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SAFETY

This product has been designed and tested according to International Safety Requirements. To ensure safe

operation and to keep the product safe, the information, cautions, and warnings in this manual must be
heeded. L

CERTIFICATION

Hewlett-Packard Company certifies that this product met its published specifications at the time of ship-
ment from the factory. Hewlett-Packard further certifies that its calibration measurements are traceable
to the United States National Bureau of Standards, to the extent allowed by the Bureau’s calibration facility,
and to the calibration facilities of other International Standards Organization members.

WARRANTY

This Hewlett-Packard product is warranted against defects in materials and workmanship for a period of
90 days from date of shipment. During the warranty period, HP will, at its option, either repair or replace
products which prove to be defective.

Warranty service of this product will be performed at Buyer’s facility at no charge within HP service travel
areas. Outside HP service travel areas, warranty service will be performed at Buyer’s facility only upon
HP’s prior agreement and Buyer shall pay HP’s round trip travel expenses. In all other cases, products
must be returned to a service facility designated by HP.

For products returned to HP for warranty service, Buyer shall prepay shipping charges to HP and HP shall
pay shipping charges to return the product to Buyer. However, Buyer shall pay all shipping charges, duties,
and taxes for products returned to HP from another country.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance
by Buyer, Buyer-supplied software or interfacing, unauthorized modification or misuse, operation outside

of the environmental specifications for the product, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY DISCLAIMS THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER’S SOLE AND EXCLUSIVE REMEDIES. HP SHALL NOT

BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES,
WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for Hewlett-
Packard products.

For any assistance, contact your nearest Hewlett-Packard Sales and Service Office. Addresses are provided
at the back of this manual.




FEDERAL COMMUNICATIONS COMMISSION
RADIO FREQUENCY INTERFERENCE
STATEMENT

Warning: This equipment generates, uses, and can radiate radio frequency
energy and if not installed and used in accordance with the instructions manual,
may cause interference to radio communications. As temporarily permitted
by regulation it has not been tested for compliance with the limits for Class A
computing devices pursuant to Subpart J of Part 15 of FCC Rules, which are
designed to provide reasonable protection against such interference. Operation
of this equipment in a residential area is likely to cause interference in which
case the user at his own expense will be required to take whatever measures
may be required to correct the interference.







QUICK-KEY REFERENCE
STANDARD KEYS

{ BLOCK SIZE
G4 126 258 512 1024 JRA8 4086 BUSY READY WHAT 7
m:sﬁ? ’*wff Ut &W i w W ?%w& W %W( %/

o

PROGRAMMING

s BINGLE




QUICK-KEY REFERENCE
GOLD KEYS

{ BLOCK $IZE
64 128 256 512 1024 2048 4086 BUSY READY WHAT 7

1)
P




HEWLETT

o — U Fackaro *

SYSTEM OPERATING MANUAL

5451C

FOURIER ANALYZER SYSTEM

(This manual reflects information that is compatible with
operating software date code 210) & 2120

Printed: MARCH 1979

Manual Part No. 05451-90529
Microfiche No. 05451-90530 Printed in U.S.A.




N
HOW TO USE THIS MANUAL

If you have just received your system, note that Section 1 contains a physical description
and system specifications.

If you want to know how to turn the system on, load the software, or use the Graphics
Terminal, read the first part of Section 2.

If you have never operated the system before, read the introductory theory and per-
form the teaching demonstrations in Section 2. Examples of all the system features
are presented.

If you need information on a specific key command, see Section 3.

If you need information on the measurement features of the system, refer to the
remaining Sections and Appendices as necessary (see tab dividers or table of contents).

CAUTION

Interactive measurement programs and text are stored in unprotected records of the Disc
in Files 3, 4, and 7. We have provided two programs, a power spectrum program and a transfer
function program, which can be called using the Gold Keys F5 and F2 respectively. These
programs use the information in these records.

Since you may also use these Gold Keys (or “soft keys”) to call programs that you have written,
care must be taken not to write over these records when saving your own keyboard programs
and text messages.

Appendix D will show you which records are used. It also contains a listing of the two pro-
grams provided with the system.
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SECTION 1
GENERAL INFORMATION

SYSTEM INFORMATION

The HP 5451C Fourier Analyzer System performs analyses of time and frequency data containing
frequencies from dc to 50 kHz. The system analyzes time-series data such as mechanical vibrations, sonar
echoes, tidal action, biomedical phenomena such as brain waves and nerve impulses, voltages and currents
in electronic systems, and acoustic phenomena such as speech sounds. These analyses may detect signals
hidden in noise, as in sonar, or may locate critical functions in complex systems. Both continuous and
transient data may be processed.

Keyboard programming allows you to perform the following operations automatically, without special
software:

Forward and inverse Fourier transform

¢ Magnitude and phase spectrum

Power and cross power spectrum

Transfer function

Coherence function

Convolution

* Auto and cross correlation

* Hanning and other weighting functions
¢ Histogram

e Scaling

Ensemble averaging (time and frequency)

Six editing keys operate an on-line resident editor so that a sequence of steps configured into an automatic
measurement procedure may be changed on-line without the need to do off-line editing, compiling and
testing. In fact the series of steps or program used to perform a particular operation can be stored on the
Disc for easy re-entry into the Fourier Analyzer.

Data input and output is likewise controlled from the Keyboard. Data can be entered in analog form
through the 2-channel or 4-channel Analog-to-Digital Converter, or in digital form on magnetic tape
or punched paper tape, or manually from the Keyboard.

Results of all operations are displayed on the oscilloscope. In addition, results can be printed out in
decimal numbers or plotted on the Graphics Terminal. With optional equipment, data can be punched on
paper tape, plotted on an external X-Y plotter, or digital plotter.

The Fourier Analyzer is a completely calibrated system; all displays and data outputs are accompanied by a
scale factor relating them to physical units. This calibration results from digital techniques being used in all
computations. Computer programming knowledge is not required for operation of the Fourier Analyzer;
all operations are controlled through the Keyboard. However, provisions are made to incorporate user-
written subroutines written in Assembly language or Fortran into the Fourier system.
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SYSTEM CONFIGURATION

A Fourier Analyzer System consists of a basic system plus a number of customer-chosen options. Since the
resulting configuration will often be unique, the list of component units is not provided in this manual, but
in a separate System Susmany REpor T -, supplied with the system. This document also tells what
Processor 1/0 slots are used by the various units (ADC, Terminal, etc).

IDENTIFICATION NUMBERS
MODEL NUMBER AND NAME

Each unit in the standard Fourier Analyzer System is identified by model or specification number and name
as a separate instrument; these are:

Model 180D Oscilloscope (with Option H51)

Model 54451B Processor

Model 2648A Graphics Terminal

Model 5460A Display Plug-in Unit

Model 5466B ADC Plug-in Unit

Model 5475A Control Unit

Model 7909A Disc Drive

SERIAL NUMBERS

Each Fourier Analyzer System is identified by a 2-section system serial number (5451C-000). The number is
on a stick-on plate mounted on the rear of each unit in the system. The 3-digit number is a serial number
unique to each Fourier Analyzer System.

In addition, each plug-in unit in the Fourier Analyzer System, including the Processor, is identified by a
serial number (0000A00000). The first section is a serial prefix number, used to document changes to the
unit; the second portion of the serial number is a number unique to each instrument (of that model
number).

Include complete model name, model number, and serial number of any unit or units in all
correspondence about your system.

STORAGE AND SHIPMENT

PACKAGING

To protect valuable electronic equipment during storage or shipment, always use the best packaging
methods available. Your Hewlett-Packard Sales and Service Office can provide packaging material such as

that used for original factory packaging. Contract packaging companies in many cities can provide
dependable packaging on short notice.

SCOPE OF THIS MANUAL
OPERATING INFORMATION
This manual contains only the information required to operate the Fourier Analyzer. For service or

troubleshooting information, see the 5451C System Service Manual. For information on software
programming, see the 5451C System Software Manual.
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OTHER MANUALS

To locate specific manuals in the documentation shipped with the system, refer to the System Summary

Report for the contents of each binder.

SYSTEM SPECIFICATIONS & CHARACTERISTICS

The specifications in Table 1-1 describe the system’s warranted performance. Those items under the heading
of “Characteristics” go beyond the guaranteed specifications and give typical performance for some addi-
tional parameters and operations. These are included only to give you information which may be useful i

applying the system.

Table 1-1. System Specifications and Characteristics

ANALOG-TO-DIGITAL CONVERTER

Input Voltage Range: +0.125V to +8V peak in steps of 2.

Input Coupling: dc or ac.

Input Channels: 2 channels wired for 4 standard. 4 channels op-
tional with plug-in cards.

Resolution: 12 bits including sign.

Input Frequency Range: dc to 50 kHz, 5 Hz to 50 kHz, ac coupled
(100 kHz optional).

Sample Rate:
Internal: 100 kHz max. (1, 2, 3, or 4 channels simultaneously).

(200 kHz optional on 1, 2, 3, or 4 channels.)

[50 kHz max. (3 or 4 channels simultaneously).1]

An external time base may be used to allow external

control of the sampling rate up to 100 kHz (200 kHz

optional). One sample can be taken for each clock

pulse (TTL level).

Internal Clock Accuracy: +0.01%.

External:

DISPLAY UNIT

Vertical Scale Calibration: Data in memory is automatically scaled
to give a maximum on-screen calibrated display. The scale factor
is given in volts/division, volts2/division, or in dB offset.

Log Display Range: 80 dB with a scale factor ranging from 0 to
+998 dB. Offset selectable in 4 dB steps.

Linear Display Range: *4 divisions with scale factor ranging from
1X 10-512 to 5 X 10512 in steps of 1, 2, and 5.

Digital UP/DOWN Scale: Allows 8 up-scale and 2down-scale steps
(calibrated continuous scale factor).

Horizontal Scale Calibration:

Linear Sweep Length: 10, 10.24 or 12.8 divisions.
Log Horizontal: 0.5 decades/division.
Markers: Intensity markers every 8th or every 32nd point.

BASE SOFTWARE

Transform Accuracy: The expected rms value of computational
error introduced in either the forward or inverse FFT will not
exceed 0.1% of the rms value of the transform result.

Dynamic Range: >75 dB for a minimum detectable spectral com-
ponent in the presence of one full scale spectral component after
twenty ensemble averages for a block size of 1024.

SPECIFICATIONS
(Specifications describe the standard system’s warranted performance.)

EXECUTION TIMES*

Fourier Transform: <55 ms
Stable Power Spectrum Average: <80 ms
Stable Tri-Spectrum Average: <220 ms

REAL TIME BANDWIDTHS*

Fourier Transform: >7.5 kHz
Stable Power Spectrum Average: 5.4 kHz
Stable Tri-Spectrum Average: 1.9 kHz

MASS STORAGE SOFTWARE

MAXIMUM REAL TIME DATA ACQUISITION RATE
(Single Channel):

BS 256: 17K .

BS 1024: 71K (25 kHzt)

BS 2048: 144 kHz

BS 4096: 132 kHz (30 kHzt)

OFF-LINE BSFA SOFTWARE .

Center Frequency Range: dc to one-half the Real Time Data
Acquisition Rate.

Center Frequency Resolution: Continuous resolution to the limit
of the frequency accuracy for center frequencies >0.02% of the
sampling frequency.

Frequency Accuracy: +0.01%

Bandwidth Selection: In steps of {/5n where n = 2, 3, 4, etc.

Max. Resolution Enhancement: >400

Dynamic Range:** 90 dB from peak out-of-band spectral com-
ponent to the peak level of the passband noise.

80 dB from peak in-band spectral component to the peak level
of the passband noise.

Out-of-Band Rejection: >90 dB

Passband Flatness of the Digital Filter: +0.01 dB

ENVIRONMENTAL CONDITIONS
Temperature Range: 10°C to 40°C (104°F).

*For band limited random noise type signals at block size 1024, no display, no Hanning.
**After eight ensemble averages of a power spectrum at block size 1024. Reduced by
10 dB at the exact center of the band. }
1These rates apply to systems with modules 5466B and 54451A/B having a serial prefix
lower than 1842.

NOTE — Specifications subject to change without notification.

CHANGE 5

5451C O1P5RATING




OTHER MANUALS

To locate specific manuals in the documentation shipped with the system, refer to the System
Sumusey KEPoRT  for the contents of each binder.

SYSTEM SPECIFICATIONS & CHARACTERISTICS

The specifications in Table 1-1 describe the system’s warranted performance. Those items under the
heading of “Characteristics’” go beyond the guaranteed specifications and give typical performance for
some additional parameters and operations. These are included only to give you information which may

be useful in applying the system.

Table 1-1. System Specifications and Characteristics

SPECIFICATIONS
(Specifications describe the standard system’s warranted performance.)

ANALOG-TO-DIGITAL CONVERTER

Input Voltage Range: +0.125V to +8V peak in steps of 2.

Input Coupling: dc or ac.

Input Channels: 2 channels wired for 4 standard. 4 channels op-
tional with plug-in cards.

Resolution: 12 bits including sign.

Input Frequency Range: dc to 50 kHz, 5 Hz to 50 kHz, ac
coupled (100 kHz optional).

Sample Rate:
Internal: 100 kHz max. (1, 2, 3, or 4 channels simultaneously).

(200 kHz optional on 1, 2, 3, or 4 channels.)

[50 kHz max. (3 or 4 channels simultaneously).t]

An external time base may be used to allow external

control of the sampling rate up to 100 kHz (200 kHz

optional). One sample can be taken for each clock

pulse (TTL level).

Internal Clock Accuracy: +0.01%.

External:

DISPLAY UNIT

Vertical Scale Calibration: Data in memory is automatically scaled
to give a maximum on-screen calibrated display. The scale factor
is given in volts/division, volts2/division, or in dB offset.

Log Display Range: 80 dB with a scale factor ranging from 0 to
+998 dB. Offset selectable in 4 dB steps.

Linear Display Range: *4 divisions with scale factor ranging
from 1 X 10-512 to 5 X 10512 in steps of 1, 2, and 5.

Digital UP/DOWN Scale: Allows 8 up-scale and 2 down-scale
steps (calibrated continuous scale factor).

Horizontal Scale Calibration:

Linear Sweep Length: 10, 10.24 or 12.8 divisions.
Log Horizontal: 0.5 decades/division.
Markers: Intensity markers every 8th or every 32nd point.

BASE SOFTWARE

Transform Accuracy: The expected rms value of computational
error introduced in either the forward or inverse FFT will not
exceed 0.1% of the rms value of the transform result.

Dynamic Range: >75 dB for a minimum detectable spectral com-
ponent in the presence of one full scale spectral component
after twenty ensemble averages for a block size of 1024.

EXECUTION TIMES*

Fourier Transform: <55 ms

Stable Power Spectrum Average: <80 ms
Stable Tri-Spectrum Average: <220 ms
REAL TIME BANDWIDTHS*
Fourier Transform: >7.5 kHz
Stable Power Spectrum Average: 5.4 kHz
Stable Tri-Spectrum Average: 1.9 kHz

MASS STORAGE SOFTWARE

MAXIMUM REAL TIME DATA ACQUISITION RATE
(Single Channel):

BS 256: 10 kHz

BS 1024: 39 kHz (25 kHzt)

BS 4096: 80 kHz (30 kHzt)

OFF-LINE BSFA SOFTWARE

Center Frequency Range: dc to one-half the Real Time Data
Acquisition Rate.

Center Frequency Resolution: Continuous resolution to the limit
of the frequency accuracy for center frequencies >0.02% of the
sampling frequency.

Frequency Accuracy:

Bandwidth Selection: In steps of f/5n where n =2, 3, 4, etc.

Max. Resolution Enhancement: >400

Dynamic Range:** 90 dB from peak out-of-band spectral com-
ponent to the peak level of the passband noise.

80 dB from peak in-band spectral component to the peak level
of the passband noise.

Out-of-Band Rejection: >90 dB

Passband Flatness of the Digital Filter:

+0.01%

+0.01 dB

ENVIRONMENTAL CONDITIONS

Temperature Range: 0°C to 40°C (104°F).

*For band limited random noise type signals at block size 1024, no display, no Hanning.
**After eight ensemble averages of a power spectrum at block size 1024. Reduced by
10 dB at the exact center of the band.
tThese rates apply to systems with modules 5466B and 54451A/B having a serial prefix
lower than 1842.
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Table 1-1. System Specifications and Characteristics (Cont’d)

SUPPLEMENTAL CHARACTERISTICS
(Supplement Characteristics are intended to provide useful information for
system applications by giving typical, but not warranted, performance parameters.)

ANALOG-TO-DIGITAL CONVERTER

Input Impedance: 1 MQ in parallel with <75 pf.
Sample Rate Control:

Maximum Frequency Mode: Maximum frequency selectable
from 0.1 Hz to 50 kHz (100 kHz optional) in steps of 1, 2.5, 5. This
mode automatically sets maximum frequency independent
of block size.

Frequency Resolution Mode: Frequency resolution selectable
from 0.2 MHz to 100 Hz in steps of 1, 2,5. This mode automatically
sets frequency resolution and sample record length independent
of block size.

DISPLAY UNIT

Data may be displayed in single sweeps or refreshed continuously
in the following forms:

Y AXIS X AXIS
Amplitude Time (Linear or Log)
Real Part Frequency (Linear or Log)

Frequency (Linear or Log)
Frequency (Linear or Log)
Frequency (Linear or Log)
Real Part

Imaginary Part

Magnitude (Linear or Log)
Phase

Imaginary Part (NYQUIST PLOT)

BASE SOFTWARE

System Accuracy and Range: The Fourier Transform is implemented
using conditional scaling for maximum accuracy with no data
overflows allowed. All calculations use floating point arithmetic
on a block basis with full 16- and 32-bit arithmetic where applicable.

Maximum Block Size: 4096 time domain points.

Minimum Block Size: 64 time domain points.

Data Space: 28K words (16K words standard in systems with serial
prefix below 1842).

Program Space: 32K words.

BSFA SOFTWARE

Maximum BSFA Blocksize: 1024 time domain points. (2048 with
option 670.) See also Table 5-1 in BSFA section of manual.

MASS STORAGE
Disc Unit:
Capacity: 9.8 megawords
Data Transfer: 7.5 million bits/second
Discs: 2 (1 fixed, 1 removable)
% of Real Time at 100 kHz ADC Sampling Rate (Single Channel):
BS 256: 17% BS 1024: 71% (25% 1)  BS 4096: 100% (30%t)
Number of Records Per File:
Data Block: 1171 records (4096 blocksize maximum/record).
ADC Throughput: 770 records (4096 blocksize max./record).
Program Stack: 340 records (470 steps/record).
ASCII Text: 3700 records (128 words/record).
Index: 160 records (10 pointers/record).
System Coreload: 4 records (32K words/record).
Common: 650 records (256 words/record).
Overlay: 30 overlays (8K words maximum, 7K words maximum
with 265).

OPTIONS 265 .
The magnetic tape option is used for ADC Throughput only.

Maximum Real Time Data Acquisition Rate (Single Channel):

Opt. 265

BS 256: 9 kHz
BS 1024: 21 kHz
BS 4096: 30 kHz

Number of Tracks: 9

Read/Write Speed: 45 ips
Density: 1600 bpi.

Data Transfer Rate: 72K cps max.
Rack Height: 610 mm (24 in.)

POWER REQUIREMENTS, SIZE, WEIGHT

Power Source: 115/230 volts £10%, 50/60 Hz. 2000 watts typical
for base system.

Size:
Panel Height: 1422 mm (56 in.)
Overall: 1631 mm (64V4 in.), height; 533 mm (21 in.), width;
762 mm (30 in.), depth.

Weight: Net weight for a base system (excluding terminal) —
197.5 kg (433 Ibs.).

Price and Ordering Information: Consult the 5451C Fourier
Analyzer System’s Ordering Information Guide.

SYSTEM INSTALLATION

Included in the 5451C System is on-site instalation. On installation, a
trained Hewlett-Packard representative will perform an operational
demonstration to ensure that the system is functioning normally.

TRAINING
A course on Fourier analysis and system operation is optionally
available at HP’s Santa Clara, California facility. On-site training
can also be provided, if desired.

tThese percentages apply to systems with 5466B and 54451A/B modules having a serial
prefix lower than 1842.
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Table 1-1. System Specifications and Characteristics (cont’d)

SUPPLEMENTAL CHARACTERISTICS
(Supplemental Characteristics are intended to provide useful information for
system applications by giving typical, but not warranted, performance parameters.)

ANALOG-TO-DIGITAL CONVERTER

Input Impedance: 1 MQ in parallel with <75 pf.

Sample Rate Control:

Maximum Frequency Mode: Maximum frequency selectable
from 0.1 Hz to 50 kHz (100 kHz optional) in steps of 1, 2.5, 5.
This mode automatically sets maximum frequency indepen-
dent of block size.

Frequency Resolution Mode: Frequency resolution selectable
from 0.2 mHz to 1000 Hz in steps of 1, 2, 5. This mode auto-
matically sets frequency resolution and sample record length
independent of block size.

InputMode: There is a buffered and non-buffered analog mode.
In the buffered mode, other operations can be performed on
previously collected data while the ADC collects current input
data into a buffer.

DISPLAY UNIT

Data may be displayed in single sweeps or refreshed continu-
ously in the following forms:

Y Axis X Axis
Amplitude Time (Linear or Log)
Real Part Frequency (Linear or Log)

- Imaginary Part
Magnitude (Linear or Log)
Phase
Imaginary Part (NYQUIST PLOT)

Frequency (Linear or Log)
Frequency (Linear or Log)
Frequency (Linear or Log)
Real Part

CRT Positioning: Three markers to aid in adjusting trace posi-
tion as well as vertical and horizontal controls are provided for
display positioning.

Origin: Left edge of display, zero amplitude.
+FS: Positive full scale, center of display.
-FS: Negative full scale, center of display.

Analog Plotter Output: Any displayed data can be output to a
plotter or remote oscilloscope. HP 10640B interface is required
for operation.
Amplitude: 0.5V per oscilloscope display division.
Linearity: 0.1% full scale.
Interpolation: Linear interpolation in 0.05% steps.

Type of Display: Points, bars, or continuous (interpolation).

BASE SOFTWARE

System Accuracy and Range: The Fourier Transform is imple-
‘mented using conditional scaling for maximum accuracy with
no data overflows allowed. All calculations use floating point
arithmetic on a block basis with full 16- and 32-bit arithmetic
where applicable.

Data Word Size: 16-bit imaginary with 32 bits preserved for
double precision functions. Division, addition, or subtraction
operations performed in 16 or 32 bits depending on data.

Maximum Block Size: 4096 time domain points.

Minimum Block Size: 64 time domain points.

Permanent Data Space: 28K words (16K words standard in systems
with serial prefix below 1842, optionally expandable to 28K with
option 011).

Permanent Program Space: 32K words.

BSFA SOFTWARE

Maximum BSFA Blocksize: 1024 time domain points. (2048 with
option 670.) See also Table 5-1 in BSFA section of manual.

MASS STORAGE

Disc Unit:
Capacity: 2.45 megawords
Data Transfer: 2.5 million bits/second
Discs: 2 (1 fixed, 1 removable)
% of Real Time at 100 kHz ADC Sampling Rate (Single Channel):
BS 256: 10% BS 1024: 39% (25%) BS 4096: 80% (30%T)
Number of Records Per File:
Data Block: 214 records (4096 blocksize maximum/record).
ADC Throughput: 199 records (4096 blocksize max./record).
Program Stack: 138 records (470 steps/record).
ASCII Text: 690 records (128 words/record).
Index: 69 records (10 pointers/record).
System Coreload: 4 records (32K words/record).
Common: 286 records (256 words/record).
Overlay: 20 overlays (8K words maximum, 7K words maximum
with option 261 or 265).

OPTIONS 261 & 265
The magnetic tape options are used for ADC Throughput only.

Maximum Real Time Data Acquisition Rate (Single Channel):

Opt. 261 Opt. 265
BS 256: 6 kHz BS 256: 9 kHz
BS 1024: 12 kHz BS 1024: 21 kHz
BS 4096: 15 kHz BS 4096: 30 kHz

Number of Tracks: 9

Read/Write Speed: 45 ips

Density: Option 261, 800 bpi; Option 265, 1600 bpi.

Data Transfer Rate: Option 261, 36K cps max.; Option 265, 72K
cps max.

Rack Height: 610 mm (24 in.)

POWER REQUIREMENTS, SIZE, WEIGHT
Power Source: 115/230 volts +10%, 50/60 Hz. 1800 watts typical
for base system.
Size: Dimensions are for a typical system (excluding cabinet and
terminal).

Height: 771 mm (28 in.); Width: 425 mm (1634 in.);
Depth: 616 mm (2414 in.).
Cabinet:
Panel Height: 1422 mm (56 in.)
Overall: 1631 mm (644 in.), height; 533 mm (21 in.), width;

762 mm (30 in.), depth.

Weight: Net weight for a base system (excluding terminal) —
163.3 kg (358 Ibs.).

Price and Ordering Information: Consult the 5451C Fourier
Analyzer System’s Ordering Information Guide.

SYSTEM INSTALLATION
Included in the 5451C System is on-site installation. On installation,
a trained Hewlett-Packard representative will perform an opera-
tional demonstration to ensure that the system is functioning normally.

TRAINING
A course on Fourier analysis and system operation is optionally
available at HP’s Santa Clara, California facility. On-site training
can also be provided, if desired.

tThese percentages apply to systems with modules 5466B and 54451A/B having a serial
prefix lower than 1842.
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SECTION 2
SYSTEM OPERATION

This section describes how to operate the Fourier Analyzer System and should be read
before attempting to use the rest of this manual.

The contents of this section are presented in three major parts: turning the system on
and off, basic theory of operation, and demonstrations of use.

After reading this section you should be adequately trained to begin making
measurements, and also should have learned where to refer in the rest of the manual
for detailed descriptions.

TURN-ON/TURN-OFF PROCEDURE

These paragraphs provide instructions for initial and routine turn-on/turn-off of the Fourier Analyzer
System. Included are instructions for loading the system software from the Disc.

PREPARATION

The following assumes that the system has been installed and checked out. To verify proper system cable
interconnection, refer to the diagram in Section 1 of the 5451 System Service Manual. The 1/0 cables must
be connected in proper sequence from the rear of the Processor to all internal and peripheral units; also,
the Terminal data cable must be connected at the rear of the system.

FIRST TIME TURN-ON

The following can be considered a first-time turn-on procedure. Thereafter leave all subsystem power
switches on and simply use the cabinet power switch to turn the system on and off.

1. Turn on cabinet power by pressing the SYSTEM ON/OFF button in upper right corner of cabinet.
(Check first that the RUN { STo? - switch on the Disc has been left in the STOP position.)

2. Open the front panel of the Processor with the key provided. Slide the LOCK/OPERATE switch to
the OPERATE position (next to POWER switch).

3. Press the Processor rocker POWER switch to the ON position. Before locking the front panel, verify
the following condition:

Each time power is applied, the Processor performs a brief self-test (about 1second). When this
is complete, note the state of the A B M T P S register lights on the front panel. Only the T light
should be on — if other (or all) lights are on, switch the Processor to OFF and back to ON and
only the T light should appear.

4. Turn on power to the Display Unit by placing the LINE toggle switch in the up position (located in
lower left corner of CRT).

5. Turn on power to the other Units by pressing white OFF/ON pushbutton below the ADC (lighted
when on).

6. Turn on the Terminal by pressing the rear LINE rocker switch to ON.
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NORMAL TURN-ON

The following procedure should be used after the system has been installed and checked out.
1. Check that the u« '\3( STOP switch on the Disc is in the .STO/” position.

2. Turn on system power by pressing to light the SYSTEM ON/OFF button in upper right corner of
cabinet.

3. Pull open Disc door and insert System Software Disc Pack. Close door firmly and set switch to
' . Wait for DRIVE READY light.

4. On the Processor, check that the RUN light is off and the T register light (only) is on.
5. Load the software as directed in the next paragraph. (An abbreviated command sequence is given
below:)
Disc RUw|(STOP switch to Rual, DRIVE READY light on.
b. S register to ti/ 7odoctal. Press STORE, PRESET, IBL/TEST, and RUN.
Look for halt 102076, press RUN.
Look for halt 102077, press RUN.

c. Look for message on Terminal.
LOADING SYSTEM SOFTWARE FROM THE DISC
1. Check that power is applied to all units in the system.

2. Pull open the Disc door and insert the System Software Disc Pack. (The DOOR UNLOCKED light
should be onand thse. UM [STOP  switch to the STOP position).

3. Place the ’VtUW(ST'Op switch on the Disc to the QUN position.
4. Wait until the DRIVE READY light comes on before proceeding.

5. On the Processor front panel, press the =[_T _]= rocker switch repeatedly (in either
direction) until only the S register light is on.

6. Press CLEAR DISPLAY and enter the octal number L11700in the display register (bits 15, 12,9, &, 7 asnd 6
to on, all others off).

7. Press STORE, PRESET, IBL/TEST, and RUN.
The Processor should halt with 102076 in the display register (bits 15, 10, 5, 4, 3, 2, 1 on). If not,
repeat from step 5 above.

8. Press RUN. The Processor should halt with 1020778 in the display register (bits 15,10, 5, 4,3,2,1,0
on). :
9. Press RUN. The Terminal should print the following message:
BLOCKS # / SIZE / SPACE
N XXXX ZZ777
where:

N = Number of data blocks currently in system
XXXX = Size of the N data blocks
77777 = Total data space available

The READY light on the Keyboard should now be on, the corresponding block size light should be on, and
a block of data will be presented on the Display Unit. The system is now ready for use.
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SETTING UP YOUR 2648A GRAPHICS TERMINAL

The Graphics Terminal is designed to display both printed text and graphic plots. You can display the text
or graphic plots individually or at the same time. If you are already familiar with this Terminal, proceed to
the paragraph on Turn-Off. Because many different terminal modes are available, you need to know how
to set up your Terminal in the modes the system requires.

Within the Terminal are two independent memories — the ALPHANUMERICS memory and the
GRAPHICS memory. As the operator you have control via the Terminal keyboard over which memory
receives data from the Processor and which memory is displayed on the Terminal screen. Below is a simple
block diagram of the Terminal, showing three figurative switches that are set by pressing Terminal keys.

TERMINAL
oreNn/cLosE 8Y (ERD AR LOCAL/REMOTE
BUTTON
o - PROCESSOR
| X._| ALPHANUMERICS E R

'MEMORY 1
- o PLOTS & TEXT l

L.x | ocraemics | [2

s3 | ~ MEMORY.

DISPLAY

| TERMINAL

~ KEYBOARD

POSITION 1 BY

POSITION 2 BY

~

OPEN/CLOSE BY B

Switch S1 selects the memory into which text and plot data are entered. The Alphanumerics Memory is
used for text only and the Graphics Memory is used for text and plot data. To set switch S1 to the
Alphanumerics Memory, press on the Terminal. This now sends all the information (text and plots)
to the Alphanumerics Memory. To set switch S1 to the Graphics Memory, press both the and
m keys. (Note that holding the key while pressing one of the Graphics Control Group keys
[on near right] performs the function written on the front of the key.)

Figurative switches S2 and S3 in the block diagram control which memory is displayed. To activate switch S2
to enable/disable displaying the Alphanumerics Memory, press the and m (Alphanumerics
Display) keys together. These keys alternately enable or disable the memory to the display depending on
the previous state. The “flashing bar” cursor is displayed when the Alphanumerics Memory is enabled.

To activate switch S3 to enable/disable displaying the Graphics Memory, press the and SRR
(Graphics Display) keys at the same time. Pressing the key will turn the Graphics Cursor on and off
so you can tell if the Graphics Display is enabled.

To clear the Alphanumerics Display press followed by (in the Display Control Group on far
right). If you wish to clear the Graphics Display, press m . These keys clear the appropriate
memory regardless of the condition of any of the switches in the diagram above.
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Practical Exercise

Let’s go through a short practice session to get better acquainted with your Terminal. First we will set up
the Terminal switches and buttons as follows to allow it to run with the Fourier System:

DUPLEX to FULL
PARITY to NONE
BAUD RATE to 2400
depressed

depressed
depressed

All others UP (No lights should be ON)

We put the Terminal in its initial power-on state by pressing the button twice very quickly (within
0.5 seconds). For this exercise only we will operate the Terminal in the “LOCAL” mode ( button in
the UP position). Press the following keys on the Terminal:

This directs all text from the Keyboard to the Alphanumerics Memory. (The initial
power-on state directs text to the Graphics Memory).

m This turns off the Graphics Display (The initial power-on state displays both the Graphics
and Alphanumerics Memories).

Now type “ALPHANUMERICS MEMORY” on the Terminal. In this sequence of commands we have
directed the text to the Alphanumerics Memory (by pressing ) and have disabled the Graphics
Memory (by pressing BB ) Next we will disable the Alphanumerics Memory and enable the
Graphics Memory to receive and display text. We do this by pressing the following keys:

m This turns off the Alphanumerics Display.
m This enables the Graphics Display.

NOTE
The TERMINAL READY message is in the Graphics Memory.

m This has now enabled all text to go to the Graphics Memory and turned on the Graphics
Cursor (+).

This clears the Graphics Memory of the “TERMINAL READY” message and places the
Graphics Cursor in the upper left-hand corner of the display.

Press and hold momentarily to move the cursor to the left center of the screen — exact position is
not critical.

Type “GRAPHICS MEMORY” on the Terminal.

We have now shown how we can direct our information to the Alphanumerics or Graphics Memory with
the and BBl keys respectively. At this point we can also control which memory we are
displaying on the screen with the B -d BB keys. Now let’s show that we can

also display both memories at the same time:

press (D A

Notice the difference in character, shape, and size. This is because the Alphanumerics Memory has a
“standard” character set. However, the characters displayed from the Graphics Memory are “plotted” or
drawn on the screen (in capital letters only).

