DATA INC
Golf and Meacham Roads
Schaumburg, lllinois 60196
Telephone (312) 884-3621

ND600 Digital Ratios Package (47-0071)

The ND60O Digital Ratios Package permits monitoring
up to 12 digital ratios between net areas, gross areas
or combinations of net and gross areas in overlapping
or non-overlapping regions in any memory group.
Either the net or gross area of any region bracketed
by the left and right markers can be specified as
either the numerator or denominator for any of the
12 digital ratios. The ratios are dynamically computed
for monitoring live during data acquistion. The
package also permits generating a summary report at
an optional hardcopy peripheral device.

The Digital Ratios Package provides three functions:
digital ratios setup, output digital ratios list, and
freeze status update. Any of the digital ratios functions
can be assigned to any of the “F” status parameters

by entering its select code (30X) and performed by
depressing the corresponding “F” pushbutton. When
any one of the functions is assigned to a particular “F”
parameter, each of the other functions can be
sequentially selected for that parameter by depressing
the NXTV pushbutton.

DIG RATIO Function (300)

Activates the DIG RATIO Status Display (PAGE 7)

to permit specifying either the net or gross area of
any region bracketed by the left and right markers as
either the numerator or denominator of any of the
12 digital ratios, deleting any one or all defined ratios
or restoring the markers to bracket the numerator or
denominator region of any ratio.

RATIO LIST Function (301)

Outputs the digital ratios summary report at the

101 device.

FREEZE Function (302)

Permits visual monitoring of the digital ratios during

data acquisition by freezing the periodic update of
the status display.

The Digital Ratios Package consists of four 512 x
8 EPROM'’s (two firmware pairs) which require the
Firmware Option Board (70-2434) for installation.

Digital Ratios Status Parameter Display

-FAGE 7o DIG RATIO

HO EATIO LMREE NUM AREA LMEX DEN AREFA
1 @ 2513 172N 22117 ATEG TEIL
2 8. 612 2AZH 4T ZEIG 1%
I 7331 228G 22 ATASE SFE
4 @129 1745N 547 =EEN ESTH
B A I2S 388G 71 17EN 2E117
T A ZEE  2E4G F1EE 1TEG 2TEEL
g8 @, 237 926N ES7TH  ATEH 2E1AT
18 8. A36 174506 AT ATEG 27Ez1
11 @ S3I2  28:N I433 FSAN ESTH
12 @, 325 28605 F1E2  ATEN 22147
LHRE 1 RMRE 247
DGRF 1

Digital Ratios Status Parameter Descriptions
NO—Ratio number 1-12.

RATIO—Ratio value in fixed decimal notation (0.000
to 99999).

LMRK—Numerator region left marker channel number
and N or G for net or gross area, respectively.

NUM AREA—Numerator region area (1 to 10%-1). A
value of 108 will displace N or G character.

LMRK—Denominator region left marker channel
number and N or G for net or gross area, respectively.

DEN AREA—Denominator region area (1 to 10%-1).
A value of 108 will displace N or G character.

LMRK—Current left marker channel number.
RMRK—Current right number channel number.

DGRP—Current display group number.



Digital Ratios Summary Report

CIGITAL RATID:

NUMERRATOR CENOMINATOR
HO RATIO GRF LMEE MW FEAEK NG ARER GEF LMEE MW FEAE MNAG
1 8. 13 = 42 14 1. 8EEN SI0E 2 42 14 51 HEAG 4
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4 @ 575 4 ida 1@ 15, BEaEN 1 4 1@ 1w 15, 8EaG B
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R < D L S, § 52 21 TE. AN SEne 34 a2 TE, QARG o
S| 127 =1 a2 21 TE. BAAN 5298 e 42 14 5S4, #3@aaG 43!
92285 18 22 1B A BREG SRHELT 2 LT e S5, REERN =
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11 @ 284 =1 221 TE. AEEG Srol = 22 1z S5, BERS =28
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Digital Ratios Summary Report Parameter
Descriptions
NO—Ratio number 1-12. DENOMINATOR/GRP—Denominator region group
RATIOS—Ratio value in fixed decimal notation number.
(0.000-99999). DENOMINATOR/LMRK—Denominator region left
NUMERATOR/GRP—Numerator region group marker channel number.
number. DENOMINATOR/MW—Denominator region marker
NUMERATOR/KMRK—Numerator region left marker ~ cnannel width in number of channels.
channel number. DENOMINATOR/PEAK—Denominator region peak
NUMERATOR/MW— Numerator region marker channel location in fixed decimal notation
. . (0.001-9999.999).
channel width in number of channels.
NUMERATOR/PEAK—Numerator region peak EEN(SLVII(I\CI:IA)\TOR I_\I/(?—tDenommator region net (N)
channel location in fixed decimal notation " gross area indicator.
(0.001-9999.999). DENOMINATOR AREA—Denominator region area
. ° will di
NUMERATOR N/G—Numerator region net (N) or .(1 to 10°-1). A value of 10° wil displace N or G
- indicator.
gross (G) area indicator.
NUMERATOR AREA—Numerator region area (1 to
10°%-1). A value of 10° will displace N or G indicator.
Specifications subject to change.
NUCLEAR DATA INC Printed in U.S.A. 10/77 PS 1038 2.5
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CHAPTER Xl
ND600 SERIAL INPUT/OUTPUT INTERFACE (70-2437)

DESCRIPTION

The NDé600 Serial Input/Output Interface permits serial input/output data transfer between
the ND600 System and any one of the following input/output peripheral devices: Teletype
Model 33ASR Automatic Send/Receive Set, Texas Instruments Model 743 or 733 Terminal
Printer or Digital Equipment Corporation Model LA36 Writer. It also permits serial output

of all status page information and any of the various tables and reports generated by

optional ND&00 Firmware Packages. The interface also serves as a serial data communicator/
controller interface to permit data, control and status transfer between ND600 Systems or
between the ND600 System and another system. Input/output transfer rates are selectable

from 50 to 9600 baud (depending upon device) via EIA R$-232-C Data Terminal Transmit/
Receive Type D discipline.

Data input can be from the Teletype keyboard and/or paper tape reader, the Tl terminal
printer keyboard and/or magnetic tape cassette (733 ASR), or the DEC writer keyboard.
Data output is to the Teletype printer with or without punching paper tape, the TI terminal
printer and/or magnetic tape cassette (733 ASR), or the DEC writer.

All interface circuitry for any one of these input/output peripheral devices is contained

on a half-width printed circuit board which plugs into any of the eight available half-
size board connector slots in the front board housing of the ND600 Electronics Enclosure .

