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AdvancedDigitalSignalAnalyzerProbes
Low-FrequencySignalswith Easeand
Precision
Significantnew featuresincludeabsoluteinternal
calibrationin the user'schoiceof engineeringunits,digital
band selectableor 'zoom'analysis,
fullyannotated
dual-traceCRTdisplaywithX and Y axiscursors,digital
storageof dataand measurement
sefupson a tape
cartridge,and a randomnoisesourceto provide test
stimulus.
by Richard H. Grote and H. Webber McKinney

IGITAL SIGNAL ANALYSIS has become a
fl
IJ widely used technique for the analysis of mechanicalstructures,noise,vibration,control systems,
electronic networks, and many other devices and
physical phenomena.
In the past,digital signalprocessingequipmenthas
been expensive, difficult to move, and has required
an operatorthat understandsdigital signal analysisas
well as the problem to be solved. While there is a definite need for such sophisticated laboratory equipment, there is also a need for instrumentation that is
less expensive,easierto use, and more portable.
Such an instrumentis the new Model 5a20A Digital SignalAnalyzer (Fig. 1).The 5420Ais a two-channel instrument that analyzes signals in the
dc-to-25-kHzfrequency range. The new analyzerhas
a two-tone dynamic range of Zs dB and amplitude
flatness of O.t dB. Band selectable(zoom) analysis
provides O.OO4-Hz
frequency resolution anywhere in
the measurement band. The b420A makes many
powerful time domain and frequency domain measurements, including transient capture and time
averaging,auto and cross correlation, histogram, linear spectrum, auto and crossspectrum,transfer function, coherencefunction, and impulse response.All
measurementsare continuously calibrated, and can
be easily recalibratedin the operator'sengineering
units. Built-in random noise stimulus and a digital
tape cartridge for storing data recordsand instrument
set-upsmake the 542OAa complete measuringsystem. Measurementresults are displayed on a fully annotated,dual-trace,high-resolutionCRT,and can be
output directly to an optional X-Y recorderor digital
plotter. The display provides three graphic formats
and 14 choicesof coordinates.The display scalecan
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Cover: ln a dramatic oemonstration of its versatility,
HP engineersused a Model
54204 Digital Signal Analyzer to determine the response and vibrationalcharacferisflcs of a compound
bow of the type used by
tournamentarchers. Accelerometersmounted on the bow provided the
input signals fo fhe analyzer.(Bow provided by
Jennings Compound Bow, lnc.)
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Fig. 1. Model 54204 Digital Signal Analyzer is a dual-channel instrumentthat analyzes signalsin
the dc-to-25-kHz frequency
range. lt makes many powerful
time and frequency domain measurements, including spectrum,
transfer function, and rmpulse response. Resu/tsare displayedon
a fully annotated duallrace CRTin
any of three graphic formats and
14 choices of coordinates.

be set either by the operator or automatically to maximize the use of the display surface.
Measurements
The new digital signal analyzer makes an extensive
set of time domain and frequency domain measurements. Here is a description of each measurement and
an example of where the measurement is useful.
Time Record Average. This measurement is used to
average time records, or to capture transient time
records. The Fourier transform (linear spectrum) of
the time waveform is also provided. Time averaging
is used primarily for improving the signal-to-noise
ratio of time functions. A synchronous time signal is
required to trigger the time average.
Autocorrelation. The primary application for the
autocorrelation function is also pulling signals out of
noise. However, the autocorrelation function does
not require time synchronization. The disadvantage
of autocorrelation is that the autocorrelation function of complex signals is difficult to interpre!. As a
result, this technique is mainly used for sinusoids,
which are preserved under autocorrelation.
Crosscorrelation. The crosscorrelation function is
mathematically similar to the autocorrelation function. However, crosscorrelation is used to determine
the relationship between two signals. A major application of crosscorrelation is the determination of relative delays between two signals.
Histogram. The histogram provides an estimate of the
probability density function of the incoming time

waveform. The histogram can provide the operator
with an indication of the statistical properties of a
signal.
Linear Spectrum. The linear spectrum is the frequency domain equivalent of the time record average.
The result of this measurement is a display of rms
amplitude versus frequency. The linear spectrum requires time synchronization for averaging, and contains both magnitude and phase information.
Power or Auto Spectrum. This is the measurement
performed by a traditional spectrum analyzer, that is,
power as a function of frequency. The auto spectrum
is calibrated in units of mean square for sinusoidal
signals , power spectral density for random signals, or
energy density for transient signals. The auto spectrum is used for characterizing signals in the frequency domain.
Cross Spectrum. The cross spectrum is the frequency
domain equivalent .of the crosscorrelation function.
The cross spectrum produces a display of relative
power versus frequency. The cross spectrum can be
used to determine mutual power and phase angle as a
function of frequency.
Transfer Function. The transfer function measurement characterizes a linear system in terms of gain
and phase versus frequency. When the operator selects this measurement, the following measurements
are also provided.
Coherence (72). This function is related to the signalIt indicates the deto-noise ratio (S/N :yzl(t-t2)).
gree of causality between the output and the input

BSA is shown in Fig. 2. The ZS-Hz resolution of the
baseband measurement of Fig. 2a indicates the presence of a single resonance centered at 5 kHz. The
0.4-Hz-resolution BSA measurement of Fig. 2b clearly shows two resonances in the vicinity of s kHz.
Advanced Triggering Capability
The 5420A offers the operator a wide choice of triggering capabilities, including free run, internal triggering on either channel, external triggering ac or dc
coupled, and remote start.
When the analyzer is free running, it acquires and
processes input data as fast as it can. For measurement bandwidths below the instrument's real-time
bandwidth, this results in overlapped processing of
input data. In this case, processing periods overlap input data records, and the analyzer processes
the latest available data. Overlapped processing increasesthe variance reduction per unit time.
All triggering modes allow the operator to condition triggering by entering a per-channel pre-trigger
or post-trigger delay, Pre-trigger delays up to the time
record length and post-trigger delays up to 40 seconds can be accommodated. Post-trigger delays are
necessarywhen there are inherent delays in the measurement process, such as in measuring the transfer
characteristics of an auditorium. Pre-trigger delay is
of particular importance when triggering on impulsive signals that have all their energy focused in a
very short time interval; without pre-trigger delay it is
very difficult to capture the leading edge of the signal's energy.
Fig. 2. Band selectable analysts(BSA) makeslt possib/eto
zoom in on a narrow frequency band and examinethe detailed
structure of measured data with resolutionas llne as 0.004 Hz.
Here the baseband measurement(a) showsa resonanceat
about 5 kHz. The 0.4-Hzresolutionof the BSAmeasurement
(b) revealsthat there are actually two resonancesthere.
as a function

of frequency.