This exercise should be sufficient to get you started on your Terminal. There are a number of other
functions available to you on the Terminal and these can be found in your 2648A Graphics Terminal User’s
Manual and Reference Manual. (See the System Configuration Notice for binder number.)
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Summary

For most operations within the Fourier System, information is directed from the Processor to the
Alphanumerics Memory and the Alphanumerics Memory is displayed. This condition is initially set up by
entering:

(twice) Command sequence for any state — ALPHANUMERICS (POWER UP)

STOP
=

When subsequent Graphics plots are to be made on the Terminal, the Terminal may be placed in the
Graphics mode by entering:

BBl Command sequence for ALPHANUMERICS — GRAPHICS.

o I

To return to the normal Alphanumerics mode, the command sequence is:

Command sequence for GRAPHICS — ALPHANUMERICS.

o 0
o I

The Terminal may be switched between the Alphanumerics and Graphics modes by using the above two
command sequences.

As you begin the demonstrations that follow, keep in mind that if your Terminal is not set up correctly you
may not see the proper result. Therefore, before continuing be sure you have a good understanding of
your Terminal and how to enable the Alphanumerics and Graphics displays.

NOTES
The handshake operation for the Graphics memory is limited in speed. Therefore,
the maximum Graphics Memory BAUD RATE is 2400. Fourier systems shipped after
mid 1979 include 2648A Graphics Terminals that have been modified to allow the
BAUD RATE to be set at 9600. These products may be identified by the “E55” desig-
nation on the product tag on the inside of the rear terminal cover.

Remember that the button must be in the down position when operating
with the Fourier System.

TURN OFF

The Processor has a volatile memory so all data and programs which you wish to save must be stored on the
Disc. (This is true anytime since momentary power interruptions may also erase Processor memory.)
Therefore, before performing the steps below, use the procedures described in Section 4 to store needed
information on the Disc.

1. Place the Q,W\il SO  switch on the Disc to the : STQF: position.

2. When the DOOR UNLOCKED light comes on (about 1 minute) pull down to open the door on the
front of the Disc and remove the disc pack. Close the door and store the disc pack on its side in a
clean place.

3. Turn off main cabinet power by pressing the SYSTEM ON/OFF switch in the upper right corner of
the cabinet.

4. Check that power is off to all peripherals not plugged into cabinet power sockets.
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INTRODUCTION TO SYSTEM OPERATION

The 5451C FOURIER ANALYZER provides dual-channel frequency domain analysis of
any time signal from dc to 50 kHz. The system is self-contained with an ADC to
digitize the input signal, a Processor to analyze the signal, and a Display to show the
result. Further, a Keyboard is included to allow operator control over the program,
a Graphics Terminal displays plots and listings of the data, and a Disc Drive

provides data and program storage. The relationship of these units is illustrated
below. Optional peripherals that have been added to enhance operation are

shown outside of the main data flow.

INPUT

The 5466B ADC samples the analog input
signal at a selectable rate and converts
each sample into a 12-bit digital word.
The standard ADC accepts two inputs for
cross measuring, and a 4-channel input
is optional.

The 54440A Filter prevents The 54470A Pre-Processor
aliasing effects in the meas- adds on-line Band-Selectable
urement signal by providing Fourier Analysis (zooming
ten programmable ranges of effect). This BSFA technique
low-pass filtering. increases resolution and

dynamic range in any narrow
band selected between dc
and 50 kHz.
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PROCESSING

The 790&Disc Drive is control-
lable from the Keyboard to bring
in fixed programs to the Proces-
sor and to provide flexible data
storage (9-€M words) on two
discs, one fixed and one
removable.

__JTIITT ]

The 7970B/E Magnetic Tape
Drives provide additional
storage for ADC throughput
(raw) data.

|

The 54451 Processor combines
special hardware and firmware
with 60K words of memory

to perform signal analysis

and control input/output functions.

The 5475A Control Unit Keyboard
controls all stages of the measure-
ment, from acquiring the signal
through analysis, display, post-
processing, and storage. Key-
strokes control all hardware as
well as software functions.

The 2648 Graphics Terminal pro-
vides an annotated soft-copy plot
of any displayed or stored signal,
lists stored or live programs, and
accepts ASCII input to the Proces-
sor or Disc from the attached
keyboard.
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OUTPUT

The Digital Plotter provides a
hard copy of information
presented on the Display and
Graphics Terminal.

|—

The 9866 Thermal Printer
provides a hard copy of
program listings presented
on the Terminal.

/

ol BE BN

e
|

o O 0O
MER

The 5460A Display Unit presents
both the input signal and the
processed results. Controls are
provided to select viewing
coordinates with units of cali-
bration indicated automatically.

The 54420A DAC produces
periodic or pseudo-random
analog test signals from digital
data blocks.

Figure 2-1. System Data Flow Diagram



LEARNING TO OPERATE THE FOURIER ANALYZER

This section is organized to teach the operator the full capabilities of the Fourier
Analyzer System. First some theory of signal sampling and data structure is discussed
followed by demonstrations of Keyboard commands. All of the features of the system
are presented, along with uses of all the Keyboard groups.

The following demonstrations proceed from basic functions to the more complex operations, concluding
with Keyboard Programming. This latter feature makes the fullest use of the power of the system, allowing
you to automate repetitive measurements, or tailor the system for specific needs. It is important, then, that
the demonstrations be followed in the sequence presented.

After performing the demonstrations, you should be ready to make your own measurements, referring as
necessary to later sections for specific information. Section 3 contains complete descriptions of every key
arranged by functional order (see Quick-Key Reference or Table of Contents for page numbers). Sections 4
through 8 contain detailed reference material on the major features of the Fourier Analyzer.

ADC SAMPLING PARAMETERS

The input signal to be measured is sampled at discrete time intervals by the ADC. Each sample is converted
to a digital data word which can then be processed within the system. The following paragraphs explain the
sampling technique employed in the Analyzer and how the switches on the ADC control the rate and
number of samples. Unfold Figure 2-6, ADC Front Panel Controls, at the end of this subsection for
reference as you read these paragraphs.

Figure 2-2 shows a sampled time record and its corresponding spectrum. Terms which define the scale of
the time and frequency records are At, T, Fmax, Fs, Af. These terms are related to each other as follows:

The sample frequency (Fs) and the sample interval (At) are reciprocals of each other:
Fs = 1/At

Figure 2-2. ADC Sampling Parameters
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Shannon’s sampling theorem requires that there be 2 samples for the highest frequency in the record, so
that:

Fmax = = —

If N data points are taken (i.e., a data block size of N), with samples spaced At apart, a time sample record T
will be recorded in memory whose length is:

T = NAt
Since each spectrum has two values associated with each frequency (i.e., real part and imaginary part, or

magnitude and phase), the display in the frequency domain will have only N/2 data points. Thus, the
frequency resolution (Af) will be determined by:

Fmax FS
Af = = —
N/2 N
and since
FS = l
At
and
T = NAt
we can see that
af = L
T

i.e., the frequency resolution (Af) is determined by the sample record length (T). The four quantities Af,
Fmax, At, and T completely determine the time and frequency scales of the Fourier Analyzer.

For further clarification, the parameters are broken down as follows according to their domain.
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Time Domain Parameters

At

The time between samples, called the “sample interval”, (A TIME on the ADC panel).
The number of samples taken: This is the data block size (BLOCK SIZE on the Keyboard).

The total time of the sample record, called “total record length”. (TOTAL TIME on the ADC
panel). From Figure 2-3 it can be seen that:

total record length = no. of samples X sample interval

T = NAt

Figure 2-3. Time Domain Parameters
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Frequency Domain Parameters

The following parameters pertain to a standard, or baseband, measurement. The operator may also choose
to increase the resolution of any frequency measurement, or portion of a spectrum, through a built-in
digital filtering technique known as Band Selectable Fourier Analysis. The BSFA technique results in

different relationships between parameters as compared to the standard measurement, and is introduced
later in this section (see Demonstration of Measurement Functions).

Af The number of Hz between frequency points, or, the frequency resolution. Origin of display is 0

Af (dc component); next pointis 1 Af; next point is 2 Af; next 3 Af, etc. No finer resolution than Af
may be assigned to any frequency value.

N/2 The number of frequency points: the frequency domain occupies a block of N points, but this

block is broken into two displays: real or imaginary (depending on MODE switch setting). The
real (cosine) display consists of (N/2)+1 points and the imaginary (sine) display consists of (N/2)-1
points, for a total of N points. It should be understood that these N points cover N/2 frequencies,

since there is a real and imaginary value for each frequency (except for dc and highest frequency,
which only have real values).

Frmax The maximum frequency of the display, or in other words, the bandwidth. (MAX FREQ on the

ADC panel). From Figure 2-4 it can be seen that:

maximum frequency = no. of frequency points X frequency resolution

Fmax = N/2 X Af

Figure 2-4. Frequency Domain Parameters
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Choosing Sample Parameters

Table 2-1 summarizes the time and frequency domain parameters (At, Fmax, Af, T). The table permits the
user to obtain the best trade-off on the parameters he is interested in. The SAMPLE MODE switch and the
MULTIPLIER switch on the ADC panel enable the user to select a convenient value for one of the two
values on each side of the SAMPLE MODE switch. The other value is then automatically fixed, as shown in
Table 2-1. Thus if you choose a frequency resolution (Af) then the total record length (TOTAL TIME) is
automatically fixed. The remaining two points are determined by the block size. The following example
presents a typical situation.

Suppose you must have a 1 Hz frequency resolution and at the same time a 5 kHz maximum frequency. Go
into Table 2-1 at line 3. In this case,

Af =1

In the last column, you see that the equation relating frequency resolution and maximum frequency is:

Fmax = N/2 X Af
SO
5000 = N/2 X 1

N = 10,000

but the largest block size is 4,096, so an N of 10,000 is impossible. Suppose you agree to settle for a lower
maximum frequency and substitute for N a block size of 4096. This will give the largest possible Fmax:

Fmax = 4096/2 X 1
Fmax = 2048 Hz
So if you want 1 Hz resolution you must settle for an Fmax of 2048 Hz.

This is the kind of manipulation of ADC parameters which you must be able to do. The parameters are set
with the SAMPLE MODE and MULTIPLIER switches on the ADC, plus the BLOCK SIZE key on the
Keyboard.

Table 2-1. Selecting Values for Data Sampling Parameters

Choose convenient round
number for parameter shown.

Chosen parameter auto-
matically fixes the value of
parameter below, because of
relationship in parentheses.

Then make either of the
remaining two parameters
(can’t be both) as close as
possible to the desired value
by choosing N* in the
relationships shown.

] T (T = NAY
t Fmax ( Fmax = ——
1 A max < max 2At> Af (Af = 1 )
NAt
] T (T = NAY)
2. F At (At =
max ( 2Fmax> Af <Af = _.1_>
NAt
1 w0
3 Af T <T = —> N N
af Fmax (Fmax = - " Af)
2
At (m - -T—)
4 T N

N
Fmax (Fmax = —2— . Af>

*N, the data block size, is always a power of 2.
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Aliasing

Aliasing is a phenomenon that results from sampling analog inputs, and must be kept in mind to avoid
possible erroneous results. It comes about from the fact that when an analog input is sampled, the
spectrum replicates around multiples of the sample frequency Fs, as shown in the following diagram. Now
since Fmax is half of Fs, it follows that if any frequencies greater than Fmax are present they will fold back as
frequencies less than Fmax.

In the figure below, Fmax is 2 kHz, Fs is 4 kHz. A frequency of 2.2 kHz will therefore be seen as 1.8 kHz; 3
kHz as 1; 5 kHz again as 1, etc.

= Fnax Fmax Fs 3Fmax  2Fs

No
aliasing
error

T

max S max

To avoid the problem, you must make sure that the Fmax you set is higher than the highest frequency in the
data. (Or use a low pass filter, such as the optional 54440 Low Pass Filter, to attenuate unwanted higher
frequencies.)
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HOW DATA IS PROCESSED
THE DATA WORD

The smallest element of data that may be entered or taken out of the Fourier Analyzer memory for an
input/output processing operation is the data word. Each data word represents a value at a given point in
time of a time series, or of a correlation function, or a value of a spectrum at a given frequency. The data
word is a 16-bit binary number representing an integer from -32,768 to +32,767, a range of greater than 96

dB. Groups of these data words are collected together to form the next element of data storage, the data
block, as shown in Figure 2-5.

Figure 2-5. Data Memory Storage
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THE DATA BLOCK

The data block may contain a quantity of data words equal to any power of 2 from 26 = 64 to 212 = 4096
words. A data block will contain a set of time samples of a time series or a set of frequency components of a
spectrum. This time record or spectrum may represent one element in an ensemble average or it may be
the result of some complex operation such as a power spectrum or correlation function.

Data Qualifiers

Associated with each data block are “data qualifiers”’, consisting of an amplitude scale factor, a block
calibrator, and a frequency code. The amplitude scale factor is a power of 10 which multiplies all N data
words in the block. The block calibrator is a 16-bit binary number which multiplies all N data words in the
block. Its magnitude is always greater than 0.1 but never more than 1. The data word, block calibrator, and
scale factor may thus represent any number from -1X10-512 to +1 X 10+511. This numerical system is called
“floating point on a block basis”, and allows full use of all 16 bits during calculations without overflow.
When an overflow occurs in an operation, all words in the data block are divided by 2 (shifted right one bit)
and the block calibrator and scale factor are compensated accordingly. In this way, full accuracy of the data
word is retained and no loss of calibration occurs during calculations. The frequency code defines the
sampling parameters used by the Analog-to-Digital Converter if data was taken in via the ADC mode. A
table of the frequency codes used is provided under the PRINT key in Section 3.)

Time vs. Frequency Blocks

When the data in a data block represents the values associated with a spectrum or other function of
frequency, the data is stored differently than when the data block contains a time series. In the Fourier
Analyzer, from an N-point real time series, we compute and display N/2 positive frequencies, plus dc. Each
frequency except the highest has 2 independent numerical values: a real (cosine) and an imaginary (sine).
The highest frequency has only a real, but no imaginary value. The actual arithmetic is as follows: N/2
positive real frequency values plus dc value = (N/2)+1 real points. The imaginary side has no dc value and
no value for the highest frequency, hence it has (N/2)-1 points. Adding the real and imaginary points
together we get (N/2)+1 plus (N/2)-1, or a total of N points in the frequency domain from N points in the
time domain (see Figure 2-5). The negative frequencies that are generated by the double-sided transform
are not computed or displayed because the negative half of the frequency (of a real-time series) is
symmetrical with the positive half of the spectrum.

When the data block contains a time record, the first sample point of the time record is contained in the
first word (numbered 0) of the data block, and the last point of the time record is found in the last word
(numbered N-1) of the data block. However, when the data block contains values in the frequency
domain, the real and imaginary values are interlaced (see Figure 2-5). The only exceptions to this are the
lowest real frequency (dc) and the highest real frequency (Fn). The dc value is stored in the first word (0) of
the data block and the Fn value is stored in the adjacent word (1).

In this manual, the term channel will be used for the 1 data word defining a point in the time domain or the
2 data words defining a point in the frequency domain. Thus, there will be N channels in the time domain
and N/2 channels in the frequency domain. Details on how to direct the data word into and out of the
real/magnitude or imaginary/phase part of memory are included with the related keyboard commands in
Section 3.

Double Precision Data Blocks

Under certain circumstances the result of a data block operation will be a double precision data block.
These blocks are composed of data words 32 bits long (normally 16). The most significant bits are stored in
one data block word, while the least significant bits are stored in the following data block word. In some
cases, a double precision block has no imaginary values (e.g., auto power spectrum) so that no extra
storage is needed for the block. In cases where the data does have imaginary values (e.g., cross power
spectrum) two data blocks are then needed to store the data.
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Data Block Relationships

At any particular time all data blocks must be of the same size. The number of blocks that are available for a
set of operations can then be determined by dividing the total number of memory words by the block size.
For example, if a block size is set to 512 words in a system with 16,384 (16K) data words available, 32 data
blocks numbered from 0 to 31 are available. As shown in Figure 2-5 the data blocks lie in consecutive order
in the memory with the first word (word 0) of data block 0 in the first word (the 0 word) of data memory
and the last word of the block in the N-1 word of the data block. If data is contained in memory and the
block size is changed, the location of a particular data word is not changed, but the boundaries of the data
block are.

The following example will clarify this point.

Example. If the block size is 512, and a time series is represented in memory, there will be 512 numbered
data positions representing an equal number of time points. Consider the 260th word of block 0 (i.e.,
channel 259). If the block size is changed to 1024, the new 0 block will include the 260th word of memory
and this data point will still be channel 259 of block 0. However, if the block size had been changed from
512 to 256, the 260th word of memory would now be in the 2nd data block and would be the 4th word of
data block 1. This word would be numbered channel 3 of data block 1 since the first channel of the data
block is number 0.

Important: If the block size is expanded with a given set of data in memory, there may be an error in the

scale factor display. The reason is as follows: suppose the block size is 128, and the block 0 scale factor is

1(101) and the block 1 scale factor is 2(102). Now the block size is doubled. Then block 0 contains data

having two different size factors. The first will dominate and be read out on the scale factor display

meaning that the display will be wrong for the second half of the block. This must be kept in mind -
whenever block sizes are changed while there is data in more than 1 block.

However, when an original block is broken up into smaller blocks, the new blocks will take on the scale
factor of the original block (unless the CODED BLOCK SIZE command is given). For instance, if block 0 is
halved, the scale factor for the new block 1 will be the same scale factor as was the original block 0. (See
BLOCK SIZE command, Section 3.)
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THE KEYBOARD COMMAND

All operations on the Fourier Analyzer are initiated from the Keyboard. (Unfold Figure
2-7 at the end of this section). The general form of the Keyboard command is:

I/"_‘\ 777N I"""\
XXX T SPACE I 2 SPACE i a3 | ENTER
| / \ \ /
N/ \\__/ ~
e [

COMMAND PARAMETERS AND SEPARATORS TERMINATOR

~——

Parameters may be any integer up to 32,767 and must be separated from each other by the SPACE key; the
number of parameters vary for each command. Command formats for all keys are given in detail in Section
3 and abbreviated in Appendix B.

For information on a particular key, see the Quick-Key reference on the inside front cover for specific
page numbers.

No command is executed or entered until the ENTER key is pressed. If a mistake is made during the entry
of a command, it can be erased by pressing the RUB OUT key, then the ENTER key. An incorrect command
will turn the WHAT? light on and print an error message on the Terminal.

EXAMPLE OF TYPICAL COMMAND

Suppose you want to print out the contents of channels 22 to 31 of data block 2. Look under the PRINT key
in Section 3 and you will find the following format for the PRINT command:

/’—-‘\ ’/‘_'\\ l/‘_‘\

I

PRINT 1 BLOCK | SPACE [CHANNEL! SPACE [CHANNEL | ENTER
I ni [ LTI \ n3
\\__,/ N/ \__,/

where:
n1 is the number of the data block to be printed out.
n2 is the first channel to be printed out.

n3 is the last channel to be printed out.

In which case, to complete our example you would enter this command as follows:

NOTE

The term variable parameter as encountered later in this manual means that, rather
than entering discrete values for n1, n2, n3 and so on, to indicate channels, data
blocks, etc., an address is entered instead that contains a variable value for a
channel, data block, etc. Variable Parameters are introduced in the Demonstration
of Variable Parameters later in this section and defined fully in Section 3.
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EXAMPLE OF GOLD KEY COMMAND

The gold USER PROGram key is a dual function key. Pressed by itself it initiates a User Program command
(also called Y-command). When followed by one of the other Keyboard keys that have a gold function
printed above or below the key, the gold function is initiated. In this latter case, the USER PROGram key
acts as a shift key similar to that on a typewriter or calculator.

To use the USER PROGram key to initiate User Programs only, follow the format below:

USER l
\

where n is the 4-digit user program command and n1 through n6 are optional program parameters
(see Section 7 for complete listing).

To use the USER PROGram key as a gold shift key, follow the format below:

™\
USER \ 2‘
(=) () () (o

where @ is one of the gold-labeled keys (e.g., press KEY BOARD key to get gold PLOT
function) and n1 through n5 are program parameters. Note the absence of the SPACE key between
the gold-labeled key and n1.

Most gold functions are actually represented by an existing User Program command. For example, gold
LIST is User Program 1806. The gold function then is simply an abbreviated method of entering the User
Program number.

User Programs are introduced in the demonstrations to follow and are fully defined in Section 7. The gold
function keys are defined in Section 3, together with the associated standard key (e.g., gold PLOT,
immediately after KEY BOARD key.

MEANING OF DEFAULT

A default system is built into the Keyboard program to save keystrokes in many situations. For instance, in
the example of the PRINT command given previously, if n2 and n3 are defaulted (i.e., not entered) all of
the channels in the data block will be printed out. If n1 is defaulted as well, all of data block 0 will be
printed out — defaulting of n1, the block, always indicates block 0. Default values for each command are
given with the key descriptions in Section 3.
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DEMONSTRATION OF SOME BASIC KEYBOARD FUNCTIONS

The demonstrations that follow are intended to be a familarization procedure for the
new owner of the Fourier Analyzer. These demonstrations also explain the use of the
rest of this manual, which is set up in reference form so that you can quickly find
complete information as you need it. (A fast way to locate any subject is by using the
index at the very end of this manual.)

In order not to interrupt the sequence once it has begun, background information on three important
subjects must be mastered first. (1) ADC sampling parameters, (2) how data is processed, and (3) the
Keyboard command structure. These previous paragraphs should be read before beginning the
demonstrations.

In the following demonstration, we will enter a pulse through the Analog-to-Digital Converter (ADC) and
exercise some of the ADC controls. Then we will enter a pulse manually from the Keyboard and proceed
through the Fourier transform to a series of other commands which show all of the display coordinates. At
the conclusion, we will demonstrate a simple Gold Key operation.

INSTRUMENT PREPARATION REQUIRED

At this point, it is assumed that the Fourier Analyzer has been installed and checked out according to the
Operational Check provided in the Fourier Analyzer System Service Manual. Power should be on, and the
READY light should be lit. For instructions on turning on the Fourier Analyzer, see the Turn-On Procedure
at the beginning of this section.

HOW TO SET SAMPLING RATES

This paragraph is a summary of the previous discussion on ADC Sampling Parameters and is provided as a
review before we get into the demonstration. Again, unfold Figure 2-6 at the end of this section for full
information on ADC controls.

The rate at which the ADC samples the analog input is set by the SAMPLE MODE and MULTIPLIER
switches. There are four sampling parameters: The two in the time domain are the interval between
samples (At) and the total record length (T); in the frequency domain there is frequency resolution (Af)
and maximum frequency (Fmax). The following tells how to set the parameter values on the ADC switches.

The left side of the SAMPLE MODE switch permits the user to select either a desired maximum frequency
(Fmax) or a desired sample interval (At). Choosing one automatically fixes the other because of the
relationship:

1

2At

F max

The two positions of the switch enable you to select two different ranges of magnitude, which differ by a
factor of 1000. Values are set with the MULTIPLIER switch: black numbers for At, blue for Fmax. The other
two parameters, frequency resolution (Af) and sample record length (T), are found by the equations:

Af = Fmax/(N/z)
T = NAt
where N is the block size.
Alternatively, the right side of the SAMPLE MODE switch permits the user to select either a desired
frequency resolution (Af), or a desired sample record length (T). One automatically fixes the other because

of the relationship:

Af =1/T
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The remaining two parameters, Fmax and At can be computed from the equations:

Fmax = N/2Af

at= T
N

ENTERING AN ANALOG PULSE

1.

Set ADC controls (Refer to foldout Figure 2-6)

In order to eliminate the need for an external signal generator, we will use the internally-generated
CHECK pulse as an analog input. This signal is a rectangular pulse of about 51 mV amplitude and
1100 us (1.1 ms) length, as shown below. The frequency of the pulse is the line frequency. This
means that the period T is the reciprocal of the line frequency, or about 17,000 us (17 ms) for a 60 Hz
line. Thus, the pulse is present in only 1/17th of the time T.

CHECK PULSE

/

SimV

A
~~

1100 pysec (1.1 msec)

\ /
V

17,000 usec (17 msec)

Since, as much as possible, we want to look at the pulse and not the space in between, we will begin
by choosing a At that will give us an adequate number of samples of the pulse only. Eleven (11)
samples would be adequate: the pulse is 1100 us long. 1100/11 gives a At of 100 us. Therefore, on
the ADC we set:

SAMPLE MODE to kHz/us
MULTIPLIER to black 100
EXT/INT to INT

The CHECK pulse can be accessed at any time by putting the OVERLOAD VOLTAGE switch in the
CHECK position. We will be using channel A only, so set:

OVERLOAD VOLTAGE switch A to CHECK

The INPUT SELECTOR switch determines the number of input channels used for a given
measurement starting with channel A. Because we are going to look at one channel only, set:

INPUT SELECTOR to A

Notice under the TRIGGER SOURCE switch we have five positions available, two of which include
an AC or DC coupled EXTernal source (note BNC labeled TRIGGER input). The other three
positions control internal triggering as follows when an analog input has been given: FREE RUN
which starts the ADC sampling immediately; INTERNAL (A) which triggers on the input signal to
INPUT CHANNEL A (note BNC connectors); and LINE which triggers on the power line frequency.

To sample the CHECK pulse we will set:
TRIGGER SOURCE to FREE RUN
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2. Set Display Unit Controls (Refer to foldout Figure 2-8)

The system makes measurements by digitizing the input signals and storing the digital data in the
Processor. Then the information derived can be manipulated and displayed a number of ways on
the Display Unit. The following paragraphs are concerned with familiarizing the user first with the
ADC controls then the Display Unit controls.

For now, set the Display Unit controls as follows:
On the CRT portion of the Display Unit, set the following:

MAGNIFIER to X1

DISPLAY to INT

INTENSITY as necessary to show beam or line
FOCUS & SCALE as desired

On the control portion of the Display Unit, set the following:

GAIN to CAL

MODE to REAL/MAGNITUDE
POLAR ANG/DIV to any position
SCALE to straight up

All lever switches to center except:

DISPLAY TYPE to BAR

DISPLAY FUNCTION to CAL
Adjust VERTICAL/POSITION and HORIZONTAL/POSITION (on CRT) to center the beam on left
center of CRT. Then set:

DISPLAY/FUNCTION to DISPLAY

3. Enter Keyboard Commands (Refer to foldout Figure 2-7)

The REPEAT/SINGLE switch on the Keyboard has to do with continuous or single displays of data
blocks. In the SINGLE position, one block only of each selected input channel is displayed. In the
REPEAT position, blocks are displayed repeatedly, and the BUSY light stays on, disabling further
Keyboard entry.

To allow us to continuously sample and display the CHECK pulse, set:
REPEAT/SINGLE to REPEAT
We are now ready to enter our first keyboard commands. As stated before, all keyboard keys are

explained in Section 3. Whenever you want to know more about a key than is explained here
(purpose, parameters, etc.), refer to that section.

A mistake in a command entry can be corrected, provided the ENTER key has not been pushed, by
pressing RUBOUT ENTER.

The sample parameters for a CHECK pulse are not critical, so enter an arbitrary block size of 256 as
follows:

BLOCK 2 5 ENTER
SIZE

On the Keyboard, the BLOCK SIZE 256 light should be on and the line on the CRT will comprise 256
points.
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The ANALOG IN command initiates the measurement, taking in data to the Processor through the

ADC. We can enter the CHECK pulse into block 0 and also display this block by defaulting all
parameters and entering simply:

ANALG ENTER
IN

CHECK pulses will now appear on the CRT similar to that shown below:

The CHECK pulses appear to run across the screen because in the REPEAT mode with a free

running trigger, we are displaying data as fast as it can be sampled. The next step describes ways to
best view the data.

Vary Trigger and Sample Controls

We can sync the CHECK pulses by triggering on the positive edge of the pulse as follows:

TRIGGER SOURCE to INTERNAL (A)
TRIGGER SLOPE to POS (outer knob CW)
TRIGGER LEVEL to 2 o’clock (or CW until pulse stabilizes)

Note that the TRIGGERING light comes on and that a stable display appears as shown below since
now we are triggering solely on the leading edge of the CHECK pulse.

Now set:

TRIGGER SLOPE to NEG
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The display will change to that shown below since we are now triggering on the negative edge of
the CHECK pulse. Note that the left pulse is no longer visible and the right pulse has shifted left one
pulse width.

Return:
TRIGGER SLOPE to POS

Now let’s see how varying the sample interval (At) affects the display. Note that the SAMPLE MODE
switch points to kHz/us (under MAX FREQ/A TIME) and the MULTIPLIER ooints to 100/10/5. We
use the black lettering to determine that we are sampling with a At of 100 us (and the blue lettering
to determine that our Fmax is 5 kHz.

To change our sample rate, set:
MULTIPLIER to black 500
Now our At is 500 us and the display appears as follows:

The reason we see more CHECK pulses of a narrower width is because the At has increased by 5, meaning
we are taking fewer samples of the CHECK pulse.
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If our area of interest is in the CHECK pulse, then we will want to reduce At to where we take as many
samples as possible. To show this, set:

MULTIPLIER to black 10

With the time between samples now at 10 us, we can see that many more samples are taken of the pulse as
shown below:

We can also change At with the SAMPLE MODE switch; for example, set:
SAMPLE MODE to blue Hz/ms (A TIME)

Again, reading the black lettering only, we see that At now equals 10 ms. The display appears as follows:

At this sample rate the pulses may disappear and reappear over a minute or so interval. This is normal since
with a At of 10 ms for a 1 ms pulse, it is as likely to sample the 0 volts between pulses as the pulse itself. After
viewing, set:

SAMPLE MODE to kHz/us
MULTIPLIER to black 100
5. Hold Block of Data

Up to this point we have been continuously inputting and displaying new data. We can capture a
block of data by setting the Keyboard switch:

REPEAT/SINGLE to SINGLE

The Keyboard READY light comes on indicating that a data block has been stored in the Processor
and the Keyboard is enabled.

Note that the scale factor display, which was blank in the REPEAT position, is now lighted on the
Display Unit. Also, our CHECK pulse has been re-scaled.
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6. Interpret Scale Factor Display

The scale factor display gives the vertical scale of the scope. The factor is expressed as 1, 2, or 5 times
10 to some exponent. For example, the scale factor for the above CHECK pulse might be 5 X 10
-002, meaning 5 X 10-2, so that each vertical division is 0.05, or 50 millivolts. This is about the
amplitude of the CHECK pulse (51 mV) as shown below.

This scale factor is displayed automatically at all times except for special cases such as
REPEAT/SINGLE switch in REPEAT position, as we saw earlier. Turn the SCALE switch left and right,
and note the increase and decrease in the size of the pulse, and how the scale factor changes
accordingly. The display always remains calibrated regardless of switch position.

REVIEW

So far, we have taken an analog pulse into the ADC, seen how some of the sampling controls work, looked
at triggering, and explained the scale factor display. Next we want to put in a pulse manually, then do a
Fourier transform, and see the coordinate systems available on the Fourier Analyzer. We will also exercise
some of the Display Unit controls. :

ENTERING A PULSE MANUALLY

Another means of entering data is the manual Keyboard method. Using the KEYBOARD key we can enter
data points in memory to simulate a signal. As explained under this key in Section 3, there are two methods
available to do this: the block-fill method, and the point-by-point method. In this example we will use the
simpler block-fill method, which fills a specified number of channels with a uniform amplitude.

1. Enter Block Fill Command
First, clear data block 0 by pressing:

CLEAR

Then, build a rectangular pulse in block 0, from channel 0 thru channel 8, by pressing:

KEY

Check that the BUSY light turns on, meaning that the Keyboard is waiting for the next two
commands.
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2. Enter Scale Factors

The scale factors required to keep the data calibrated are: the block multiplier, the coordinate
code, and the frequency code. These are explained under the KEYBOARD key. For now, let the
block multiplier be 10-4, and the coordinate code can be 0 since we want to be in time domain, and
let the frequency code be 42, which gives us an Fmax of 5 kHz (see frequency code table under
PRINT key). Therefore, enter: (Use minus key in the ENTRY group.)

KEY

3. Enter Data

To create a 1-volt amplitude on the pulse, with a multiplier of 10-4, enter:

SIORONORONC

Note that the KEYBOARD key was not required for this last entry. The READY light now turns on
and the pulse is displayed as shown.

To save having to re-enter the pulse later, should the need arise, we can store it in block 1 by
pressing:

STORE @ ENTER

Now it is in both block 0 and block 1, with block 1 being displayed. To view block 0 again, press:

ENTER

4. Do Fourier transform

We are now ready to do the Fourier transform. Since we are operating on block 0 only, we can
default the parameters and enter simply:
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The Fourier transform consists of two spectral series: a real or cosine series, and an imaginary or
sine series. The familiar curve, sin X/X, will appear on the display as follows:

Determining horizontal scale

From the previous discussion we know how to read the vertical scale. The pulse we input was given
an Fmax of 5 kHz. This means we are now displaying dc on the left of the CRT and Fmax on the right
of the CRT. To determine the frequency of a particular channel, we can calculate either of two
ways: (1) a rough scale is available by considering each horizontal division on the scope to be
Fmax/10 (there are 10 horizontal divisions), (2) a more accurate scale is determined by simple
calculation. If the SAMPLE MODE switch is in one of the two left-hand positions, then the formula
to use is:

Fmax

N/2

= Af

Fmax is read directly from the SAMPLE MODE and MULTIPLIER switches; N is block size. Af is the
frequency resolution. To read the frequency of a particular channel on the CRT, begin with dc on
the left, then the next point to the right is 1Af, next 2Af, etc. In our case, therefore, the calculation
is:

5000 = 39,06 Hz
256/2

There is a 39.06 Hz between each point on the scope, beginning with 0 Hz on the left.