The basic ND600 System contains the firmware required for supporting any one of the
serial input/output devices. If more than one serial input/output interface and peripheral
device is ordered with the system, or if the serial input/output interface is to be used as
a serial data communicator/controller channel, one additional firmware pair is required
which must be installed on the Firmware Option board (70-2434),



TECHNICAL SPECIFICATIONS

BCDilnput Output Code: 8-bit BCD coded ASCII in a standard 8-level, 10 -unit (11-unit for
Teletype) serial time code format (one start bit, an 8-bit ASCII character, one or two stop
bits) via EIA R$-232-C Data Terminal Transmit/Receive Type D discipline.

Binary Input/Output Code: Standard 10 or 11-unit serial time code (one start bit, an 8-bit
word and one or two stop bits) via EIA RS-232-C Data Terminal Transmit/Receive Type D
discipline.

Input/Output Rates: Teletype = 110 baud. Terminal Printer/Keyboard = 300 baud.
Magnetic Tape Cassette (733ASR) - 300 baud. DEC Writer = 300 baud. Serial Data
Communicator/Controller - Selectable from 50 to 2400 baud (or up to 9600 baud with
hardware "handshake" discipline) .

BCD Data Format: Eight characters per channel - Six BCD coded digits of data, one
space character, and one rubout (delete for Teletype) character; every tenth space and
rubout are replaced by carriage return and line feed. Carriage return and line feed also
follow the last channel readout. Printout of non-significant zeroes is suppressed

(i.e., replaced by space).

Binary Data Format: Four six-bit binary bytes per channel with each byte transferred in
the serial time code as the six least significant bits of the 8=bit word. Bit 8 of the 8-bit
word is always logic 1 during transfer of the least significant binary byte.

BCD Identification of Channels Containing over One Million Counts: The character "M"
is encoded in the first data digit and the remainder of the count over one million in the
next five digits.

BCD Readout Format for All Channels in the Current Display Group: Consists of the current
elapsed acquisition live time, carriage return/line feed, first channel address, carriage
return/line feed, first channel content and the content of each channel and the address

of every 100th channel within the current display group. A carriage return/line feed
occurs after output of the content of each channel whose address ends in nine and after
output of every 100th channel address. Channel addresses are preceded by the character
"@" to distinguish them from channel contents.

BCD Readout Format for Channels in Marker Defined or Intensified Regions: Consists of

the current elapsed acquisition live time, carriage return/line feed, start channel address,
carriage retum/line feed, start channel content, the content of each channel and the
address of every 100th channel up to the stop channel, Stop channel address, and carriage
return/line feed for the marker defined or each intensified region within the current display
group. A carriage return/line feed occurs after output of the content of each channel
whose address ends in nine and after output of every 100th channel address. Channel
addresses are preceded by the character "@" to distinguish them from channel contents,
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BCD Readout Format for Intensified Region Totals: Consists of the current elapsed acquisition
live time, carriage retumn/line feed, start channel address, the total number of counts in

the region (two 6~digit words containing the six most and six least significant digits,
respectively), stop channel address and carriage return/line feed for each intensified

region within the current display group. Channel addresses are preceded by the character
"@" to distinguish them from region totals.

Communicator Control Word Format: Bits 1 through 7 of the 8~bit control word are
encoded to command data acquisition, data input/output, status input/output, any other
keyboard command, keyboard enable/disable or display on/off.

Power Requirements: +5Vde @ 0.5A. +12Vdc @ 50 mA. -12Vdc @ 25 mA.
Dimensions: Standard half-size board (8.5-in. I. x 5.2-in. w.)

Poﬁ' Number: 70-2437.

INSTALLATION

Prior to installing the Serial Input/Output Interface, refer to Chapter 11, noting the instal-
lation procedure for optional system component boards and the location of the board
connectors in the ND600 Electronics Enclosure. The Serial Input/Output Interface is
installed as follows:

1. Carefully unpack the Serial Input/Output Interface board(s), the Firmware Option
Board (if included with the shipment) and the serial input/output peripheral device(s),
saving the shipping cartons for possible reshipment. Thoroughly inspect the equipment for
damage ofter its removal from the shipping cartons. If damage incurred during transit is
apparent, notify the delivering carrier and then notify the nearest Nuclear Data
representative or the Nuclear Data home office.

NOTE: The delivering carrier must be notified within 24 hours after receipt of the equip-
ment to ensure reimbursement for any damage incurred during transit.

2. Locate the serial input/output device(s) adjacent to the ND&0O Electronics Enclosure
(or the cabinet in which the ND600 Electronics Enclosure is installed) .

3. Remove ac power from the ND600 System by setting the POWER OFF/ON switch on the
rear of the ND600 Electronics Enclosure to OFF,

4. Remove the front panel, top and rear cover retaining screws and remove the front
panel, top and rear covers from the ND600 Electronics Enclosure.

5. IfaFir ion Board (70-2434) was included in the shipment, insert it into the {
fi ilable full-size board connector slot from the top of the front board housing in the
ND&00 Electronics Enclosure such that the component side of the board is at the top. o
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6. Insert the Serial Input/Output Interface Board (70-2437) into any available board
connector slot in the front board housing of the ND600 Electronics Enclosure such that the
component side of the board is at the top.

NOTE: To ensure proper propagation of the daisy-chained interrupt signals, ascertain
that the Serial Input/Output Interface board is inserted into the first available option
location (lowest available option number) in accordance with the diagram shown on
$70-2419 (ND-MMF) in the System Diagram Section.

7. Interconnect the Serial Input/Output Interface board to the appropriate serial input/
output interface device by performing the following steps, which are applicable.

8. Connect the internal cable harness (contains a 25-pin female chassis mount connector
on one end and an interface board female mating connector on the other end) between the
Serial Input/Output Interface board and the rear panel of the ND&00 Electronics Enclosure
as follows:

NOTE: If the Serial Input/Output Interface board and device are ordered with the ND600
System, the internal cable harness is installed prior to shipment from the factory.

a. Remove the cover from the inside of one of the five connector openings or the rear panel
of the ND600 Electronic Enclosure, insert the 25-pin female chassis mount connector into the
opening (from the inside, connector pins facing toward the rear), fasten the connector to the
rear panel and label the connector according to the device being used (TTY, TI1743 or 733,
DEC WRITER or RS-232).

b. Lead the interface board female mating connector on the other end of the internal cable
harness across the top of the ND600 Electronics enclosure and insert the connector into the
male connector on the rear of the Serial Input/Output Interface board for the device being
used such that the color mark on the ribbon cable is at the right when viewing the ND600
Electronics Enclosure from the front.

Teletype Interconnection

NOTE: If the Serial Input/Output Interface board and Teletype are ordered separate from the
NDé600 System, connect the internal cable harness between the Serial Input/Qutput Interface
board and the rear panel of the ND600 Electronics Enclosure as described in step 8.

9. Insert the 25-pin male connector on the ribbon cable extending from the rear of the
Teletype into the 25-pin female connector designated TTY on the rear panel of the ND600

Electronics Enclosure.