A coherence of 1 indicates

perfect causality.
Input and Output Auto Spectrum. See above.
Impulse Response, The time domain equivalent of
the transfer function. The impulse response shows
the time response of the system to an impulsive input.
Band SelectableAnalysis (BSA)
Band selectable (zoom) analysis concentrates
the full resolution of the analyzer in a narrow frequency band of the user's choice. This narrow band
can be placed any where in the 25-kHz bandwidth. Its
width is selectableand may be less than 1 Hz. BSA can
provide better than 4-mHz resolution, and measurements below 25O Hz can be made with a resolution
better than 40 p,Hz. This resolution is obtained using
purely digital techniques with no sacrifice in accuracy or dynamic range. An example of the power of

Easy to Use
An important design objective for the 5a20A Digital Signal Analyzer was that it be easy to use, both for
the novice and for the experienced operator. Frontpanel design for such a powerful, flexible instrument
poses particular problems. These were solved in part
by using the CRT display to extend and simplify the
front panel (Fig. 3). The display presents measurement parameters and status information. Instead of
having to inspect all of the front-panel controls to determine how the instrument is set up, the operator
simply pushes the vlew key and the setup is displayed on the CRT. The CRT is also used to display
menus of choices from which the user makes selections of measurements, averaging, input signals, and
triggering.
Display Features
Once a measurement has been specified, it is initiated by pushing the STARTbutton. As soon as the
first time record has been digitized and processed,
fully calibrated measurement results appear on the
display. If stable averaging was chosen, the measure-

Fig. 3. CBI display extends the
front panel, helping to make the
new analyzer easy to use for both
the novice and the experienced
opetator. For example, pushing
the vtEwkey causes the instrumenl's slatus to be displayed.
Other keys display /ists of choices
lrom which the user can select
measutement parameters.

ment continues until the specified number of averages has been done. Ifone ofthe other averaging types
-exponential,
peak channel hold, or peak level
hold-was selected, the instrument continues processing data and displaying calibrated results indefinitely until the operator manually stops the measurement by pushing the pAUsE/cotttbutton. Pushing this
button a second time resumes the measurement by
averaging new data into the previous result.
Measurement results can be viewed in any of several display formats. Fig. 2a shows the most basic rull
format. The instrument automatically scales and calibrates the X and Y axes, generates an internal graticule, and labels both axes. The type of measurement
function in this case-is indicated
result-transfer
in the upper left corner of the display and the number of averages used to make the measurement is
indicated in the upper right corner. In the lower left
corner is an "echo field" that tells the user the last sequence of front-panel buttons pushed, and in the
lower right corner are error messages, such as ADC
overflow.
Two measurement results can be viewed simultan(Fig. 1), or one supereously, either UPPER/LOWER
imposed on the other, FRoNTiBAcK(Fig. zb). The results are fully annotated and calibrated, and either
trace can be modified independently of the other.
These formats are of considerable benefit for such
purposes as viewing two parameters of a measurement simultaneously (e.g., magnitude and phase of a
transfer function), or comparing a result with that of a
previous measurement.
Results can be displayed in the following coordinate systems: magnitude of the function, phase,
log magnitude, log of the horizontal axis (when log

magnitude versus log frequency is selected,the result
is the classical Bode plot), real part of the function,
imaginary part, real part plotted versus imaginary
fNyquist plot), and log magnitude versus phase
(Nichols plot, useful in control theory applicationsJ.
In dual display modes, the coordinates of the two
traces can be chosen independently.
Cursor Capability
A major user convenience of the 5420A is its
powerful cursor capability. The instrument can display two independent cursors in each axis. The positions of the cursors are indicated at the top of the display. At the intersection of the X cursor and the
waveform is an intensified point, and the value of that
point on the waveform is indicated on the display
along with the cursor position. Hence one application
of the cursor is to indentify numerical values associated with a measurement. For example, an X axis cursor can be used to identify the amplitude at a particular frequency, or the two Y axis cursors can be used to
identify what frequency components are, say, 50 dB
below a peak level.
Although the cursors are primarily means of identifying specific values of a measurement result, they
can be used in other ways to enhance the power and
the convenience of the instrument. In conjunction
with the control and setup keys, the cursors can be
used to define the center frequency and bandwidth of
a new measurement.
In conjunction with the display operator keys, the
cursors have other uses. If an X cursor is moved to coincide with a resonance of a transfer function, the frequency and the percent critical damping of that resonance can be determined by pushing the eenr key.

The Module I/O Bus (MIOB)
The module input/outputbus (MIOB) is the interconnect
schemefor all of the modulesof the 54204 DigitalSignalAnalyzer(cartridge,display,filters,ADC,etc.).lt consistsof t 6 bidirectionaldata lines,one handshakepairfor sendingcommands
from computerto module,and one handshakepair for everythingelse(statusflowfrommoduleto computerand datatransfers),The computercan use the bus at any time to send commandsto a module,Themodulesmustacceptcommandsat any
time, However,they may send statusor send or receivedata
only when they "own" the bus.
To maintainhigh speed at the systemleveland controllable
responsetime, it is necessaryto reducethe hardwareand softwareoverheadrequiredfor bus access,On the hardwareside,
this is accomplishedby using burst mode transfersfrom
64-word FIFO memories.On the softwareside, all l/O is performed using two special microcodedopcodes,XCWand XtO.
The computerdoes not use the conventional
direct memoryaccess (DMA) hardware.DMA would be useful only during the
burstportionof the data transfer.lt has no facilitiesto controlresponse time betweenbursts or to performthe buffer blocking
and l/O chainingrequired.The microcodefacilityof the 21MX
K-SeriesComputerprovidesfar greaterperformance.
A time log of activityon the bus during normalsystemoperation mightlook Iikethis:
r Displaysends a code word (cW)then inputs64 words
r ADC sendsCWthen outputs32 words
r DisplaysendsCWthen inputs64 words
r Displaysends CWthen inputs26 words
r Computer sends $60HZSyNc
(interrupton power line sync)
to display
r Keyboardsends CW
r ADC sendscW then outputs32 words
Transactionsare either commands from the computer to a
module or burst mode transfersinitiatedby a module and always beginningwith a code word containingthe device's
name and status,This structurecausesthe computerto be interrupt-driven,
that is, most bus tiansactionsare initratedby a
device. Normally,real-timesoftwareassociatedwith so many
devices is very complex,but again,the abilityof microcodeto
providejust the right elementaryoperationskeeps complexityto
a mrntmum.
Eachmodule(disptay,ADC,etc.)is controlledby a separate
softwaremodulecalleda devicecontrolprocess(DCp).Each
DCP appearsto own the entirecomputerall of the time and ts
unawareof interrupts.Hence the DCps can be programmeo
usingsimplein-linestructures
insteadof complex.shared-computer, save/restoreregisters-interactive structures charac_
teristicof most jnterrupt-driven
systems.The mechanismsfor
thissimplification
are the two MIOBl/O opcodes:XCWand XtO.
When an MIOB interrupt(XCW)occurs, a microcodedinterrupt processorautomatically
saves registers,readsthe code
word (CW)on the bus, and branchesthrouqha table to the