If the SAMPLE MODE switch is in one of the two right-hand positions, then the formula is:
Af(N/2) = Fmax

where Af is read directly from the switch settings, N is the block size.

The full explanation of how these various data sampling parameters are related was given earlier in
this section under ADC Sampling Parameters. In many cases, of course, you will be interested in
setting frequency parameters, and then will have to use other relationships to determine the values
in the time domain. '

NOTE

A third and more precise method of determining the value of displayed points is by
using the X cursor (demonstrated later in this section).
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6. The real (cosine) and imaginary (sine) series

With the MODE switch in the REAL/MAGNITUDE position, the real (cosine) series is displayed.
Now set:

MODE switch to IMAGINARY/PHASE

The resulting display of the imaginary portion of the spectrum should appear as follows:

For more information on Display Unit controls, refer to foldout Figure 2-8 at the end of this section.

7. Polar magnitude and phase display

Another Keyboard command will convert the above display to polar coordinates, i.e., magnitude
and phase. First set:

MODE switch to REAL/MAGNITUDE

then press:

The display presents the magnitude portion of the spectrum as follows:
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To display the phase portion of the spectrum, set:
MODE switch to IMAGINARY/PHASE

Now the CRT shows the phase display, with the scale reading 0 to +180° on the top half of the
screen, and 0 to -180° on the bottom half (each division of CRT = 45° with POLAR ANG/DIV switch
in straight up “45” position).

Frequency scale, of course, is as before. Note that the scale factor display is blank. For phase
displays, the scale factor is given (and set) on the POLAR ANG/DIV switch. Vary the phase scale by
turning the switch left and right. This changes the degrees-per-cm on the CRT to that indicated on
the switch with 0° always remaining at the center of the CRT. Set:

MODE switch to REAL/MAGNITUDE

and press:

LOG

This converts the vertical scale to logarithmic, giving a display as follows 1 ith the SCALE switch 2
positions CW from straight up:

Display readout indicates dB level at top line of screen, each division is then 10 dB down.

Markers are available for every 8th and 32nd point in the display, as an aid in identifying points of
interest. Set the MARKER switch on the Display Unit to 8 then 32. Some adjustment of the CRT
intensity may be necessary to make the markers stand out. Return MARKER switch to OFF.

Set the TYPE switch on the Display Unit to POINT and then to CONT positions and observe the
different types of display. Reset switch to BAR.
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To make a Bode plot (log vertical and horizontal scales), we set:
HORIZONTAL/ORIGIN switch to LOG

which sets the horizontal axis to logarithamic (the LOG MAG command sets the vertical axis to log)
with the resulting display:

8. Plot the Results

For a final exercise in this demonstration, we will plot the display on the Terminal using the Gold
Key PLOT function. Set:

SCALE back to straight up

Notice that on the previous display most of our information is on the right side of the screen. We
can modify this display to more easily view the data of interest by calling up one of the resident
User Programs. (These programs are provided as a user convenience for a variety of applications
and are introduced throughout the manual; see Section 7 for a full listing.)

Enter the following command and note that the number of horizontal decades is reduced on the

display:
USER

NOTE

The USER PROGram key doubles as a ‘gold shift’ key to initiate the functions
lettered in gold above or below a number of Keyboard keys. This is done by first
pressing the gold USER PROGram key, and then the associated command key.

We will demonstrate the gold PLOT function (above KEY BOARD key) as follows:
1. Set up the Terminal by pressing the gray key twice in rapid succession (<0.5 second). This

clears the Terminal except for the ‘TERMINAL READY‘ message in the upper left screen area and
leaves both Alphanumerics and Graphics memories on.

2. To disable the Alphanumerics display, hold down the key and press the ﬂ key once
to remove the flashing cursor. Check that the key and key are depressed.

Plot the display by pressing:

USER KEY
PROG BOARD ENTER
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The Terminal should display an annotated plot as follows:

jo}:]
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To return the Terminal to display Alphanumerics mode, press the following:

directs text to Alpha memory

BB cnables Alpha display
BB disables Graphics display

More information on plotting with the Graphics Terminal is given in the upcoming Demonstration of
Display Functions, and in Section 6.
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BASEBAND vs. BSFA MEASUREMENT

In the following demonstration we will make both a baseband measurement and a BSFA measurement on
a sinusoidal input signal. Then we will display both types of measurements to demonstrate the increased
frequency resolution of the BSFA measurement. The Disc in your system has two files which are used for
raw data storage and retrieval. File 1 is used to store data blocks from the Processor memory. File 2is used
for storage of raw ADC throughput data only. This throughput data is taken directly from the ADC and
stored on the Disc. In this case the Processor is only being used as a buffer between the ADC and Disc.
During this demonstration we will also use the Disc for storage of a data block as well as real-time ADC
throughput data.

For this demonstration an oscillator will be needed. Set the oscillator for 2 kHz and an amplitude of 200 mV
p-p. Connect the oscillator output to the INPUT CHANNEL A on the ADC.

NOTE

This setup will be required again in the final demonstration in this section.

Set up the ADC as follows:

SAMPLE MODE to INT, White Hz/ms (AFREQ)
MULTIPLIER to Black 100 (10 Hz)

OVERLOAD VOLTAGE A to .25V

INPUT SELECTOR to A

TRIGGER SOURCE to FREE RUN

Set up the Display Unit as follows:

MODE to REAL/MAGNITUDE

SCALE to Straight up (12 o’clock)

Lever Switches to Center, except DISPLAY TYPE to CONT

VERTICAL GAIN to CAL

VERTICAL POSITION to Situate X axis on center horizontal line of CRT

Now press the following keys in the order given (check that REPEAT/SINGLE switch is set to SINGLE):

CLEAR ENTER
BLOCK' 2 ENTER
SIZE

This sets the number of data points to be input. The 1024 BLOCK SIZE lamp should light and
1024 points will be on the display.
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ANALG ENTER
IN

This reads in one block of data into block 0.

HANN
ENTER

This applies the Hanning window to the measured data.

This converts our time measurement to a frequency spectrum in rectangular coordinates. Note:
The FREQ and RECT light in the upper right corner of the Display Unit are now on.

Notice that in this baseband measurement we have a frequency resolution (AF) of 10 Hz as set by our ADC
SAMPLE MODE switch setting.

LOG

The magnitude is now being displayed on the CRT in log magnitude and polar coordinates (see
lights on display). The CRT should look similar to the picture below:

MASS
@ @

Position to record 0 of the Data File on the Disc. (For full information on this key, see Section 4.)

Write the contents of block 0 on the Disc. (We will read it back later.)
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We shall now read in a number of data records to the ADC Throughput File on the Disc. After storing on
the Disc we will use BSFA on this raw data to show increased resolution on the same input signal.

MASS 2 ENTER
STORE

Position and write throughput data on the Disc starting at record 0.

MASS ENTER

Write 50 records of raw data on the Disc.

BOO0R0000E
0000006

Initialize the BSFA operation for 2 kHz center frequency and 100 Hz bandwidth starting at record 100 on
the disc. Note that the Terminal prints out the center frequency of the display (2000 Hz) and the frequency
resolution (AF) we will have after the next step. Note the resolution enhancement on the Terminal
printout:

CNTR FREQ: 2000
HZ/DIV: 12.80
DF: 0.2500

BLOCKS LEFT: 14
ZOOM POWER: 40

The Processor now enters the BUSY mode to access the raw data previously stored on the throughput file,
then performs BSFA, and displays the results.

LOG

Display the BSFA results in log magnitude.

MASS
2 SPACE ENTER

Store BSFA measurement on the Disc in Data File.
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MASS 3 ENTER
STORE

Position the Data File back to record 0.

MASS ENTER
STORE

Read back from the Disc the baseband measurement we made in the beginning of this
demonstration and store in block 0.

MASS SPACE ENTER
STORE

Read back the BSFA measurement stored earlier on the Disc and store in block 1.

We now have both the baseband and BSFA measurement in the Processor in data blocks 0 and 1
respectively. Now compare these measurements by pressing:

@ (baseband block)
and

By alternating the display, the increased resolution (to 0.25 Hz) of BSFA over the original
measurement (10 Hz) can be seen.

Baseband Display BSFA Display

NOTE

Keep the data accumulated in this demonstration for use in the demonstration that
follows (i.e., do not press any additional keys unless directed).
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DEMONSTRATION OF DISPLAY FUNCTIONS

This demonstration explains the uses of the CURSOR key-on displayed functions, and
how to make annotated plots on the Terminal.

DEMONSTRATION OF CURSOR

The cursor is a vertical line on the display that is used to quickly identify vertical and horizontal coordinates
of a point by printing their values on the Terminal. The cursor is controlled from the Processor S-register
buttons, bits 9 thru 13. (For complete information, see CURSoR key in Section 3.) To demonstrate the
cursor let’s use the baseband measurement loaded from the Disc in the previous demonstration.

To display block 0, press:

ENTER

To turn the cursor on, press:

CURSR ENTER

The cursor will now be on the left side of the display. Bits 9 and 10 on the Processor control the positioning
of the cursor. Hold bit 9 ON and watch the cursor sweep from left to right across the display. (Bit 10 causes
sweep left). Stop the cursor near the center of the display. To step only one data point at a time press bit 9
(or 10) momentarily. Once you have practiced positioning the cursor with bits 9 and 10, place the cursor
over the peak amplitude on the display.

Press bit 11 on the Processor and observe the Terminal printout. The printout will show:

CHANNEL XXX

This is the channel number of the data point identified by the cursor.

FREQUENCY XXX

This is the frequency value of the data point above.

AMPLITUDE XXX

This is the value of the data point at the above channel number.

To expand about the cursor, press bit 13 on the Processor once. Again press bit 13 to expand even further.
Use bits 9 and 10 to position the cursor to another data point near the peak amplitude. Press bit 11 to get a
new printout on the Terminal. Now, to return to a full block display, press bit 13 OFF (lower half of toggle
switch). Here we see we have returned to the baseband measurement originally displayed.

Our cursor is still on the display but we turn it off temporarily by pressing bit 12 OFF (lower half of toggle
switch). To put the cursor display back on, press bit 12 ON. To disable the cursor, press:

e @ @
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DEMONSTRATION OF GRAPHICS

Your Fourier Analyzer contains software which allows you to produce an annotated plot of displayed data.
(We’ve already seen a brief demonstration of this capability using the Gold Key PLOT function.) This plot
may be traced on the Terminal or on an optional digital plotter. Control of the plot size, type, and
annotation is achieved by User Programs. Once all plot parameters have been fixed, they may be retained
to allow repetitive plotting with only a few Keyboard strokes.

To demonstrate this graphics capability let’s first construct some data in the system. The following
sequence of commands will produce data for plotting.

Sets data block size to 64 points.

CLEAR ENTER

Clears out data block 0.

KEY

KEY

BOARD @ @ SPACE @ ENTER
@ ENTER

These last three commands (above) build a pulse in data block 0.

ENTER

This command converts data block 0 to a frequency spectrum.

.| USER

This command tells the Processor that the Terminal will be our plot device.

ENTER

Press

NOTE

On the Terminal press the button twice very quickly and the message
“TERMINAL READY” should appear. Next while holding the key down

press the Terminal JJ key once. This will cause the flashing cursor on the
Terminal to be shut off.
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To plot the signal on the Display Unit press the following sequence of keys:

SORORORORDOR®

Sets plot size for full screen.

USER

Sets plot origin for lower left hand corner.

Read the Display Unit switches.

USER

Set horizontal range of plot.

USER

This command shuts off the echo to the Terminal. This means that all commands which follow
will not be printed on the Terminal as they have up to this point.

Erases the Terminal screen.

= () ) )

Plots the display on the Terminal.

Draws axis on the Terminal.

USER

Sets graphics software to draw all grid lines.

USER

Annotates plots and draws all grid lines.

To enable the keyboard echo to the Terminal, again press RESTART. We now have a fully annotated plot of
our display on the Terminal.

Now that we’ve entered the values above, we can call up User Program 5800 to do repetitive plotting
without re-entering all the values above. See Section 6 for details.
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DEMONSTRATION OF VARIABLE PARAMETERS AND TEXT BUFFERS

The following paragraphs demonstrate two powerful capabilities of the Fourier
Analyzer: Variable Parameters and Text Buffers.

VARIABLE PARAMETERS

Thus far we have considered entering Keyboard commands with constant parameters. For example, the
command to store data block 0 into data block 1:

has a constant first parameter equal to 1. However, the system will also allow this or any other parameter to
be a “variable”, which allows for far greater command flexibility, especially when writing Keyboard
Programs.

Variable Parameters serve the same functions as the Variables “X” and “Y” in the algebraic expression:
Y=X+1

This expression says ‘“Take the value of variable X, add one to that value, and let the result be the value of
variable Y.” In this expression, the names “X” and “Y” really refer to locations where the actual values of
“X” and “Y”” are stored. In a similar manner, Variable Parameters in the Fourier System are used to denote
memory locations where values are stored.

In the Fourier system, Variable Parameters are referred to by assigned numbers (rather than by letters such
as “X” and “Y” above), so that there is in the system a Variable Parameter #1, Variable Parameter #2, and so
forth. The value of a Variable Parameter, once assigned by the operator, does not change except by
program (or operator) direction. The number of Variable Parameters in the system is fixed — for a
complete list of the available Variable Parameters, see Section 3. There is a one-to-one correspondence
between a Variable Parameter number and a storage location in memory, which means that a specific
Variable Parameter can have only one value at any time.

Because Variable Parameters are specified by number, we need a convention to distinguish a Variable
Parameter from a constant Parameter in Keyboard commands. Therefore, Variable Parameters are
distinguished from fixed integers in Keyboard commands by adding the character “D” after the Variable
Parameter number — for example: “0D”, “1D”, ““2000D”, etc. When entering a Variable Parameter from
the Keyboard, the “DSPLY” Key (with mnemonic “D ") is used to add the character “D” (or the character
“D” may be typed on the Terminal). For example, to enter Variable Parameter number 1 in a STORE
command instead of a fixed value of 1, the entry would be:

STORE @ DSPLY ENTER

This will print “X>1D" on the Terminal, where “1D” is the name referring to Variable Parameter number 1.
This command says to the system: ‘Find the value of Variable Parameter 1, then store data block 0 into the
data block specified by that value.’

Note that, in the discussion above, the numeric Parameter “1” by itself was assumed to be a fixed integer
(rather than a Variable Parameter) when used with the “STORE” command. In general, all integer
parameters are interpreted by the system as simple integer values. However, some of the system Gold Key
functions and User Programs that operate specifically on or with Variable Parameters interpret some of
their parameters as Variable Parameter numbers which means that the “D” character suffix after the
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Variable Parameter number is “implied” and as such need not be given. An example of this implicit
Variable Parameter specification is the gold SET command:

USER

SET

Note that the Terminal echoes “Y__0 1D”. This command says ‘assign the value of VP 1to VP 0.” Note that
we specified VP 1 explicitly (using the D suffix) and VP 0 implicitly. The implicit specification may only be
used to specify a parameter as a Variable Parameter if that parameter is interpreted by the program as
being a Variable Parameter number, as is the case with the first parameter of the gold SET command.

All Gold Key commands and User Programs interpret their parameters in a predetermined manner, as
explained under each key and in the Variable Parameter paragraph in Section 3.

In the following discussion we shall see examples of both explicit and implicit Variable Parameter
specification.

The real benefit of Variable Parameters arises from the fact that in a Keyboard Program the parameters of a
Keyboard command may be dynamically changed without having to change the command itself. For
example, the command:

CLEAR @ DSPLY ENTER

(printed on the Terminal as “CL 1D”’) would have different meanings depending on the value of Variable
Parameter number 1. If the value of Variable Parameter 1 was “2”, this instruction would be interpreted by
the system to mean “clear block 2”’; however, if the value of parameter 1 was “10”, the instruction would
then be interpreted as ‘clear block 10”. Without editing the command we have changed its meaning in the
program.

There are many operations which may be performed on or using Variable Parameters. Some of these
operations are arithmetic functions, while other operations set, list, input, or output values. Also, some
functions allow access to and manipulation of data in data blocks. The next example will demonstrate some
of these functions.

To begin, we set the system block size to 64 by entering:

BLOCK
SIZE

ENTER

)
)
)
&)

Note that the “64” BLOCK SIZE light is lighted on the Keyboard.

We now clear block 0 and then create a data block with a constant value of 1 (similar to the block fill
method demonstrated earlier, or see KEY BOARD key in Section 3):

CLEAR ENTER

BOARD SPACE

SPACE SPACE ENTER

BOARD

) =
)

ENTER

O®®E
lo]olele
gfelu
afaje
OO0
ajole
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Now let’s input some Variable Parameter values to the system. We wish to enter values for Variable
Parameters 0,1, and 2, which we do by entering:

INPUT

USER PHOTO
CHORGCRONG

Note that, with the gold INPUT command, the Variable Parameter numbers were specified implicitly to be
0 and 2.

Also note that after pressing ENTER, the system is in the BUSY mode — this is because the system is now
waiting for the values of parameters 0, 1, and 2 to be entered. We will now enter the values of 0, 10, and 20
for Variable Parameters 0, 1, and 2, respectively:

(The SPACE key serves as-a delimiter for this entry.) Having received the required number of values, the
system now returns to the READY mode.

Let’s list the values we just entered for parameters 0 through 2. We can do this by entering (make sure the
Processor S-register is cleared before entering this command):

USER

(Again, note the implicit Variable Parameter specification.)
The following listing should occur:

0D =0 (value of parameter 0 = 0)
1D =10 (value of parameter 1 = 10)
2D =20 (value of parameter 2 = 20)

Now lets get the value of one of the data points on the data block just created into Variable Parameter 2000.
Enter the following:

GET
@ @

This loads Variable Parameter 2000 with the amplitude value of the data in block 0, channel 15. (Again, note
the “implicit” specification of VP 2000).

To list the value just obtained from the data block, we can enter the following command, which will list the
value of Variable Parameter 2000:

USER
@ @ @
LIST

The following printout should now occur:
2000D = .9999*

*The value is not identically equal due to the conversion from data block format to floating point format. See Section 3, Variable Parameter
User Programs, Y 1821.

5451C OPERATING
2-41



This is the value we originally put into the block. Notice that the value of parameter 2000 is a floating point
value (as compared to previously entered and printed integer values) since this Variable Parameter has
been defined to be of floating point type. Complex type (floating point real and imaginary values) Variable
Parameters are also defined in the system, as discussed in Section 3.

Now let’s divide the data value just obtained by 2 and then put it back into the block. To do the division, we

enter:
DIv

Default command for division by 2.

We then list the Variable Parameter to verify the division:

LIST

The Terminal will display the following:
2000D = .4999

The Variable Parameter is now half of its original value.

Now before we put the value back into the block, let’s clear out a portion of the block around the channel
of interest to make the inserted data point easier to see. To do this we could enter the command:

@ @ @ e . @ o

This clears block 0 between channels 10 and 20 (recall that we obtained the data value from channel 15).
However, we can use the Variable Parameters we previously entered (0,1,2) to do this as follows (recall that
parameter 0 = 0, parameter 1 = 10, parameter 2 = 20):

(Note that “spaces” are not necessary since the echoed characters for the display command are “D”, the
space is already supplied by that command). This is an example of a basic command which requires the
DSPLY mnemonic to be used after the variable number if a Variable Parameter is intended (explicit
Variable Parameter specification).

Now put the Display into the BAR mode (DISPLAY/TYPE switch). The resulting display should appear as
follows:

VALUES

1.0

0.0
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We now insert (or “put”) the new data value back into block 0 at channel 15:

This command puts the value of parameter 2000 into data block 0 at channel 15. The display should now
appear as follows:

PUT

VALUES

9999 (1.0)

4999 (0.5)

0.0

The previous sequence of steps illustrates how Variable Parameters may be used in the Keyboard
command sequence, and how they are useful in accessing and operating on data in the system. There are
also several significant benefits to be derived from using Variable Parameters within Keyboard Programs
which are illustrated both in the remaining portions of this section and in the Variable Parameter
discussion of Section 3.

TEXT BUFFERS (See also User Programs 5803, 5819, 5838, 5839 in Section 6)

We will now discuss and demonstrate the capability of the Fourier Analyzer to print and save ASCII text.
Actually, two separate and distinct capabilities are available, each having its own advantages.

The first capability for text saving and printing is that of the MASS STORE key (see Section 4). File 4, ASCII
Text, of the Disc is used for saving lines of text entered from the Keyboard. It is especially useful for saving
messages and then recalling them via the MASS STORE, ‘Search for Key’ command, which will locate and
print on the Terminal any message saved in File 4 that begins with the characters you supply.

An alternate text handling capability is also resident in the Fourier Analyzer. Although the Search Key
capability is not available, we can edit stored text via an interactive editor that greatly simplifies the text
entry process.

This text capability utilizes modules called ‘text buffers’ which may contain anywhere from 1 to 99 separate
messages of varying lengths. There are a number of text buffers stored on the Disc (for the exact number
and their location, refer to Section 4) and there is one core-resident text buffer. When it is desired to print
a message from a text buffer, that buffer must first be read from Disc to core, then the message may be
printed. The text editor can either edit text buffers on the Disc or in core.

Certain text buffers are reserved for system use and should therefore not be used by the operator.
Section 6, Y 5803, details which buffers are affected.

In the following demonstration we will see how messages are entered into text buffers, and we will use
some of the text buffer editing commands. The message we enter will be used later when we learn how to
write Keyboard Programs.
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Let’s assume we’d like to insert a message into text buffer number 20 on the Disc. We accomplish this by
first invoking the Text Buffer Editor. Press:

USER

When we make this entry, the system will enter the BUSY mode and the following messages will appear on
the Terminal:

WARNING — CLEAR NEW DISC BUFFERS

ILLEGAL MESSAGE
222

The “ILLEGAL MESSAGE” warning is printed because this text buffer is completely uninitialized (it will not
appear again once the buffer is initialized). We are now in the Text Buffer Editor, and can use some of the
editor commands to enter our message. We will enter message number 1 into this buffer. To do this, we
enter (on the system Terminal, with the key depressed):

CL (RETURN) to initialize the text buffer

/1 (RETURN) to insert a message

01 (RETURN) the message number

ENTER DESIRED NUMBER OF AVERAGES (RETURN) the message itself
/* (RETURN) message terminator

Now list out the contents of the text buffer to verify the entry, by entering on the Terminal:
/L (RETURN)

The contents of the text buffer are then listed:

01
ENTER DESIRED NUMBER OF AVERAGES
/*

If you have made an error in the entry of the message and the above message is not printed out, you may
correct it by first entering from the Terminal:
/D01 (RETURN) deletes message 1 if it exists

and then inserting the line over again as above.

When the correct message is listed on the Terminal, we may exit the Text Buffer Editor by entering “/
(RETURN)” from the Terminal (or TERM ENTER from the Keyboard. Note that many of the previously used
2-character commands are also Keyboard key mnemonics, see Appendix D for complete list). Text buffer
20 is now saved back on the Disc. (A copy of it also resides in core.) The Fourier Analyzer is now in the
READY state.

We can now use another Keyboard command to print out message number 1 in the current core text
buffer (a copy of Disc text buffer 20). We do this by entering the command:

USER

The previously entered message:
“ENTER DESIRED NUMBER OF AVERAGES”

will be printed on the Terminal.

We have just seen how to use the interactive Text Buffer Editor to enter a message of text into a Disc text
buffer, and how to use the gold TEXT function to print a message from a core text buffer. As we shall see
shortly, this capability is extremely useful in providing interactive text within Keyboard Programs. For
more information on text buffers, see Section 6.
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OVERLAY SWAPPING

Let’s briefly take a look at the concept of ‘overlay swapping’, and how it is used in the Fourier Analyzer.
Thus far we have been executing some basic commands and User Programs without much concern for
exactly how they were being executed. However, once you start operating your Fourier System in earnest
you will want to know how the system software is structured and what impact this structure has on system
operation. A few of the basic ideas are presented here; see Sections 4 and 7 for more information.

Basically, the system software is composed of many pieces, one ‘system’, and multiple ‘overlays’. The

system and one of the overlays are always in operation within the Processor (“in core”). Pictorially, this is
shown as follows:

ADDITIONAL OVERLAYS

F————A ON DISC
b —— (CREATED AND STORED
BY USER)

|

OVERLAY 2 BASE OVERLAYS ON DISC

(SUPPLIED WITH SYSTEM)

|

OVERLAY 1
OVERLAY 0

I

DISC OVERLAY 3 }

|

N\
7’

P —— —— — —
[ = o — —

/REMAINDER (UNUSED)
PROCESSOR | “SYSTEM" | OVERLAY | f
(MEMORY) : '

AVAILABLE PROGRAM SPACE

(32K WDS TYP)

The “system” contains software for most of the basic Keyboard commands and important User Programs.
Each “overlay” contains software for additional commands and specific User Programs.

As we shall see, overlays allow much more capability to be added to the Fourier Analyzer than would be
possible if the total program space was limited to the space available in the Processor. The reason for this is
that the Disc is used as storage for overlays (programs) not currently in use — then, when a program is
required from a specific overlay, the system automatically reads that overlay from the Disc into the
Processor and uses it as depicted in the above diagram. In this manner, the program space in the Fourier
Analyzer is effectively that of the Processor plus the overlay storage space on the Disc.

The Fourier Analyzer includes several overlays already stored on the Disc. In addition, the capability exists
for you to add your own overlays to the system — this subject is completely described in the System
Software Manual.

Let’s find out some more about what is specifically contained in each of the current system overlays. From
the Keyboard, enter the command (you may wish to decrease the BAUD RATE setting of your Terminal for
this operation to, say, 300, so that you may more carefully observe the printout that will occur).
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MASS ENTER
STORE e @ @

When this command is entered, a listing of the User Programs resident in the “system” and each of the
“overlays” will be printed on the Terminal:

SYSTEM

1800
1801

.

OVERLAY 00

0005
0006

OVERLAY 01

0005
0006
0041
0044
0045

OVERLAY 02

0005
0006
0040
0043
0044
0045

.

.

OVERLAY 03

5800
5803
5804

We now recognize some of the User Programs we have used in preceding discussions: Y (User Program)
3024 (from the system), Y 41 and Y 45 (from overlay 1), and Y 5803 (from overlay 3) to name a few.

Even though some of these User Programs were in different overlays, there was nothing special we had to
do to access them. If a User Program is not in the overlay currently being used, the Fourier system will
automatically search the Disc overlays starting with overlay 0 until it finds an overlay containing the
requested User Program, and then read that overlay into core and execute the User Program. This is why
we didn’t have to be concerned about the specific locations of the User Programs we were using when we
executed the commands.

Although this automatic overlay swapping makes the system quite easy to use, some considerations must
be taken into account when writing Keyboard Programs that use more than one overlay. These
considerations are explained in detail in Section 7.
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DEMONSTRATION OF KEYBOARD PROGRAMMING

A Keyboard Program is a sequence of Keyboard-entered commands which the Fourier
Analyzer will perform automatically. When you begin a program, the memory
locations may be empty, but most likely they will be partially filled with commands
from a previous program. Therefore, setting up a new program can be considered to be
editing the contents of the program memory. Hence, every program entry must begin
with an editing command.

In general, you will begin with a REPLACE command, naming line 0 as the line to be replaced by one or
more new commands. These new commands will then automatically push previous commands down in
the memory and off the end. The BUSY light should come on after the REPLACE command and remain on
while the program is being entered.

After the program steps are entered, the END command is given to indicate the end of the program. Then
the TERMINATE command is used to terminate the programming mode i.e., return to the READY mode.

To check that the steps have been entered correctly, the LIST command is used, producing a listing on the
Terminal. In the listing, line numbers are automatically assigned to each commmand, indicating the sum of
the previous command elements up to that point. If any corrections or changes are required, one again
returns to the programming mode by the RePLACe, DELETe, or INSeRT keys, referencing the line numbers
to be changed or corrected. After the changes have been made, the TERMINATE command again
terminates the programming mode.

There are two ways to start the program running: one is from a given label, the other is from a given line.
To start from a given line, the POINT command is used to set the internal pointer to the desired starting
line. Then the CONTINUE key is pressed. The pointer always points to the line being processed during the
running of a program, or to the line being edited during an editing operation.

SUBROUTINES

Any group of Keyboard commands may be begun with a label statement and ended with the SUB ReTuRN
key. This group of commands can be executed from any point in the overall program by jumping to the
label number at the beginning of the subroutine. After jumping to the subroutine the system will return to
the next step after the JUMP command. This allows programs that are used over and over again to be
written only once.

PROGRAM STACK JUMPING

An extension of the subroutine capability is the ability of the system to jump from the body of a core-
resident, running program to a disc-resident program and back again. This can be thought of as an
extension of the subroutine capability. A second parameter on the JUMP key determines which disc-
resident program is desired. The system will allow nesting of subroutine jumps (either within the present
stack or to disc-resident stacks) up to 10 levels deep.

PARAMETER SELECTION

Since the use of Variable Parameters in a Keyboard Program greatly enhances the flexibility of a routine,
we will want to include these in our demonstration. As described previously, any parameter in any
Keyboard command may be replaced by a Variable Parameter. The contents of this location rather than the
number of the location determines the value of the command parameter. The contents of a Variable
Parameter location may be set manually via the Keyboard, or more importantly, changed automatically
while the program is running. They can be changed via arithmetic operations between variables, by means
of responses to questions on the Terminal, or by the outcome of some test conditions.
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INSERTING TEXT

Text statements may be incorporated into Keyboard Programs to annotate programs, to prompt the user
toward some action, or to ask for an input from the operator. We will use an example from the previous
demonstration to incorporate a text buffer.

A PROGRAM EXAMPLE

As an introduction to programming the Fourier Analyzer, we will do a simple power spectrum averaging
program, again employing the CHECK signal used in our earlier discussion of the analog input. We will
take the CHECK signal in randomly, i.e., so that the position of the signal in the data window will be
random, then average the power spectrum of a number of inputs to arrive at an average power value of the
signal.

The sequence of our program is as follows:

Clear block 1, as this is the block where the successive sums will be accumulated. Here, any residual data
could cause erroneous results.

Analog input to block 0. This takes in a block of data which consists of the CHECK signal at some random
location in the block.

Fourier transform block 0. This converts the time waveform into its Fourier spectral components.

Conjugate multiply block 0. This multiplies block 0 by its conjugate, thus forming what is known as the
power spectrum of the signal.

Add block 1 to block 0. This is the summing step in computing the average. The sum resides in block 0.

Store block 0 in block 1. This shifts the new sum into block 1 so that a new block of data can be entered into
block 0.

Count, (i.e., repeat) the steps from the analog input command the number of times desired to achieve the
final sum.

Divide block 1 by the number of count times, above, to compute the average.

End Program and terminate program mode.

PROCEDURE

The CHECK signal has an amplitude of about 51 mV, and a length of 1100 us. Since its repetition rate is the
power line frequency (60 Hz), the period is about 17 ms (or 20 ms for 50 Hz line frequency). We will be sure
to get at least 1 pulse in every input if we choose a sample interval (At) of 100 us, and a block size of 256.
This then gives a total record length of 0.1 X 256 or 25.6 ms, which is more than the 17 ms period. Therefore,
on the ADC, set:

INPUT SELECTOR to A

SAMPLE MODE to kHz/us
MULTIPLIER to black 100

TRIGGER SOURCE to FREE RUN
OVERLOAD VOLTAGE A to CHECK

Next, set the block size by pressing:

BLOCK ENTER
SIZE
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Look at the Terminal for a printout of each Keyboard command. A complete list of the Terminal symbols,
in alphabetical order, is given in Appendix B.

Now to begin programming at line zero, we use the REPLACE command as follows:

RPLAC @ ENTER

Note the BUSY light turns on. Now label the starting point of the program:

Then we clear out any residual data in block 1 by pressing:

@@

Next, put in another label. This is because the remaining portion of the program will be a loop, i.e., a
repeated sequence of steps, and this is the starting point for the loop. Press:

LABEL ENTER

Now the analog input is entered. We will take the data into block 0, and display block 1. The command is:

Next we must Fourier transform the time domain data into the frequency domain. The command is:

ENTER

This results in a complex frequency spectrum (real and imaginary components) from dc to the selected
maximum frequency.

To obtain the power spectrum of the waveform (in terms of volts2), we conjugate multiply the data in block
0 by pressing:

*
ENTER
MULT

Since this program is intended to produce an average, we have to sum up the individual data records. The
data comes into block 0 and if we add it to block 1, then the sum will reside in block 0. To shift the
summation into block 1, we enter:

@

and
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To obtain the average, we will first sum 250 inputs and then divide by 250. This means, first, repeating the
process from label 2 through the above step 250 times, which is entered by the command:

COUNT SPACE @ ENTER

Then press, for the division:

To see the function more clearly, change the coordinates from rectangular to log magnitude by pressing:

LOG
MAG

This is the end of the program so press:

ENTER

And finally, to get out of the programming mode, we must press:

ENTER

The BUSY light is now off and the READY light is on, indicating we are out of the programming mode. To
list the program, press:

ENTER
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The correct listing will appear on the Terminal as follows (note that the Terminal prints, from left to right,
the line number, the command symbol, and the parameters):

TERMINAL MEANING

1 L1 Label 1

5 CL 1 Clear block 1

9 L 2 Label 2
13 RA 0 1 Analog input to block 0, display block 1
18 F Fourier transform bIQck 0
21 *- Conjugate multiply block 0
24 A+ 1 Add block 0 to block 1
28 X> 1 Store contents of block 0 in block 1
32 # 2 250 0 Count (repeat steps) from label “2”, 250 times. 0 means that no

repetitions had occurred at time of LIST command. If the program
is stopped in the midst of running, and then the COUNT line is
listed, the number of repetitions up to the STOP will be given.