10.  Connect the ac line cord from the Teletype to a conveniently located ac outlet.
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T1 743 or 733 Terminal Printer Interconnection

NOTE: If the Serial Input/OQutput Interface board and Tl 743 or 733 Terminal Printer are
ordered separate from the ND600 System, connect the internal cable harness between the Serial
Input/Output Interface board and the rear panel of the ND600 Electronics Enclosure as described
in step 8.

11, Connect the Terminal Printer interface ribbon cable (contains a 25-pin male connector

on one end and either a 15-pin female connector or a female card edge connector on the
other end) between the Tl 743 or 733 Terminal Printer and the rear panel of the ND&00
Electronics Enclosure as follows:

a. Insert the 25-pin male connector on one end of the interface ribbon cable into the
25-pin female connector designated Tl 743 or 733 on the rear panel of the ND&00 Electronics
Enclosure.

b. Insert the 15~pin female connector or the female card edge connector on the other end
of the interface ribbon cable into the 15~pin male connector or the male card edge connector
on the rear of the Tl 743 or 733 Terminal Printer, respectively.

12.  Connect the ac line cord supplied with the Tl 743 or 733 Terminal Printer from the ac
line receptacle on the rear of the Tl 743 or 733 Terminal Printer to a conveniently located ac
outlet.

LA-36 DEC Writer Interconnection

NOTE: If the Serial Input/Output Interface board and DEC Writer are ordered separate
from the ND600O System, connect the internal cable harness between the Serial Input/Output
Interface board and the rear panel of the ND600 Electronics Enclosure as described in step 8.

13.  Insert the 25~pin male connector on the ribbon cable extending from the bottom rear of
the DEC Writer into the 25-pin female connector designated DEC WRITER on the rear panel of the
ND600 Electronics Enclosure.

14.  Connect the ac line cord extending from the bottom rear of the DEC Writer to a conveniently
located ac outlet.

Serial Communicator/Controller Interconnection

NOTE: If the Serial Input/Qutput Interface board strapped for use as the Serial Communicator/
Controller is ordered separate from the ND60O System, connect the internal cable harness
between the Serial Input/Output Interface board and the rear panel of the ND600 Electronics
Enclosure as described in step 8.

15.  Insert the 25-pin male connector on the RS-232 interunit cable from the controlling
device into the 25-pin female connector designated RS-232 on the rear panel of the ND600
Electronics Enclosure.



NOTE: The signals (in compliance with EIA RS=232~C specifications) available af the pins
of the 25~pin male connector on the communicator interface cable is as follows:

25-pin (EIA RS=232~C Compatible)
Male Connector Pin. No. Signal

Protect Ground
Transmitted Data
Received Data
Request to Send
Clear to Send

Data Set Ready
Signal Ground

Data Terminal Ready

NNOODEWN —=

o

16.  After completing interconnection of the Serial Input/Output Interface board(s) to the
corresponding serial input/output peripherial device(s), replace the front panel, top and rear
covers on the ND600 Electronics Enclosure.

CAUTION: Do not operate the ND600 System without the front panel, top and rear covers

installed as this will hamper operation of the cooling fans and may result in damage to the
system,

17. Return ac power to the ND600 System by setting the POWER OFF/ON switch on the
rear of the ND600 Electronics Enclosure to ON.

OPERATION

The following are typical procedures for data readout from the ND600 System to the serial
input/output peripheral device(s) and data read=in to the ND600 System from the appropriate
device(s). These procedures assume the Serial Input/Output Interface board(s) and the
corresponding serial input/output peripheral device(s) have been properly installed and

that the user has referred to the operating instructions contained in the instruction manual

on the respective device(s).

Data Readout Procedure

NOTE: Prior to performing the following procedure, load the appropriate device with
fanfold or roll stock printer paper and paper tape (if device is a Teletype) as described
in the instruction manual on the respective device.

1. Set the respective device on=line as follows:
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Teletype

a. Set the Teletype LINE/OFF/LOCAL switch to LINE,

NOTE: If BCD formatted punched paper tape is desired in addition to hard copy, engage the
Teletype punch mechanism by depressing the ON pushbutton of the Teletype paper tape
punch.

743 Terminal Printer

b. Set the 743 Terminal Printer POWER switch to the rear.

c. Select 30 CPS (300 baud) by releasing the LOW SPEED key.

d. Select Full Duplex by releasing the HALF DUPLEX key.

e. Depress the ON LINE key.

733 Terminal Printer
f. Set 733 Terminal Printer POWER switch to ON and ON LINE/OFF switch to ON LINE,

g. Set internal SPEED switch to HI (300 baud) and DUPLEX switch to FULL,

NOTE: If the 733 Terminal Printer includes a magnetic tape cassette system (ASR version),
select the printer by setting the PRINTER switch located on the switch panel to LINE,
Refer to the operating instructions in the instruction manual on the 733 ASR Terminal
Printer for selection of, and readout to, a magnetic tape cassette in addition to, or instead
of, the printer.

LA36 DEC Writer
" h. Set the LA36 DEC Writer PRINTER rocker switch to ON,

i. Select 300 baud by releasing the BAUD RATE/110 key and depressing the BAUD RATE/
300 key.

j. Select Full Duplex by releasing the FDX HDX key.

k. Select LINE by releasing the LINE LOC key.

2, Select Status Page 4.

3. Select the input/output device, mode and data for IO1 as follows:

NOTE: If 102 is desired, substitute 102 for 1O1 in the following steps.
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4, Set the display cursor to the IO1 parameter using the CRSR pushbutton and depress the
NXTV pushbutton to select TTY,

NOTE: If only one serial input/output interface and peripheral device is included in the
system, that device is always assigned as the TTY device. [f more than one interface and
device is included, the second device is assigned as the SU1 device. The serial data
communicator/controller channel is assigned as the SU2 device.

5. Set the display cursor to the |O1/MODE parameter using the CRSR pushbutton and
depress the NXTV pushbutton to select BCDO (BCD formatted output).

6. Set the display cursor to the 101/DATA parameter using the CRSR pushbutton and depress
the NXTV pushbutton to select ALL (all channels in the current display group), MRKR (the
channels between the markers), ROI (the channels in the intensified regions of interest),

TOT (the intensified region of interest totals) or STAT ( the information in the current status
page).

NOTE: Only data records which are punched on paper tape or written on cassette where
all channels (ALL) is selected can be properly read back into the ND600. X/)

7. Depress the 101 pushbutton. Readout of the selected data to the selected device will
now begin. Readout will continue until the selected data is completely readout, at which
time, readout is automatically terminated. Readout can be terminated at any time by
depressing the STOP pushbutton,

NOTE: During readout of spectral data, a marker is displayed at the channel currently
being read out.