Critical damping is a measure of the sharpness of
the resonanceand is equal to 112Q,where Q is the quality factor familiar to electrical engineers. Finally,
the cursor can be used to identify the harmonics of a
particular spectral component. Pushing the xnnmorulC button causes the harmonics of the frequency
component, identified by an X cursor, to be intensified on the CRT.

appropriateDCP. When it is ready to relinquishcontrol,that
DCP performsanotherxCW opcode, causing the interrupt
branchtable to be updated,registersrestored,and the highlevelprocessingresumed,Thisentireprocedurecoststhe DCP
only 20ps per XcW,or 20g.sper interrupt.
The other special l/O opcode, XtO,is a pseudo-DMAwith
many embellishments.
An inescapableissuewheneverhardware and softwaremeet is the mapping of data structures.The
hardware designer provides a 128-word sector, an 8O-word
FIFOmemory,or a 2K-wordrefreshbuffer,whilethe software
designerneedsan N-bytetext buffer,a 1000-worddata buffer,
or somethingelse. The XtO opcode directlyaddressesthis
p r o b l e m .T h e X t o o p c o d e ' s o p e r a n d i s a c h a i n o f f o u r word controlblocks that define the desired l/O transfer
-for example,"outputthreecommands,then input50 words,
then outputtwo commands,"The controlblockstell whereto
get the commands or data by pointingto the buffer structure,
which may include fixed buffers,variablebuffers(e,9., the
next50 words in a 1000-wordbuffer),buffersrequiringblocking or unblocking(a compositebufferhavingmany physical
paeces,some perhapsdeactivated),circularbuffers,double
buffers,or some other type. This opcode transformswhat is
usually implementedin dynamic real-timeconsumingsoftware into static delinitionsof data structure.For example,the
display DCP that producesthe calibrateddata display providesthe displayhardwarewith 64-worddata burstsfollowed
by two-word command bursts. lt extracts these from seven
bufferscontainingASCIIcode, cursors,graticules,annotation,
and so on. Eachsub-bufferis separate,variablein length,and
in its own naturalformat.Yet the DCP is only 15lines of code
insteadof the many hundredsof lines of time-criticalcode
normally required. Furthermore,the average data transfer
bandwidthis higherthan could havebeenobtainedwith DMA,
It exceeds 2Q0 kHz at system level, including amortizationof
all overhead(code words, invisibleinterrupts,other devices,
i n t e r r u p tl a t e n c y , e t c . ) C o n v e n t i o n a a
l p p r o a c h e sw o u l d
probablyyield systemlevelaveragetransferbandwidthmuch
lessthan10 kHz becauseof thisoverhead,plusthatassociated
with sharing DMA between l/O channels and sharing l/O
channels between devices, and because of the software required to convert buffer formats into DMA's linear sequentialforms.Thereis also the generalprogramcomplexity
that seemsto be alwaysassociatedwith interruptsubroutines.
A tlme-sequenced
recordof all MIOB transactionsis automaticallymaintainedby the extended l/O instructions.
This
trace{ilecapabilityis veryusefultn trackingdown any l/O-related problems,Anotherfeature,backgrounding,
allowsDCPsto
createothersoftwareprocessesthat run at the sametime as the
DCP.Thisallowsa DCPto do time-consuming
operations(e.9.,
scan a large buffer)withouttying up the MIOB at all.
-David C. Snyder

Display Operators
Powerful post-processing capabilities allow the
user to manipulate measurement results. It is possible
to add, subtract, multiply, or divide a measurement
by another measurement or by a complex constant,
These operators could be used, for example, to calculate the percent difference between two measurements. Using another post-processing operation, the
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user can multiply or divide a frequency domain result
by jr, which has the effect of differentiating or integrating that measurement in the time domain. These
operations are useful for converting acceleration spectrums to displacement spectrums, charge to
current, and so forth. The powER key allows the operator to calculate the total power in the display, the
power at a specific line or in a band defined by the
cursors, or the power in the harmonics of a particular
frequency when the harmonic cursor mode is enabled. The powen key turns the instrument into a
frequency selective power meter.
Analyzer Organization
A block diagram of the 542OA Digital Signal
Analyzer is shown in Fig. 4. The three principal elements are the central processor, the analog input section, and the display/cartridge interface section.
These three functional sections are connected by a
bus known as the module input/output bus (MIOB), a
S0-conductor ribbon cable on the backplane of the
542OA (see box, page 6). The MIOB conveys all control and data between the processor and the input section and between the processor and the display section by means of a 16-wire parallel bus and eight control signals. By having all system I/O pass through one
port of the processor, and by using only one cable,

Fig. 4. Block diagram of Model
5420A Digital SignalAnalyzer. The
three principal sections---central
processot, analog tnput section,
and display---are connected by a
common bus. The input section
consisfs of a dual-channel
analog-to-digital converter and
digital filter. An HP 21MX K-Serles
Computer serves as the central
processor.

module interconnections were greatly simplified
while maintaining high data transfer rates.
The processor is the central controller and data
manipulator of the 5420A. The processor is a microprogrammed HP 21MX K-Series Computer with 48K
words of MOS random-access memory [RAM) and 3K
words of read-only memory (ROM). The ROM is used
for microprogram storage. An arithmetic booster
board significantly increases the computational
power of the instrument. This 90-IC board bolts onto
the bottom of the computer's CPU board. The MIOB
interface connects the processor to the other sections
of the instrument, while an HP-IB option interfaces
the 5420A to the Hewlett-Packard interface bus (IEEE
Standard 488-1925).
The input section consists of a dual-channel analog-to-digital converter (ADC) and digital filter.
Each input channel has a floating differential input
(to eliminate ground loops present in many measurement environments), anti-aliasing filters to remove
unwanted spectral components above one-fourth the
sampling rate, and a 12-bit successive approximation
analog-to-digital converter. The input channel also
has an analog trigger capable of triggering on an external signal or either of the analog inputs, and a noise
generator for producing stimulus signals. The noise
bandwidth is automatically adjusted to be as close as

possible to the bandwidth of the measurement being
made. The digital filter, which is the key to the great
frequency resolution capability of the instrument,
translates the frequency components of the sampled
data and then digitally filters the result with one of 16
filter bandwidths.
The third section is the display and cartridge unit.
The instrument has two cartridges, both interfaced
through the same drive electronics. The front-panel
cartridge is used for measurement results and setup
state storage. Up to 120 measurement results and 50

setup statescan be stored on this cartridge. The internal cartridge is used to "boot-up" the instrument at
initial power turn-on. This boot-up operation is
necessarybecause the RAM memory in the processor
is volatile, so its contents need to be loaded when
power is first applied.
The display is the high-resolution HP 1332A CRT
with full vector and character generation circuits. An
external CRT and an analog plotter can be driven directly from the connections on the rear of the display
section.
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POST'TFIGGEF: -<4mT
FESOLUTION:1At
DYNAMICFAf,GE. >75dBtor ead lulLscalerango$lling. Moasurd byiaking
al bast 16 av6.agesot a minimumdoled$ls signal rn lhe presenceol a llil
scal6, n-bandsignalwirhiandomsignartF€ sdedd and a ii4uencysepafaron be&sn sgnals ol al leasr 6q6ot rhe sel6cr6dbandwidh. InclLd€sdrsror
tion, noise and spunous signals causd by lullscale ourside ensoy wilhin