38 1 250 Divide block 1 by. 250
43 TL 1 Take Log of Block 1
46 . End of program

RUNNING THE PROGRAM

There are two ways of starting a program. One is by setting the pointer to the starting line number, and
then pressing the CONTINUE key; the other is by using aJUMP command. (Note: a third way is to use one
of the gold “soft” keys F1 through F6 on the Keyboard as explained in Section 3; however, for our present
purpose we will restrict ourselves to two.) First, we'll use the JUMP command to jump to label 1 as follows:

JUMP | l | ' ENTER
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The program should now run through and stop, displaying the final average. A typical display might be as
follows:

To start the program using the pointer, press the following keys, remembering that, with the POINT
command, a line rather than a label is named.

Then press:

CONT

The program should again run through.

CORRECTIONS AND CHANGES

To illustrate how program corrections and changes can be made, we will modify the program to allow us to
enter the number of averages desired. This will also demonstrate the Variable Parameter capability of the
system.

To change a line we can use either the two commands DELETE and INSERT, or the single command
REPLACE.

In the REPLACE command, the lines to be replaced are named. In our example, we want to make the

second parameter of the COUNT command a variable (line 32 by our previous listing) and make the
second parameter of the DIVIDE command a variable (line 38 of the program). Therefore, first press:

The system will go into the BUSY mode, meaning that it is waiting for more commands. Next press:

o @ e @
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The Terminal will echo “# 2 1D” where 1D denotes that Variable Parameter number 1 will be used to store
the number of averages desired. Now press:

Again, Variable Parameter 1D replaces the fixed number 250 with which we divide the final result to obtain
the average power.

To exit the programming mode, press:

TERM ENTER

Since we have set up Variable Parameter 1 to be the number of averages, our next change is to insert a
command which will allow us to enter the desired number. To do this we will use the INSeRT key. We
would like to set the number of averages at the start of the program, say after line 5, so we enter:

The command to input a value into a Variable Parameter involves the gold INPUT function (see PHOTO
READeR key). Prior to this command though, we will first print a message using the text buffer that will
prompt us to enter the number of averages. This message has been set up in the previous Demonstration
for Text Buffers. Press: -

USER ENTER

This recalls the relevant text buffer from Disc to core. Then press:

USER
‘II!!I' IIHHIHID (::::::) (E%i§§{) (::::::) "iiiii’
TEXT

This will print the message on the Terminal when the program is run. Then press:

INPUT
USER PHOTO

When the program is run, this will cause the system to wait for the value of Variable Parameter 1 (the
number of averages) to be entered before continuing through the program.

Finally, press:

Our program has now been edited. Note that any number of sequential commands can be entered with
one INSERT command.
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To check the program, press:

The program can again be listed to check the proper entry. it should appear as follows:

1 L 1

5 CL 1

9 Y 5838 20
14 YW 1 1
30 YR 1
25 L 2
29 RA O 1
34 F
37 *-
40 A+ 1
4 X> 1
48 # 2 1D
54 1 1D
89 TL 1
63 .

Note also that we changed the program from the bottom up since line numbers change automatically
below the line that was changed. This procedure keeps us from having to check for new line numbers each
time we make a change.

Now run the program again by pressing:

JUMP @ ENTER

When the program asks for the number of averages, enter the number via the ENTRY keys on the
Keyboard, for example, 25 ENTER.

Subroutining and program stack jumping are additional programming techniques that are covered under
the JUMP key in Section 3.

REVIEW

After performing these demonstrations, you should now be familiar with the analytic features of the
system, such as baseband vs. BSFA measurements, display cursor operation, and graphics plotting
capability, as well as such programming features as gold key functions, variable parameters, text buffers,
overlay swapping, and keyboard programs.

You should then be ready to begin your own measurements, referring as necessary to the remaining
sections in this manual alluded to throughout these demonstrations. The following final demonstration
may be useful to you in applying two types of measurements, power spectrum and transfer function, which
we have pre-written and stored as examples of combining the major features of the system into applied
measurement programs.
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DEMONSTRATION OF AUTOMATIC MEASUREMENTS (F1-F6 Keys)

The Gold Keys F1 through F6 (or “soft keys”) can be used to invoke entire
measurement programs that you have previously written and stored on the Disc.

We have provided two such programs, a power spectrum program and a transfer function program on F5
and F2 respectively, to serve as examples. The listings of these programs are provided in Appendix D. Since
the programs and the interactive text are stored in unprotected areas of the Disc (Files 3, 4, and 7), care
must be taken not to write over these records when saving your own Keyboard programs and text
messages (see Appendix D for allocation of file records).

F5 POWER SPECTRUM

First we will demonstrate the power spectrum measurement program associated with soft key F5, using the
ADC CHECK pulse as the input signal. Place the Terminal in Alphanumerics mode (see Turn-On

Procedure) and enter the following command on the Keyboard:

USER ( POWER )
SPECT ENTER

This initiates the power spectrum Keyboard Program. Now perform the following actions in response to

the text messages that appear on the Terminal.
TEXT MESSAGES ON TERMINAL

HP POWER SPECTRUM PROGRAM

SET ADC FREQUENCY RANGE AS DESIRED
(SAMPLE MODE & MULTIPLIER)

SET ADC TRIGGER TO “FREE RUN”

CHANGE BLOCK SIZE IF DESIRED

PRESS “CONTINUE” WHEN READY

ARE HP FILTERS INSTALLED?

0=NO, 1=YES

SET KEYBOARD REPEAT/SINGLE SWITCH
TO “REPEAT”
PRESS “CONTINUE” WHEN READY

SET OVERLOAD VOLTAGES AND TRIGGER
LEVELS FOR SIGNAL AMPLITUDES
MOVE REPEAT/SINGLE SWITCH TO
“SINGLE” WHEN READY. IF SOURCE
IS NOT IN FREE RUN, TRIGGER THE
SYSTEM AGAIN TO CONTINUE.

ENTER THE NUMBER OF AVERAGES DESIRED

ENTER MEASUREMENT TYPE
1=BASEBAND
2=Z00M

PRESS “CONTINUE” FOR MEASUREMENT

ACTIONS TO TAKE

Set ADC controls:
SAMPLE CONTROLS for 10 kHzFmax
TRIGGER SOURCE to FREE RUN
INPUT SELECTOR to A
OVERLOAD VOLTAGE A to CHECK

Enter on Keyboard:
BLOCK SIZE 512 ENTER
CONTINUE

Filters will not be used for this
measurement. Enter:

0 ENTER
Place REPEAT/SINGLE switch to REPEAT.
Press:

CONTINUE

Note CHECK pulses across the screen.
Place REPEAT/SINGLE switch to SINGLE.

For the number of averages, press:
2 0 ENTER
We will make a baseband measurement

first, and a BSFA measurement in the
next example. Press:

1 ENTER

To begin the measurement, press:
CONTINUE
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The system now enters the BUSY mode to make the measurement using the parameters we have entered.
When the measurement is completed, the following message will appear on the Terminal and the display
will be similar to the photograph shown. Refer to Section 3, POWER SPECTrum Key for explanation.

MEASUREMENT COMPLETE

TO COPY DISPLAY ON TERMINAL:
PUT TERMINAL IN GRAPHICS MODE
PRESS “GOLD KEY” “PLOT” (enter)

TO MAKE ANOTHER MEASUREMENT:
PUT TERMINAL IN ASCII MODE (enter)
PRESS “CONTINUE”

F5 POWER SPECTRUM (BSFA)

This Soft Key program is the same as the previous example except we will use an oscillator for a signal and
select a zoom (BSFA) measurement after the message ENTER MEASUREMENT TYPE.

Enter the following command (as before) to initiate the automatic power spectrum program:

USER POWER

This restarts the power spectrum Keyboard Program. Perform the actions noted in response to the Ter-
minal messages:

TEXT MESSAGES

HP POWER SPECTRUM PROGRAM

SET ADC FREQUENCY RANGE AS DESIRED
(SAMPLE MODE AND MULTIPLIER)

SET ADC TRIGGER TO “FREE RUN”
CHANGE BLOCK SIZE IF DESIRED
PRESS “CONTINUE” WHEN READY

ARE HP FILTERS INSTALLED?
0=NO, 1=YES

SET KEYBOARD REPEAT/SINGLE SWITCH

TO “REPEAT”
PRESS “CONTINUE” WHEN READY

SET OVERLOAD VOLTAGES AND TRIGGER

LEVELS FOR SIGNAL AMPLITUDES

MOVE REPEAT/SINGLE SWITCH TO

“SINGLE” WHEN READY. IF SOURCE

IS NOT IN FREE RUN, TRIGGER THE

SYSTEM AGAIN TO CONTINUE
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Set ADC as follows:
SAMPLE MODE to kHz/us
MULTIPLIER to black 100
INPUT SELECTOR to A
OVERLOAD VOLTAGE A to .25
TRIGGER to FREE RUN

With-a block size of 512, press:

CONTINUE
With a clean sinewave we will not need
filters. Press:
0 ENTER

Place switch to REPEAT; press:
CONTINUE

Set output frequency of oscillator to 2 kHz
and connectto channel A. Vary amplitude
for sinewave of 3 cm p-p on the display
(about 200 mV p-p)

Place REPEAT/SINGLE switch to SINGLE



ENTER THE NUMBER OF AVERAGES DESIRED

ENTER MEASUREMENT TYPE
1=BASEBAND
2=Z00M

ENTER ZOOM MEASUREMENT MODE
1=ON LINE, PREPROCESSOR
2=0FF LINE, PREPROCESSOR
3=0OFF LINE, SOFTWARE

HOW WILL YOU SPECIFY ZOOM BANDWIDTH?

1=NUMERIC ENTRY - CTR FREQ &
BANDWIDTH
2=CURSOR - ON PRIOR MEASUREMENT

ENTER CENTER FREQUENCY

ENTER BANDWIDTH

ANALYZE OLD OR NEW DATA?

1=0OLD (FROM THROUGHPUT FILE)
2=NEW

THROUGHPUT WILL USE TRACKS
135 THROUGH 198 ON THE LOWER
(FSDS) DISC. IS THIS OK?
1=NO -- ABORT
2=YES - PROCEED
3=NO -- ASK ME FOR TRACK #

PRESS “CONTINUE” FOR MEASUREMENT

THROUGHPUT COMPLETED

CNTR FREQ: 2000 HZ/DIV: 25.00
.DF . 0000.976525 BLOCKS LEFT: 47
ZOOM POWER: 20
BASEBAND:

DF: 0019.52125
ZOOM POWER: 1
MEASUREMENT COMPLETE

HZ/DIV: 500
BLOCKS LEFT: 48

TO COPY DISPLAY ON TERMINAL:
PUT TERMINAL IN GRAPHICS MODE
PRESS “GOLD KEY” “PLOT” (enter)
TO MAKE ANOTHER MEASUREMENT:
PUT TERMINAL IN ASCII MODE
PRESS “CONTINUE”
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To take 5 averages, press:
5 ENTER

For this example we will zoom on the
signal. Press: :

2 ENTER

We will use off-line software zoom.
Press:

3 ENTER

We will use the numeric entry to zoom.
Press:

1 ENTER

We will zoom around the 2000 Hz output
of the oscillator. Press:

2000 ENTER

We will use a bandwidth of 200 Hz
around our center frequency of 2000 Hz.
Press:

200 ENTER

We will sample our oscillator signal
(new data). Press:

2 ENTER

We will use the tracks specified.
Press:

2 ENTER

Now we will make our throughput
measurement followed by zooming
(BSFA) on the data. Press:

CONTINUE

Our measurement will take about 30
seconds to store (TRIGGER light on) and
another 30 seconds to compute before
the zoomed measurement is displayed.
See example below.




The message above informs us of the amount of zooming we have used as well as the Af of a baseband
measurement at the present switch settings of the ADC. The display you get may not be identical to the
one shown since the amount of harmonics will depend on the distortion of the oscillator used. The amount
of offset from the center of the display (2000 Hz) is dependent on the exact frequency output of the
oscillator.

F2 TRANSFER FUNCTION

Next we will demonstrate the transfer function measurement program associated with soft key F2. Clear
the display and enter the following Keyboard command:

F2
USER TRANS ENTER
PROG FCN

This initiates the transfer function Keyboard Program and causes the following message to appear on the
Termmal Perform the responses mdlcated at rrght to set up the measurement parameters

e L TEXT MESSAGES e , ACTION e .
HPTR A] ”S ,,ER FUN TION PROGRAM S e ‘:}'Smce we' will use the CHECK pulse asour
~ Aand B inputs to simulate the transfer

;SELECT EXCITATION TYPE ci L . i ~function of a bare wire, enter a srgna!
‘RA"' DOM iBASEBAND OR ZOOM e g itype of random as follows:

:f,,‘iSet ADC f‘controls

:'Wrth a biock size of 512 press ‘  Sy
L CONBNUE b0

; :,Note CHECK pulses across the scree
Place REPEAT/SINGLE swrtch to SINGL o

er of averages

CONTINUE
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The system now enters the BUSY mode to make the measurement. When the system returns to the READY
mode, the following message will appear on the Terminal. Enter the commands shown to view the various displays.

'MEASUREMENT COMPLETE
TO DISPLAY RESULTS, PRESS:

“DISPLAY” “0” LOG TRANSFER FCN
; 4‘(D‘ISPLAY'” ‘(1’? COHERENCE ¢

“DISPLAY” “2” INPUT POWER SPECT *
“DISPLAY” “3” OUTPUT POWER SPECT
“DISPLAY” “4” CROSS POWER SPECT

TO COPY DISPLAY ON TERMINAL:
PUT TERMINAL IN GRAPHICS MODE
PRESS “GOLD KEY” “PLOT” (enter)

TO MAKE ANOTHER MEASUREMENT:
PUT TERMINAL IN ASCII MODE
PRESS “CONTINUE”

*This display should be similar to the previous power spéctrum display.
**|og magnitude, real part.
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EXT/INT: determines whether sample rate (Fs) is controlled internally by the
SAMPLE MODE and MULTIPLIER switches, or externally through the BNC
connector. External control allows for a one-to-one correspondence between
the external clock and the sample mode. Requires a TTL input (low = <0.8V,
high = >2.4V). The UNCAL light remains on in the external mode.

SAMPLE MODE: in left half of range, selects maximum frequency (Fmax), called
MAX FREQ), and sample interval (At), called A TIME, or one can select Processor
control of the sampling parameters in the REMOTE position.

In right half of the range, selects frequency resolution (Af) called A FREQ, and
total record length (T), called TOTAL TIME.

Switching between the two positions on either side is equivalent to multiplying or
dividing MULTIPLIER switch value by 1000.

See Table 2-1 for instructions on choosing parameters.

The REMOTE position disables all front panel switches except TRIGGERING and
INPUT SELECTOR. Used only with the Modal & Signature Analysis Options, this
position allows Processor control of the ADC front panel.

MULTIPLIER: selects values for parameters chosen by SAMPLE MODE switch.

UNCAL: lights when input sampling conditions set up by SAMPLE MODE and
MULTIPLIER switches are not valid.

TRIGGERING Light: indicates that ADC is sending data to Processor. When data
transfer is completed, light goes off. Operations with low duty cycles, such as the
input of short blocks of data at high frequencies, will only light this indicator
dimly.

TRIGGER SOURCE

LINE: Trigger operates at power line frequency. The TRIGGER LEVEL switches are
not active in this mode.

INTERNAL (A): trigger operates on signal applied to INPUT A, as long as this
signal has 1 division peak-to-peak amplitude on the display. The triggering point
on the signal is controlled by the TRIGGERING LEVEL and slope controls.

FREE RUN: trigger operates whenever an encode command is received from
Processor. In this mode, blocks of data will be collected as fast as they can be
accepted by the Fourier Analyzer, but not in synchronization with any external
trigger signal. This mode is useful when data to to be used in computing power
spectra, autocorrelation, or other functions that do not contain phase or time
information between two signals.

EXT: trigger operates from trigger signal applied to TRIGGER INPUT jack. In this
mode, the trigger will work from any signal with a peak-to-peak amplitude
greater than 100 mV. For simplicity of operation, no input attenuator for this
mode is provided. However, a logarithmic limiter in the ADC makes triggering
possible over a wide dynamic range. This results in the TRIGGER LEVEL control
(for this mode only) being more sensitive for small trigger signal amplitudes than
large — that is, the trigger level resolution is a constant percentage of the trigger
signal amplitude. The SLOPE control works as it does in the INTERNAL (A) mode.

AC: places a capacitor in series with the input jack to block dc.

DC: no capacitor, signal is coupled directly through.

TRIGGER LEVEL: establishes voltage level on input waveform at which triggering
occurs: + for positive amplitude, - for negative amplitude. SLOPE switch setting

determines whether triggering occurs on positive slope (increasing side) or
negative slope (decreasing side) of input waveform.

10.

11.

12.

13.

14.

15.

SLOPE

POS: triggering occurs on positive-going slope of input waveform. Voltage level
at which triggering occurs is set by TRIGGER LEVEL switch.

NEG: triggering occurs on negative-going slope of input waveform. Voltage level
is set by TRIGGER LEVEL switch.

TRIGGER INPUT: input for external trigger signal. TRIGGER SOURCE control
must be set on EXT to use this input.

INPUT CHANNIEL A, B, etc: inputs for analog signals; BNC-type connectors. For
single channel analysis, the time-varying signal is applied to channel A. For dual
channel measurements such as transfer function, the inputs are applied to A and
B. C and D channels are not active unless optionally entered.

AC-DC: the AC position puts blocking capacitor between the corresponding
input channel connector and corresponding input attenuator (OVERLOAD
VOLTAGE switch). This capacitor passes frequencies down to 5 Hz (3 dB down).
AC switch position should only be used when the dc in the signal to be analyzed
is greater than about 50 times the rms amplitude of the signal itself. Input signal
amplitude for switch in AC position must never exceed 200 Vdc.

The DC position couples input signal straight from input channel connector to
input attenuator (OVERLOAD VOLTAGE switch). Peak signal amplitude must
never exceed +17V or the protective fuse will open (spare fuse on A1 board in
ADC).

OVERLOAD VOLTAGE (input attenuators A, B, C, D): select input voltage ranges
corresponding to the INPUT CHANNEL analog signals. The positions represent
peak voltages (+.125V through +8V) allowed in each range. Total range over the
switch settings is 36 dB. An input voltage which exceeds the peak voltage set will
light the OVERLOAD VOLTAGE light.

The Fourier Analyzer takes into account the OVERLOAD VOLTAGE switch setting
whenever the Processor receives data from the ADC. Thus, all further data
operations are on a calibrated basis. Therefore, it is not necessary to record the
OVERLOAD VOLTAGE switch setting or use a calibration signal to establish the
absolute value of a frequency or time record.

OVERLOAD VOLTAGE: lights or flashes if any single sample in a record exceeds
the peak input voltage.

CHECK position: enters a 51 mV pulse of 1100-us approximate length into the
ADC. This pulse has the frequency of the power line. When using this test signal,
the ADC may be triggered in the LINE, INTERNAL, or FREE RUN mode (or in the
EXT mode if an external trigger signal is provided).

INPUT SELECTOR: selects from 1 to 4 channels (A, AB, ABC, ABCD) for input to
the Processor. Channel A data stored in block n1, channel B in block n1 + 1, etc.

DISPLAY: works with the REPEAT/SINGLE switch on the Keyboard to determine
which analog input is to be displayed when the REPEAT/SINGLE switch is in the
REPEAT position.
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LIGHTS
BLOCK SIZE Lights

One of these will always be lighted to indicate the maximum number of channels
selected per data block. See BLOCK SIZE key.

BUSY Light

This light normally tcomes on to indicate that the system is making a measurement, and
further Keyboard entries are disabled. The STOP and RESTART keys, however, are still
enabled. Certain commands that are the first of a series, e.g., editing commands, cause
the BUSY light to come on in anticipation of further entries.

READY Light

This light is on whenever the system is not making a measurement and is ready to accept
commands.

WHAT? Light

This light comes on to idnicate an illegal command entry from the Keyboard. See
Appendix A for definitions.

SWITCHES
STEP-RUN Switch (set to RUN for normal operation)

In the STEP position, this switch causes the program to proceed one step at a time. When
the step is completed, the appropriate display of results is given, and then the program
stops. To make the program continue, the CONTINUE key must be pressed. The next
step is then performed, results are displayed, and the program again stops. Thus, the STEP
position is useful in debugging a program. In the RUN position, the switch causes the
program to continue through all its steps automatically.

REPEAT/SINGLE Switch (set to SINGLE for normal operation)

The REPEAT/SINGLE switch on the Keyboard is used in conjunction with the DISPLAY
switch on the ADC. With the REPEAT/SINGLE switch in the REPEAT position, whatever
channel has been set on the DISPLAY switch will then be continuously displayed.

When the switch is set to the SINGLE position, only one sample record of the input is
taken. Note that, in the REPEAT position, the BUSY light is on, meaning that no other
commands can be executed. The switch must be in the SINGLE position to execute other
commands. The starting time for each sweep when the switch is in the REPEAT position,
is determined by the setting of the TRIGGERING controls. In the SINGLE position the
second parameter of the ANALOG IN command (n2) determines the data block to be
displayed.

In programming, if the switch is in the REPEAT position, then when the program reaches
the analog-in step, it will pause and the analog input will be continuously displayed. As
soon as the is in the SINGLE position when the program reaches that step, it will simply
display the single input and then proceed.
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1.

SCALE FACTOR:

for linear scales — the value is each vertical division on the scope. For example, a
scale factor of 5 X 10 -005 means that each vertical division is 5 X 10-5 or 0.00005
volts.

The scale factor for a linear amplitude scale will always be correct if the GAIN
control is in the CAL position. The Fourier Analyzer will automatically adjust the
digital output to give the best possible resolution with no display overflow. When
the scale factor is not correct during certain special situations (such as the analog-
in REPEAT mode), the scale factor display will be blanked out.

for log scales — the value is the top line, in dB referenced to 1 volt, of the scope
display; in other words, the offset.

domain and coordinate readout — on the right of the scale factor display, the
domain of the data displayed (time or frequency) and the coordinates are given:

FREQ: means that the horizontal axis has units of frequency, with dc on the left
edge (the left edge is channel zero), and maximum frequency (F-submax) on the
right. Each point is then Af apart, the second point from the left being 1Af, the
third 2Af, etc. When the FREQ light is out, it means that the horizontal axis has
units of time.

RECT: indicates that vertical axis is real (cosine) or imaginary (sine), depending on
setting of the MODE switch.

POLAR: indicates that vertical axis is magnitude or phase, depending on setting
of MODE switch.

LOG: indicates that vertical axis is logarithmic. The scale factor display in this case
gives the value of the top line of the display in dB with reference to 1 volt. (For
example, a scale factor display of -020 in LOG means that the top line of the
display is -20 dB). Each vertical division is equal to 10 dB.

SCALE: This is a digital expander of the vertical scale. In the upright position,
makes scale factor display automatic, so that Fourier Analyzer sets the scale factor
for best resolution without overflow. When switch is turned clockwise, scale
expands. When counterclockwise, scale compresses.

This switch has two principal uses: first, it expands the display vertically over a
500:1 (2.3 decade) range, for examination of small details near zero, when large
values are also present. Second, it overrides the automatic scale factoring of the
Fourier Analyzer when taken off the vertical position so that two different
displays, whose scale would be otherwise automatically changed, can be
photographed or plotted on the same scale. When display is logarithmic, each
position off the vertical adds +4 dB to the display. Thus, the switch can be used to
set up a non-fractional decade scale (i.e., a top line value of -16 dB can be
switched to -20 dB, etc.). At the same time, the display is shifted up 4 dB to
maintain calibration. This enables the user to look at the data more than 80 dB
below maximum value.

The SCALE switch does not function during a phase display. It does affect the
display on external plotters and scopes. Keep in mind that the external device
plots or displays whatever is on the scope screen.

POSITION: adjust vertical position of display. Used as part of calibration
procedures.

GAIN: expands display vertically. When in CAL position, scale factor will always
be kept correct by Fourier Analyzer. This control allows the vertical scale to be
expanded up to 2 times. It functions for all types of displays, and is a continuous
expansion of the scope screen display only (i.e., does not change scale factors and
has no effect on external scope or plotter). This control should be generally left in
the CAL position so the display will always be calibrated in accordance with the
scale factor display.

MODE:

COMPLEX: displays a complex, or Nyquist, plot of a spectrum, in which the
horizontal axis is the real part, and the vertical axis the imaginary part of the
spectrum. Each point then represents a frequency. The distance to each point
from the origin is the magnitude, and the angle of the magnitude from the
positive horizontal is the phase. Since this display requires an equal scale along
each axis, the 8 X 10 cm scope display is automatically changed to an 8 X 8 cm
display when the MODE switch is put in the COMPLEX position. The center is
then 1 cm to the left of the center vertical axis on the scope screen.

REAL/MAGNITUDE: displays real part of spectrum if scale factor display reads
RECT. Displays magnitude if scale factor display reads POLAR. Displays log
magnitude if scale factor reads LOG. For time functions, this position will display
the real part of the time series.

IMAGINARY/PHASE: displays imaginary part of spectrum if scale factor display
reads FREQ and RECT. Displays phase if scale factor display reads POLAR. In this
case, the vertical scale is determined by the setting of the POLAR ANG/DIV
switch, with the numbers representing degrees per division. The numeric part of
the scale factor display will be blanked out when the display reads POLAR. For
time functions, this position will display the real part of the time series, since the
imaginary part does not exist.

POLAR ANG/DIV: sets number of degrees (angle) per vertical division when
scale factor display reads POLAR and MODE switch is in PHASE position.

SWEEP LENGTH:

10: sweep is completed in 10 horizontal divisions of scope screen. This will,
however, produce a fractional number of channels per division, which the 10.24
and 12.8 positions avoid (e.g., with data block size of 512, number of channels per
division = 512/10 = 51.2).

10.24: expands sweep to 10.24 horizontal divisions. Part of the sweep will now be
off screen, but number of channels per division on screen can be made non-
fractional in this position, or failing this, the 12.8 position (e.g., with data block
size of 512, number of channels per division = 512/10.24 = 50).

12.8: expands sweep to 12.8 horizontal divisions. Part of sweep will now be off
screen, but number of channels per division in this, or failing this, the 10.24
position, can be made non-fractional (e.g., with data block size of 512, number of
channels per division'= 512/12.8 = 40).

Note: sweep expansion has the same effect on an external plotter as it does on
the display.

ORIGIN:

LEFT: puts horizontal origin on the left edge of the scope screen with channel 0 at
the left edge, and channel N-1 at the right edge. Sweep moves from channel 0 to
channel N-1.

CENTER: channel 0 is in center of screen, channel N/2 at the right edge, channel
N/2+1 at left edge, channel N-1 is immediately left of channel 0. Sweep moves
from channel 0 to the right edge, then in from the left edge to channel N-1. This
mode of sweep is useful in certain cases where display of correlation or
convolution is desired. This mode does not function in the frequency domain,
where the origin is always on the left edge.

LOG: sets a logarithmic horizontal scale. The conversion for this scale is done
digitally, so there are no conversion errors. The number of decades contained in
a display is determined by the block size. For example, a block size of 128 has 64
frequency points and thus has less than 1 decade of log horizontal display. A
block size of 512 has 256 frequency points and thus has 2-1/2 decades of log
horizontal display.

10.

11.

12.

The horizontal log scale is illustrated below.
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MARKER:
OFF: no markers.

8 PT: gives a marker every 8 channels on the horizontal axis, counting origin as
channel 0.

32 PT: gives an intensity marker every 32 channels on the horizontal axis,
counting origin as channel 0. (See demonstration on back of this sheet.)

PLOT RATE:

EXT: allows “seek command” from Fourier Analyzer to tell external X-Y plotter to
plot a point. Will not give next point until “completed plot” signal for previous
point received from plotter.

“internal” (i.e., off EXT position): external X-Y plotter plots points at rate set by
Fourier Analyzer. This control varies that rate from 5 points/sec (counterclock-
wise position) to 300 points/sec (clockwise position). Fourier Analyzer does not
wait for “plot completed” signal from external plotter before sending next point.

ARM-PLOT:

ARM: outputs first channel to X and Y outputs of external X-Y plotter, and, if the
SERVO signal is being used to control the plotter servo enable, it turns on the
servo. If the plotter servo drive is manually controlled, it should be turned on
when switch is set to ARM. Plotter moves to first point to be plotted.

PLOT: outputs X and Y points to be plotted by external plotter. Note: ARM
position must precede PLOT position.

FUNCTION:
PLOT: makes display output from Fourier Analyzer available to external X-Y
plotter, via connectors at rear of Display Unit. Shuts off scope display. Requires

output card purchased through 10640B.

DISPLAY: makes display output from Fourier Analyzer available at scope screen.
Turns off servos in external X-Y plotter.

CAL: puts calibration dot at one of three positions on scope screen, as set by
CALIBRATE switch.

rM——VER‘ffCAL ,
POSITION B i; £

13.

14.

SWEEP LENGTH

IMAGINARY
* SHASE

ORIG
10.24 CENTEH o

DISPLAY

CALIBRATE:

ORIGIN: allows calibration dot to be centered on horizontal axis, left edge of
screen, using VERTICAL POSITION control on Display Unit control panel, and
HORIZONTAL POSITION control on scope panel.

+FS: allows calibration dot to be centered at mid-top line of screen, using
screwdriver adjustment on vertical GAIN CAL control.

-FS; allows calibration dot position to be checked (should be at mid-bottom line
of screen) after ORIGIN and +FS adjustments. This position can be used for GAIN
control screwdriver adjustment, and the +FS used for check, if desired.

No horizontal gain calibration is provided. The basic stability of the display will
not allow the horizontal gain to drift an amount greater than the resolution of the
oscilloscope. In addition, the horizontal markers eliminate the need for precise
horizontal gain (to identify a frequency point, one simply has to count the dots
and multiply by Af).

TYPE:

CONT: display will be a continuous line. Greatest usefulness is in time domain
and log displays.

POINT: display will be a series of points. Greatest usefulness is for linear displays
in frequency domain.

BAR: display will be a series of vertical bars. Useful for linear displays in
frequency domain.

(see over)

Figure 2-8. 5460A Display Unit
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Example of Calibrating the Scope for Normal Use It may be desired to move the data point a certain number of channels. Assume we want
to move it 96 channels to the left. Press:

To calibrate the scope for normal plus and minus readings (as opposed to full scale
positive-only readings, covered in the next example), make the following settings:

FUNCTION to CAL e
CALIBRATE to ORIGIN <« °

Now use the VERTICAL POSITION control (on Display Unit panel) to situate the

calibration dot exactly midway on the left vertical line (i.e., on the 0 point on the vertical

axis). Then use HORIZONTAL POSITION control (on scope panel) to situate calibration Then set MARKER switch to 32 PT position. Now the data point is slightly beyond the first
dot exactly on vertical axis. Then set: 32-point marker. We can count up from that marker, or switch to 8 PT, and see that the

data point is in channel 40.
DISPLAY CALIBRATE to +FS

Use the screwdriver adjustment on the GAIN control CAL position to set the dot exactly
on the top line of the screen. The dot should be on the center vertical axis. Then set:

DISPLAY CALIBRATE to -FS

The dot should be on the bottom line of the screen, on the center vertical axis.

Examples of Using Markers to Determine a Channel Number

It is desired to determine in what channel a particular point lies. First set following
display conditions:

SWEEP LENGTH to 10
ORIGIN to LEFT

MARKER to OFF

FUNCTION to DISPLAY

TYPE to POINT

MODE to REAL MAGNITUDE
SCALE to straight up position

We will manually enter data into the 0 data block, using a data block size of 128. To do
this, press the following keys on the Keyboard:

CLEAR ENTER

KEY
SPACE @ ENTER

ENTER

KEY
BOARD

() (&)
8]0

TERM

DO
HUW

Note that this data — which would be a single point — is in the time domain (FREQ light
is off), and has RECT coordinates.

To determine what channel the point is in, set the MARKER switch to 8 PT. Note that the ) . )
data point is more intensified (as is every 8th point thereafter, across the screen). Figure 2-8. 5460A Display Unit
Therefore, we know that the data point is in channel 8. 2-65



SECTION 3
KEY DESCRIPTIONS

INTRODUCTION

This section explains the use of each Keyboard key. The keys that have a gold function printed above or
below are described briefly following the normal function of the key, with references to other sections that
explain the gold key in detail.

The keys are divided into subsections as follows: Page
T INPUTMODES . e ittt ettt eaiees 3-2
2. OUTPUT MODES . ..\ttt e e ittt st iiiiiaaaens 3-13
3. PROCESSING OPERATIONS ..ttt iiee et iiiieneaas 3-21
4. VARIABLE PARAMETERS ... o i i i i e e 3-82
5. GOLD “SOFT” KEYS (F1 through F6) .........cooiiiiiiiiiiiiiiiian... 3-94
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INPUT MODES

These paragraphs provide operating instructions for the following input modes; analog (ADC) and manual
(Keyboard). In addition, a brief description of the keys that control an optional Photoreader and Punch are
covered. Complete information on using these units is provided in Appendix E.

ANALOG INPUTS (ANALoG IN & BUFFereD ANALoG KEYS)

The analog input commands initiate the input of data from the Analog-to-Digital Converter (ADC). The
analog input may be from one or both channels of the standard ADC, or from one to four channels of the
optional 4-channel ADC. There are two types of analog input commands: ANALOG IN and BUFFERED
ANALOG. Both commands can be used for 1-, 2-, 3-, or 4-channel input and are unique in that they permit
you to take in data to one data block while simultaneously displaying another. This is primarily useful in
programs where you may obtain an automatic display as the program proceeds. Before using an ANALOG
IN command, be sure you understand the use of the INPUT SELECTOR and DISPLAY switches on the ADC,
the REPEAT/SINGLE switch on the Keyboard, and the TRIGGERING controls, as explained in Section 2.