8. To generate a trailer (sprocket punches only) after punching a data record on paper
tape at the Teletype, set the LINE/OFF/LOCAL switch to LOCAL and depress and hold
the HERE IS key for a few seconds.
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Sample Data Printout

37
eo

0
1749
1489
1903

1850

1462
1366
1430
9&2
&10
2100
&34
3408
BEE
713&
&10
&22
632
536
429
1513
€200
652
296
1388
191
44
28

317
C?ISZ
= 432
1513
C:zee
652
296

1388
191

37
el
@99
@] 82

[1668 2907  393&
- 2102 1847 1699
1506 1548 1580
1997 2122 2082
1746 1670 1613
1332 1517 1451
" 1434 1467 1382
1466 1371 1318
982 927 901
865 §53 §49
§93 1007 1186
3645 3145 2761
&l4 771 124
194 188 189
&55 853 &49
&1 B38 191
633 606 549
519 Sv4 513
429 432 422
1618 1786 1821
510 3&2 305
387 514 629
1282 1137 952
169 138 101
35 44 50
35 25 36
Sample Region Printout
422 483 5%1
S lels 1786 1821
510 382 305
387 514 629
1282 1137 952
e231
230
Sample Totalization Printout
0 12615 @6
® 45303 eles
0 228&8&5 e206
@ 17494 @232

@20y

2547

N

120
1679

266
83&
792
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1555 |
Taa4

1569
2155
1616
1436
1412
1356

906

808

1896
1818
157
804
854
1715
521
554
581
16&8

211
1815
689
&3
41
35

889
1688

2117
1015
689

1381
1478
1668
2099
1461
1436
1395
1229

934

186

2460
1479
731
K2&
870
146
- 510
513
120
1459

187

1204
527
&5
35

1093
1459
1&7
1204
527

1412
1521
1608&
1997
1421
1392
1424
1220

&&7

795

2991
1215
712
189
943
7136
534
S92
88Y
1249

211
1241
408
49
39

4 FF
1259 ¢

1249

211

1241
408

150&
1571
1655
1833
1499
1354
1440
1077

9929

&V3

3400
1093
167
823
#s52
665
S44
465
1093
1020

211
1430
325
63
29

1020

211
1430
325

1523
1542
1888
1809
1462
1464
1451
o6l
&53
&34

3108
913
169
833
&3&
6517
556
403

1259
&4l

221
1380
262
62
26

641

221
1380
262



Data Read=in Procedure

NOTE: If the serial input/output peripheral device interconnected to the ND600 System is
either a Teletype or a 733 ASR Terminal Printer, a data record previously punched on paper
tape at the Teletype punch or written on a magnetic tape at the 733 ASR Terminal Printer
from all channels can be read into the ND600.

1. To read-in a data record punched on paper tape from the Teletype, set the START/FREE/
STOP switch to FREE, load the paper tape containing the data record into the Teletype
reader with the leader (sprocket punches only) above the read head, and set the START/FREE/
STOP switch to START.

2. To read-in a data record written on a magnetic tape cassette from the 733 ASR Terminal
printer, refer to the operating instructions in the instruction manual on the 733 ASR Terminal
Printer for selection of, and read=in from a magnetic tape cassette.

3. Select Status Page 4.

4. Set the display cursor to the IO1 (or 102, if desired) parameter using the CRSR push-
button and depress the NXTV pushbutton to select TTY,

NOTE: If read~in of a data record written on a magnetic tape cassette is desired and the
733 ASR Terminal Printer is not assigned as the TTY device, depress the NXTV pushbutton
to select the SUT device.

5. Set the display cursor to the 101 (or 102)/MODE parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select BCDI (BCD formatted input).

6. Set the display cursor to the 101 (or 102)/DATA parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select ALL.

7. Depress the IO1 (or 102) pushbutton. Data read-in from the selected device will

now begin. If the number of channels in the data record being read is equal to the number
of channels in the current display group, data read~in will continue until the data record
is completely read, at which time, read~in is automatically terminated. If the number

of channels in the data record being read is greater than the number of channels in the
current display group, data read-in automatically terminates when the selected channels
are filled. Read-in can be terminated at any time by depressing the STOP pushbutton.
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Keyboard Read=~in Procedure

The keyboard of a serial input/output peripheral device can be used to enter and display
up to 20 lines of up to 36 characters each of user selected alphanumeric information on any
of the eight available status pages. The information entered can be any special parameter
data which can be defined using the ASCII character keys available on the keyboard of the
peripheral device, such as a date, time, title, or other information the user desires to
identify or label a particular experiment. The procedure for entry of information from the
keyboard of a peripheral device is as follows:

1. Select Status Page 4.

2. Set the display cursor to the 101 (or 102, if desired) parameter using the CRSR push-
button and depress the NXTV pushbutton to select TTY.

NOTE: If the peripheral device from which read=in is desired is not assigned as the TTY
device, depress the NXTV pushbutton to select the SUT, SU2 or SU3 device to which it
is assigned.

3. Set the display cursor to the IO1 (or 102)/MODE parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select BCDI (BCD read-in mode).

4. Set the display cursor to the 101 (or 102)/DATA parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select STAT (status display).

5. Select the Status Page on which information entered is to be displayed.

6. Depress the 101 (or 102) pushbutton. This selects the BCD read-in mode to the status
display from the keyboard of the selected peripheral device. This mode is indicated by a
colon (:) being flashed on the display in the first character location of the line below the
last line of alphanumeric data contained on the selected status page. After entry into
this mode any sequence of characters available at the keyboard of the selected peripheral
device may be entered and displayed using the space key where desired and carriage
return/line feed to select the next line. As characters are entered and displayed, the
flashing colon (:) moves to the next character location to the right or to the next line
when carriage return/line feed is entered. If more than 36 characters are entered in any
line, the excess characters will overlap those previously entered starting with the first
character of the line. When the last line on the selected status page is filled, entry of
status information is terminated, i.e. any further character entries are ignored.,

NOTE: The information entered and displayed can be removed from the current status page
at any time by depressing the STOP pushbutton. If the information is to be retained for
readout to an X-Y plotter, avoid depressing the STOP pushbutton until the plot operation
has been performed as this will require re=entry of the information into the status display.
The information entered in the status display can also be readout to the peripheral device
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by assigning it as the IO1 device in the BCDIl mode to STAT and as the 102 device in the
BCDO mode from STAT, or vice versa. Then, depress the IO1 pushbutton to permit entry
of information into the status display from the keyboard of the peripheral device, terminate
entry of information by depressing the EOT (end of transmission) key at the keyboard of the
peripheral device, and depress the 102 pushbutton to readout the status information to the
peripheral device.

The keyboard of a serial input/output peripheral device can also be used to enter numerical
information into any data channel or any sequential group of data channels. The procedure
for inputting numerical information from the keyboard of a peripheral device is as follows:

1. Select Status Page 4.

2. Set the display cursor to the 101 (or 102, if desired) parameter using the CRSR
pushbutton and depress the NXTV pushbutton to select TTY.