Miscellaneous
Characlerislics
SELF-TEST:A selrtssl i!ndion is provded.
HPIB: An oplonal HPIB nledace rs availabr€ A fearpanel sw[ch seleds talk
only or addressableoperatinqmodes. HP-tB 6 Hewlet,Packa.ds rmprenenta.
ronolIEEESlandard488 1975 DglalInleilacelorProgrammabte nstumenla
REUOTE STAFT: Measufemenlmay be inilated by conractcosureloground vra
rearpanel BNC connector
EXTERNAL SAMPLING: A reafpaoel connector is provrded tor an external
samp ng srgnalat nL leves The iiequency provid6dmusl be io!. tmes lhe
desned range (rm kHz srnge. 75 kHz dLa cha.nel maxrm!m) Inlernarrillers
may be swirchedoui I desded.
EXTERNALCFTOUtPUt: aoizonla vedrcaland nlensilyoulpuls are provded
lo dv€ an 9x15rnalargescreendlspay Horizonlaland veilica oulpLtsprovide
anon nal rangeol itrvoll Inlensfy ouipulprovdes Lvoftto I 1 vo[. Dispay
nlsl have a 5 MHz bandwidlh
ANALOG PLOTTEF OUTPUT:A rea. panelrbbonconneclor provdes hori2onlal
vedrca pen lifi and servo oniofi ourpuislo an analog prolter
General
Characteristics
l 4 c m ( 2 52 5 l n )D : 4 2 . 5 s c m ( 1 6 . 7 s ' nw) ! 4 0 . 6 4c n ( 1 6 . 0 i nH) .
OIMENSIONS:&
W E I G H T :5 2 1 6 k 9 ( 1 1 s l b s ) ,n e r
POWEF: 110V -20olo. optona 230V -20./".300 VA nar (600 wafrs max.).
43 66 Hz.
PFICE lN U.S,A,: $29,900
UANUFACTUBINGDiVISION: SANTA CLAFA DIVISION
5301 Sbvens Creek goulevard
S a n r aC l a r a ,C a l l o r n a9 5 0 5 0U S A

Details of the operation of these sections are described in the articles that follow.
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Front-EndDesignfor DigitalSignal
Analysis
by Jean-PierreD. Patkay,FrankR.F.Chu,and HansA.M.Wiggers
lTlHn

INPUT CHANNELS of the new 5420A
|- nigital Signal Analyzer perform the dual function of data acquisition and preprocessing. Preprocessing minimizes data storage and computational
demands on the central processor while providing
the user with increased measurement capability.
Some signal analyzers using the Fourier transform
are limited to baseband measurements, that is, the
measurement band extends from dc to a maximum
frequency. If increased resolution is desired, more
samples must be taken, requiring more data storage
and processing time. In the S42OAfront end is a hardware implementation of band-selectable analysis
(BSA), a measurement technique that makes it possible to perform spectral analysis over a frequency
band whose upper and lower limits are independently selectable.l Increased resolution can be obtained
by narrowing the measurement bandwidth, without
increasing the data block size. BSA is realized by digitally filtering the sampled input signal to remove all
data corresponding to frequencies outside the desired
band.
A functional diagram of the 542OA front end is included in Fig. 4 on page 7.-Ihe hardware is divided
into two plug-in modules that share a common power
supply, Two analog input channels are contained in
the 54410A Analog-to-Digital Converter Module. All
digital filtering operations are contained in the
544708 Digital Filter Module. In combination, the
two modules provide a dynamic range of zs dB
over seven input ranges from 100 mV full-scale
to 10V full-scale.
A noise generator in the ADC module provides a
stimulus signal for transfer function measurement.
The noise generator, a combination of an analog noise
source and a digital filter, generates a flat energy

spectrum from dc to the maximum frequency of the
measurement. The noise bandwidth tracks the selected measurement bandwidth.
The analog trigger input in the ADC module has
a pseudo-logarithmic potentiometer to provide maximum trigger-level sensitivity around zero volts.
Software features allow the user to advance or
delay the measurement time window with respect to
the trigger; this can be done independently for each
channel.*
Analog Inputs
Each analog input channel has a buffered input, an
anti-aliasing filter, and a 12-bit successive approximation analog-to-digital-converter (ADC). The
maximum measurement frequency is determined by
the sampling frequency, which is the conversion rate
of the ADC, and by the anti-aliasing filter. According
to the Nyquist sampling theorem, the maximum measurement frequency cannot exceed half the sampling
frequency or measurement errors will occur. The
anti-aliasing filters insure that there are no
higher-frequency components that can fold down or
alias into the measurement band as a result of the
sampling process. Since they do not have an infinitely sharp cutoff, they further limit the maximum measurement frequency. In the 5420A the maximum sample rate is 1O2.4kHz and the maximum measurement
frequency is specified as 25,6 kHz.
Without BSA the input channel would be sampled at the lowest possible frequency that would still
include the measurement band of interest. This gives
maximum resolution for a fixed data block size, but
requires a large number of available sample rates and
.To use this feature,both channelsmust be runningconstantly.The softwaredetermines
whento takedata.Thetriggersignalmerelytellsthe sottware
hasbeen
thatthe triggercondition
satisfied.

Vout
Vit

L2

Dr : 1/Crs2is the FDNR element. Resistors RC1 and
RC2 are added to define the dc behavior.
The FDNR element D, can be realized by the circuit
shown in Fig. 2. Zinis a frequency dependent negative resistance.
For the 30-kHz FDNR filter used in the 5420A, the
design objectives dictated a seventh-order elliptical filter with passband ripple of O.Ot dB and rejection band attenuation of g0 dB. The corresponding normalized low-pass filter is illustrated in
Fig. 3.3
Now, for f" : 30 kHz and C : 2000 pF, R : 1/arC
: 2.65 kO. Multiplying each normalized component
value by 2650 results in the FDNR filter shown in
Fig. . This circuit has greater than 80 dB of stop-band
attenuation for frequencies above 60 kHz. The passband characteristics of any two filters are matched
within -f 0.1 dB and phase shifts are matched within
-r2'throughout the entire 542OA operating temperature range of 0'C to 50'C. The circuit components
consist of high-bandwidth operational amplifiers,
1% mica dipped capacitors, and t% metal film
resistors.