ANA
Analog In

Before giving an ANALOG IN command for single channel operation, the INPUT SELECTOR switch on the
ADC has to be in the channel A position, meaning channel A is the input channel. The command is as
follows:

. [T 7 N
ANALG [ SPACE [ a2 | SPACE | n3 | SPACE I na ’I SPACE
\
\\__’/ \\___// \\___/I \\__/
//—‘\\
l’ ns | ENTER
\ |
~—_

where the parameters may be used to specify the analog input operation as follows:

"

no parameters —

read data into block 0, no display during data input.

n1 given —

read data into block n1, no display during data input.

n1, n2 given —

read data into block n1, display block n2.

n1, n2, n3 given —
read n3 channels of multiplexed data into block n1, display block n2 (for use only with
multiplexer).
n1, n2, n3, n4 given —
read data into sequential blocks starting at block n1, display block n2, channels n3 to n4 (partial
block display). Number of sequential blocks determined by setting of INPUT SELECTOR switch.
n1 through n5 given —

read data into n5 sequential blocks starting at block n1, display block n2, channels n3 to n4,
(partial block display). For use only with multiplexer.
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For multiple-channel operation, the ANALOG IN command is identical to the single-channel operation,
except that the INPUT SELECTOR switch must be in an appropriate position. Channel A will be read into
block n1 and channel B into block n1+1.

For more than two-channel operation, the third and fourth channel analog inputs require an additional

data block used as a buffer to speed up data handling in the Processor. A three-channel input therefore
requires four data blocks, and a four-channel input requires five data blocks.

Data Block Requirements—Analog Input Command

DISPLAY/INPUT Switch Data Blocks Used
(or INPUT SELECTOR) Ch. A Ch. B Ch. C Ch.D
A nl
AB nl n1+1
ABC (4-ch. ADC) n1 nl+1 n1+2, &nlL
ABCD (4-ch. ADC) n1 n1+1 nl+2 nl+3,&nL

where n1 is the data block specified in the Analog In command and nL is the last data block
defined by:

nl = available data memory

block size

BUFFD
ANALG

Buffered Analog

The BUFFERED ANALOG command uses two data blocks as buffer blocks for each data input channel,
block n1 named in the command plus the last available data block. This permits the input of data from one
to four channels of the ADC into buffer blocks while simultaneously doing an operation on another block.
If the latter operation requires less time than the time to input a block of data, then no data will be lost in
successive inputting of records and a real-time analysis will be performed.

The command form for single channel buffered analog is as follows (INPUT SELECTOR switch on ADC

to A):
PO \ SPACE SPACE SPACE SPACE
{ s /| ENTER
e

where the parameters may be used to specify the analog input operation as follows:

(Note: Display parameters are ignored if Overlap Processing is selected. Refer to Overlap Processing section.)
no parameters —

.__./

,__\
\.__-
,._._

read data into block 0, no display during data input.
n1 given —

read data into block n1, no display during data input.
n1, n2 given —

read data into block n1, display block n2.
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n1, n2, n3 given —
read n3 channels of multiplexed data into block n1, display block n2 (for use only with
multiplexer).
n1, n2, n3, n4 given —
read data into sequential blocks starting at block n1, display block n2, channels n3 to n4 (partial
block display). Number of sequential blocks determined by setting of INPUT SELECTOR switch.
n1 through n5 given —

read data into n5 sequential blocks starting at block n1, display block n2, channels n3 to n4,
(partial block display). For use only with multiplexer.

A 2-, 3-, or 4-channel input operation can be performed with the BUFFERED ANALOG command by
placing the INPUT SELECTOR switch to AB, ABC, or ABCD,

Data Block Requirements—Buffered Analog Command

INPUT SELECTOR Data Blocks Used
Switch Ch. A Ch. B Ch. C Ch.D
A n1 &nlL
AB n1&nL [pn1+1&nL-1
ABC nT&nL [p1+1&nL-1|n1+2&nL-2
ABCD n&nlL |p1+1&nL-1|n1+2&nL-2| n1+3&nL-3

available data memory

where nL is the last data block <= —1) and n1is the data block specified in

block size
the command.

Sample Program

The primary application of the BUFFERED ANALOG command is in a Keyboard Program, where real time
analysis is desired. The program must contain a COUNT command (described later in this section), as real
time input will continue until runout of the loop counter. A listing of a sample program using buffering is
shown as follows:

AUTO SPECTRUM SUMMATION AVERAGE

L 1 Label 1
CL 1 Clear Block 1
L 2 Label 2
RB 0 1 Buffered Analog Command (data to “0”, display “1”)
F 0 Fourier transform block 0
A+ 1 Add block 0 to block 1
X> 1 o Store block 0 into block 1
# 2 100 Repeat steps from label 2; 100 times
1 100 Divide block 1 by 100
. End program
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If the BUFFERED ANALOG command comes from the Keyboard there is only one input sweep. But if the
command comes from the program stack, real time input continues until runout of the next COUNT
command.

The only restriction on the buffering process is that several data blocks must be sacrificed to serve as blocks
for real time input (one for single channel input and two for dual channel).

Real Time Display

A calibrated fast display can be included in a program, as part of an ANALOG IN or BUFFERED ANALOG
command. When included as part of a command, the timing difference between the input rate and the
display rate will cause an occasional small loss of data from the real-time input. If real-time input is
essential, a single calibrated display sweep can be included in the loop by a separate command instead of
using the display option of either of the analog input commands. The programs below provide an example
of how this can be done.

The data loss ...can be
that may be eliminated
caused by this by using
program. .. this program
L 0 L 0
CL 1 CL 1
L 1 L 1
RB 0 1 RB This (or similar) replacement allows
Hi1 D 1 4 throughput of a real-time spectrum
F H1 to 2.5 kHz.
SP F
#1 100 SpP
#1100

Overlap Processing

When the processing time for a particular operation is less than the time required to input a new analog
record, it is possible to process all of the values sampled by the ADC. This is called “real time processing”.
Real time processing is made possible by use of the buffered input mode on the ADC. In this mode
additional buffer input blocks are used in the following way. The first data record (T seconds long) is read
into the input buffer and transferred into the true input block. The next record is then started into the
buffer block. While the buffer block is being filled, the processing operation (i.e., power spectrum average
or tri-power spectrum average) is performed on the data in the true input block. If a whole new record has
not been recorded into the buffer block when the processing loop is ready for a new record, processing
will stop until a whole new record can be transferred to the true input block. If a display term is used with
the BUFFERED ANALOG (RB) command, at least one (more if there is time) display sweep will be executed
while waiting for the buffer to completely fill. In non-overlap processing, using the RB command, data
utilization is as shown in the diagram below.

RECORD 1 RECORD 2 RECORD 3 RECORD 4 etc.

In overlap processing, when the processing loop finishes before the buffer is filled, the last T seconds of
data are read out of the buffer and transferred to the true input block. When overlap processing is used,
data utilization as shown in the diagram below results.

RECORD 1

RECORD 2
RECORD 3
RECORD 4

etc.
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When a display term is used with the RB command and overlap processing is enabled, the display term is
ignored (no display given). A display may be obtained by using a separate DISPLAY command, as described
in the paragraph on Real Time Display on the previous page. Whether display is used or not, the amount
of overlap will be as much as is allowed by the processing loop time. Using the last T seconds of available
data results in two benefits. When analyzing random data, a lower variance in the result is achieved in a
given time. When analyzing changing phenomena with high resolution, more records per second may
be observed.

To implement overlap processing, an RB command is used in any program stack. When the processing
time is shorter than the input record length, the system will be operating in real time. To put the system
into an overlap processing mode, set bit 15 of the Processor S-register to 1.

The program below is an example of a power spectrum average program that will go into the overlap mode
when S-register bit 15 is set to 1.

LABEL 0 ENTER

CLEAR 1 ENTER

LABEL 1 ENTER

BUFFD ANALG ENTER

DSPLY 1 SPACE 4 ENTER

F ENTER

POWER SPECT ENTER
COUNT 1 SPACE 1000 ENTER
END ENTER

Using the program above with a blocksize of 1024, overlap processing will occur for maximum frequencies
at or below approximately 2.5 kHz (or 5 kHz if the display step is deleted).

Overlap processing should not be enabled at sample rates above those where real-time processing is
possible. At these high rates, the software will attempt to keep a continuous input to the buffer, and will
reduce or prevent processing.
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KEY
Key Board

The KEY BOARD command is used to manually enter data into the Fourier Analyzer from the Keyboard.
The following paragraphs describe the methods available.

MANUALLY ENTERING DATA FROM THE KEYBOARD

This mode of input, and the Terminal output, are a direct data interface between man and machine
because they use a decimal number system. The optional punched tape mode (Photoreader input and
Punch output), on the other hand, is a data interface between the Fourier Analyzer and itself or other
computers, and uses a binary number system (refer to Appendix E for additional information on option
interfacing).

NOTE

For greatest accuracy, the data block to be used should be cleared before data is
entered via the Keyboard. If the block is not cleared before data is entered, the
entered data will be adjusted (if required) to be expressed using the scale factor
and calibrator values for the block; this may result in a reduction of the accuracy of
the data.

Command to Manually Enter Data

The manual data input command is in four parts as explained in the following paragraphs. Having read
these, refer thereafter to Figure 3-1 for a quick reference on how to use the KEY BOARD command.

1.

Enter block-fill or point-by-point fill command. Block fill means that a single data value will be
entered into the channel range specified, as for example, to form a rectangular pulse. Point-by-
point fill means that a sequence of different values will be entered into the channel range, as in the
case of a triangular waveform. Note that there are no defaults allowed in the block-fill command.
(The block-fill command with n3 defaulted of course becomes the point-by-point fill.)

Enter scale factors. These are:

n1 — the block multiplier exponent, i.e., n1in the expression “10"” which multiplies every data
word to be entered in step 3. Note: the data word to be entered should be as close to (but less than)
the absolute value of 32767 as possible (n1 should be adjusted accordingly). Thus, for example, to
enter the data word 1, it would be best to use an n1 of -4 (10-4) and then use the data word 10000. If
n1 had been 0 (100 = 1), and the data word punched in had been 1, the word would exist in memory
as 00001, and the loss of the least significant digit would mean the loss of the data word. Keep in
mind that the data word entered must be between -32,768 and +32,767. Thus, 1 could not be
entered as 100,000 (X 10-5). And, 4 would have to be entered as 4000 (X10-3) not as 40,000 (X 10-4).
The range of n1is -512 to +511.

n2 — the coordinate code, from the table below, which tells the system the type of data entry you
will be making. (For more information, see Appendix E, Data Representation.)
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Co?:r:(;r;ate Time | Frequency | Rectangular | Polar |Log* | Linear Prsti,:igs:in Eroeuczlif):
0 X X X X
2 X X X X
4 X X X X
5 X X X X
7 X X X X
12 X X X X
14 X X X X

*Log data cannot be entered manually from the keyboard.
tEntries via keyboard must be between +32767 and -32768.

n3 — the frequency code. This can be any number from the table below. The term “frequency-
code”” comes from the fact that, when analog data is printed out, this position in the data format is
reserved for a number which represents the SAMPLE MODE and MULTIPLIER switch settings on
the ADC. Note that the system will accept any number from 0 through 16,383 for the parameter.
However, if any number other than those listed in the table are used, the horizontal axis of the data
will not be calibrated. The system uses this code to compute the horizontal axis scale (frequency). If
n3 is defaulted, the machine assumes the previous value.

Freq. Fmax At Freq. Af T
Code (MAX FREQ) (A TIME) Code (A FREQ) (TOTAL TIME)
47 100 kHz 5 usec 56 1000 Hz 1 msec
43 50 kHz 10 usec 52 500 Hz 2 msec
39 25 kHz 20 usec 63 200 Hz 5 msec
46 10 kHz 50 usec 59 100 Hz 10 msec
42 5 kHz 100 usec 55 50 Hz 20 msec
38 2.5 kHz 200 usec 62 20 Hz 50 msec
45 1 kHz 500 usec 58 10 Hz 100 msec
41,8 .5 kHz 1000 usec 54 5 Hz 200 msec
37,4 .25 kHz 2000 usec 61 2 Hz 500 msec
33,15 0.1 kHz 5000 usec 57,24 1 Hz 1000 msec

53,20 .5 Hz 2000 msec

49,31 .2 Hz 5000 msec
11 50 Hz 10 msec 27 100 mHz 10 sec
7 25 Hz 20 msec 23 50 mHz 20 sec
14 10 Hz 50 msec 30 20 mHz 50 sec
10 5 Hz 100 msec 26 10 mHz 100 sec
6 2.5 Hz 200 msec 22 5 mHz 200 sec
13 1 Hz 500 msec 29 2 mHz 500 sec
9 0.5 Hz 1000 msec 25 1 mHz 1000 sec
5 0.25 Hz 2000 msec 21 0.5 mHz 2000 sec
1 0.1 Hz 5000 msec 17 0.2 mHz 5000 sec

0 = general code (will plot general shape of curve)
99 = special BSFA data (see section 5 for additional information)
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If data has already been entered in memory, and only the scale factors are being changed, the
Keyboard input cycle can be terminated at this point by pressing TERM and ENTER. The Fourier
Analyzer then goes from BUSY to READY.

Enter data

The data word is entered by simply pressing the required integer keys on the Keyboard, then
ENTER. For time domain data, there will be one word, followed by ENTER, for each point. Example:
4000 ENTER. For frequency domain data there will be two words for each point, and these are
entered as follows:

In the case of rectangular coordinates:

real data word imaginary data word

In the case of polar coordinates:

magnitude data word phase data word

NOTES

The imaginary data word or phase data word must not be defaulted when you are
entering frequency domain data.

Zero must always be entered for the imaginary data word or phase data word for dc
or the highest frequency (Fn) whenever either of these points is part of the data.
The reason for this is explained later in this section under the discussion of the
Fourier Transform used in the Fourier Analyzer.

Press TERM ENTER

This is to terminate the manual input cycle. It is not required for a block fill command. The system
now goes from BUSY to READY, and is ready for further operation.

Important note: The first of the four Keyboard entry steps can be included in a program (i.e.,
determination of block or point-by-point fill). The program will halt when it reaches this step until
the remainder of the steps have been entered. Then the program will automatically continue.
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Figure 3-1. Example KEY BOARD Commands

1. Enter Command For: No defaults allowed, except as shown

Block Fill

———

{ A LN Lo

KEY BLOCK | CHANNEL! HANNEL |
|

BOARD| i nl | a2 || SPACE {C n3 | | ENTER
\___~ N __~ \ /

where:

nT is the data block.
n2 is the first channel.
n3 is the last channel.

Point-by-Point Fill

7T e T
KEY I BLOCK | CHANNEL!
I
or BOARD o SPACE I‘ n2 I| ENTER
\\__,/ N/

where:

n1is the data block (default value = block 0).
n2 is the first channel (default value = channel 0).

2. Enter Scale Factors:
{exp ) (CooRD [ FREQ \
KEY EXP FREQ
| 5571 |sPace| | CODE | |sPacE| | CODE | |ENTER
BOARD nlo b 2 |
vt \_n2 \ n3
~——— ~—~— N

n1is the block multiplier exponent (default value = current value for the selected data block).

where:

n2 is the coordinate code (default value = current value for the data block).
n3 is the frequency code (default value = current value for the selected data block).
The “EXP” term (“n1”’) should not be defaulted in this entry. Default causes the Fourier Analyzer

to assume that the data values you enter will already be expressed in terms of the current scale
factor and block calibrator for the selected block, rather than as decimal numbers to be converted.

3. Enter Data:

—_— ——— = o~
I/REAL \\ [ \mac \1 [ wac. ) /bHASE |
| worp | | SPACE | woro | | ENTER or | worD | | SPACE | lyogp | | ENTER
\ / N / N / \ /
~—— R —_——— —_——

(IN .0l DEGREE)

4. Press:

TERM ENTER

(if point-by-point fill)
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ALTERNATE INPUTS

The KEY BOARD command is intended to enable entry from the Terminal keyboard, however, an optional
Photoreader can also be used as the input device. This requires that a manual data tape be prepared (on a
teleprinter with punched output or other punch device) in accordance with Appendix E, and that bit 3 of
the Processor be on before entering step 1 of the manual data entry command. The PHOTO READER and
REPLACE/INSERT commands are also affected by the state of bit 3. The following table shows the effect of
bit 3 on the input devices for these commands. Refer to Appendix E for additional information.

Command Bit3=10 Bit3 =1

KEY BOARD Terminal Photoreader
PHOTO READER Photoreader Terminal
RPLAC or INSRT Terminal Photoreader

PLOT

KEY
BOARD Plot

The gold PLOT command initiates “‘automatic” plotting, that is,
calls up a User Program that incorporates the most-recently-used
plot parameters such as plot size, location, annotation, etc.
The command structure is:

PLOT

/’—\ /’—‘\\
USER KEY ni ! SPACE [ n2 |
PROG BOARD ) \ /
N —
, =\ ' -\\
SPACE I n3 } SPACE { e ENTER
|
o \

where:
n1 = device type: (6 for 2648 Terminals, 10 or 35 for optional Plotters)
= 6: default

= -1: execute programs with current parameters except 5815, 5816, and 5817
retain default values.

n2 = block number to plot
default = block on display

n3 = starting channel of plot
default = first channel in block

n4 = ending channel of plot
default = last channel in block

For additional information, refer to Section 6, 5800 Automatic Plotting.

PUNCHED TAPE INPUT/OUTPUT

A Photoreader and High Speed Punch, if present in a system, make an effective input/output pair as data
can be punched out and re-entered rapidly and accurately. Data that is punched out for hard copy storage
can be re-entered at any time by using the Photoreader input command as described in the following para-
graphs. For complete information, see Appendix E.
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PHOTO
Photoreader

To make the tape run through an optional Photoreader and enter data into the Fourier Analyzer, use the
following command:

. /"——\\ //’—*‘\ ’/‘—\-‘
PHOTO ! BLOCK | CHANNEL! HANNEL |
i ENTER
| BLOTK | SPACE el SPACE [\c L) NTE
\___] N N
where:
n1 is the data block into which the data is to be entered.

n2 is the first channel in that data block to receive data.

n3 is the last channel to receive the data.

The table below gives default values for this command:

Element Meaning of Element Default Value of Element
n1 data block into which data is to be entered data block 0
n2* first channel to receive data channel 0
n3* last channel to receive data successive data words on the tape
are entered channel-by-channel
beginning with n2, i.e., a point-by-
point command results.

*NOTE: if n2 and n3 are both given, then the first data word only on the tape is entered in all the channels,
n2-n3, i.e., a block fill results.

For additional information regarding punched tape input or output, refer to Appendix E.

INPUT

@8  Input (Variable Parameter)

The gold INPUT command inputs Variable Parameter values from the Keyboard or Terminal. The
command structure is:

INPUT
7N N
USER PHOTO \ ENTER
PROG READR |l l SPACE | n2 N
! \ /
N __/ ~ s

Variable Parameters n1 through n2 are set to the values typed on the Terminal or Keyboard.

where:

For additional information refer to the Variable Parameter paragraphs (specifically Y 1808) in this section.
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OUTPUT MODES

These paragraphs provide operating instructions for system output modes such as the scope and Terminal
displays and printouts, and optional output to a printer, punch, or plotter.

DATA OUTPUT VIA TERMINAL

The Terminal may be used to obtain a printout of the data in any block, or in any part of a data block. The
data is printed in the decimal number system. If the system contains a High Speed Punch, this data can be
punched on paper tape as well. For additional information on the High Speed Punch output, refer to the
PUNCH command in this section and in Appendix E.

If bit 6 of the Processor register is set, the data is output to an optional Printer.

NOTE

The form of the command for displaying data is:

7T !/’—‘\ //——\‘\
!

PRINT | BLOCK | SPACE CHANNEL! SPACE [CHANREL ENTER
\\n__,) \\ n2 /’ \\__,/

where:
n1 is the data block to be printed out. (See table below for default values.)
n2 is the first channel to be printed out.

n3 is the final channel to be printed out.

Default Values for PRINT Command

Element Meaning of Element Default Value of Element
n1 data block to be printed out data block 0
n2* starting channel of printout whole data block is printed out
n3* end channel of printout n2

*If n2 and n3 are defaulted whole data block is printed.

Format of Printed Data

Each printout begins with a line giving all the calibration factors associated with the data. The first item in
the line is SF (meaning scale factors) and the form of the line is shown below:

SF n1 n2 n3
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where:

n1 is the amplitude scale factor for linear data (each word is multiplied by 10™"); or the value in dB to
be added to each data word, for logarithmic data.

n2 is the coordinate code from the table below. (See also Appendix E, Data Representation.)

Cogr(;ic;r;ate Time | Frequency | Rectangular | Polar | Log* | Linear Prstizg:gn E:)elézliz:
0 X X X X
2 X X X X
4 X X X X
5 X X X X
7 X X X X
12 X X X X
14 X X X X

*Log data cannot be entered manually from the keyboard.
tEntries via keyboard must be between +32767 and -32768.

n3 is the frequency code from the following table.

Freq. Fmax At Freq. Af T
Code (MAX FREQ) (A TIME) Code (A FREQ) (TOTAL TIME)
47 100 kHz 5 usec 56 1000 Hz 1 msec
43 50 kHz 10 usec 52 500 Hz 2 msec
39 25 kHz 20 usec 63 200 Hz 5 msec
46 10 kHz 50 usec 59 100 Hz 10 msec
42 5 kHz 100 usec 55 50 Hz 20 msec
38 2.5 kHz 200 usec 62 20 Hz 50 msec
45 1 kHz 500 usec 58 10 Hz 100 msec
41,8 .5 kHz 1000 usec 54 5 Hz 200 msec
37,4 .25 kHz 2000 usec 61 2 Hz 500 msec
33,15 0.1 kHz 5000 usec 57,24 1 Hz 1000 msec
53,20 .5 Hz 2000 msec
49,31 .2 Hz 5000 msec
11 50 Hz 10 msec 27 100 mHz 10 sec
7 25 Hz 20 msec 23 50 mHz 20 sec
14 10 Hz 50 msec 30 20 mHz 50 sec
10 5 Hz 100 msec 26 10 mHz 100 sec
6 2.5 Hz 200 msec 22 5 mHz 200 sec
13 1 Hz 500 msec 29 2 mHz 500 sec
9 0.5 Hz 1000 msec 25 1 mHz 1000 sec
5 0.25 Hz 2000 msec 21 0.5 mHz 2000 sec
1 0.1 Hz 5000 msec 17 0.2 mHz 5000 sec
0 = general code (will plot general shape of curve)
99 = special BSFA data (see section 5 for additional information)
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Examples of typical displays are given in Figure 3-2.

Figure 3-2. Examples of Printouts

1. Time domain data

n1: amplitude scale factor; n2: coordinate code; @ =time

multiply all data words rectangular data N3: frequency code; if ADC

by 10-4 was used to input data,
indicates Af = 200 Hgz;
/ T = 5 msec; otherwise

two words in line

5 = frequency polar

SF -4 7} 63 is arbitrary number.

¢ 2) 2490 2487 2501 2495 2591 2496 2499 2498

¢ 8) 2503 2500 2537 2499 2503

/

/ — ~ /
channel no. - data
of first word in line
2. Frequency domain data, rectangular coordinates
4 = frequency
rectangular data
multiply all data & imaginary value
-6 ; i . .
words bx:\lo sam; meaning as in 1. imaginary
real
SF 2 4 63 re‘a/l value P
« 9) 8293 2 7418 =-3089 5220 -5229 2391 -5839
C 4) -19 -4964 — —_—
/ ch. 4 ch.1 ch.2 ch. 3
/
channel no. of first dalta

3. Frequency domain data, polar coordinates (phase in .01 degree)

coordinates magnitude value magnitude
phase value phase
SF -6 S 63
¢ 2> 8293 0 8035 =-2261 7388 -4504 6300 -6769
4 4) 4963 -9911 — —_— —
/ . ch.4 ch.1 ch.2 ch.3 ,
A4
data
4. Frequency domain data, polar log coordinates
(magnitude in .01 dB; phase in .01 degree)
Add -10 dB to T = frequency polar .
each data word log coordinates magnitude value magnitude
phase value
SF -19 7 63 < ‘p/hase
¢ 2> -1081 ) -1095 -2261 -1132 -4504 -1201 -6769
¢ 4) -1304 -9011 — —— —
/ — ch. 1 ch.2 ch. 3
ch. 4
\ /
Vv
data
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At the start of each printout line, the channel number of the first word in the line is given in parentheses. If
the printout is of time data, eight channels of data per line are printed. If the printout is of frequency data,
only four channels per line are printed. For each frequency channel, first the real or magnitude word is
printed (depending on coordinates), then the imaginary or phase word. If the printout is of double
precision data, first the most significant bits of the data channel are printed, then 0 is printed for the least
significant bits. The channel number at the start of each line will change by eight for each line of time data,
and four for each line of frequency data. Log printouts are in hundredths of a dB. The scale factor (n1) must
be added to each dB value. Phase is printed in hundredths of a degree.

To stop a printout while it is in process, simply press the STOP key on the Keyboard. The Terminal will
finish printing its current line and stop.

TEXT

The gold TEXT command writes a line or lines of text on the Terminal or on the optional Plotter. The
command structure is:

70 N
USER |
PROG PRINT o) SPACE [ n2 | ENTER
N \\__/I
TEXT

where:
n1 is the message ID number (must be core-resident).
If n1 is zero or defaulted, the same message as the previous call is written.
If n2 is defaulted, the text is written on the plot device.

If n2 is 1, the text is written on the Terminal.

For additional information on the use of the TEXT command, refer to User Program 5819 in Section 6.

PUNCHED TAPE OUTPUT
Paper tapes containing data from system data blocks can be punched with an optional High Speed Punch.
Also, the Punch output may be printed on the Terminal (refer to Appendix E for details), which is useful

when it is desired to view data block information in its original form, i.e., without the block calibrator
having been applied to the data (as it is in the PRINT command format).

Punch

The command to punch a paper tape is given below. Before executing this command, place power switch
to ON.

The command form is:
(oo A (o)
PUNCH | BLock ) SPACE [CHANNEL SPACE [CHANNEL | ENTER
N ‘\‘__/’ l\\__,/

n1 is the data block to be punched out.

where:

n2 is the first channei to be punched out.

n3 is the last channel to be punched out.
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The following table has default values.

Element Meaning of Element Default Value of Element
n1 data block to be punched out data block 0
n2* first channel to be punched out whole data block is punched out
n3* last channel to be punched out n2
*If n2 and n3 are defaulted, entire data block will be punched out.

For additional information on the use of the PUNCH command, refer to Appendix E.

GOEE  Output (Variable Parameter)

OUTPUT

The gold OUTPUT command prints the values of Variable Parameters n1 through n2. The command
structure is:

USER 7 2
PROG PUNCH [ \' SPACE Y \| ENTER
~___/ \\‘_//
OUTPUT
where:

n1 is the starting Variable Parameter.

n2 is the ending Variable Parameter. The default value of n2 is n1.

For additional information, refer to the Variable Parameter paragraphs (specifically Y 1809) in this section.

SCOPE DISPLAY OUTPUT

The Display Plug-in and the Oscilloscope form the Display Unit of the Fourier Analyzer. The purpose of the
Display Plug-in is to convert digital data in the Processor memory to analog signals that may be displayed
on the 8 X 10 cm screen of the scope, plotted on the Graphics Terminal, or plotted on a standard X-Y
plotter. Control of system operations connected with the display — such as digital expansion and log
horizontal scale — are provided on the Display Plug-in.

It is important to note that any operation called for by the Display Unit does not change the form or
coordinates of the data in the memory, but only modifies the data before it is transmitted to the
Oscilloscope. Thus, display operations do not cause computational errors to build up. Only operations
initiated by the Keyboard cause changes in data form in memory.

DSPLY

Display

There are three types of display commands in the Fourier Analyzer: block display, a repeat calibrated
display in which the entire block is displayed; partial block display, a repeat calibrated display in which
only a given number of channels are displayed across the entire face of the scope; and a coded display,
where combinations of single/repeat, calibrated/uncalibrated, and full/partial block displays are possible.
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If block n1is in double precision, the least significant bits will not be shown, i.e., the imaginary part of
block n1 will appear equal to zero.

The command for block display is:
VR
]
DSPLY { B‘-OICK ! ENTER
n
\\ /}

n1 is the data block. Default value = block 0.

where:

The command for partial block display is:
;T 2 7
DSPLY I SPACE [ n2 | SPACE | a3 | ENTER
\ J \ I \ /
N~ ~N—— ~__—7

n1 is the data block. No default allowed.

—_——

where:

n2 is the first channel to be displayed. No default allowed.

n3 is the last channel to be displayed. No default allowed.

The commands for coded display are:
I’-“\\ TN
DSPLY o SPACE [ n2 | [enTeR
\\\_// \\‘_// '

n1 is the data block. No default allowed.

where:

n2 is display code. Default value = 0 (calibrated repeat, full block display).

or,
7N TN T TN
DSPLY Al } SPACE T SPACE | a3 | SPACE I na ’| ENTER
~___/ \\__// \\_“_/l \\__/
where:

n1 is the data block. No default allowed.
n2 is the starting channel of a partial block display. No default allowed.
n3 is the ending channel of a partial block display. No default allowed.

n4 is display code. Default is 0 (calibrated repeat, partial block display).

Display Code .
(n2 Value) Meaning of Code
0 Calibrated repeat sweep display
4 Calibrated single sweep display
8 Uncalibrated repeat sweep display
12 Uncalibrated single sweep display
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The Fourier Analyzer operates on an automatic display concept, that is, the result of an operation is
displayed. There is one exception: the ANALOG IN command, where the block displayed depends on the
block named in n2 of the command, or in the REPEAT mode on the setting of the DISPLAY/INPUT switch
of the ADC.

If a repeat sweep display command is executed from the program memory, the program will display and
stop until ordered to continue by pressing the CONTINUE key or by another command. However, if a

single sweep display command is used the display will take one sweep of the block specified and then
continue on with the program.

STORAGE DEVICE OUTPUT

Wl  MASS STORE

The MASS STORE command is used to control digital mass storage devices such as Disc or Mag Tape units.
The command form is:

(CODE)(PARAMETERS)

where (code) represents a 2-digit number from the Mass Store Command Matrix indicating operation
and file.
NOTE

Full information on the terms used in the code portion of the command, plus
operating procedures are provided in Section 4.

FILE 1 2 3 4 b 6 7 8
e N e e e L
DATA ADC PROGRAM ASCII INDEX SYSTEM
l oP BLOCK  |THROUGHPUT|  STACK TEXT BLOCK | CORELOAD | COMMON | OVERLAYS
B N 1 7 18
READ 1 12 13 14 15 6 1
1 NExT Block n1 Channel n1 (See Note 1)
RECORD Sample n2
24 25 27
iRt 21 22 23
2 NEXT Block n1 n1 Channels
RECORD n2 Records
POSITION 31 32 33 34 35 36 37 38
3 T Record n1 Record n1 Record n1 Record n1 Record n1 Record n1
RECORD n2 if n1 n1if n1 n2 if ni n2 if n1 n2 if n1 n2 if n1 (See Note 2)
(OR OVERLAY) Relative Relative Relative Relative Relative Relative
58
SEARCH
H FOR 51 52 53 54 (See Note 3)
KEY )
STORE
1 62 63
6 ev 6
TRANS
7 CRIBE 72
ADC
Note 1: Note 2: Note 3:
n1 Defaulted: Force Load Overlay Overlay n1 List User Programs in System and/or Overlays
n1 Given: Load Overlay If It's Not Already in Core n2 If n1 Relative
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Analog Output

The ANALG OUT command controls the optional Digital-to-Analog Converter (DAC).

The following command format activates the DAC output from the system Keyboard:

I/_§\‘ TN l/ M

AgGlT.G - } SPACE " ne } SPACE | n3 } ENTER
‘\ J \ / \ /
—_——— ~—— ~

n1 specifies the data block used by the ANALOG OUT command. It cannot be the same data block
-used by the ANALOG IN command.

where:

n2 determines the nature of the DAC command. If n2=1, the time-domain data is read out once (after
the ADC triggering conditions are met). If n2 =0, or defaulted, a continuous analog output is selected
and the analog signal is read out repeatedly until an ANALOG OUT stop command or a RESTART is
executed. If n2 = 2 then the data block n1 is filled with random data with a peak value equal to n2.

n3 sets the DAC filters to one of nine cutoff frequencies. If n3=0, the DAC filter is bypassed, that is, set
to the throughput state. If n3 is defaulted, the DAC software automatically sets the filter cutoff to the
optimum filter range. (.38 Fmax < Fc < .8 Fmax where Fc = the cutoff frequency of the filter.)

The following command turns off continuous DAC output (analog stop command):

ANALG
ENTER

The analog stop command establishes a zero output value in the DAC and stops the output. When the
DAC is started, the ON and RUN lights turn on. When the analog stop command is entered, the ON and
RUN lights turn off and the amplifier output is set to ground. The filter is set to the throughput state (filters
are bypassed) and the DAC is cleared and ready for the next command.

For additional information on the ANALG OUT key, refer to Appendix E.