NOTE: If the peripheral device from which read=in is desired is not assigned as the TTY
device, depress the NXTV pushbutton to select the SU1, SU2 or SU3 device to which it is
assigned.

3. Set thedisplay cursor to the 101 (or 102)/MODE parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select BCDI,

4. Set the display cursor to the 101 (or 102)/DATA parameter using the CRSR pushbutton
and depress the NXTV pushbutton to select MRKR.

5. Select Status Page 1 and set the left marker to the first channel into which information
is to be entered.

6. Depress the 101 (or 102) pushbutton. This selects the BCD read=in mode to the channels
between the markers from the keyboard of the peripheral device. This mode is indicated by
a colon (:) being flashed on the display in the first character location of the line below the
last line of alphanumeric data contained in the current status page.

7. Sequentially enter the numerical value for each data channel starting with the left
marker channel, entering a space after each value and carriage return/line feed to select
the next line. The values are displayed on the line as entered and also as a display
point in the channel in which they are entered. This mode can be exited at any time by
depressing the STOP pushbutton. This removes the flashing colon (:) and the line(s) of
numerical entries from the display. However, the values entered into the data channels
will remain until the ERASE pushbuttons are simultaneously depressed.
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Serial Data Communicator/Controller Channel

When the Serial Input/Output Interface board is strapped for use as a data terminal, it
provides a serial data communicator/controller channel for an external device or computer

to control sending and receiving of both data and commands between the controlling
device and the ND&00 Systems.

External control of the ND600 by an external controlling device requires generation of a
program which uses commands in the same manner as an operator uses the pushbuttons to
select and initiate operations at the ND600 System. As an aid in writing this controlling
program,_descriptions of the command codes and their use in simulating the actions of the
ND600 pushbutton are included in the following paragraphs.

NOTE: The data and control word formats are described in the Technical Specifications
(Page 11-3).

General Information / el =
When the ND600 receives an external command, it sends an l;ocknowledge code @Oég)i back

to the controller to signify that it has accepted this command and is ready to accept the next
command. Since the time between receipt of the external command and sending of the
acknowledge code varies depending on the specific command or on what the ND600 is
processing at the time of the command, the external controller must wait till it receives the
acknowledge code before it sends the next command. To signal completion of 1/O, the

ND600 sendsicode 074p§ However, certain commands can stop 1/O before it is completed.
These include the S command and any command that reconfigures the system, such

as group size or number of groups. In this case, the ND600 sends‘ code 075 !o signal

that 1/O has been stopped abnormally .

NOTE: Codes 0 - 374 are ignored completely as commands, i.e., they are never
acknowledged by code 006g.

When the ND60O is required to change certain parameters (PAGE, DGRP, LMRK, RMRK,
LE, RE, OGRP, GSIZ or GRPS), the external controller must wait an additional 100 msec
after receipt of the acknowledge signal before issuing any new commands. This additional
time is needed for the ND600 to complete its assignment and to insure that the new
commands will be properly executed.

NOTE: If desired, the Update command (17]8)‘can be issued in place of the 100 msec delay.

Full RS-232 control is supported by SU1 and SU2. If this is not desired, the Serial Input/
Output Interface board strapping or cabling must pull signal CTS (Clear To Send) high
(ND600 strapped for use as a Data Terminal) or signal RTS (Request fo Send) high (ND&00
strapped for use as a Data Set). If this protocol is used and signal RTS (or CTS) eminating
from the NDé0O is lost, e.g., by accidentally sending faulty serial data to the ND&0O,
recovery may be accomplished using one of the following methods:
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1. Send a legal extenal command, i.e., SHIFT (0748 or 075g), or

2, Set 101 (or 102) to SU2; its DATA as undefined (enter 0) and then depress 2 and the
IO1 (or 102) pushbutton.

NOTE: Since signal RTS (or CTS) is only asserted during data transfers when the TTY or
SUT device is selected, it is unlikely to be lost. However, if it is, recovery is accomplished

by re~initializing 1/0,

The NEXT VALUE command should be used with caution as the external controller will
encounter difficulty in determining the present value of a varidble or parameter,

Special Routines

The following special routines insure that the desired action occurs irrespective of the current
status of the ND600.

Operation Pushbutton Sequence Octal Codes Sequence
1. Stop Acquisition -, ACQ, -, ACQ 043, 100, 043, 100
# A & A
2. Start Acquisition -, ACQ, -, ACQ, ACQ 043, 100, 043, 100, 100
§ A & A A
3. Select a Status Page -, CRSR, Page #, ENTER 043, 072, XXX, 076
& -q: - NOTE: XXX is the octal
2= ( code of the desired page
7)) number (refer to Table 11-1).
Y- ¥
4. De-expand the Display = MOTION LEFT, EXPAND 117,064
&) 0e'

Setup For External Verification

The Serial Data Communicator/Controller facility, which is accessed via the SU2
designation (Special Unit 2) for an 1/O device (101 or IO2 parameter, Status Page 4),
provides a means of verifying proper receipt of external commands. This may be achieved
by having the ND600 transmit the status page to the external controller for verification
after entries have been modified. The following setup should be performed on Status

Page 4 to enable the feedback. It may be performed either at the ND600 keyboard or via
the external controller.

1. Set either IO1 or 102 to SU2.

estm

2. Set the MODE to BCDO.,
3. Set the DATA to STAT.
AT

4. Send the appropriate status page(s) to the external controller after each command
or series of commands. This is performed by externally commanding 101 or 102. Thus,
the status pages may be verified for the proper changes.
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Setup For Remote Operations

The following example illustrates the external command features of the ND600 System,

This example demonstrates the commands by which an external controller is able to stop

any currently operating functions of the ND600, the commands necessary to setup the
NDé00 for returning Status Page information for verification by the external controller

and the commands required to set up the ND600 in a typical auto analysis experiment

using the auto-job capability to actually control acquisition, processing and 1/O functions.

Operation Pushbutton Sequence Octal Code Sequence
1. Disable (Enable) No pushbutton exists for 175 (174)
keyboard to prevent this function,

modification of commands
by local operator.

2. Terminate operations
currently in process.

a. Stop auto=job, I/O STOP 106 s
or operational function, laa’e/
b. Stop acquisition -, ACQ, -, ACQ 043, 100, 043, 100

NOTE: This double sequence ensures acquisition is stopped regardless of its current state.
3. Setup 102 to send Status Page 4 to the external controller for verification,

a. Home cursor and -, CRSR, 4, ENTER 043, 072, 052, 076,
select Status Page 4, 100 msec delay or 171
wait 100 msec or
issue Update command.

b. Set 102/DATA para- CRSRUP (6 times), 072, 072, 072, 072, 072, 072,
meter to STAT, 7, 8,2, 8, ENTER 055, 056, 050, 056, 076
NOTE:(STADis entered as — e -« >
782870t operand pushbutton
array).

c. Set 102/MODE para~ CRSR UP (twice), 2, 2, 3, 072, 072, 050, 050, 051,
meter to BCDO 6, ENTER 054, 076

NOTE; BCDQ/is entered
a operand push-
buffon array.
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Oeerat jon

Set 102 parameter to
Su2.