1lR2

Fig, 1. Ihe analog anti-aliasingfiltersin the 54204 use the
FDNB(frequencydependentnegative resistance)activefilter
approach. Any general passive LCR network can be transformed into network of reslsfors,capacitors,and FDNRelementsthat has the same voltage transfer function.Here circuit
(a) has been transformed into circuit (b). D, is the FDNR
element.,geslstors
RC1 and RC2 have been added to (b) to
define the dc behavior.
either a large number

of fixed

filters

or tracking

NIs)/s N(s)
D(s)/s D(s)

Digital Filter
The digital filter can operate in two modes,
a baseband mode and a passband mode. In the
baseband case the band to be analyzed is between dc and some maximum frequency f, <25.6 kHz,

fil-

ters, both of which are costly.
The digital filter allows us to avoid this expense.
The ADC runs at only two sample rates, 102.4 kHz
and 1.O24kHz, so only two anti-aliasing filter ranges
are required. Higher measurement resolution in intermediate bands is obtained by means of the digital
filter.

Anti-Aliasing Filters-the FDNR Approach
The two anti-aliasing filter ranges in each input
channel are 30 kHz and 300 Hz. In this low frequency
range, the only feasible low-pass filter type is an
active filter.
The active anti-aliasing filters in the b420A use
the FDNR (frequency dependent negative resistance)
approach developed by Dr. L. Bruton.2 Basically, any
general passive LCR network can be transformed into
a topologically similar network that contains resistors, capacitors, and FDNR elements. The new network has the same voltage transfer function as the
original LCR network. To illustrate, consider the
passive LCR network shown in Fig. i.a. Let Vout/Vi,
: N[s)/D(s).
Now let us make an impedance transformation,
multiplying each component by 1/s. The transformed
network is as shown in Fig. 1b. For this circuit,

Fig.2, A realizationof a frequencydependentnegativeresistance.
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nal stream coming from the ADC represents a real signal and therefore has the property that positive and
negative components are the same.aIn the bandpass
measurement, the positive and negative frequency
0 . 12 6 6
0.03789
o.17237
bands are not the same, since the negative part contains the information from f, to fo and the positive
part contains the information from fo to f2, As a consequence, the samples describing the shifted spectrum are complex numbers instead of real ones.
This can also be seen mathematically. The effect of
shifting by fo in the frequency domain is the same as
Fig.-3. Normalizedlow-passfilterhavingthe characteristics
convolving the signal with the spectral component
requiredfor the 5420A'santi-aliasingfilters.
s-io6n. This corresponds to multiplication of the
time-domain
ADC signal x(nAt) by s-i'ot : cosoroAtas shown in Fig. 5a. The filter is switched into
jsinr,roAt,and so the shifted signal is x(nAt) (cosr,r6nAt
the baseband mode and set to the narrowest band-jsin <oonAt).Thus for every sample x(nAt) that goes
width that includes f,. The available bandwidths
into
the frequency shifter, two components come out,
are given by
a real part x(nAt)coscoonAt and an imaginary part
-jx(nAt)sincr.ronAt. The low-pass filter operation then
2<k<17
BW:2-k*f"
has
to be performed on these complex points. Forf":1O4.2 kHz or 1..O42kHz
tunately, digital filtering operations are distributive,
that is, filtering a complex signal is the same as filThis gives a total of 32 bandwidth choices.
tering the real and imaginary parts separately. The
In a more general case the user wants to analyze a
frequency
shift and filter operation is shown schemaband between two arbitrary frequencies f, and fr, as
in Fig. 6.
tically
shown in Fig. 5b. In this case the analyzer first
calculates a center frequency fo
lr$r-f ,),
and by using the digital equivalent of a coquad mixer,
Frequency Shifter
shifts the entire frequency spectrum to the left by
To generate the values of sinrr.ronAtand cos<,.ronAt
an amount fo. This centers the desired analysis band
for the frequency shift operation, \O24 samples of a
at dc. Second, a low-pass filtering operation is used to
half-sine wave are stored in a read-on'ly memory. The
obtain the desired bandwidth. However, there is a sigROM address register is incremented at the sample
nificant difference here from the baseband measurefrequency rate by an amount corresponding to o.16.
ment. In Fig. 5a, only the positive frequency domain
This register contains 16 bits. The two most signifiis shown. This is appropriate because the digital sigcant bits are decoded to determine which quadrant of
0.9785

85.6k

1.7744

1.7't476

0.89708

2.6k

x2 Amplifier
2.65k

2.65k

2.65k

2.65k

2.65k

2.65k

Fig.4. The active FDNRfilter derived from the normalized filter of Fig. 3

Fig.7. A simplefirst-order
digitalfiltercan be implemented
withoneadder,one shiftregister,and onemultiplier.
many samples without losing any.

Fig. 5. Digital band selector in the 54204 Digital Signal
Analyzer operates rn either baseband mode or passband
mode. The user has a choice of 32 bandwidths(BW). Sampling frequencyf, is either 104.2or 1 042 kHz.
the sine wave the sample is in. For the first quadrant

the sample stored in ROM is output. For the second
quadrant the ROM address is inverted to get the correct value. For the third quadrant the value stored in
ROM is used, but the output is inverted (this is done
in the multiplier). For the fourth quadrant both the
ROM address and the output value are inverted. To
obtain the cosine samples a similar process is used.
The ADC sample and the cos<r;ot
sample are multiplied in a hardware 12-bitx 12-bit"multiplier. The actual multiply takes 1.2 microseconds. A new sample
can be handled every 2.4 ps, corresponding to a maximum sample rate of about 400 kHz for one channel.
Since the 542OA has two channels, the maximum
sample rate is 2OO kHz. The actual sample rate is
1O2,4OOsamples per second, and the output of the
multiplier consists of 409,600 samples per second.
The digital filter has to be fast enough to handle this

Digital Filter
The digital filter is based on a linear difference system. Input samples coming from the ADC or the frequency shifter are temporarily stored in holding registers. The input samples are then combined with previous sample values to give an output value. In the
simplest case (Fig. 7) the output would be y(nt) :
x(nTl+ax((n-1JT), which could be implemented
with one adder, one shift register, and one multiplier.
Analysis of the circuit of Fig. 7 is most easily done
in the frequency domain using the Fourier transform.
If the Fourier transform of x(nT) is X (j<o)then it can
be shown that the Fourier transform of the delaved
time series x((n-1)T) is e-i'rx(j<o). Thus
Y(jr) : X(jar) + ae-iot X(jrl.
The transfer function of the circuit of Fig. 7 is
H ( j , o ): : P : 1 + a e - i - r
2tLlC'rJ
or, using Euler's expression for e-j'r,
- jasinorT.
H (ir) : 1 * acosc,.rT
Similar equations can be worked out for secondorder difference equations. In particular, it is possible
to take the delayed samples and add them to the input

Fig. 6. Band selectable analysisrs implemented by a frequency shiftand digital filteringoperation.