NOTE
The 54420A DAC cannot operate simultaneously with the Cursor,
SwyI104 on Duwivg  ADC THROUGH PUT,
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PROCESSING OPERATIONS

These paragraphs describe Keyboard functions concerned with the processing of data. The functions are
broken down according to the three processing groups on the Keyboard: DATA OPERATION keys are
used to transfer data between data blocks or to change coordinates of a given data block. They do not
change the domain of the data. These keys also perform basic arithmetic operations on data blocks.
MEASUREMENTS keys involve complex operations, most of which change the basic units of the data.
Fourier Transform (F), for example, changes the data domain from time to frequency, or vice versa.
PROGRAMMING keys are used to add your own Keyboard Programs (or subroutines) to the program
memory.

Polar Coordinates

This command converts data in a frequency domain data block from rectangular coordinate series to linear
polar coordinates. If the data block is in time domain or in double precision, the command is not executed.
The command form is:

VA
1

POLAR : B‘-nolc“ \ ENTER
\\__,//

n1 is the data block. Default value = data block 0.

where:

In the magnitude display, the vertical axis is amplitude and the horizontal axis is frequency. In the phase
display, the vertical axis is degrees, and the horizontal axis is again frequency. Switching between the two
displays is accomplished by the MODE switch on the Display Unit. Magnitude is always a positive value.
The phase display runs 0 to 180° on the top half of the scope screen, and 0 to -180° on the bottom half.
Thus, a phase of 190° would be shown as -170°.

The magnitude scale can be expanded using the SCALE switch on the Display Unit. The phase scale is
expanded by using the POLAR ANG/DIV switch. The SCALE switch has no effect on the phase display;

note also that the scale factor display is dark when phase is being shown, since the POLAR ANG/DIV switch
defines the scale factor.

Rectangular Coordinates

This command converts data in a selected data block from polar, log or log polar coordinates to linear
rectangular coordinates real (cosine) series and imaginary (sine) series. The command structure is:

/’——E\\

RECT ! BLOICK ! ENTER
1} n
./

n1 is the data block. Default value = data block 0.

where:

In rectangular coordinates, the vertical axis on the scope is amplitude and the horizontal is frequency. By
using the MODE switch on the Display Unit, one can display either the real (cosine) components or the
imaginary (sine) components of a spectrum.
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QUALS

RECT Qualifiers (Variable Parameter)

The gold QUALS command gets or puts data block qualifiers into five Variable Parameters starting at n1.
The command structure is:

QUALS _
USER / \\| N 0
PROG RECT l‘ ni | SPACE | n2 | SPACE | n3
N/ \\___/’ \\___/I

where:
n1 is the starting Variable Parameter.
n2 is the block to which the qualifiers position.

n3 determines whether the qualifiers are put into the Variable Parameters or read from the Variable

Parameters. {iF n3 =@ . ThaW 67 THE QuaLizes FRem Buock N2 and PuT inTo THE VALIAGLE
PARAWETER BEC.M)NI'\?’_, . ar n )] . IF NI #(t THEAS PaT WL(F/E/S&&W"/MQ}M Nt e D74 &.C)Ck ﬂQ
For additional information, refer to the Variable Parameter paragraphs (specifically Y1823) in this section.

Log Magnitude

This command takes the log magnitude of the data block, point by point, and stores result back into the
same data block. The command structure is:

———

/ N\

\

LOG I'sLock 1
A 1 BLOf | ENTER

N\~

n1 is the data block. Default value = block 0.

where:

If the data block is in double precision, the result will be in double precision. If the data block is in
frequency domain, but not in double precision, it will first be converted into polar coordinates (magnitude
and phase), and then the log of the magnitude will be taken.

LOG SCALE FACTOR DISPLAY

The scale factor display specifies the offset, i.e., the value of the top line of the scope display in dB,
referenced to 1 volt (peak). The standard scope calibration is 10 dB/division. The SCALE switch on the
Display Unit permits you to adjust the offset to decade values such as 0, 20, 40, etc. For each position turned
to the right, -4 dB is added to the offset.

LOG DISPLAYS

In a logarithmic printout on the Terminal (accomplished by the PRINT command), the dB values are
printed in hundredths. The scale factor n1 at the start of the print, i.e.,

SF n1 n2 n3

is the number of db offset which must be added to all dB values in the data. This offset will be some
multiple of 10, regardless of what the scale factor display was before the PRINT command. In other words,
the system automatically makes sure that the offset is converted to a multiple-of-ten offset (unless the gold
LOG MAG function is used to change the calibration). The parameters n2 and n3 are the coordinate code
and frequency code; see PRINT key.
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COORDINATE CODE 12 USAGE

The software assumes that any data having coordinate code ‘“12” (rectangular, linear, double-precision)
was obtained by performing a conjugate multiply operation on data that had coordinate code “4”
(rectangular, linear, single-precision), and assumes that this data is calibrated in terms of “V2” (instead of
“V”) — regardless of how this coordinate code “12”” data was obtained. This can cause unexpected results
when data with coordinate code ‘“12” is entered manually and converted to log magnitude.

An example comparing conversion of manually-entered single-precision data and manually-entered
double-precision to log magnitude is presented below.

If the data values 1,10,100,1000, and 10000 are entered with coordinate code “4”, and a log magnitude
operation is then performed, the coordinate code will be changed to “7” (polar, log, single-precision),
and the vertical spacing between the dots (in a MAGNITUDE display) will be 2 cm or 20 dB/div.

If the same data values are entered with coordinate code “12”, and a log magnitude operation is then
performed, the coordinate code will be changed to “14” (rectangular, log, double-precision), and the
vertical spacing between the dots (in a REAL display) will be 1 cm or 10 dB/div.

In reality, these two data displays represent the same difference (linearly) between points, since the
coordinate code “7” vertical calibration is:

\

dB7 = 20 log where Vh is the original data value (in volts)

Vref Vret is 1 volt peak
and the coordinate code “14” vertical calibration is:

(Vn)2

dB14 =10 log where these terms have the same meaning as

(Vrer)2 given above

Consider the examples below:

Using the data values “1” and “100”, entered with coordinate code “4”, LOG MAG gives the following
deflections (and coordinate code “7”):

1
(20 log —)
for “1”’; ————— =0cm
10
(20 log 1—20—)
for “100”; ——————  — =4cm
10

Using the data values “1” and “100”, entered with coordinate code “4”, conjugate multiplication gives
the values “1”” and “10000” (and coordinate code “12”); a LOG MAG operation on this data gives the
following deflections (and coordinate code “14”):

1
(10 log —
for “1”: ————  =0cm
10
(10 log 10000)
for “1002’; ————— — =4cm
10
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Using the data values “1” and ‘“100”, entered with coordinate code “12”, LOG MAG gives the
following deflections (and coordinate code “14”):

10 (log 1—)
for “1”: SR R 0cm
10
10 (log 11&)
for “100”; ———— — =2cm
10
NOTE

The vertical scale calibration of LOG MAG display is 10 dB/cm. Refer to the “gold-
key” capability of LOG MAG for information on how to change the vertical scale
calibration.

SUMMARY OF COORDINATE TRANSFORMATION COMMANDS

Coordinates of Data Block After Execution of Command

Domain of Data

Time Log Not Executed Linear

Freq Log Polar Linear Polar Linear
Rectangular

LOG

LOG
The gold LOG command changes the vertical scale calibration from 10 dB/cm up to 80 dB/cm in steps of
10. The command structure is:

/"‘\\
USER L0G ! |
\\_’/

LOG
where:

n1 is the number of dB to be displayed full scale (10 to 80 in steps of 10). Default = 80 dB.

For additional information, refer to Section 7, paragraph Y 3022.
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There are two types of CLEAR functions: block and partial block. The command to clear an entire data
block changes domain of data block to time linear rectangular coordinates and sets the frequency code to
“0”. The command form is:

TN
i

CLEAR 1 BLocK ) ENTER
N

n1 is the data block. Default value = block 0.

where:

The command to partially clear a block, i.e., clear a giver range of channels, does not change the coordinate
code or frequency code. The format is as follows:

l”—‘\ TN ,/’—\\l

CLEAR Y SPACE { n2 | SPACE | a3 ENTER
| / \ J \ I
\\_,/ ~— ~

n1 is the data block.

where:

n2 is the first channel to be cleared.

n3 is the last channel to be cleared.

Following is table of default values:

Element Meaning of Element Default Value of Element
n1 Data block to be cleared Block 0
n2 First channel to be cleared Channel 0
n3* Last channel to be cleared Channel n2
*if n3 is defaulted, then channel n2 will be the only channel cleared.

This function transfers data from block n1 to block 0. Any previous data in block 0 is written over. Block 0 is
displayed. Data in block n1 is unaffected. The command structure is:

ST
|

LOAD | nl } ENTER
\\\_//

n1 is the data block. Default value is 0.

where:

NOTE

See STORE command to transfer data out of block 0.
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GET

Get (Variable parameter)

The gold GET command loads data block information. The command structure is:

GET - _ __
o == v -
USER Lo PACE ! ! SPACE '
PROG LOAD [ ] S | n2 | I n3 | ENTER
_J \\ / \ / \ /
—_—— ~_ N~ 7

where:
n1 is the Variable Parameter that is set to the value of block n2, channel n3.
n2 is the block number.

n3 is the channel number.

For additional information, refer to the Variable Parameters paragraphs (specifically Y 1821) in this section.

Store

This function transfers data from block 0 to block n1. Block n1 is displayed and the data in block 0 is left
untouched. Any previous data in block n1 is written over. The command structure is:

VY
|

STORE 1 BLoCK | ENTER
N

n1 is the data block. Default value is 0.

where:

PUT

Put (Variable Parameter)

The gold PUT command stores data block information. The command structure is:

PUT
ST 777N TN
USER / | i | / [
PROG STORE It SPACE | 2| SPACE | n3 | ENTER
‘\ / \ / \ /
—_— ~— ~_—7

where:
n1 is the Variable Parameter that is placed into block n2, channel n3.
n2 is the block number.

n3 is the channel number.

For additional information refer to the Variable Parameter paragraphs (specifically Y 1822) in this section.
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INTER
Interchange

This function interchanges data in blocks 0 and n1. Block 0 is displayed. No data in any block is lost as a
result of this operation. The command is:

Y

INTER | BLOCK |

OHNG | BLock | ENTER
N

where:
n1 is the data block. Default value is 0.
In order to interchange two data blocks neither of which is block 0, and do so without loss of data in any
other block, a procedure such as that shown below must be used. Three different sets of data, A, B,and C

reside initially in the three blocks 0, 1, and 2. The commands shown will interchange B and C without loss
of set A.

Initial conditions:

Data Block 0 1 2

Set of Data in Block A B C

The following commands interchange blocks 1 and 2 without loss of block 0:

Data block 0 1 2
The command INTERCHNG 1 ENTER yields . . . B A C
The command INTERCHNG 2 ENTER yields . . . C A B
The command INTERCHNG 1 ENTER vyields . . . A C B

HANN - i
Interval-centered Hanning

This command multiplies a data block by the window function, 1/2 - 1/2cos(2xt)/T. The data block must be
in the time domain for the command to be executed.
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To use this command to suppress leakage lobes in the frequency domain, Hann data block n1 and then
execute a Fourier transform.

The command for Hann is:

VR
\
HANN !'BLoCK |
|
Pl ] ENTER
\\‘__/

n1is the data block. Default value = block 0. Repeated Hanns are permitted but the block must be in
the time domain.

Block Shift or Rotate

This command shifts or rotates the entire block a given number of channels to the left. If in frequency
domain, real will be rotated into real, and imaginary into imaginary. An exception is Fn which has only a
real component and is stored immediately after the dc real component. When a Block Shift or Rotate
command is given, the dc real component is rotated into the location formerly occupied by the real
component of Fn-1, and the Fn real component is rotated into the location formerly occupied by the
imaginary component Fn-1. Similary, the real component of F1 moves to the location formerly occupied by
the real component of dc, and the imaginary component of F1 moves to the location formerly occupied by
the real component of Fn.) The data storage format illustration in Section 2, Figure 2-5, of this manual may
help you visualize this operation. The command form is:

\ I/— ™ /"_“\\
<« Y } SPACE { n2 | ENTER
\\\_// \\__//

n1 is the data block to be shifted. No default allowed.

where:

where:

n2 is the number of channels the block is to be shifted. No default allowed.

Set (Variable Parameter)

SET
The gold SET command sets a Variable Parameter to the specified value. The command structure is:

ST~ == o~
ER / ) { \ ! )
ggoG « | nl } SPACE | 2 | SPACE I n3 ENTER
N, \ / \ I
—_——— ~— ~

SET
where:

n1 is the Variable Parameter number.
n2 is the number to be multiplied by a power of 10.

n3 is the power to which the base 10 is raised.

For additional information, refer to the Variable Parameters paragraphs (specifically Y 1800) in this section.
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Block Addition

This command linearly adds the data in any block, point by point, to the data in block 0, and stores and
displays the results in block 0. The data in the other block is left unchanged. If only one block is double
precision, then a single precision add will be performed; if both blocks are in double precision, a double
precision add will be performed.* The command structure is:

/’—_s\

‘ BLOCK | ENTER
\ nl
\o /

where:
n1 is any data block. Default value = 0 (in which case, data block 0 is added to itself.)
Since block addition is a linear operation, the data blocks should be in linear rectangular coordinates for
more meaningful results. However, the magnitudes in polar coordinates may be added (for example, to

obtain an ensemble average), but the resulting phase sum may be meaningless. If the two data blocks are
of different domain or coordinates, the result will be in the domain or coordinate of block 0.

ADD

+ Add (Variable Parameter)

The gold ADD command adds the specified values. The command structure is:

ADD

USER \ ‘
D nl l SPACE n3 /I ENTER

where:
n1 is a Variable Parameter that is set to the sum of n2 and n3. The default value of n3 is 1.

For additional information refer to the Variable Parameter paragraphs (specifically Y1801) in this
section.

. Block Subtraction

This command subtracts the data in any block, point by point, from the data in block 0, and stores and
displays the result in block 0. The data in the other block is left unchanged. If only one block is double
precision, then a single precision subtract will be performed; if both blocks are in double precision, a
double precision subtraction will be performed.* The command structure is:

7T

1

{ BLOICK } ENTER
\‘n _/

n1is any data block. Default value = data block 0 (in which case, the result would be zero as data is
being subtracted from itself.)

where:

*Note: The result will be truncated to single precision if the data blocks differ by more than 4 decades.
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Since block subtraction is a linear operation, the data blocks should be in linear rectangular coordinates
for more meaningful results. However, the magnitudes in polar coordinates may be subtracted (for
example, to obtain an ensemble average), but the resulting phase sum may be meaningless. If the two data
blocks are of different domain or coordinates, the result will be in the domain or coordinate of block 0.

- Subtract (Variable Parameter)
SuB

The gold SUB command subtracts the specified values. The command structure is:

osER @ nl } SPACE SPACE n3 } ENTER
) J

SUB
where: (V\lrﬂzvhg)

n1is a Variable Parameter that is set to the difference between n2 and n3,The default value of n3is 1.

/__‘

For additional information refer to the Variable Parameter paragraphs (specifically Y1802) in this
section.

Loop Counter Multiply
ke yhonr)

This command is used solely inside a count loop in ayprogram; its purpose is to multiply any block by the
loop counter integer. The command is executed on{} inside a loop, in a user-entered program, while the
program is running and the BUSY light is on. If you attempt to execute the command directly from the
Keyboard, a WHAT? signal will result. The command is:

MULT l BLOCK ' SPACE @ @

n1 is the block to be multiplied. No default allowed.

where:

0 is a code number for this command.

Block Multiply

This command performs a linear multiplication of block 0, point by point by any other block, n1, with the
results being stored and displayed in block 0. The data in the other block remains unchanged. If only one
block is in double precision, a single precision multiply will result; if both blocks are in double precision, a
double precision multiply will result. The command form is:

1
MULT | BLOCK | ENTER
l\ nl /|
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where:

n1 is any data block. Default value = block 0 (i.e., block 0 is then squared).

The domain of block 0 determines the type of point by point multiplication. Since multiplication is a linear
operation, the data blocks involved should both be in the same domain and in linear rectangular
coordinates for meaningful results.

Integer Multiply

This function multiplies block n1 by the integer n2, and stores and displays the result in block n1. The
command form is:

A (N
l\smce} {Emal
\‘__,/ \\___/’

n1 is the data block. No default allowed.

where:

n2 is the integer, which can be any value from -32,768 through +32,767 (excluding zero which is loop
counter multiply). No default allowed.

To multiply a data block by a fraction or a decimal, integer multiplication and division are used. For

example, to multiply a data block by \/2 (1.414), integer multiply the block by 1414, then integer divide by
1000.

Complex Multiply

This function multiplies block n1 by a complex number (n2 + jn3). The command format is:
l"__‘\ /77N I”—‘\
MuLT [ nl \, SPACE [ n2 | SPACE [ a3 ENTER
‘ J \ I | I
° N~ ~_ ~__7

n1 is the data block. No default allowed.

where:

n2 is the real part and n3 is the imaginary part of a complex number, which can be any value from
-32,767 to +32,767. No default allowed.

If n1is in the time domain, n3 is disregarded and an integer multiplication is executed (n1 X n2).
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MULT

MULT Multiply (Variable Parameter)

The gold MULT command multiplies specified values. The command structure is:

MULT
' IO T T
USER MuLT Y SPACE [one | SPACE | n3 | ENTER
PROG \ | \ |
\ N / \ /
—_—— N ~—

where:
n1is a Variable Parameter that is set to the product of n2 and n3. The default of n3 is 2.

For additional information refer to the Variable Parameter paragraph, (specifically Y 1803) in this
section.

Block Conjugate Multiply

This function multiplies block 0 point-by-point by the complex conjugate of any other block, n1, and
displays and stores the results in block 0. The data in the other block remains unchanged. If block 0 is in the
time domain, a non-conjugate multiply will be performed. If only one block is in double precision, a single
precision multiply will result; if both blocks are in double precision, a double precision multiply will result.

———

; TN,
i
* j BLOCK | ENTER
MuLT Vol )
A \\‘_——/

n1is any data block. Default value = block 0 (in that case, block 0 would be multiplied by the complex
conjugate of itself. This is the operation used to obtain the power spectrum from the Fourier
transform.)

where:

Since block conjugate multiply is a linear operation the data blocks involved should be in linear
rectangular coordinates for meaningful results.
CREATING DOUBLE PRECISION BLOCKS

When a self-conjugate multiply is performed (block 0 multiplied by its complex conjugate) then the result
will be a double precision data block. A frequency domain data block which is completely real and where
each data word (excluding dc and Fn) is 32 bits, is known as a double precision block. A self-conjugate
multiply can only be executed by the following command:

* ENTER
MULT

Block 0 is in the frequency domain.

where:

Since the results of a self-conjugate multiply are purely real, the least significant bits are stored where the
imaginary parts were formerly; thus each data word is now double precision (32 bits). The self-conjugate
multiply and power spectrum (described later in this section) commands are the only processing
commands that can create a double precision block. A cross-conjugate multiply whose result can have
both real and imaginary parts is always single precision (16 bits).

A resident User Program is available (Y 3011) which allows you to disable/enable double precision block
creation for self-conjugate multiply operations.
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Conjugate

This command conjugates block n1, that is, changes the imaginary part of each channel. The command is:

’ BLOCK I SPACE ENTER
MULT

This command will be executed only if block n1 is in the frequency domain, single precision.

EXP

. Exponentiate (Variable Parameter)

The gold EXP command raises a Variable Parameter to a specified power. The command structure is:

EXP
USER

where:
n1 is the Variable Parameter that is set to the value of n2 to the power of n3 (n2"3).

For additional information refer to the Variable Parameter paragraphs (specifically Y 1827) in this
section.

. Loop Counter Divide
keBonr)

This command is used solely inside a count loop in ayprogram; its purpose is to divide any block by the
loop counter integer. The command is executed only inside a loop, in a user entered program, while the
program is running and the BUSY light is on. If you attempt to execute the command directly from the
Keyboard, a WHAT? signal will result. The command is:

n1 is the block to be divided. No default allowed.

where:

0 is the code number for this command.
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Integer Divide

This function divides block n1 by the integer n2. The result is stored and displayed in block n1. The
command structure is:

Y TN
i i
{ a\.nolcx } SPACE |'NTnEzGER} ENTER
\ ot \___/
where:

n1 is the data block to be divided. No default allowed.

n2 is the integer, which can be any positive value from 1 through +32,767. No default allowed.

Block Division

This command divides the data in block 0, point by point, by the data of any other block, n1, and displays
and stores the result in block 0. The data in the other block remains unchanged. If both blocks involved are
double precision the result will be double precision. If block 0 is in double precision but block n1is not,
then block 0 will be truncated before the command is executed. If block n1 is in double precision but
block 0 is not, the result will be single precision. The command form is:

; TN
|
| BLock | ENTER
\ ni ]
N\~
where:

n1 is the data block by which block 0 is to be divided. No default allowed.

Since block division is a linear operation, both data blocks should be in linear rectangular coordinates for
meaningful results. The domain of block 0 determines the type of point by point division.

The number system used in the Fourier Analyzer is floating point on a block basis. This means that all the
data words stored in a block represent numbers between -1 and +1 and that the block scale factor applies
to all words in the data block and scales them to the correct value. When two data blocks are divided, the
scale factors of the two are first subtracted, and the resulting scale factor determined. Then the division
proceeds on a channel-by-channel basis using a complex division algorithm. Since the largest number that
can be stored in memory is equivalent to 1.0 (multiplied by the block scale factor), the following procedure
is used to assure that no number larger than 1.0 need be stored.

When the quotient overflows 1.0 in a channel, the quotients in all prior channels plus the overflow channel
are divided by 2 and the scale factor is adjusted, leaving the result with the correct numerical value. The
unprocessed channels of the dividend are also divided by 2, assuring the proper result in those channels.
This procedure is repeated until the quotient between the two numbers of a given channel is less than 1.0.
If this process were allowed to proceed unchecked, as in the case where the divisor block has a very low
value for one channel, and the dividend block a value near unity for that channel, the result would be that
the high ratio for the channel would be computed with accuracy, while all other values in the data block
would be scaled down (divided by 2) so many times as to lose any significant resolution or accuracy. To
limit this problem, a maximum of 8 scaledowns are allowed. This means that the quotient and dividend will
be divided by 256 in the worst case. A resident User Program is available which allows you to select the
number of scaledowns (see Section 7/#caledown of the data block is only performed when the division is
successful. If a division is not successful, the quotient is set equal to zero and block division continues.

(Secrionw 7. Y3012
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Example: The following example illustrates the use of a number of processing operation keys and
specifically illustrates the effects of the dividend overflow. Set a block size of 128 and enter a constant value
of 3.2 into all channels of data block 0 with the following set of commands:

KEY
SPACE SPACE 7 ENTER

KEY
@ @
or- 3.2

A constant valu:{\as shown in Figure 3-3(a) is now in data block 0. Store this function in data block 1 with the
following comniand:

STORE @ ENTER

Note that the function stored in block 1is identical to that which is left in block 0. This can be checked with
the following commands:

DSPLY G ENTER
DSPLY ENTER
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Figure 3-3. Example of Block Division, Showing Overflow

(a) Constant of 3.2 in all channels

(b) After integration of channels 5 through 127

(c) After block division is set to zero
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Divide the value in data block 1 by the integer value 64 with the following integer divide command:
DIV 1 SPACE 6 4 ENTER

Note that the constant in block 1 is now 3.2/64 or 0.05. If we integrate block 1 from channel 5 to 127, the
integral of the constant value will be a ramp which starts with channel 5 and increases to the end of the
data block. This command will execute the integration (format explained in a following paragraph):

INTEG 1 SPACE 5 SPACE 1 2 7 ENTER

The result of this integration is shown in Figure 3-3(b). If the constant value in data block 0 is divided by
data block 1, the low values in the first few channels will cause the divide to overflow. Do this division with
the following command:

DIV 1 ENTER

The result of the block division is shown in Figure 3-3(c). Note that the first six channels are set to zero due
to overflow.

Division (Variable Parameter)
DIV

The gold DIV command sets Variable Parameter n1 to the value of n2 divided by n3. The command
structure is:

USER
.@}"'.
\ / /

n1 is the Variable Parameter in which the result of the division is stored. (yu = r)z/m 3)
n2 is the dividend.

where:

n3 is the divisor. Default value of n3 is n2.

For additional information refer to the Variable Parameter paragraphs (specifically Y 1804) in this section.
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Integration

There are two types of integration commands; block integration, in which the entire data block is
integrated, and partial block integration, in which only a given number of channels in the block are
integrated. The command for block integration is:

TN
!
§ | BLOCK | ENTER
| nl J
\ N

n1 is the data block. Default value = block 0.

where:

The command for partial block integration is:

VR !/'_‘\ TN
i
§ ,‘ BLO[CK ‘1 SPACE |CHAN2NEL‘| SPACE ! BLOICK '1 ENTER
n n \ n
4 \\___,/ \\‘___/) \\___‘/I

n1 is the data block.

where:

n2 is the first channel of the range to be integrated.

n3 is the last channel of the range to be integrated.

Default table is as follows:

Element Meaning of Element Default Value of Element
n1 data block block 0
n2 first channel to be integrated channel 0
n3* last channel to be integrated channel n2
*If n3 is defaulted, then channel n2 will be the start and end of the range of integration.

This function was designed principally for integrating spectra. In a normal spectrum, the amplitude at each
frequency is taken as the total area in the channel width Af. Integrating the spectrum is then simply the
sum of the amplitudes channel by channel. The individual area approximations are taken to be
rectangular, not trapezoidal. In the integration process, the value of the first integrated channel remains
unchanged, the value of the second integrated channel becomes the sum of the first and second channel
amplitudes, the value of the third integrated channel becomes the sum of the second (sum) plus the third,
etc. In the Fourier Analyzer, integration and differentiation are exactly reciprocal processes.
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= Differentiation

There are two types of differentiation commands: block differentiate, in which an entire data block is
differentiated, and partial block differentiate, in which a given range of channels is differentiated. The
command structure for block differentiation is:

N /"—‘\\
i
! BLock | ENTER
N

n1 is the data block. Default value = block 0.

where:

The command for partial differentiation is:

77T /f'_“\ I/“‘\

I |

| BLOCK } SPACE 1C:HANNELI SPACE lCHANNEL} ENTER
t nl \ n2 \ n3

\\__// N7 \‘__’/

where:
n1 is the data block.
n2 is the first channel to be differentiated.

n3 is the last channel to be differentiated.

Just as integration in the Fourier Analyzer is merely the summing of amplitudes, so differentiation is
successive subtraction of amplitudes (the so-called first difference approach to differentiation). The value
of the first channel is left unchanged. The value of the second channel is then taken as the value of the
second in the original function minus the value of the first. The value of the third is the original third minus
the second (difference), etc.

It will be noticed that, after repeated differentiations of functions which have slopes that are relatively low,
repeated integrations will not bring back the exact original function. This is because the difference
between small differences (low slope) is a small number, and repeated differentiations eventually yield
numbers too small for the resolution of the Fourier Analyzer. Repeated integrations cannot bring these
lost values back, hence, the slight discrepancy between the reintegrated function and the original.

Element Meaning of Element Default Value of Element
nl data block block 0
n2 first channel to be differentiated channel 0
n3* last channel to be differentiated channel n2
*If n3 is defaulted, then channel n2 will be the start and end of the range of
differentiation.
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MEASUREMENT FUNCTIONS

These paragraphs describe the MEASUREMENTS keys which perform operations related to analysis of the
sampled signal.

Fourier Transform

This command takes the forward or inverse Fourier transform of a data block depending on domain of
block. The Fourier transform is taken on single precision blocks; if the data block is double precision it will
be truncated before command is executed. The Fourier transform can be taken on one data block, or on
two data blocks in succession.

The command structure for the Fourier transform is:

/——_\\ /’———\\
1 I
F | BLOCK : SPACE i BLOCK lI ENTER
I nl ) \ n2
\ / N\ N __~

n1is a data block. Default value = block 0.

where:

n2 is another data block. Default value = transform taken only on block n1.

A Fourier transform always takes data blocks n1 and n2 from one domain to the other. The result of a
Fourier transform is always in rectangular coordinates. The value of the imaginery part of the dc and the
imaginery part of the highest frequency channels is always 0, as explained below. Both time and frequency
domain data must be in linear rectangular coordinates prior to being forward or inverse transformed.

FOURIER TRANSFORM USED IN FOURIER ANALYZER

The following is the definition of the Discrete Finite Transform (DFT) used in the Fourier Analyzer:

n = N-1 — i2rnm
1 N
(forward) F (mAf) =§ f (nAt) e
n=90
m = N-1 + i2rnm
(inverse) f (nAt) = E F (mAf) e N
m=0

where:
At = time increment
Af = frequency resolution

N = the total number of points in the time domain,
i.e., the block size
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N time points theoretically suggest there should be N frequency points. Since the data computed is always
a pure real time series, the negative frequencies that are normally present in a double-sided transform are
perfectly symmetrical with the positive frequencies. These negative frequencies therefore are redundant
data and are not stored. In.the Fourier Analyzer, from an N-point real time series, we compute and display
N/2 positive frequencies, plus a real (cosine) and an imaginary (sine). The highest frequency has only a real,
but no imaginary value. The actual arithmetic is as follows: N/2 positive real frequency values plus dc value
=N/2+ 1real points. The imaginary side has no dc value and no value for the highest frequency. Therefore
it has N/2+1 - 2, or N/2 - 1 points. Adding the real and imaginary points together we get N/2+ 1 plus N/2
- 1, or a total of N points in the frequency domain from N points in the time domain.

The display of the imaginary components of the spectrum always shows a 0 in the dc and the highest
frequency channels. Likewise 0 phase shows in these channels.

When taking an inverse transform of a frequency spectrum, the Fourier Analyzer assumes that the
spectrum is symmetrical and thus computes a pure real time series.

Important Note: When entering frequency domain values from the Keyboard, zero must be entered for
the imaginary or phase value of dc and the highest frequency, when these two points are part of the data.

PHASE CONSIDERATIONS

Each frequency in the spectrum after a Fourier Transform can be written as:

F(mAf) = A(mAf) + iB(mAf)

The spectrum values of the real part, A, and the imaginary part, B, depend on the starting point in time (i.e.,
the relative phase of the signal). Thus, the linear Fourier spectrum shape will vary both in amplitude and
polarity from sample record to sample record, depending on the starting point of the signal. To get a
constant spectrum shape, independent of the starting point of the signal, it is necessary to convert the real
and imaginary components into magnitude and phase or into the appropriate power spectrum. This can be
done using the POLAR key to obtain a magnitude spectrum, or in the case of an autopower spectrum, by
doing a self complex conjugate multiply (see *MULT key).

In the case of polar coordinates, the magnitude can be written:

|Fmah| =+/A2(mAf + B2 (mAD

and the phase can be written:

B(mAf)
A(mAf)

Z F(mAf) = arctan

The power spectrum is:

F (mAf)2 = A2(mAf) + B2 (mAf)

While the magnitude and power spectrum do not depend on the starting point or phase of the input time
series, the phase angle, of course, does.

AMPLITUDES IN SPECTRA

Since the Fourier transform algorithmn used only stores the positive half of the spectrum, a sine wave of
peak amplitude A will yield a spectral line of amplitude A/2. The rms value for the sinewave is A/y/2, so
that to find the rms value in the spectrum, it is necessary to multiply the displayed amplitude by /2, (i.e.,
1.414). See the Integer Multiply command in this section. '

A complete tabulation of the values given by the Fourier transform and the constants needed to correct
these are shown in the table below.
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Amplitude Values For an A sin wt Input

Function Fourier Analyzer Gives Mult By To Get
Linear or RMS value
Magnitude A/2 Vv 2
Spectrum (A2 )
Linear or Peak value
Magnitude A/2 2
Spectrum A
Power Power
Spectrum A2/4 2 (A2/2)

NORMALIZING THE SPECTRUM

The transform is taken without reference to the effective bandwidth set by the ADC sampling controls (for
information on these controls, see Section 2). Since the effective noise power bandwidth of the Fourier
Analyzer is 1/T, where T is the sample record length, multiplication of the spectral values by T will
normalize the above power spectrum to per unit bandwidth. To normalize a linear or magnitude spectrum
to per \/Hz, simply multiply the spectrum by /T In this way, measurements of random noise and other
non-coherent signals that can be defined as having a constant spectrum density, can be normalized to give
equivalent readings independent of sample rate and bandwidth of the Fourier Analyzer.

However, if sinusoids and other coherent signals are normalized in this way, they will have amplitudes that
depend on system bandwidth. Thus, if one is seeking equivalent measurements for coherent signals, it is
best not to normalize.

K

The gold F3 command calls a prewritten program if one has been placed under control of this key. The
command structure is:
F3

USER
a

For information on how to write programs and how to place them under control of these keys, refer to Soft
Keys paragraph in this section.

Correlation

Correlation is an operation done between two blocks of data, therefore by the rule discussed under the
general form of the Keyboard command in this section, one of the blocks must be block 0, and only the
second block is named in the command. Results are stored and displayed in block 0. Correlation is
performed on single precision blocks so that if any of the data blocks involved are double precision, they
will be truncated before execution of the command.
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If the correlation is between block 0 and another block, then the result is a cross correlation as shown in
Figure 3-4. If between block 0 and itself, the result is an autocorrelation, as shown in Figure 3-5. The
command structure is:

—_——

7 \
]
CORR ! B‘-O‘CK } ENTER
n
\ \ /
——

n1 is any data block. Default value = block 0 (in that case, an autocorrelation will result).

where:

Figure 3-4. Flow Graph of Cross Correlation Computational Procedure
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The means by which the Fourier Analyzer obtains the correlation function is as follows: first the system
takes the Fourier transform of both blocks (cross correlation) or of block 0 (autocorrelation). The Fourier
Analyzer then does a conjugate multiply on both blocks or block 0 with itself. This yields the power

spectrum. Finally, the inverse Fourier transform is taken on the power spectrum, to produce the
correlation function.