Send Status Page 4 to
external controller for
verification.

Setup Status Page 1,

Home cursor and

select Status Page 1,
wait 100 msec or

issue Update command.,

Set GSIZ parameter
to 1024, wait 100 msec

or issue Update command.

GRPS parameter is auto-
matically calculated for
memory size.

Set D GRP parameter
to 2, wait 100 msec or
issue Update command.

Erase group 2 in
preparation for
auto job,

Set DGRP parameter
to 3, wait 100 msec or
issue Update command.

Erase group 3 in
preparation for
auto job.

Set LMKR parameter
to 40, wait 100 msec or
issue Update command.

Pushbutton Sequence

CRSR UP (twice), 7, 8, 2,
ENTER
NOTE: SU2 is entered as
782 at operand pushbutton
array .

102

-, CRSR, 1, ENTER

CRSR DOWN (5 times),
1, 0, 2, 4, ENTER

CRSR DOWN (3 times), 2,

ENTER

ERASE

3, ENTER

ERASE

CRSR DOWN, 4, 0, ENTER

11-16

Octal Code Sequence

072, 072, 055, 056, 050,
076

124

043, 072, 047, 076,
100 msec delay or 171

073, 073, 073, 073, 073,
047, 046, 050, 052, 076,
100 msec delay or 171

073, 073, 073, 050,

076, 100 msec delay or 171

102

051, 076, 100 msec delay
or 171

102

073, 052, 046, 076,
100 msec delay or 171



Operation

Set RMKR parameter
to 1023, wait 100 msec
or issue Update command

Send Status Page 1 to
external controller
for verification.

Setup Status Page 2 for desired acquisition parameters.

Home cursor and

select Status Page 2,
wait 100 msec or

issue Update command.

Set MODE parameter
to PHAC,

Set AGRP parameter

Set TBASE parameter
to 1.

Set TMULT parameter
to 1S.

Set PTIM parameter
to 100 seconds.

Set PTOT parameter
to 200,000 counts.

Set PLEV parameter
to 35,200 counts.

Set DOFF parameter
to 512 channels.
NOTE: ADC CONV
GAIN may be set to
2K, 4K or 8K,

Pushbutton Sequence

CRSR DOWN, 1, 0, 2
3, ENTER

102

-, CRSR, 2, ENTER

CRSRDOWN, 7, 4, 2,
2, ENTER

NOTE: PHAC is entered
as 7422 ot operand push-
button array .

CRSR DOWN (twice),
2, ENTER.

CRSR DOWN (twice), 1,
ENTER

CRSRDOWN, 1, 7,
ENTER

NOTE: 1S is entered as
17 at operand pushbutton

array .

CRSR DOWN, 1, 0, 0,
ENTER.

CRSR DOWN (twice), 2, 0

Ol OI O, 0[ ENTER

CRSR DOWN (twice), 3, 5,

2, 0, 0, ENTER

CRSR DOWN (twice), 5, 1,

2, ENTER
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Octal Code Sequence

073, 047, 046, 050, 051
076, 100 msec delay
or 171

124

043, 072, 050, 076,
100 msec delay or 171

073, 055, 052, 050,
050, 076

073, 073, 050, 076

073, 073, 047,
076

073, 047, 055
076

073, 047, 046, 046,
076

073, 073, 050, 046,
046, 046, 046, 046, 076

073, 073, 051, 053,
050, 046, 046, 076

073, 073, 053, 047,
050, 076



Operation

Send Status Page 2 to
external controller for
verification,

Pushbutton Sequence

102

Octal Code Sequence

124

Setup Status Page 3 for desired data manipulation parameters.

Home cursor and
select Status Page 3,
wait 100 msec or

issue Update command.

Set E/CH parameter to
1.25 keV/channel.

Set E(0) parameter to
640 keV.

NOTE: Since DOFF =
512 and E/CH = 1,25,
E(0) =1.25x 512 =640

Set SF parameter
to 4.35.

Send Status Page 3
to external controller
for verification.

-, CRSR, 3, ENTER

CRSR DOWN, 1, ., 2,
5, ENTER

CRSR DOWN, 6, 4, 0,
ENTER

CRSR UP (4 times), 4, .,

3, 5, ENTER

102

Setup Status Page 4 for desired auto-job sequence.

Home cursor and

select Status Page 4,
wait 100 msec or

issue Update command.

Set CYCLES para-
meter to 250,

Set F1 parameter
to SMOOTH

Set F2 parameter
to SQRT.

-, CRSR, 4, ENTER

CRSR DOWN, 2, 5, 0,
ENTER

CRSRDOWN, 2, 0, 4,
ENTER

NOTE: SMOOTH is
entered as 204 ot operand
pushbutton array.

CRSR DOWN (twice), 2, 0,

5, ENTER

NOTE: SQRT is
entered as 205 at
operand pushbutton array
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043, 072, 051, 076,
100 msec delay or 171

073, 047, 044, 050,
053, 076

073, 054, 052, 046,
076

072, 072, 072, 072
052, 044, 051, 053, 076

124

043, 073, 052, 076,
100 msec delay or 171

073, 050, 053, 046,
076

073, 050, 046, 052
076

073, 073, 050, 046,
053, 076



OEercfion

Set STEP 1 para-
meter to ACR.

Set STEP 2 para-
meter to STRP.

Set STEP 3 para-
meter to F1,

Set IO1 to SU2,
NOTE: IO1 is
selected for transfer
of the spectrum to the
external controller,

Set STEP 4 para-
meter to |1O1,

Set 101/MODE para-
meter to BINO,

Set STEP 5 para-
meter to F2.

Pushbutton Sequence

CRSRDOWN, 2, 2, 7,

ENTER

NOTE: ACR is entered
as 227 at operand
pushbutton array .

CRSR DOWN (twice), 7, 8,

7, 7, ENTER

NOTE: STRP is entered

as 7877 at operand
pushbutton array.

CRSR DOWN (twice), 3, 1,

ENTER

NOTE: F1 is entered
as 31 at operand
pushbutton array.

CRSRDOWN, 7, 8, 2,
ENTER

NOTE: SU2 is entered
as 782 at operand
pushbutton array.

CRSRDOWN, 4, 6, 1,
ENTER

NOTE: IO1 is entered
as 461 at operand
pushbutton array.

CRSR DOWN, 2, 4, 6,

6, ENTER

NOTE: BINO is entered

as 2466 at operand
pushbutton array .