Fig. 8, A second-orderdigital filter secllon
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as well as to the output (see Fig. Bl. The difference
equations are

twice as low, the filter passband would be twice as
narrow. Also, the frequency content of the filtered
signal is roughly half the content of the pre-filter signal. According to the Nyquist sampling theorem,
the filter output can be resampled at half the original
rate without losing information. The new sample
frequency is f! : %f,.
If this resampled signal is sent through the same
filter the bandwidth is halved again. By successively
filtering and resampling, the bandwidth can be reduced by powers of two. The same filter handware
can be used for these consecutive steps if the filter is
designed so that calculation of the first "filter pass"

yo(nT) : x(nT) * Kryo((n-1)T) + Kryo(n-2)T)
y(nT) : Loyo(nT) + Llyo((n-1)T)

+ Lryo((n-2)T)

The transfer function is

YIior)
H(jr,r) : -----:-

x(i')

L
1-

+Ls-i,ra1"-zioT
Kre-i'r

- K2e-zi^"r

or
HU.):

Lo + LrcosoT + Lrcos2aT - il,sinoT - jlrsin 2oT
1 - K,coso I' - Krcos2aT + jK.,sinoT + jKrsin2oT

4>ry
The magnitude of this transfer function is
rr,: ,r,
|--\'-'|

(Lu * L,cosoT +Lrcos2aT)2 + (L,sinoT-Lrsin?a'f)2
[1 - K'cosoT-Krcos2oT)2+(K,sinoT+Krsin2oT)2

at dc (r,r: 0),

lst;,tl
The coefficients Lo, Lr,Lz, K, and K, may be selected
to give unity gain at dc as well as the desired passband and rejection band characteristics.
For the 542oA, to obtain the required 80-dB out-ofband rejection, it was necessary to implement two of
the sections shown in Fig. 8, each having different
coefficients. The final overall filter characteristic is
shown in Fig. 9.

lr
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time. @

takeslessthan half the sample time. The other half of
the availabletime may then be used for calculation of
one of the other "passes". An algorithm to do this is
built into the 5420A. The partial sums are stored in
the memory instead of a shift register, and the control section regulateswhich passis being calculated.
Becausethe digital filter must be able to handle
409,600samplesper second,and half of the time must
be devoted to other passes,the maximum allowable
time for one calculation is about 1.25 pcs.Actually
the filter performs the calculations in about half this
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Displayand StorageSystemsfor a Digital
SignalAnalyzer
by Walter M. Edgerley,Jr. and David G. Snyder

f lTHILE DATA IS BEING TAKEN into the 542oA
YY Oigital Signal Analyzer and is being manipulated by the processor,the analyzer must be displaying this data graphically and alphanumerically,
without flicker, and in a clear, clean manner.
A key factor in realizing the required performance
is the high-resolution HP-designed CRT. It has a
viewing area of 9.6 cm x 11.9 cm and produces a
keenly focused spot of 0.33 mm diameter everywhere
in the viewing area, more than adequateto display
alphanumeric characters1.6 mm x 2.6 mm in size.
Data is transmitted via the MIOB (seebox, page 6),
which servicesall modules in the 542OA.The display
receivesdata in L6-bit x 64-word bursts from the processing module. The high-speed bus makes it possible to maintain a flicker-free directed-beamdisplay
without large amounts of memory.
Fig. 1 shows the signal flow from the processor
to.the CRT. The data passesfrom the processorto the
display control board via the interface and timing
board. This board not only handshakesthe data from
the processor, but generatesall timing signals for
digital operations.
On the control board, the data is tested for data
type, which is either graphic or alphanumeric. If
graphic, it is assumedto be in horizontal and vertical pairs and is sent to the stroke generator. If alphanumeric, it is first sent to the character generator for processing into the proper horizontal and
vertical bit patterns for character construction and
then to the stroke generator. The stroke generator
transforms the digital information into the appropriate horizontal, vertical, and blanking analog
signals.
14

CharacterGenerator
Fig. 2 is ablock diagram ofthe charactergenerator.
It is an algorithmic statemachine (ASM) that accepts
seven-bitASCII codesand generatesappropriate horizontal and vertical bit patterns to construct the display alphanumerics. The bit pattern construction is
dependent on two control lines (A and B) at the output of the ROM. There are four possible control
situations:
r Load new ASCII code into ROM address register
(RAR), but do not increment character counter

Flg. 1. 5420A display system receives data from the central
processor via the MIOB and displays it on a high+esolution
directed-beam CRT.
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A Functionally Modular Logic System for a CRT Terminal,Arthur
B. Lane
A High-Resolution Raster Scan Display, /eon-Cioude Roy
Firmware for a Microprocessor-Controlled CRT Terminal, Thomos
F. Woitmon
A Microprocessor-ScannedKeyboard, Otokor Blozek
Packaging for Function, Manufacturability, and Service,Robert B.
Pierce

November 1974
Distributed Computer Systems,Shane Dickey
A Quality Course in Digital Electronics,/ames A. Manocco and
Borry Bronson
Simplified Data-Transmission Channel Measurements, David H.
Guest

]uly 1975
Modularity Means Maximum Effectiveness in Medium-Cost Universal Counter, /omes F. Homer ond Bruce S. Coryo
Using a Modular Universal Counter,Alfred Longguth ond William
D. /ockson
Syntlresized Signal Generator Operation to 2.6 GHz with Wideband PhaseModulation, /omes A. Ho.ll ond Young Doe Kim
Applications of a Phase-Modulated Signal Generator,/omes A.
Hall

December 1974
Improved Accuracy and Convenience in Oscilloscope Timing and
VoltageMeasurements,Walter
A. Fischer ond Williom B. Risiey
Laboratory Notebook-An Active Loop-Holding Device
A Supersystem for BASIC Timesharing, Nealon Mock ond
Leonord E. Shor
Deriving and Reporting Chromatograph Data with a
Microprocessor-Controlled Integrator, Andrew Stefonski
Adapting a Calculator Microprocessor to Instrumentation, Hol
Borroclough

August 1975
The Logic State Analyzer, a Viewing Port for the Data Domain,
Charles T. Smoil ond /ustin S. Morri.ll, /r.
Unravelling Problems in the Design of Microprocessor-BasedSystems,Williom E. Wogner
A Multichannel Word Generator for Testing Digital Components
and Systems,Arndt Pqnnoch ond.WolfgongKoppler

January 1975
The Hewlett-Packard Interface Bus: Current Perspectives,DonoId
C. Loughry
Putting Together Instrumentation Systems at Minimum Cost,
Dovid W. Ricci ond Peter S. Stone
Filling in the Gaps-Modular Accessories for Instrument Systems, Steven E. Schultz ond Chqrles R. Trimble
A Quiet, HP-IB-Compatible Printer that Listens to Both ASCII and