NOTE
When beginning a correlation with data in the time domain, it is necessary to
multiply the result by the block size to achieve the proper scaling and calibration.
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Figure 3-5. Flow Graph of Autocorrelation Computational Procedure
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The final correlation function is in the time domain, but with the horizontal axis representing values of 7
(lag) not t (time) as originally, over a range of £T/2. Tis the length of the data window. This is shown in the
three sets of axes in Figure 3-6. Note that the position of the origin can be switched with the ORIGIN switch
on the Display Unit panel. The switch of origins is a display function, not a change in channel locations in
the data block. With the ORIGIN switch on LEFT, the channels run from 0 on the left to N-1 on the right.
When the origin is set to CENTER, these channel numbers retain their same relative positions.
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Figure 3-6. Correlation Function Examples
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Example 1: Set a block size of 128, then manually create a rectangular pulse in block 0, 11 channels wide,
via the following commands:

CLEAR ENTER
KEY BOARD 0 SPACE 0 SPAce 10 ENTER .

KEY BOARD -4 SPACE 0 ENTER
30000 ENTER

Take the autocorrelation of the pulse by pressing:

CORR ENTER

MULT 0 SPACE 128

Correct the calibration by multiplying by the blocksize. The result should be as shown in Figure 3-7(a).
Switching the ORIGIN switch to CENTER should give the result shown in Figure 3-7(b).

Figure 3-7. Correlation Function Displays

(a) ORIGIN switch to LEFT (b) ORIGIN switch to CENTER

(c) After original pulse was shifted 100
channels (8 point markers)
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Example 2: Set the same block size and create the same rectangular pulse as in Example 1.

Transfer the pulse to block 1 by pressing:

Shift the pulse in block 1, 100 channels to the left:

DOE000

Take the cross correlation of block 0 and 1 by:

Correct the calibration by multiplying by the blocksize.

MULT 0 SPACE 128

The result should be as shown in Figure 3-7(c), and indicates a lag between the two signals of 28 channels.

WRAP-AROUND ERROR

In any correlation or convolution operation using the Fast Fourier Transform, the effect known as wrap-
around error must be taken into account. It occurs whenever one of the signals to be correlated or
convolved is 0 for less than half of the record length T.

To understand the cause of wrap-around error, we must realize that correlation or convolution in the
Fourier Analyzer is done by going through the frequency domain. This means that whatever portion of the
original signal the Fourier Analyzer takes in, it assumes the data block to be periodic, with the period
having the record length T, as shown in Figure 3-8, line 3. Now when correlation or convolution is done, an
error results because the original signal was in fact not periodic in this way. The very first increment of shift,
as shown in Figure 3-8, line 4, introduces an error, because, for example, point (a) is being multiplied by
point (b), rather than (a’) by (b’), which should be the case, as shown in Figure 3-8, lines 4 and 5. The term
“wrap-around error” comes from the fact that the repetitive records can be conceived as a single record,
bent or wrapped around in a circle, as shown below:

o T

| DATA BLOCK/
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The way to eliminate the problem is shown in Figure 3-8, lines 6 through 9. First we clear out T/4 channels
on each end of one data block t08§hifted. Now, when this record is to be shifted, it does not immediately
run into the next repetition in the' other record. In fact, it can be shifted a total of T/4 increments before
this happens, as shown in Figure 3-8, line 7, and the correlation is thus valid over this range. But shifts from
T/4 to T/2 of course do run into the next repetition, and hence are no good, just as, in the first case (Figure
3-8, line 4) the first shift was no good. (The same applies to shifts in the opposite direction, since correlation
involves a +T/2 and a -T/2 shift.) We now have a good correlation from 0 to [T/4], bad from |T/4| to |T/2|.
Therefore, in the final display, we simply clear out, or ignore, the outer 1/4 of the correlation or
convolution function.

The actual procedure is as follows: (See also sample correlation subroutine in Appendix C.)

1. In the case of autocorrelation, take the data into block 0, and STORE in block n1. (By the nature of
the STORE command, this will now leave the data in both block 0 and block 1.) In the case of the
cross correlation, simply introduce the data into blocks 0 and n1.

2. Next CLEAR out the first and last quarter of either of the blocks.

3. Correlate the blocks, using the CORRELATION command.

4. When the resulting correlation function is displayed, the last quarters will also be in error. Either

ignore these quarters, i.e., the channels running from +T/4 to +T/2 shifts, and from -T/4 to -T/2
shifts, or clear them out also. The half of the correlation that remains, will always be correct.

Figure 3-8. Example of Wrap-Around Error

ORIGINAL SIGNAL

AAAALAAAAL

BLOCK OF DATA
TAKEN BY FOURIER ANALYZER

2~|%!=‘EEII/\I/%\+N%%§!1¥
| IVAAVE ]

WHAT THE FOURIER ANALYZER ASSUMES THE ORIGINAL SIGNAL WAS

 APAAPAAS AP

~ AUTOCORRELATION THEN IS (looking at first shift):
Note: dotted line = || Ist shift a b
Wy

record being shifted

over lap

5451C OPERATING
3-48



Figure 3-8. Example of Wrap-Around Error (cont’d)
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F1

®-

The gold F1 command calls a prewritten program if one has been placed under control of this key. The
command structure is:
F1

For information on how to write programs and how to place them under control of these keys, refer to the
Soft Key paragraph in this section.

Convolution

Convolution, like correlation, is an operation done between two blocks of data, therefore by the rule
discussed under the general form of the Keyboard command in this section, one of the blocks must be
block 0, and only the second block is named in the command. Results are stored and displayed in block 0.
Convolution is performed on single precision blocks so that if any of the data blocks involved are double
precision, they will be truncated before the command is executed.

The command structure is:
ook
CONV | BL&CK | ENTER
\
\‘____/I

n1 is any data block. Default value = block 0.

where:

The Fourier Analyzer obtains the convolution function as follows: First the system takes the Fourier
transform of both blocks or of block 0. The Fourier Analyzer does a block multiply on both blocks or block
0 with itself. Finally, the inverse Fourier transform is taken to produce the convolution function. The
convolution function displays are shown in Figure 3-9. (Flow graphs of these computations are shown in
Figures 3-10 and 3-11.)

NOTE

When beginning a convolution with data in the time domain, it is necessary to
multiply the result by the block size to achieve the proper scaling and calibration.

The final convolution function is in the time domain, but with the horizontal axis representing values of
7(lag), not t (time) as originally, over a range of =T/2. T is the length of the data window. This is shown in
the three sets of axes below:
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Figure 3-9. Convolution Function Displays

NORMAL TIME DOMAIN DISPLAY
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Figure 3-10. Flow Graph of Cross Convolution Computational Procedure
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Note that the position of the origin can be switched with the ORIGIN switch on the Display Unit. The
switch of origins is a display function, not a change in channel locations in the data block. With the
ORIGIN switch to LEFT, the channels run from zero on the left to N-1 on the right.

Be sure to see the remarks on wrap-around error in this section. This error applies to both the convolution
and correlation functions.
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Figure 3-11. Flow Graph of Convolution Computational Procedure
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Example 1: Set a block size of 128, then manually create a rectangular pulse in block 0, 11 channels wide
with frequency code 17, via the following commands

KEY BOARD 0 SPACE 0 SPACE 10 ENTER
KEY BOARD -4 SPACE 0 SPACE 17 ENTER
30000 ENTER

Take the convolution of the pulse by pressing:

ENTER

Correct the calibration by multiplying by blocksize.
MULT 0 SPACE 128

The results should be as shown in Figure 3-12(a). Setting the ORIGIN switch to CENTER should give the
results shown in Figure 3-12(b).

Example 2: Set the same block size and create the same rectangular pulse as in Example 1. Then transfer the
pulse to block 1 by pressing:

STORE G ENTER

Shift the pulse in block 1, 100 channels to the left:

DOH0OOO®

Convolve blocks 0 and 1 by:

Correct the calibration by multiplying by blocksize.
MULT 0 SPACE 128

The result should be as shown in Figure 3-12(c) and indicates a lag between the two signals of 28 channels.
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Figure 3-12. Convolution of Pulse (a and b) and Shifted Pulse (c)

(a) ORIGIN switch on LEFT

(b) ORIGIN switch on CENTER

(c) After original pulse was shifted 100 channels
(8 point markers)
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F4

The gold F4 command calls a prewritten program if one has been placed under control of this key. The
command structure is:

USER

F4
For information on how to write programs and how to place them under control of these keys, refer to the
Soft Key paragraph in this section.

HISTO .
Histogram

This command causes an amplitude histogram to be produced, using time-domain data entered or loaded
into block 0.

The calibration of the horizontal scale for the histogram depends on the setting of the ADC input
attenuator (OVERLOAD VOLTAGE switch) at the time the data was collected, and is specified on the basis
of a fixed-point word format. Any change in the ADC attenuator setting during the time the data is being
collected, or a computational change to the block floating-point scale factor associated with this data, will
result in invalid calibration of the histogram horizontal scale.

Also, data is (normally) maximized when it is transferred between data blocks (by a LOAD or STORE
command). This can cause incorrect histogram calibration, if data is entered from the ADC into some block
other than block 0 and then loaded into block 0 to be histogrammed. (For example, this could occur if the
data is entered from more than one ADC channel, with data from each channel being stored in a separate
data block.) To prevent invalid histogram calibration due to this cause, the maximization routine should be
disabled by using USER PROG 3010 before the first LOAD or STORE instruction involving the data to be
histogrammed is given. Maximization will remain disabled until re-enabled by use of USER PROG 3010 or
the RESTART key.

The general form of the histogram command is:
HISTO l/———\‘ ‘,——~\‘ //——\\
pl { BLOCK | SPACE (CHANNEL | SPACE [CHANNEL | ENTER
(Y \on2 \ n3 |
__t N ~__/

n1is the data block into which the histogram from block 0 is to be entered. n1 cannot be defaulted or
equal to 0.

where:

n2 is the channel where the histogram will begin. Default value is 0.

n3 is the channel where the histogram will end. Default value is n2. If n3 is defaulted, then channel n2
will be the beginning and the end of the histogram. If both n2 and n3 are defaulted, the entire block 0
will be histogrammed.

Block 0 must be in the time domain for histogram operation or a WHAT? signal will result. If initially any
value in block n1is equal to 32,767 then the command will not be executed. After programming, the mode
of block n1 will be made time-linear rectangular, its scale factor set to zero and block calibrator set equal to
1. Full scale on the histogram is indicated by the value 1.0 or 32,767 counts.

Operational Hint: The smaller the blocksize, the smoother the histogram (due to differential linearity).
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The histogram display is automatically set up as follows:

T T T T
NO. OF SAMPLES
COUNTED AT GIVEN
AMPLITUDE ;'

Iz FULL SCALE, OR
32,767 COUNTS

—peak OVERLOAD — 4— + peak OVERLOAD

VOLTAGE (e.g.-.l) | | | | | | o, VOLTAGE (e.g. +.1)
Y]

AMPL ITUDE

In the Processor memory, each voltage amplitude is an address. Counts are accumulated at each address
until the number at any one address is 32,767. When and if that occurs, the histogram stops automatically,
and is redisplayed with the correct scale factor. Further counts are ignored. Full scale on the histogram is
indicated by the value 1.0. To convert this to actual number of counts, multiply the data block by 32,767 by
pressing:

IHISTO \

muLT | DATA SPACE 3 2 7 7 ENTER
| BLOCK )
\__./

Since the histogram command does not automatically clear the data block before accumulating a new set
of values, you must be certain to do this yourself, unless additional values are to be collected on an old
histogram. To clear the block, press:

The program example below shows how two channels of ADC input data can be histogrammed, and

includes the commands to disable and enable maximization. The ADC controls are set to enable 2-channel
input operation.

-

LABEL 0 ENTER
CLEAR 2 ENTER
CLEAR 3 ENTER

USER PROG 3010 SPACE 1 ENTER Disable maximization
LABEL 1T ENTER
ANALG IN ENTER ADC inputs go into blocks 0 and 1
HISTO GRAM 2 ENTER Histogram data in block 0, and put
results in block 2
LOAD 1 ENTER Copy block 1 into block 0
HISTO GRAM 3 ENTER Histogram data in block 0, and put
results in block 3
COUNT 1 SPACE 100 ENTER Perform steps between
“LABEL 1"’ and here, 100 times
USER PROG 3010 ENTER : Enable maximization
END
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HISTO
F6

F6
The gold F6 command calls a prewritten program if one has been placed under control of this key. The
command structure is:

HISTO
gggg ENTER

F6
For information on how to write programs and how to place them under control of these keys, refer to the

Soft Keys paragraph in this section.

POWER
Power Spectrum

An averaged power spectrum is obtained by doing the following fundamental operation.
1.. Taking N samples of the data (i.e., one record) and storing it in a data block.
2. Doing a Fourier transform on this data.

3. Conjugate multiplying the transform by itself or by another data block to form an auto or cross
power spectrum.

4. Averaging the spectrum into an accumulator block.

The POWER SPECTRUM command performs steps 3 and 4 of the above process. The first two steps are
done by other steps in the program.

Averaging of a power spectrum can be done by summing each new record into the sum of all past records.
When summation averaging is used, the final sum must be divided by the number of averages used to
obtain a calibrated result. During the summation, the intermediate sum grows and is not calibrated. If a
summation average is stopped before the final step, it must be calibrated by dividing by the actual number
of sum terms used. The summation average is described along with a sample program in Appendix C.

A more useful form of average is the stable average. The stable average is an algorithm which effectively
divides each term of the summation by a calibrating constant. The stable average is always calibrated and
does not grow. This allows a stable, non-growing display as well as the ability to stop the average at any
point and have a calibrated power spectrum. The stable average removes the need to divide the average by
the number of terms. The algorithm for the stable average is described, and a program for it is given, in
Appendix C. The POWER SPECTrum key implements the conjugate multiply and stable averaging steps in
one keystroke and at a much higher processing rate.

The POWER SPECTrum key can be used to implement a single channel power spectrum or a dual channel
auto and cross spectrum average.

The command format for single channel power spectrum is:
/’_‘\
POWER
ngCT |I ni \| ENTER
\\\_//

n1is the input channel. (i.e., the data block where the Fourier transform of each input record exists
when the POWER SPECTRUM command is used.) Default value of n1 is 0.

where:
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The averaged power spectrum is formed in block n1 + 1.

The Fourier transform in block n1 is left unmodified.

The value of N (number of averages) used to calibrate the spectrum is taken from the next COUNT
command. The COUNT command that follows the POWER SPECTRUM command should thus be the one

that controls the spectrum averaging loop.

The averaged POWER SPECTRUM command leaves the results as follows:

Result Location of Result
Fourier Transform of last record Block n1
Averaged Power Spectrum, Gxx Block n1 + 1

If two or more ADC channels are active on the input, the POWER SPECTrum key can be used to form the
stable average of the input power spectrum, Gxx, the output power spectrim, Gyy, and the cross power
spectrum Gyx. This is called a tri-spectrum ensemble average.

The command for the tri-spectrum ensemble average is:
POWER / \
| oni SPACE 2 SPACE 2 ENTER
SPECT . )

n1 is the block holding the Fourier transform of the input channel.

where:

The first 2 indicates a dual channel input while the second 2 indicates a double precision cross
power spectrum. Both 2’s must be entered (no default allowed).

NOTE
MUAST RE
“The POWER SPECTRUM command Apart of a program loop, & must be
followed immediately by the loop-forming' COUNT command (or a “SP WHAT?”

message will result).

The results from this command are held in the following blocks.

Result Location of Result
Input Auto Power, Gxx Block n1 + 2
Output Auto Power, Gyy Block n1 + 3
Real Part Cross Power, Gyx Block n1 + 4

(Stored as double-precision)

Imaginary Part Cross Power, Gyx Block n1 + 5
(Stored as double-precision)

Arithmetic operations may be done on the blocks holding the real and imaginary parts of the cross power
spectrum just as they would be done on the cross power spectrum when both parts are in one block. The
major advantage in using a double-precision cross power spectrum occurs in increased dynamic range
during averaging. Once the spectrum, Gyx, has been accumulated, it can be converted to single-precision
for polar coordinates or other operations. The following operations are used to make this conversion.
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LOAD (n1 + 5)
Puts imaginary part of Gyx2 into block 0.
block 0.

MULT 00 1

Multiplies by j. Makes real double precision block into single precision block with 0 real part and im-
aginary part equal to Im (Gyx).

ADD (n1 + 4

Adds double precision real part of Gyx in block (n1 + 4) to complex single precision block 0. Results in
complex single precision block containing Gyx.

When the cross power spectrum is used to compute the transfer and coherence function, the TRANSfer
FunCtioN key does this computation with maximum accuracy.

POWER
F5
F5

The gold F5 command calls a prewritten program if one has been placed under control of this key. The
command structure is:

USER POWER
SPECT ENTER

F5
For information on how to write programs and how to place them under control of these keys, refer to the
Soft Keys paragraph in this section.

TRANS .
Transfer Function

A transfer function is a mathematical description of a system, be that system a filter, a jet engine, a vibrating
airplane wing, an organ in the human body, or whatever. It can be defined as:

Fourier transform of output

Il

transfer function - -
Fourier transform of input

or equivalently,

average cross power spectrum of input and output

transfer function -
average power spectrum of input

The coherence function measures the degree of causality between any two signals. It can therefore be
used to check the validity of the transfer function. When a transfer function is computed, we may not be
aware of extraneous inputs or whether or not the system is linear. Both of these factors would introduce
error in the computed transfer function. The coherence function ranges between 0 and 1. Zero means no
coherence between input or output, or in other words, extraneous inputs and/or the system is non-linear;
1 means complete coherence between input and output, or in other words only one input and a linear
system.
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The equation for calculating the coherence function is:

Gyx|2
vo o |Gvx|

Gxx - Gyy
where
|G__yx|2 = square of the magnitude of the cross spectrum

Gxx = input auto spectrum

Gyy = output auto spectrum

The TRANSFER FUNCTION command is used to compute the transfer and coherence functions with a
minimum of user programming. It assumes dual channel operation, and that the auto and cross power
spectra have previously been calculated using the POWER SPECTRUM command. (For a flow graph of
transfer and coherence function, see Figure 3-13.) The TRANSFER FUNCTION command structure is:

TRANS ' \

n1 is the first input data block. Default of n1 is not allowed.

where:

n2 is equal to 2 and specifies dual channel input. Default of n2 is not allowed.

n3 is equal to 2 to specify double precision. Default of n3 is not allowed.

Location of Results Result

Block n1 Transfer Function

Block n1 + 1 Coherence Function

Block n1 + 2 Gxx

Block n1 + 3 Gyy

Block n1 + 4 Real part of the cross power spectrum, Gyx,
stored as a double precision block.

Block n1 + 5 Imaginary part of the cross power spectrum,
Gyx, stored as a double precision block.
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Figure 3-13. Flow Graph of Transfer and Coherence Computational Procedures
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A program using the POWER SPECTrum and TRANSfer FunCtioN keys is:

List Keys
L 0 LABEL
CL 2 CLEAR
CL 3 CLEAR
CL 4 CLEAR
CL 5 CLEAR
L 1
RA 0 3 ANALG IN
Hi 0 HANN
Hi1 1
F 0 1 F
SP 0 2 2 POWER SPECT
# 1 10 0 COUNT
CH 0 2 2 TRANS FCN
END

The TRANSFER FUNCTION command performs an operation similar to the following program steps:

Block n1 : transfer function
n1+ 1: coherence function (Y2)
n1+ 2: input auto power spectrum (Gxx)
n1 + 3: output auto power spectrum (Gyy)
n1+ 4: cross power spectrum, real part (Re (Gyx))
n1+ 5: cross power spectrum, imaginary part (Im (Gyx))

X< (n1+ 4 Load Re (Gyx)

* Compute Re2 (Gyx)

x> n1+1 Store Re2 (Gyx) in n1 + 1, temporarily

X< (n1+5) Load Im (Gyx)

* Compute Im2 (Gyx)

A+ n1+1 Compute Gyx2 = Re2 (Gyx) + Im2 (Gyx)

X> (n1+1 Store Gyx2in n1 + 1, temporarily

X< (n1+3 Load Gyy

* (n1+2 Computer Gxx Gyy

X n1+1 Load Gyx?, store GxxGyy in n1 + 1 temporarily

+ n1+1 Compute =Y2

X> n1+1 Store Y2in n1 + 1

X< (n1+5) Load Im (Gyx)

* ool Multiply Im (Gyx) by 0 + 1j and convert to single precision
A+ (n1+4) Convert Re (Gyx) to single precision and reconstruct Gyx

as a single precision block

+ (n1+2 Compute Gyx, the transfer function
x> (nD Store transfer function in n1
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NOTE

The precision of a transfer function or coherence calculation can be improved by
invoking USER PROG 3012 to increase the number of scaledowns from 8 (normal)
to 12. (See USER PROG 3012 description for details.) For additional examples of the
use of the transfer function, refer to Appendix D.

F2

TRANS
'Il!l' 2

The gold F2 command calls a prewritten program if one has been placed under control of this key. The
command structure is:

F2

USER TRANS
"HHH" ‘IHHI' Giiiii

For information on how to write programs and how to place them under control of these keys, refer to the
Soft Keys paragraph in this section.
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PROGRAMMING AND EDITING OPERATIONS

These paragraphs explain the PROGRAMMING keys, which allow you to set up your own Keyboard
Programs. Some additional keys that pertain to the programming function are discussed at the end of the
section. Also, there is an explanation of Variable Parameters, definitions, and examples of each Variable
Parameter program and key.

What Is A Program

A program is a sequence of commands that the Fourier Analyzer will perform automatically. Power spectra
and averaging functions are two prime examples of programming applications.

A typical printout of a program on the Terminal might appear as follows:

List Meaning
L 1 Label 1
CL 1 Clear block 1
L 2 Label 2
RA 0 1 Analog into block 0, display block 1
A+ 1 Add block 0 to block 1
X> 1 Store block 0 into block 1
# 2 100 O Count (repeat steps) from label 2, 100 times. 0 steps had been

executed when this listing was run.

End program

The following paragraphs give an outline of the kind of procedure you use to set up and run a program on
the Fourier Analyzer. Details on each of the key commands are provided in this section. A simple, step-by-
step demonstration of how to set up and run a program is given in Section 2. Examples of some typical
programs can be found in Appendix C.

Setting Up A Program

There are 475 locations in the program memory for storing Keyboard Program steps. When you begin a
program these locations may be empty, but most likely they will be partially filled with commands from a
previous program. Therefore, setting up a program consists of editing the contents of the program
memory. Therefore, every program entry must begin with an editing comand — that is, a command

involving one of the PROGRAMMING keys on the Keyboard.

In general, you will enter a program with a REPLACE command, for example:

5451C OPERATING
3-64



This starts to enter the program at line 1 (i.e., at the beginning of the program memory). If this line is not
specified (i.e., n1 defaulted), the entire program memory will be cleared. The BUSY light then comes on,
indicating the machine is waiting for program commands. The BUSY light must be on when a program is
being entered. Subsequent lines (also called steps) that you enter will automatically displace downward in
memory any previous lines.

After, or during the setting up of a program, the steps can be listed via a LIST command. The line numbers
are automatically assigned by the Fourier Analyzer: the number being the number of elements to the end
of the previous line.

Running A Program

To start a program it is necessary to move the internal pointer to the starting point. (This pointer moves
down the lines as the program runs.) The starting point may be either a label or a line number. To start a
program at a given line number, use the POINT command to set the pointer to a given line number, then
press the CONTINUE key. The program then starts running at the line specified, displays the result and
stops. To start the program at a given label number, jJump to the desired label using the JUMP command;
the program runs through from that label, displays results and stops.

The program may be stopped at any time by pressing the STOP key and restarted by pressing the
CONTINUE key. To find out where the pointer is after the program is stopped, the POINT key is used; the
line number is then printed out on the Terminal. This command is useful if a WHAT? signal should apear
during the running of a program. The CONTINUE key will restart the program. The pointer will be set to
line 0 when any of the following commands are executed: REPLACE, DELETE, and INSERT.

Replace

This command replaces a single line or a range of lines with another line or range of lines. It is the
command most often used to write a new program, because it automatically displaces old program steps as
the new ones are entered.

The first line to be replaced (for example, line 1 when beginning a new program) is given in this command;
the end of the replacement sequence is indicated by a TERM ENTER command.

All lines beyond the replacement range are moved up or down in number, according to whether more or
less elements were replaced; in other words, the program memory recompacts itself for most efficient use
of memory space. The pointer is automatically set to 1.

The command form is:
I/—-_\\ 'S
RPLAC [ LINE S SPACE | LINE ! ENTER
n \ n
\\__// \‘___/I

n1is the first line number to be replaced. If n1 is defaulted the entire program memory would be
cleared.

where:

n2 is the final line number to be replaced. Default value = n1, in which case, only line n1 will be
replaced.

If there is a program in memory and nothing beyond it, and you wish to enter another program
immediately after it, the REPLACE command must call for the replacement of the last line in the existing
program and then this line must be re-entered, as is, and the new program entered following it. The reason
for this is that the automatic restacking feature of the REPLACE command will not operate on a blank line
(as would be the case if the command were to replace from line 14 on in the following example). The
command in that case would go back until it found a full line (line 13) and replace that. Thus, the last line of
the previous program must be the one replaced, and then re-entered prior to entering the new program.
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Example 1: We will first look at a listing of a sample program. This listing was obtained by the command:

LIST ENTER

The listing is as follows (line numbers on left are automatically assigned):

1 RA 0 Analoginblock,display block1
t 6 ’F : : 0 : : Founertransform 'blyo“ckﬂ‘d .
e s " Coriigate m'm‘ﬁpl‘y blocko

s e ,"‘:Addfblack Ttoblocko
Mo e program e

Now it is desired to replace line 6 with commands to perform an interval-centered Hanning function in
block 0; do a Fourier transform on the same block, then clear block 0, channel 0. The command sequence
to accomplish all this is as follows:

RPLAC 6 ENTER

(Note that the Fourier Analyzer now goes to BUSY state.)

HANN ENTER

F ENTER

CLEAR 0 SPACE 0 ENTER
TERM ENTER

(Note that the Fourier Analyzer now goes to the READY state.)

Now call for a printout of the entire program via the command:
LIST ENTER

and the resulting printout would be:

List - Keys -
1 RA 0 1 e o
6 Hi C (HANN) -
9 F S e :
12 CL 0 0  (CLEAR)
20 A+ 1

e L
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Example 2: Now, in the preceding program it is desired to replace lines 12 through 17 with a single polar
coordinate command. The sequence of commands is:

RPLAC 12 SPACE 17 ENTER

(BUSY light now comes on.)

POLAR ENTER
TERM ENTER

Now a listing, obtained by pressing LIST ENTER, would look as follows:

1 RA O 1

6 H1

9 F

12 TP (POLAR)
15 A+ 1

Insert

This command permits the addition of any number of program steps between any two given lines in a
program, or following an END command. The pointer is automatically set to line 1. The command form is:

/ ~
{ \

INSRT ! ":‘NIE } ENTER
\ _

n1 is the number of the line after which the new material will be inserted.

where:

While the additional material is being inserted the BUSY light will be on. After the material is in, a TERM
ENTER command must be given. The Fourier Analyzer then goes to READY. Program steps beyond those
inserted are shifted farther down in memory.

Delete

This command is used to delete one step or a range of steps from a program. All lines below the delete
move up to recompact the program. The pointer is automatically set to line 1. The command form is:

l/’—_\\ l/’—‘\\
DELET [ LINE ) SPACE | LINE ENTER
\ N
\\___,) \‘_,_/I

n1 is the number of the first line to be deleted. If n1 is defaulted the entire program memory will be
cleared.

where:

n2 is the number of the last line to be deleted. Default value = n1 or in other words, if n2 is defaulted,
then only line n1 will be deleted.

No TERM ENTER command is needed after the DELETe command.
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NOTE

It is neither necessary nor desirable to delete all elements from program memory
before entering a new program. See REPLACE command.

This command causes any program, or any part of a program, to be displayed on the Terminal.

To list an entire program from line 1, use the command form:

The listing will proceed to the first END command, or if there is none, to the first blank line, or if the entire
program memory is full, to the last line (line 475).

To list a single line, use the command form:
{0
LIST { UNIE } ENTER
n
\____/
where:

n1 is the number of the line to be listed. No default allowed.

To list a range of lines, use the command form:

where:
n1 is the first line number to be listed. No default allowed.

n2 is the last line number to be listed. No default allowed.

To list from a certain line to the end of a program, use the command form:
I/’_~
LIST : LlN'E SPACE 7 5 ENTER
n
\\___/
where:

n1 is the first line to be listed. No default allowed.

N~ ———

475 is the number of the last line in program memory. The listing will proceed to the next END
statement and stop there, or, failing such a statement, to the first blank line, or failing that, to the last
line — i.e., line 475.

LIST Example 1: It is desired to list all steps in a program starting at line 10. The command is:

LIST Example 2: It is desired to list lines 10 through 13 of a program. The command is:
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LisT List (Variable Parameter)

LIST
The LIST command lists the values of the specified Variable Parameters. The command structure is:

l/"_\\ /7T
gggg List ! nl } SPACE |’ n2 ENTER
\___// \\__/
LIST

n1 is the first Variable Parameter value to be listed.

~——

where:

n2 is the last Variable Parameter value to be listed. Default value of n2 is n1.

For additional information refer to the Variable Parameter paragraphs (specifically Y 1806) in this section.

Pointer

The POINT command sets the pointer to any line number (not label number) in the program. Then, when
the CONTINUE key is pressed, the program will start at that line number. (Don’t press PROGRAMMING
keys RPLAC, INSRT, or DELET meanwhile since these return the pointer to line 1). The purpose of this key is
to start the program at any point not specified by a label. Line numbers are obtained by listing the program
via the LIST command. The command structure is:

. P
; \
POINT : ‘-'anE ! ENTER
\\ //

n1 is the line number at which the program is to start.

where:

If n1 is defaulted, the current pointer location is printed on the Terminal. This command may be used, for
example, after a “WHAT?” signal in order to determine which line produced that signal and caused the
program to stop. This printout looks like

P n1

where:

n1 is the pointer location, i.e., the line number.

Terminate

This command is used to indicate to the Fourier Analyzer the end of a replace or insert editing function,
and also to indicate the end of a Keyboard data entry. The system returns to the READY mode. The
command is:

TERM ENTER
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@ Label

This command labels a line in the program irrespective of the line number. The line can then be accessed
via the JUMP and COUNT commands. The form of the command is:

TN

i

|| LABEL | ENTER
\\___/

n1 is an integer, -32,768 through +32,767. No default allowed.

where:

The LABEL command must be executed as part of a program. It has no meaning as an isolated command.

When a program reaches this command, it immediately goes to a label specified by n1, and proceeds from
that point. This command can also be used to start a program running, simply by specifying the label (n1) at
the beginning of the program. The command for this type of operation is:

VN
i \
JUMP |\ LABEL | ENTER
; ___/

The JUMP command allows a short sequence of steps (i.e., a subroutine) to be executed from any pointin a
program. The subroutine must have a label n1 to identify its beginning, and a SUBRETURN command to
identify its conclusion. When a program reaches a JUMP command, it goes from that line to the first line in
the subroutine, executes all the subroutine steps, then returns to the line following the one from which it
entered the subroutine. The following diagram illustrates this operation:

{

PROGRAM
STEPS

f

JUMP n,
NEXT LINE +——— - - - - - -

> LABEL n,

SUB-—

PROGRAM ROUTINE

STEPS

I
|
FURTHER |
|
I
|

JUMP = == — —— — - o SUB-RETURN
NEXT LINE ~— - - = == - = — == — = — — — — J

FURTHER
PROGRAM
STEPS

Y
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Stack-to-Stack Jumps

MASS STORE File 3 is the file containing keyboard stacks (Keyboard Programs). The system allows a JUMP
command to jump to a label in a stack on the Disc. The stack being jumped out of is saved on the Disc, the
new stack is read into core, and the jump is executed. In this way, the second stack can, when done,
subreturn back to the first stack. In addition, jumps and subreturns may be nested (i.e., jump, jump,
subreturn, subreturn) as many as 10 levels deep; each of these may involve different stacks on the Disc.
Since each stack being jumped out of must be saved, up to 10 stacks may have to be saved by the software.
The last 10 records in File 3 are saved for this purpose.

IMPORTANT: Do not use the last 10 records in File 3 to save personal keyboard stacks.

The complete command structure for the JUMP command is:
’/""“\\ VA ,"—‘\
JUMP | LABEL | SPACE [ n2 | SPACE | a3 |
]
\\___/ \\__/I \\___/’
where:

n1 is a label integer, -32,768 to +32,767. No default allowed.

Parameters n2 and n3 determine whether or not the JUMP command will be included in the subroutine
nesting, and if the jump is to a stack on the Disc, whether it is an “absolute” or “relative” jump. These
parameters are interpreted as follows:

If n2 and n3 are defaulted, the program will jump to label n1in the present stack in core. The jump is
included in the subroutine nesting.

If a negative n2 is entered and n3 is defaulted, then the program jumps to label n1in the present stack
and the jump is not included in the subroutine nesting.

If a positive n2 is entered, then n2is the record number in File 3 that the command is to jump to. Thus,
JUMP 3 SPACE 21 ENTER
will save the present stack, read record 21 from File 3, and jump to label 3 in that stack. This jump is

included in the subroutine nesting.

If n3 = 0, this command will act as if n3 were defaulted, and n2 were positive (same as previous
command).