CRSRDOWN, 3, 2,
ENTER

NOTE: F2 is entered as
32 at operand
pushbutton array.
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Octal Code Sequence

073, 050, 050, 055,
076

073, 073, 055, 056,
055, 055, 076

073, 073, 051, 047,
076

073, 055, 056, 050,
076

073, 052, 054, 047,
076

073, 050, 052, 054,
054, 076

073, 051, 050,
076



Ie

Operation

Set IO1/DATA
parameter to ALL,

Set STEP 6 para-
meter to 101,

Set STEP 7 para-
meter to ERASE.

Set AUTG para-
meter to 2,

Set STRIP para~-
meter to 0.1,

Set WGRP para-
meter to =3,

Send Status Page 4

to external controller

for verification.

Initiate auto-job
sequence,

NOTE: The entered

auto-job sequence
will be performed
250 times.

Pushbutton Sequence

CRSR DOWN, 2, 5, 5,
ENTER

NOTE: ALL is entered
as 255 at operand
pushbutton array .

CRSRDOWN, 4, 6, 1,
ENTER

NOTE: 101 is entered
as 461 af operand
pushbutton array.

CRSR DOWN (twice), 3, 7,
2,7,3, ENTER

NOTE: ERASE is entered
as 37273 ot operand
pushbutton array .

CRSR DOWN (4 times),
2, ENTER

CRSRDOWN, 0, ., 1,
ENTER

CRSR DOWN (twice), =, 3,
ENTER

102

AUTO
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Octal Code Sequence

073, 050, 053, 053,
076

073, 052, 054, 047,
076

073, 073, 051, 055,
050, 055, 051, 076

073, 073, 073, 073,
050, 076

073, 046, 044, 047,
076

073, 073, 043, 051
076

124

104



Pushbutton/Command Code Cross Reference

Table 11-1 lists the codes which permit the user to control the ND60O via an external
device. These codes exclude the first 32 states in order to prevent complications when
using commercial communication equipment such as Modems.

Table 11-1. ND&00 Pushbutton/Command Code Cross Reference.

Binary “Corresponding
ND600 Octal Code ASCII
Pushbutton Code (Note 1) Character
* 040 “3Z 00 100 000 Space
+ 041 >3 00 100 001 !
& 042 00 100 010 "
- 043 00 100 011 #
. 044 00 100 100 $
/ 045 00 100 101 %
0 0463 00 100 110 &
1 047 00 100 111 -
2 (ABC) 050 00 101 000 (
3 (DEF) 51 00 101 001
4 (GHI) 052 00 101 010 *
5 (JKL) 053 00 101 011 +
6 (MNO) 054 00 101 100
7 (PRS) 055 00 101 101
8 (TUV) 056 00 101 110 .
9 (WXY) 057 00 101 111 /
~ 7 MPOS Right (>>) 060 00 110 000 0
MPOS Left (K<) 061 00 110 001 1
<" MSPN Right (>>) 062 & 00 110 010 2
~ MSPAN Left (<) 063 57 00110011 3
>+ XPND 064 00 110 100 4
. XPND . 065 00 110 101 5
5 CFS Up (>>) 066 § 00 110 110 6
A CFS Down (<<) 067 00 110 111 7
J2RST (>>) 070 &% 00 111000 8
)% AV K<) 071 $% 00111001 9
7 CRSR Up (>>) 072 & 00 111010 :
£ CRSR Down (<<) 073 00 111 011 ;
© SHIFT Left (<) 074 00 111 100 <
2| SHIFT Right (>>) 075 00 111 101 =
" | ENTER 076 00 111 100 >
1| ENTER 077 00 111 111 ?
7 ACQ 100 01 000 000 @
¥/ ACQ 101 & 01 000 001 A
i/ " ERASE 102 01000 010 B
' ERASE 103 &7 01000 011 C
N AUTO 104 ©! 01 000 100 v D
O AUTO 105 01000 101 E
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Table 11-1. ND600 Pushbutton/Command Code Cross Reference (Cont'd).

Binary Corresponding
ND600 Octadl Code ASCII
Pushbutton Code (Note 1) Character
I
P stop 106 72 01000 110 F (Note 2)
& STOP 107 % 01000 111 G (Note 2)
® SCRL 110 72 01001000 H
< SCRL 111 #2  01001001 i
CTINT (5D) 112 7% 01001010 J
U DEL K<) 113 75 01001011 K
¥ NXTV Up (>>) 114 7¢ 01001100 L
W NXTV Down (<<) 115 7% 01001 101 M
* MOTN Right (>>) 116 27 01001110 N
7 MOTN Left (<<) 117 2% 01001 111 o)
Z WIDTH Expand (>>) 120 ¥ 01010000 P
T WIDTH Contract (<<) 121 &+ 01010001 Q
101 122 &2 01010010 R
__loi 123 £3% 01010011 S
102 124 7% 01010 100 T
102 125 #% 01010 101 U
STRP (>>) 126 &£¢ 01010110 %
c PLOT (k<) 127 ¢%+ 01010111 W
F1(>>) 134 92 01011100 \
F2 (<<) 135 %3 01011101 ]
F3 (>>) 136 9y 01011110 A
F4 K<) 137 95 o010111N
AREA BGND 142 & 01100010 b
AREA BGND 143 29 01100011 c
ECAL 144 °7 01100 100 d
ECAL 145 <04 01100 101 e
Keyboard Enable 174 124 01111 100 i
Keyboard Disable 175 415 01111101 )
Display Off 172 427 01111010 z
Display On 173 12> o1 11101 {
\ Update 171 14124 01111001 y
\ | Suppress external control 177 A3 0111111 RUBOUT (Note 3)

"1 until ACQ or AUTO
is complete

,'NOTES
1. Parity is ignored; codes 0 - 378 are neither acted upon nor acknowledged.

2. Before attempting input into the ND600, ascertain that the STOP pushbutton is clear
by depressing the SHIFT pushbutton if the STOP pushbutton was depressed last.

3. Do not issue the Suppress External Control command if the keyboard is disabled as the
STOP command can not restore control under the e circumstances (i.e., if ACQ or AUTO
is unending).

11-22



Table 11-2. Acquire Mode Parameters.

: Numeric
Mnemonic Equivalent Description
PHAC 7422 PHA Clock Time Control
PHAL 7425 PHA Live Time Control
MCS 627 Multichannel Scaling
LIST 5478 Sequential List
Table 11=3, Time Multiplier Parameters.
Numeric
Mnemonic Equivalent Description
10US 1087 10 psec
100US 10087 100 psec
1MS 167 1 msec
10MS 1067 10 msec
100MS 10067 100 msec
1S 17 1 sec
10S 107 10 sec
100S 1007 100 sec
M 16 1 min
EXT 398 External
Table 11-4, Auto Analysis Step Parameters.
Numeric
Mnemonic Equivalent Description
F1 31 F1 Function
F2 32 F2 Function
F3 33 F3 Function
F4 34 F4 Function
101 461 101 Operation
102 462 102 Operation
ERASE 37273 Erase Operation
ACR 227 Acquire Operation
STRP 7877 Strip Operation
PLOT 7568 Plot Operation
NXTG 6984 Next Group Operation
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Table 11-5. 101/102 Parameters.