September 1975
ATLAS: A Unit-Under-Test Oriented Languagefor Automatic Test
Systems,Williom R. Finch ond Robefi B. Grody
Automatic 4.5-GHz Counter Provides 1-Hz Resolution, A.li
Bologlu
A New Instrument Enclosure with Greater Convenience, Better
Accessibility, and High Attenuation of RF Interference,Allen F.
Inhelder
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October 1975
Digital Power Meter Offers Improved Accuracy, Hands-Off Operation, Systems Compatibility, AllenP. Edwords
Very-Low-Level Microwave Power Measurements,Ronald E. Pratt
Active Probes Improve Precision of Time Interval Measurements,
Robert W. Offemrcnn, Steven E. Schultz, ond Chorles R. Trimble
Flow Control in High-Pressure Liquid Chromatography, Helge
Schrenker
November 1975
Three New Pocket Calculators: Smaller, Less Costly, More PowerfuI, Rondoll B. Neff ond Lynn Ti.llman
Irrside the New Pocket Calculators, Michoel /. Cook, George
Fichter, ond Richard Whicker
Packaging the New Pocket Calculators, Thomos A. Hender
A New Microwave Link Analyzer for Communications Systems
Carrying Up to 2700 Telephone Channels, Svend Christensen
ond Ion Motthews
December 1975
A 100-MHz Analog Oscilloscope for Digital Measurements,Al.lon
L Best
An Oscilloscope Vertical-Channel Amplifier that Combines
Monolithic, Thick-Film Hybrid, and Discrete Technologies,/oe
K. Millord
A Real-Time Operating System with Multi-Terminal and Batch/
Spool Capabilities, GeorgeA. Anzinger and Ade.le M. Gadol
Real-Time Executive System Manages Large Memories, Lindo W.
Averett
fanuary 1976
An Automatic Selective Level Measuring Set for Multichannel
Communications Systems,/. Reid Urquhod
Designing Precision into a Selective Level Measuring Set,Hugh P.
Wolker
Designing a Quiet Frequency Synthesizer for a Selective Level
Measuring Set, /ohn H. Coster
Making the Most of Microprocessor Control, Dovid G. Dock
Real-Time Multi-User BASIC. Iomes T. Schultz
February 1976
Laser Transducer Systems for High-Accuracy Machine Positioning, Andrd F. Rudd ond Michoel l. Ward
Electronics for the LaserTransducer,Williom E. Olson and Robert
B. Smith
Using a Programmable Calculator as a Data Communications
Terrninal, /omes E. Corlson ond Ronald L. Stickle
March 1976
A Cesium Beam Frequency Reference for Severe Environments,
Chorles E. Heger,Ronold C. Hyatt, and Gory A. Seavey
Calibrated FM, Crystal Stability, and Counter Resolution for a
Low-Cost Signal Generator,Robert R. Collison ond Ronold E.
Kmetovicz
A s0-Mbit/s Pattern Generator and Error Detector for Evaluating
Digital Communications System Performance, Ivon R. Young,
Robert Peorson.ond PeterM. Scott
April 1976
Electronic Total Station Speeds Survey Operations, Michoei L.
Bullock ond Richord E. Worren
Designing Efficiency into a Digital Processor for an Analytical
Instrument, /ohn S. Poo.leond Len Bilen
May 1976
New CRT Terminal Has Magnetic Tape Storage for Expanded
Capability,Robed G. Nordmon, Richord L. Smith, ond Louis A.
Witkin
Mini Data Cartridge: A Convincing Alternative for Low-Cost, Removable Storage,Alanl. Richards
Laboratory Notebook-A Logarithmic Counter
June 1976
Third-Generation Programmable Calculator Has Computer-Like
Capabilities, Donold E. Morris, Chris /. Christopher, Geoffrey W.
Chonce, ond Dick B. Barney
High-Performance NMOS LSI Processor, Wi.lliom D. Eods ond

Dovid S. Moitlond
Character Impact Printer Offers Maximum Printing Flexibility,
RobertB. Bump ond Gary R. Poulson
Mid-Range Calculator Delivers More Power at Lower Cost,
Douglas M. Clifford, F. Timothy Hickenlooper, and A. Croig
Mortensen
fuly 1976
A Direct-Reading Network Analyzer for the 500-kHz-to-7.3-GHz
Frequency Range,Hugo Vifion
ProcessingWide-RangeNetwork Analyzer Signals for Analog and
Digital Display, William S. Lowson ond Dovid D. Shorrit
A Precision RF Source and Down-Converter for the Model 8505A
Network Analyzer, Rolf Dolichow ond Doniel R. Horkins
August 1976
Series II General-PurposeComputer Systems: Designed for Improved Throughput and Reliability, Leonord E. Shor
Detection. Correction,
C
Anr All-Semico
All-Semiconductor Memory
Memorv with Fault Detection,
and Logging, Elio A. Toschi and Tok Wotonobe
HP 3000 Series II Performance Measurement, Clifford A. lager
September 1976
An Easier-to-UseVariable-Persistence/StorageOscilloscope with
Brighter, Sharper Traces,Von Horrison
An Automatic Wide-Range Digital LCR Meter, Sotoru Hoshimoto
ond Toshio Tomomuro
October 1976
Continuous, Non-Invasive Measurements of Arterial Blood Oxygen Levels, Edwin B. Merrick ond Thomos l. Hayes
Laboratory Notebook-A Signal-Level Reference
An Accurate Low-Noise Discriminator
Card-PrograrnmableDigital IC Tester Simplifies Incoming Inspection, Eric M. Ingmon
November 1976
A Pair of Program-Compatible Personal Programmable Calculators,PeterD. Dickinson ond Williom E. Egberr
Portable Scientific Calculator Has BuiIt-In Printer, Bernord E.
Musch ond Robert B. Taggart
The New Accuracy: Making 23 = 8, Dennis W Horms
High-Power Solid-State 5.9-72.4-GHz Sweepers, Louis /.
Kuh.lmon, /r.
The GaAs FET in Microwave Instrumentation, Potrick H. Wong
December 1976
Current Tracer: A New Way to Find Low-Impedance Logic-Circuit
Faults,lohn F. Beckwith
New Logic Probe Troubleshoots Many Logic Families, Robert C.
Quene.l.le
A Multifunction, Multifamily Logic Pulser, Borry Bronson ond
Anthony Y. Chon
Probe Family Packaging, Dovid E. Gordon
Multifamily Logic Clip Shows All Pin States Simultaneously,
Durword Priebe
Interfacing a Parallel-Mode Logic State Analyzer to Serial Data,
Iustin S. Monill, lr.
January 1977
A Logic State Analyzer for Microprocessor Systems, Jeffrey H.
Smith
Firmware for a Microprocessor Analyzer, Thomos A. Soponos
A Versatile, Semiautomatic Fetal Monitor for Non-Technical
Users,Erich Courtin, Wo.lterRuchsoy, Peter Solfeld, and Heinz
Sommer
February 1977
A Fast-Reading,High-Resolution Voltmeter that Calibrates Itself
Automatically, Albert Gookin
A High-Speed System Voltmeter for Time-Related Measurements,
/ohn E. McDermid, /ames B. Vyduno, and /oseph M. Gorin
Contemporary Design Practice in General-Purpose Digital Multimeters, Roy D. Borker, Virgil L. Laing, Joe E. Morriott, ond H.
Moc Iuneou
Marrh 1977
A New Series of Small Computer Systems,Lee /ohnson
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HP 1OO0Operating System is Enhanced Real-Time Executive,
David L. Snow ond Kothleen F. Hohn
Development and Application of Microprograms in a Real-Time
Environment, Horris Deon Droke
E-SeriesDoubles 21MX Performance,Cleaborn C. Riggins
How the E-SeriesPerformance Was Achieved, Scott I. Stollord
Microprogrammed Features of the 21MX E-Series,Thomos A.
Lone
OPNODE: Interactive Linear Circuit Design and Optimization,
Wi.lliom A. Rytond
Viewpoints-John Moll on HP's Integrated Circuit Technology
April 1977
Silicon-on-Sapphire Technology Produces High-Speed SingleChip Processor,Bert E. Forbes
CMOS/SOS,David Farrington
Miniature Oscilloscope Probesfor Measurementsin Crowded Circuits, Corolyn M. Finch, Morvin F. Estes, ond Lowrence A.
Gammill
A Small, Solid-State Alphanumeric Display, lohn T. Uebbing,
Peter B. Ashkin, ond /ock L. Hines
l['f.ay 7977
Signature Analysis: A New Digital Field Service Method, Robed
A. Frohwerk
Easy-to-Use Signature Analyzer Accurately Troubleshoots Complex Logic Circuits, Anthony Y. Chon
Signature Analysis-Concepts, Examples, and Guidelines, Hons
/. Nodig
PersonalCalculator Algorithms I: Square Roots,Williom E. Egbert
June 1977
A Wide-RangingPower Supply of CompactDimensions,Paul W