If n3 # 0, then n2 may be greater or less than 0, since it is now not an absolute record in File 3, but a
relative positioning factor. The stack jumped to will be CURRENT STACK # + n2 and the jump will be
included in the subroutine nesting.

Therefore, if you enter

JUMP SPACE 21 SPACE -1 SPACE 1 ENTER

from the Keyboard, it would not make sense; but if the above command were in the stack in record 23
of File 3, and that stack were executed, then the above jump would save the present stack, read down
record 22, and jump to label 21. This jump is included in the subroutine nesting.
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Examples:
JUMP 100 ENTER

will jump to label 100 in the present stack in core. Itis included in the subroutine nesting; therefore, when
a SUBRETURN command is encountered, the command after this JUMP command would be the next step
executed by the system. (If the command was executed from the Keyboard, however, a “WHAT?”” message
would result since there is no step to subreturn to.)

JUMP 100 SPACE -1 ENTER

will jump to label 100 in the present stack in core. This is not included in the subroutine nesting.

JUMP 100 SPACE 1 ENTER

will jump to label 100 in record 1 in File 3. It is included in the subroutine nesting.

JUMP 100 SPACE -1 SPACE 0 ENTER

is illegal. Since n3=0 was entered, the software thinks -1 is a record number in File 3. An MS WHAT? error
message will result. '

JUMP 100 SPACE 1 SPACE 0 ENTER

will jump to label 100 in record 1 in File 3. This is included in the subroutine nesting.

The next two examples must be commands in keyboard program stacks on the Disc; they should not be
executed from the Keyboard.
JUMP 100 SPACE -1 SPACE 1 ENTER
If this command were in a stack in, say, record 30 of File 3, the software would save the present stack, read
down record 29 (which is 30 -1), and jump to label 100. The jump is included in the subroutine nesting.
JUMP 100 SPACE 1 SPACE 1 ENTER
If this were in a stack in, say, record 30, then it would save the present stack, read down record 31 from File

3, and jump to label 100. The jump is included in the subroutine nesting.

The example below illustrates how the various JUMP commands may be used. The two Keyboard Programs
shown are assumed to be in stacks 10 and 11 in File 3 on the Disc. The programs perform 100 single sweep
displays of various data blocks. The arrows signify where the point of execution is being changed either by
a JUMP or a SUBRETURN command. The final result of these two programs is that data blocks 0 through 4
are displayed in sequential order, ending with a display of block 4.

To invoke the programs, enter:

JUMP 10 SPACE 10 ENTER

5451C OPERATING
3-72



Example of JUMP Commands

Keyboard Stack 10 Keyboard Stack 11
L 10 L 11

D 0 4 D 1 4

‘} 10 10’ jumps to label 10 in stack 10 in File 3. The jump is saved in the subroutine nesting.

‘411 1 1" performs a “relative” jump to label 11 in stack 11 (= current stack + 1). Stack 11 is now
automatically read in. The jump is saved in the subroutine nesting.

‘} 21’ jumps to label 21 in the current stack (stack 11). The jump is saved in the subroutine nesting.
‘<’ returns to the line following ‘J 21’ (the last jump saved in the nesting).

‘} 31 -1” jumps to label 31 in the current stack (stack 11). The jump is not saved in the subroutine
nesting.

‘<’ returns to the line following ‘J 11 1 1" in stack 10 (stack 10 is now automatically read in).

The program now ends. As there was not a third SUBRETURN command encountered, the ‘J 1010’
is still saved in the nesting, but this is of no consequence in this operation.
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@ Count

This command causes a portion of the program whose starting point is label n1, to be repeated n2 times. In
other words, this command is used to form a loop. The command form is:

. e
[ FrOM) { a2 )
COUNT l"LABEL | SPACE | TIMES | ENTER
N .t

n1 is the label of the starting point (must be -32,768 through +32,767). No default allowed.

where:

n2 is the number of times this portion of the program is to be repeated. n2 must be an integer from 1
through +32,767. No default allowed.

When a program that includes a COUNT command is listed on the Terminal, the COUNT line will have the
following form:

#n1 n2 n3

where:
n1 is the label (an integer -32,768 through +32,767).
n2 is the number of times the portion of the program is to be repeated.

n3 is the number of times the loop had been repeated at the time the LIST command was given. In
most cases this will be 0, i.e., one does not normally stop a program during execution to ask for a
listing. But if this were done, then n3 would state the number of loops that had been completed at the
time the LIST command was given.

Note: the COUNT does not automatically reset to 0 after being stopped by a listing, as above. To reset
the count to 0, press RESTART or re-enter the COUNT command (using a REPLACE command first),
then start the program again from the top.

The COUNT command must be executed as part of a program. It has no meaning as an isolated command.
A flow graph of a COUNT command is shown as follows:

> LABEL nl

{

FURTHER
PROGRAM
STEPS

COUNT ni n2 n3

NEGATIVE N ">~ "?

POSITIVE

FURTHER
PROGRAM
STEPS
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EXAMPLE: If you wanted to repeat the steps of a program from label 3, 100 times, the following would be
placed at the bottom of the list of steps, immediately prior to the END command:

COUNT 3 SPACE 100 ENTER

This command allows a skip of the next instruction in the program memory if any of the data points in
block n1, between channels n2 and n3, are negative. The command form is:

‘I
SKIP |
\
\

where:

———

N,

\

BLOCK |
nt |

/

P

\ TN
| !
(cranneL) SPACE oranneL | ENTER
\ n2 \ n3 |
N -/

n1 is the data block examined; default value = block 0.

n2 is the first channel examined; default value = channel 0.

n3 is the last channel examined; default value = channel n2.

If both n2 and n3 are defaulted, the entire block is examined.

The SKIP command is only executed as part of a program. If you attempt to execute the command directly
from the Keyboard, a WHAT? signal will result.

EXAMPLE: 1t is desired to perform an auto spectrum summation on data blocks which have positive dc

values.
List

L 1

CL 1

L 2

RA 0 1
F 0

1F 0 0
J 3

J 2

L 3

*

A+ 1

X> 1

# 2 100

Meaning
Label 1

Clear block 1

Label 2

Analog into block 0, display block 1
Fourier transform of block 0

Skip next program step if channel 0 of block 0 is negative
Jump to label 3

Jump to label 2

Label 3

Self-conjugate multiply

Add block 1 to block 0

Store block 0 in block 1

Count 100 repetitions from label 2

End program
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Skip (Variable Parameter)

The gold SKIP commands tests Variable Parameter values to determine whether or not to skip keyboard
instructions. This command can only be used in Keyboard Programs. The command structure is:

SKIP _
I/ \\ l/———-\ . ’/"‘\\‘
USER |
PROG Lot SPACE |\ n2 SPACE |\ n3 ! SPACE
g \\_4/ N —— N~
Y
[ na | ENTER
\ |
~__

The relationship of the values of Variable Parameter n1 and parameter n2 is checked. The relationship
that is checked is whether n1 is greater-than n2, greater-than-or-equal, equal-to, less-than-or-equal,
or less-than, depending on the value of n4. The program then skips n3 keyboard instructions (in either
direction) if the test is true. n4 denotes the following type of test:

~—

where:

n4 = 2 greater than

n4 = 1 greater than or equal
n4 = 0 equal to

n4 = -1 less than or equal
n4 = -2 less than

The default value of n4 is -2. The default value of n3 is 1. The default value of n2 is 0.

For additional information, refer to the Variable Parameter paragraphs (specifically Y 1805) in this section.

B .
Subroutine Return

This command must be placed at the conclusion of any subroutine in order to return the program control
to where it entered the subroutine, i.e., the step immediately following JUMP. A diagram of the subroutine
format is shown under the JUMP command. The structure of the SUBRETURN command is:

SuB ENTER
RTRN

END End

This command is used to indicate the conclusion of a program. It should always be used in case there are
residual steps from earlier programs still in memory following the new program. The command structure

Is:
ENTER

The END command must be executed as part of a program. It has no meaning as an isolated command.
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@ Block Size

This command establishes the number of channels in each data block. Permissible block sizes are shown
above the indicator lights along the top of the Keyboard. The maximum blocksize permitted for most
operations is 4096 words, although data block requirements may require that a lower blocksize be used in
some instances.

If a blocksize that is not allowed is commanded, the system will give a WHAT? signal. After a BLOCK SIZE
command is executed, block 0 is always displayed. The command structure is:

TN

i
BLOCK j BLOCK | ENTER
SIZE Lol

-7

n1 is the number of channels (e.g., 64, 128, 256, 512, etc.).

where:

When block size is decreased, i.e., original block broken into smaller blocks, the new blocks will assume
the same data qualifiers (scale factor, block calibrator, frequency code) as the original blocks. However, a
coded BLOCK SIZE command can be given which prevents the new blocks from assuming the same data
qualifiers. The structure for this command is:

7T
BLOCK | BLOCK |
L ] SPACE @ ENTER

n1 is the number of channels.

where:
0 is a code number for the command.

BS

BLOCK o .
Block Size (Variable Parameter)

The Variable Parameter BS command sets Variable Parameter n1 to the current system block size. The
command structure is:

BS
USER BLOCK

Variable Parameter n1 is set to the current system block size.

where:

For additional information, refer to the Variable Parameter paragraphs (specifically Y 1807) in this section.
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USER
User Program

The User Program feature allows you to write your own relocatable programs in FORTRAN or HP Assembly
Language, merge them with the system and execute them using the USER PROGram key. The format of

the User Program command is:

TN TN /TN ’ \

USER / \ / | i \ ! |

PROG I‘ n } SPACE ! no SPACE | n2 | SPACE LES ; SPACE
\ 7 N/ \\___.// \\_,/

where:
n is a positive number up to four digits (0 through 9999).
n1 through né are optional program parameters that can have values from -32,768 to +32,767.
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User Program (Gold Key Capability)

The Gold Key capability allows you to replace specific User Program numbers with an appropriate
mnemonic by pushing a key on the Keyboard. This capability is enabled by pressing the gold-colored USER
PROGram key. For example, to set a Variable Parameter to a specific value, press the following keys:

//"“‘\ /7T ,”—\\
‘\5__,/ \\____/’ \\____/I
SET

The same result can be achieved by pressing

ORORORORCREORCRD
e/ \\__//
TN
\\_‘—/I

Table 3-1 shows the Gold Key functions that have associated User Programs. Note that not all Gold Key
functions have related User Programs, and that there are additional User Programs available that do not
have related Gold Key functions (e.g., the graphics User Programs covered in Section 6). For a complete list
of User Programs, refer to Section 7.

Table 3-1. USER PROG (Gold) Key Program Functions

USER PROG (Gold) Key User Program

ADD Y 1801 — add VP

BS Y 1807 — set VP to block size

DIV Y 1804 — divide VP

EXP Y 1827 — exponentiation

F1 thru F6 Prewritten programs placed
under control of these keys.

GET Y 1821 — loads data block in-
formation

INPUT Y 1808 — inputs VP values

LIST Y 1806 — list VP values

LOG Y 3022 — changes vertical
scale calibration

MULT Y 1803 — multiply VP

OUTPUT Y 1809 — prints VP value

PLOT Y 5800 — plot block

PUT Y 1822 — stores block infor-
mation

QUALS Y 1823 — gets or puts data
block qualifiers

SKIP Y 1805 — test VP value for skip

SUB Y 1802 — subtract VP

TEXT Y 5819 — output text message
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Cursor

The CURSOR command enables an x-cursor to appear on the display screen (the display should be in the
CONT mode). This is useful for obtaining information about the points on the display; for example, the
channel number of the point, and the time (or frequency) and amplitude (or phase) it represents. The
command structure is:

, P —_
! ) / 3
CURSR (o SPACE [ a2 | ENTER
\\\__/ \\‘_//

n1 is the starting number of a 3-parameter array of Variable Parameters (preferably of ComMPLE ¥ -
type) where trw il time (frequency) or amplitude (phase) are stored when the cursor
value is displayed.

where:

If n1 equals -1, the cursor is turned off.

If n1is defaulted, no values are stored into any Variable Parameters.

n2 is the block number on which the cursor will be displayed. If n2 is defaulted, this cursor will be put
on the block that is currently on display.

There are two different modes of operation for the cursor depending upon whether it is invoked from the
Keyboard or from within a Keyboard Program.
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From the Keyboard:

When the cursor is used from the Keyboard, the cursor will come on the display and the system will go to
READY. The cursor may now be controlled using the Processor switch register as follows:

Cursor Switch

BUTTON

—

VALUE

ON

EXPAND

Result

If pressed once, the cursor will move one channel to the right of its current

position. If held, the cursor will sweep right.

If pressed once, the cursor will move one channel to the left of its current
position. If held, the cursor will sweep left.

If pressed, the following display appears on the screen:

CHANNEL = XXXX
TIME = XXXXX
AMPLITUDE = XXXXXX

These three values are placed into the specified Variable Parameters when
the display occurs, if this was specified in the command entry.

Pressing the upper edge of this switch places the cursor bar on the display.

Pressing the lower edge of the switch removes the cursor from the display
(cursor is still enabled) so as to restore the high-speed display. (The sweep of
the display is somewhat slower with the cursor on the display.)

The cursor may be switched on and off the display by pressing alternate sides

of this switch. Note: To turn off the cursor permanently, the command
CURSR - 1 ENTER

must be entered. The ON switch only controls the cursor on the display once

the cursor has been turned on.

Pressing the upper edge of this switch expands the display around the cursor,
making the points in the immediate vicinity of the cursor more visible.

Pressing the lower edge of this switch restores the display to its original
unexpanded state.

If the display is expanded and the — or — switches are used to move the
cursor to either edge of the display, the display will pan past the cursor.

The cursor is turned off from the Keyboard by entering

From a Keyboard Program:

When the cursor is turned on from a Keyboard Program, the cursor appears on the display and the
Processor switches control it as previously described. The keyboard program will now wait for the VALUE
key to be pressed before further commands are executed.
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EXAMPLE: Consider the following program:
’ L 0 LabeIO ’
ek Clearblocko ¢ S
: / ‘2000 : : ‘f “‘Turn on cursor—-put values mto VP 2000 2001 2002
¥ 2002 ;k;f_“;u;t_vpz‘ooz |
L e ere

When this program is executed, the system will wait for the VALUE switch to be pressed. When it is, the
following display will occur:

CHANNEL = XXXX
TIME = XXXXX SEC
AMPLITUDE = .0000
2002D = .0000

When obtaining multiple points with the cursor in a Keyboard Program, it is sometimes useful to have the
cursor remain at its previous location rather than reset to channel 0 as it usually does. This is possible to do
merely by using the CURSOR command as many times as necessary without turning it off. The following
examples will help to clarify this operation:
Example 1:
CLe0 e abel 0 ;
o /o2000 ey Turn on cursor. Put values mto VP 2000 to 2002.1 :
/s f,k2"003 o 5 Turn on cursor. Put values mto VP 2003 to 2005.’1 5
/. 2006 A el Tum on cursor Put Values mto VP 2006 to 2008.”‘
el 5“,Turn off cursor

‘End 'k

Example 2:
‘ L a5 QRS ‘.Labelo
e 2000 e S ;Turn on curson Put values mto VP 2000 to 2002._ .

Aol s Turn off cursor

/ :,52003; 1i “ (‘ », S I;Turn on urso Put values in VP 2003 to 2005 ‘

/ : "1 Turn off cursor

4 e 2006 L Turn on cursor Put values into VP zoos to 2003
. /v 1 ;’u,:j;f*%Turn off cursor e
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Both of these programs will wait for the VALUE switch to be pressed three times, and will fill Variable
Parameters 2000 to 2008 with the data for three points in the block on display. However, the cursor will not
be reset to channel 0 between points in the first program, whereas the second program will reset the
cursor to channel 0 for each of the points entered.
Cursor restrictions:

1. The cursor printout is not valid for horizontal axis display of histogram data.

2. Display ORIGIN switch must be in LEFT or LOG positions, not in the CENTER position, for proper
cursor printout.

3. Cursor and the 54420A DAC cannot operate simultaneously.

4. Cursor and the 54470A Fourier Pre-processor cannot operate simultaneously.

and

When a program is running, pressing the STOP key will cause the program to stop after it completes the
present program line. The STOP command executes automatically, no ENTER keystroke is needed. It
differs from the RESTART command in that it always permits the operation to be completed. RESTART
interrupts in the middle of an operation, and may therefore leave meaningless data in memory. Neither
STOP nor RESTART, however, have any effect on the Fourier operating system; that is, they do not turn off
the Fourier Analyzer.

Pressing the CONTINUE key (no ENTER keystroke required) causes the program to resume from the line at
which the pointer is set. (Not the following line, but that line.)

To find out at which line the pointer is set, use the POINT command:
POINT ENTER

The STOP and CONTINUE keys operate in conjunction with the STEP-RUN switch on the Keyboard. When
in the STEP position, the program proceeds one step at a time; when in RUN, it automatically proceeds
through to the end.

STEP-RUN SWITCH

In the STEP position, this switch causes the program to proceed one step at a time. The step is completed,
the appropriate display of results is given, and then the program stops. To make the program continue, the
CONTINUE key must be pressed. The next step is then performed, results are displayed, and the program
again stops. Thus, the STEP position is useful in debugging a program. In the RUN position, the switch
causes the program to continue through all its steps automatically.
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RE Restart
START

Pushing RESTART key (no ENTER necessary) restarts the entire Fourier program. If it is pushed while a
program is running, it interrupts the completion of the program. This may leave meaningless data in
memory.

When the Fourier system is initially read from the Disc and started, the following sequence of events
occurs:

1. Data space in the Processor is set up and allocated. A message is printed indicating the amount of
space available. Blocksize is set to maximum allowable.

2. A brief check of the Fourier Analyzer microcode is made.

3. Software microcode interface is initialized.

4. All currently resident drivers are initialized.

5. Processor “booster” assembly is deactivated (this is the normal mode of Processor operation).
6. The overlay file on the Disc is read and initialized for “invisible” overlay swapping.

7. User Programs 3010, 3011, 3012 and 3016 are set to their normal (default) states:
Y 3010: Maximization is enabled
Y 3011: Double precision self-conjugate multiplies are enabled
Y 3012: Number of division scaledowns is set to 8

Y 3016: Stable averaging is enabled
8. Loop counters in all COUNT commands are set to zero.
9. Interrupt system is enabled.
10. Processor S-Register is cleared.
11. Block is displayed and system waits for a Keyboard command to be entered.

NOTE

All of the above steps, except 1, 2, and 6, occur whenever RESTART is pressed; the
others occur only when the system is read from the Disc and started at P=2.

VARIABLE PARAMETERS

Variable Parameters (VP) are locations im memory containing values that can be used as parameters in
Fourier keyboard instructions. Using specific User Programs, the values of these locations can be set,
added, subtracted, printed out, entered in via the Terminal, etc., while the system is in the READY mode,
or while a Keyboard Program is being executed. This allows for a great deal of flexibility at the keyboard
programming level. Using Variable Parameters (which may substitute for any parameter except the first
two ASCII characters in the Fourier commands), a Keyboard command can consecutively be called in dif-
ferent ways, JUMP command can jump to any label in the Keyboard Program (simplifying the response
to typed-in decisions) and difficult-to-program problems can be simplified.
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Types of Variable Parameters

There are three types of Variable Parameters: Integer (range = -32767 to +32767), Floating Point (range =
-1038 to +1038), and Complex (real and imaginary Floating Point). Variable Parameters are referred to by
number (for identification, this is not their value), and the number used indicates the VP type being used.
For example:

VP No. Type

0-999 Integer
2000-2999 Floating Point
3000-3999 Complex

Thus, VP 10 is an integer, but VP 2010 is a floating point number, and VP 3010 is a complex floating point
number. There are not actually 1000 parameters of each type in the system; the actual amount of each type
is decided by a table in core. Operations between mixed types are performed in floating point, then con-
verted as necessary before storing. In the system, the following Variable Parameters are available.

Variable Parameter Configuration

VP No. Type

0-100 Integer (in common)

2000-2025 Floating Point (in common)

3000-3010 Data (complex) (in common)

101-150 Integer (not in common)

2026-2050 Floating Point (not in common)

3011-3024 Data (complex) (not in common)

2900-2921 Floating Point equivalent to Complex 3000-3010 (in common)
2922-2949 Floating Point equivalent to Complex 3011-3024 (not in common)

The above table shows the order in which the available system Variable Parameters are stored. If the use of
any other VP is attempted, an error will result. In addition, some of the floating point Variable Parameters
are equivalent to the complex Variable Parameters. For example, VP 2900 and 2901 are equivalent to VP
3000 (complex variables contain two floating point numbers) VP 2902 and 2903 are equivalent to VP 3001,
and so on up to VP 2948 and 2949 being equivalent to VP 3024. This equivalency means that operations may
be executed on just the real or imaginary part of a complex Variable Parameter by using the floating point
Variable Parameter equivalent to the desired part (the lower-numbered floating point parameter is always
the real part, while the higher-numbered parameter is the imaginary part). As shown by the table, some of
the Variable Parameters are in the common area that may be stored on the Disc. This feature is discussed
later in this section.

Use of Variable Parameters

To use the value contained in a specific VP, you must enter the VP number in place of the parameter in a
Keyboard Program, and follow the number immediately with the letter D. Thus, VP 6 is entered 6D,
distinguishing it from a regular number. To keep from switching to the Terminal and back to the Keyboard
each time a VP is entered, you can simply press the DiSPLaY key to enter the D. For example:

F 1 DSPLY ENTER

takes the Fourier transform of the block whose number is in VP 1; if VP 1 =6, then the transform of block 6
is taken. Whenever a number is followed by a D, it denotes a VP. Thus, 27D means VP 27.
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If a negative VP number is used (e.g. -6D), it means take the value of 6D and use that value as the address of
the VP to be used.

Example: If 6D =10
10D =0

then F -6D
means F 10D
which means FO

This is a means of indirectly addressing a VP by using a second VP. An actual example of its use would be as
follows: let’s assume that 50D through 53D contain calibration factors for ADC channels 0 through 3 (or A
through D). To multiply data block 0 by the proper calibration factor, set 40D to the value of 50 + (ADC
channel number), and execute:

MULT 0 SPACE -40D ENTER
Thus, if ADC channel 1 were being used, 40D = 50 + 1 = 51

and
MULT 0 SPACE -40D ENTER

means

MULT 0 SPACE 51D ENTER

which is what is desired.

Variable Parameter User Programs

To manipulate Variable Parameters and use them to perform system functions, a number of User Programs
are provided in the system. The Variable Parameter User Programs are listed below in numerical order. The
“Y” is equivalent to the USER PROG key on the Keyboard. If a Keyboard key is shown in the margin, you
can press this key instead of entering the number. (For example, press SET instead of entering 1800 SPACE.
Note that a SPACE is not required between the SET mnemonic and parameter n1. This is true for all Gold
key functions. However, SPACE entry is required when the User Program number, e.g., 1800, is used.)

1. Y 1800 sets a VP

SET USER PROG SET n1 SPACE n2 SPACE n3 ENTER
VP n1is set to the value n2 X 10" (Default of n3 = 0)

Examples:

USER PROG SET 23 SPACE 101 ENTER
23D is set to 101.

USER PROG SET 53 SPACE 101D ENTER
53D is set to the value in VP 101.

USER PROG SET 2001 SPACE 2 SPACE 3 ENTER
20006Dis set to 2 X 103 = 200
To “SET” a complex number, the floating point equivalent must be used. For example, to set
VP 3000 equal to 3.14 real and 5.12 imaginary, enter:

Y SET 2900 SPACE 314 SPACE -2 ENTER
Y SET 2901 SPACE 512 SPACE -2 ENTER
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VARIABLE PARAMETER QUICK REFERENCE

Gold Key User Program

ADD 1801 — add VP

BS 1807 — set VP to blocksize

DIV 1804 — divide VP

EXP 1827 — exponentiation

GET 1821 — GET

INPUT 1808 — read into VP

LIST 1806 — list VP

MULT 1803 — multiply VP

OUTPUT 1809 — type VP value

PLOT . 5800 — plot block

PUT 1822 — PUT

QUALS 1823 — GETQ

SET 1800 — set VP

SKIP 1805 — test VP value

SUB 1802 — subtract VP

TEXT 5819 — output text message
ERRATA 5451C OPERATING
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VARIABLE PARAMETER QUICK REFERENCE

I Gold Key

USER PROGRAM
BS

PLOT
INPUT
LIST
TEXT
OUTPUT
SKIP
QUALS
GET

PUT

EXP
MULT
ADD

SET

DIV

SUB

User Program |

Gold “shift” key

1807 — set VP to blocksize
5800 — plot block

1808 — read into VP

1806 — list VP

5819 — output text message
1809 — type VP value

1805 — test VP value

1823 — GETQ
1821 — GET
1822 — PUT

1827 — exponentiation
1803 — multiply VP
1801 — add VP

1800 — set VP

1804 — divide VP

1802 — subtract VP
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ADD

suB

MULT

4‘

DIV

Y 1801 adds values

USER PROG ADD n1 SPACE n2 SPACE n3 ENTER

VP n1 is set to the sum of the values of n2 and n3. Default value of n2 is n1; n3 is 1.
Examples:

USER PROG ADD 19 SPACE 10 SPACE 23 ENTER
19D is set to the value 33.

USER PROG ADD 19 SPACE 10D ENTER
19D is set to the sum of the value of 10D plus 1.

Y 1802 subtracts values

USER PROG SUB n1 SPACE n2 SPACE n3 ENTER

VP n1 is set to the difference between the values n2 and n3. Default value of n2is n1; n3is 1.
Examples:

USER PROG SUB 8 SPACE 26 SPACE 53 ENTER
8D is set to -27.

USER PROG SUB 8 SPACE 26D ENTER

8D is set to the value of 26D minus 1.
Y 1803 multiplies values

USER PROG MULT n1 SPACE n2 SPACE n3 ENTER

VP n1is set To the product of the values n2 and n3. Default value of n2is n1; n3 is 2.
Examples:

USER PROG MULT 6 SPACE 9 ENTER
6D is set to 18.

USER PROG MULT 6D SPACE 9 SPACE 10 ENTER

The VP whose number is the value of 6D is set to 90 (This is an example of indirectly addressing a VP
by using a second User Program; i.e., if 6D.= 11, then 11D = 90.)

Y 1804 divides values

USER PROG DIV n1 SPACE n2 SPACE n3 ENTER

VP n1 is set to the value of n2 divided by n3. Default value of n2 is n1; n3 is 2.

Example:

USER PROG DIV 26 SPACE 10 SPACE 5 ENTER
26D is set to the value 2.
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SKIP

SR 6. Y 1805 tests VP values

7.

LIST

USER PROG SKIP n1 SPACE n2 SPACE n3 SPACE n4 ENTER

For use in Keyboard Programs only, Y 1805 checks the relationship between VP n1 and the value n2
(VP n1is greater-than n2, greater-than-or-equal, equal-to, less-than-or-equal, less-than, depending
on the value n4), and skips n3 keyboard instructions in the keyboard stack if the test is true (or n3
can be negative denoting skip back). n4 denotes the type of test:

n4 = 2 greater than

n4 = 1 greater than or equal
n4 = 0 equal to

n4 = -1 less than or equal
n4 = -2 less than

The default value of n4 is -2. The default value of n3 is 1. The default value of n2is 0.

Examples:

USER PROG SKIP 5 SPACE 10 SPACE 3 SPACE 1 ENTER
If the value of 5D is greater-than-or-equal to 10, the next 3 instructions in the Keyboard Program
will not be executed.

USER PROG SKIP 6 ENTER
If the value of 6D is less than 0, one instruction will be skipped.

n3 may be negative. If so, the stack pointer is decremented appropriately if the test is true. For
example, the following listing shows where the stack pointer would position itself depending upon
the value assigned to n3 in the Y 1805 User Program if the tested condition is true (only two negative
examples are shown, but n3 can be more negative than the values indicated).

Any Keyboard command n3 = -2
Any Keyboard command n3 = -1
Y 1805 n1 n2 n3

Any Keyboard command n3 = 0

Any Keyboard command n3 = 1

You must take care when using Y 1805 that your value of n3 is neither too positive or negative,
which will result in the program skipping completely out of the Keyboard Program.

Y 1806 lists VP values on the Terminal

USER PROG LIST n1 SPACE n2 ENTER

The values of the Variable Parameters from VP n1 through VP n2 are printed out in the following
format:

<n1>D = <value>
The default value of n2 is n1. If 6D = 200, and 7D = 32767, then

Examples:

USER PROG LIST 6 SPACE 7 ENTER

6D = 200
7D = 32767

is printed on the Terminal.

USER PROG LIST 6 ENTER
6D = 200
is printed on the Terminal.
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BS

8. Y 1807 sets a VP to the blocksize

USER PROG BS n1 ENTER

VP n1is set to the current system blocksize.
Examples:

USER PROG BS 21 ENTER

INPUT If the blocksize were 256, then 21D is set to the value 256.

PHOTO 9

ol Y 1808 inputs values from Keyboard or Terminal

USER PROG INPUT n1 SPACE n2 ENTER

Variable Parameters n1 through n2 are set to the values typed into the system Terminal or Key-
board. These values can be typed on one line separated by any non-numeric ASCII character

except “.”, or may be typed on separate lines. Floating point numbers up to 9,999,999 may be

entered, with decimal point. Default of n2 is n1. Complex numbers-require two numbers to be
entered apiece.

Example:

USER PROG INPUT 1 SPACE 3 ENTER

The software will input three integers entered from the Keyboard or the Terminal.

USER PROG INPUT 2000 ENTER

The software will input one floating point value.

NOTE

Numbers entered may be in floating point form: “64923.445” is a legal number.
Since there is no decimal point on the Keyboard, the key labeled END may be used;
its ASCIl printout is “.b”, and the “b” is ignored (“b” is a space). Note that
64923445 SPACE -3 (64923445 X 10-3) is not a valid format for this command.

Note that all floating point entries must have at least one entry after the decimal
point. Therefore, to enter a number such as 3 in floating point you must enter 3.0
and not just 3. by itself.

10. Y 1809 outputs VP values

OUTPUT USER PROG OUTPUT n1 SPACE n2 ENTER

This program prints out the values of Variable Parameters n1 through n2. Default value of n2is n1. If
a floating point VP contains a value too large for the Y 1809 format, all dollar signs (“$”) will be
printed. If n2 = n1, carriage return and line feed will be suppressed (not true for n2 defaulted).

11. Y 1810 multiplies/divides integers

USER PROG 1810 SPACE n1 SPACE n2 SPACE n3 SPACE n4 ENTER
Useful only for integers, Y 1810 sets VP n1 to the value of ((n2*n3)/n4).

Example:

USER PROG 1810 SPACE 6 SPACE 32767 SPACE 2 SPACE 3 ENTER

6D is set to ((32767*2)/3), or 21844. Using the programs Y 1803 and Y 1804 instead of Y 1810 to
perform this operation ((32767*2)/3), causes an error, since the integer containing the intermediate
result (32767*2) can be no larger than 32767.
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12. Y 1817 has the following functions:

a. Read aselected portion of the Processor Switch Register or Fourier display interface word into a
specified Variable Parameter.

b. Write the contents of a specified Variable Parameter into the selected portion of the Switch
Register (but not into the Fourier display interface word).
USER PROG 1817 SPACE n1 SPACE n2 SPACE n3 SPACE n4 SPACE n5 ENTEKX

Where: n1 equals the VP number (no default allowed). If VP n1 is not an integer VP, the
contents of VP n1 are converted to a one-word integer prior to the execution of the program.

n2 equals the starting bit of the field (0 to 15). No default allowed.
n3 equals number of bits to read or write (1 to 16). If defaulted n3 =1.

If n4 = 0, the Switch Register is selected. If n4 =1, the display interface word, whose format is
given in the System Software Manual, is selected. Default n4 = 0 (Switch Register).

If n5 equals 0, the program reads from the selected input. If n5 equals 1, the program writes to
the selected output (Switch Register only). Default n5 = 0 (read).

During a Read operation, the contents of the Switch Register or display word are rotated right
until bit n2 is in bit 0 location. All but the first n3 least significant bits are then masked off and
the result is stored in VP n1.

During a Write operation, all but the first n3 least significant bits of VP n1 are masked off. The
result is then rotated left by n2 bits. This n3 bit field then replaces the corresponding field of the
Switch Register. Note that you cannot set Switch Register bit 3 with this program because of
additional software considerations.

Examples:

USER PROG 1817 SPACE 0 SPACE 0 SPACE 16 SPACE 0 SPACE 1 ENTER

Writes the value “1”’ to the Switch Register (assuming that VP 0 contains the value “17).

USER PROG 1817 SPACE 0 SPACE 6 SPACE 1 SPACE 0 SPACE 1 ENTER

Sets bit 6 of the Switch Register (assuming that VP 0 contains the value “1”).

USER PROG 1817 SPACE 0 SPACE 0 SPACE 16 ENTER

Reads the decimal value in Switch Register into VP 0.

USER PROG 1817 SPACE 0 SPACE 6 SPACE 1 ENTER
Reads bit 6 value into VP 0

USER PROG 1817 SPACE 0 SPACE 1 SPACE 3 SPACE 1 ENTER

Reads the value of the Display Unit polar ANG/DIV switch into VP 0. (This value is in bits 1-3 of
GET the display interface word.)

13. Y 1821 gets data values from a data block

USER PROG GET n1 SPACE n2 SPACE n3 ENTER

VP n1is set to the value of block n2, channel n3 (n1 should be a floating point VP number for time
domain data, and a complex VP number for frequency domain data). Default value for n2 and n3 is
0. If the value is greater, or smaller, than the Variable Parameter type will allow, then the Variable
Parameter will be set to the largest, or smallest, value. This program is the Keyboard equivalent of
the assembly language program “GET” (see the System Software Manual).
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