Numeric
Mnemonic Equivalent Description
101/102 Device
MAGT 6248 Magnetic Tape
LP 57 Line Printer
PT 78 Paper Tape Reader/Punch
SUI1 781 Special Unit 1
SuU2 782 Special Unit 2
Su3 783 Special Unit 3
TY 889 Teletype
101/102 MODE
BCDI 2234 input BCD Data
BCDO 2236 Output BCD Data and/or Status Pages
BINI 2464 Input Binary Data
BINO 2466 Output Binary Data
101/102 DATA
ROI 764 Content of channels in intensified regions
TOT 868 Intensified region count totals
STAT 7828 Current status page
MRKR 6757 Content of channels between markers
ALL 255 Content of all channels in group
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Table 11-6. Data Manipulation Functions (47-0054).

Mnemonic Numeric Entry Description

ADD 200 Add a constant to each channel in
the current display group.

INTEG 201 Integrate area between the markers
in current display group.

DIFF 202 Differentiate area between the markers
in current display group.

XFER 203 Transfer the data spectrum from
specified group to current display group.

SMOOTH 204 Perform a five=-point coefficient smooth
on the data spectrum in the current
display group.

SQRT 205 Calculate the square root of the data
spectrum in the current display group.

REL ERR 206 Calculate the relative counting error of
the data spectrum in the current display
group.

COMPRESS 207 Compress the data spectrum in the current

display group by a factor of two.

Table 11-7., Intensified Region Peak Extraction Function (47-0055).

Numeric
Mnemonic Entry Description
XTRCT 100 Output intensified region peak

extraction report at |O1 device.

Table 11-8. Intensified Region Isotope Identification Functions (47-0056).

Numeric

Mnemonic Entry Description

SETUP ID 400 Permits entry of an energy tolerance
(1) between the calculated energy,
and the actual energy listed in the
isotope library table.

ID 401 Output intensified region peak extraction
and intensified region isotope identifi-
cation reports at 101 device.

LIST TAB 402 List isotope library table at 1O1 device.
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Table 11-9, Automatic Peak Search Functions (47-0057),

Numeric

Mnemonic Entry Description

SETPS 500 Permits entry of the peak search
set-up parameters.

PSRCH 501 Output automatic peak search
report at 1O1 device.

PSINT 502 Intensify spectral display of each
peak and output automatic peak
search report at 101 device.

VFWHM 503 Calculate coefficients of variable

FWHM curve based on values
entered for energy versus half-
width parameters.

Table 11-10. Automatic Isotope ldentification Functions (47-0058).

Numeric

Mnemonic Entry Description

AID 600 Permits entry of the isotope
identification set-up parameters.

I1ISO ID 601 Output automatic peak search and
isotope identification reports af
101 device.

LIST TAB 602 List isotope library table at 101
device.

COEFFS 603 Calculate coefficients of dual
parabola detector efficiency curve
based on values entered for energy
versus efficiency parameters.

GRAPH 604 Display graph of dual parabola
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Table 11-11. Digital Ratios Functions(47-0071).

Numeric
Mnemonic Entry Description
DIGITAL RATIOS 300 Permits entry of the digital ratios
set-up parameters,
RATIO LIST 301 Output digital ratios list at 101
device.
FREEZE 302 Permits visually monitoring digital
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ratios during accumulation by
freezing the periodic update of
the status display .
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50 1 1 8 1 1. WHEN INSTBLLED = 1 STOP BiT
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R a [y R
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150 R R R 1 NBY R 2 8 R R
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300 R R 1 R NP INSTALLED 3. J14 INSTALLED FOR DYNAMIC ®CLEAR TO SEND *
boo ! R R ! 4. FRAMING ERROR HALT JUMPER (FEH) NORMALLY IS
1200 R 1 R R NOT INSTALLED. 1T 1S ONLY RECUIRED FOR
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2400 I R R R RS232 DATA SET/TERMINBL NOMENCLATURE
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9 22
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12 25
13 26
PER | PHERAL Ty T17xx TI7XX LA36 sDCC sDCC RS232
I0DRVR FW T0D1 J001 1001 1001 1001 1001 1001
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BASIC CONFIGURATION cL 0 0 L o1 0T DS
f IGURE | 2 2 1 3 3 2
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FR3 R R R R 1 R R
FR2 R R 1 R R 1 R
FRI R 1 R 1 R 1 1
FRE R R R R R 1 R
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[ R R R R R R R
258 R 1 1 1 1 1 I
NB2 R R R R R R R
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PEV R R R R R R R
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NOTES: S - THE FOLLOWING SYMBOLS/NOTATIONS ARE USED ON THE DIAGRAM AND/OR PRINTED CIRCUIT BOARD ASSEMBLY. [N,)f; — SIGNAL NAME CONNECTOR
4A2] — SIGNAL SOURCE DRAMING LOCATION, OR
1 - ALL DIDDES ARE G964 OR EQUIVALENT, EXCEPT AS NOTED. IC - INTEGRATED CIRCUIT SAT .- SELECT AT TEST —>t— - GERMANIUM DI0DE (4R2) — SIGNAL LOAD DRAWING LOCATION CONNECTOR PN NUCLEAR DATA INC
2 - ALL RESISTORS ARE 1/4W, £5%, EXCEPT AS NOTEOQ. Q - TRANSISTOR (P1) - PRECISION RESISTORS 100PPM == - SILICON DIODE EZONE LOCAT ION P.C. BOARD NAME I.c. PIN L AN G P LT e IR
' () - IC PIN DESIGNATION 1784, £1% METAL FILM —»f- - zENER D10DE SHEET NUMBER i.C. PIN P.C. BOARD NAME
3 - ALL CAPACITORS ARE pf, EXCEPT AS NOTED. - 12, ) Y - 27225 1, SCHEMATIC DIAGRAM
4 - 1.C. VOLTAGES, EXCEPT AS NOTED: —>>- - CONNECTOR DESIGNATION £ —}— - TUNNEL D10DE COMNECTOR PIN <« 38 >4 $26-01 ND-600 KEYBOARD
18 PIN DIP, PIN (7) GND: PIN (14) +5V NC - NO CONNECTIDN - FERRITE BEAD —{3- - SELENIUM DI0DE N&éﬂ;‘;ﬁw (2) (ND~-KBM)
16 PIN DIP, PIN (8) GND: PIN (16) +5V CONNECTOR —"" |C. LOCATION B&Cb.t‘fcgy“’“ DRAWN BY: JSP CHECKED BY: |fdHf SHEET | OF |
24 PIN DIP, PIN (12) GND: PIN (24) +5V 1.C. TYPE ON P.C. BD. 1.C. TYPE DATE DRAWN: 2-25-77 [ approveD Y:vdf | S70-2436-00
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