Bailey, lohn W. Hyde, ond Williom T. Wolker
Remote Programming of Power Supplies Through the HP Interface Bus, Emery Saleskyond Kent Luehmon
Coaxial Components and Accessoriesfor Broadband Operation to
26.5 GHz, GeorgeR. Kirkpotrick, Ronold E.Pratt, ond Donold R.
Chombers
Personal Calculator Algorithms II: Trigonometric Functions,
Williom E. Egbert
Inly 1977
Small Computer System Supports Large-Scale Multi-User APL,
Kenneth A. Van Bree
APL Data: Virtual Workspaces and Shared Storage, Grant l.
Munsey
APLGOL: Structured Programming Facilities for APL, Ronold L.
/ohnston
APL/3000 Summary
A Dynarnic Incremental Compiler for an Interpretive Language,
Eric l. Van Dyke
A Controller for the Dynamic Compiler, Kenneth A. Von Bree
Extended Control Functions for Interactive Debugging, Kenneth
A. Von Bree
CRT Terminal Provides both APL and ASCII Operation, Worren W.
Leong
August 1977
New SO-MegabyteDisc Drive: High Performance and Reliability
from High-Technology Design, Herbert P. Stickel
An Individualized Pulse/Word Generator System for SubnanosecondTesting, Christion Hentschel, Grinter Riebesell,/oel
Zellmer, ond Volker Eberle
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Month/Year
Apr. 7574
Sept. 1973
May 7577
fune

7577

fune
Apr.
Nov.
Iuly

1974
7977
7975
1974

Ats,g. 1974
May

1975

Nov.
Feb.
Aug.
May
Oct.
fan.
Aug.
Jan.
Nov.
IuIy
Sept.

7574
7974
1975
1977
7973
1974
7975
7977
lg75
7976
1973

May

1975

May
Aug.

1975
1975

Apr.

t976

Subject
A

Model

Accounting system, desk-top computer
98804
Adaptive sweep in a spectrum analyzer
3580,{
Algorithm, personal calculator, square
root
Algorithms, personal calculator,
trigonometric
Algorithmic state machine design
5345A
Alphanumeric displays, solid-state HDSP-2000
AM-to-PM conversion, detection of
3790A
Amplifier/power supply
6S25A/
6AI7A
Amplitude distortion, telephone
measutements
45404
Amplitude distortion, telephone
measurements
54534
Amplitude/delay distortion
37704
Analyzer,data transmissionerrors
1645,{
Analyzer, digital pattern recognition
16204
Analyzer, digital signature
5004,{
Analyzer, logic (serial)
5000A
Analyzer, logic state (parallel)
1601L
Analyzer, logic state
1600s
Analyzer, logic state
16114
Analyzer, microwave link
3790,\
Analyzer, network, 0.5-1300MHz
8505A'
Analyzer, spectrum, 5 Hz to 50 kHz,
portable
35804
Analyzer, spectrum, 10 Hz to 13 MHz
3577A1
30444/30454Analyzer, transmission parameter
5453A
Analyzingmicroprocessor-based
systems
16005
Angle measurements,surveying
3810A

*Asterisk indicatss instrumentscompatiblo with the HP interfacs

bus (HP.lB).

Apr.
July
July
Iuly
Iuly

7974
7977
7977
7975
7s75

Sept. 1975

Sept. 1973

Angio analyzer
APL (a programming language)
APLGOL
Applications for phase-modulated
generator
Armed measurements,counter/timer/
DVM
ATLAS (abbreviatedtest language for
avionics systems)

56S3,{
3000
3000
866344,
866354

5328A+
9510D,
option 100
9500D,
option 180

Atomic frequency standard (cesium),
high-performance

5061A,
option 004
Mar. 7976 Atomic frequency reference (cesium)
5O62C
May 1975 Attenuator, classical problem
3577A1
304441
3045A+
May 7974 Attenuators,coaxial, step,dc-18GHz
8495A/B
8496AiB
June 7977 Attenuators,coaxial, step, dc-26.5GHz 8495D/K
Feb. 7577 Autocalibration in a digital voltmeter
3455A*
43805
Iuly 1.974 Automatic exposure control for X-rays
fune 1s74 Automatic 4-GHz frequency converter
plug-in
53544
Sept. 1975 Automatic test systemprogramming
Ianguage(ATLAS)
9s10D,
option 100
9500D,
option 180
5345A*
June 1974 Averaging, time interval, theory

B
Apr. 7975
Jan. 1976
Dec. 7974

Band-selectableFourier analysis
BASIC, real-time multi-user
BASIC/3000timesharedcomputer

54518
92101r{
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Dec.
Dec.
luly
Iuly
Nov.
Mar.
Feb.

1.973
7975
7s77
1974
7973
1976
7sz4

system
MPET/3000
Battery-poweredstrip-chartrecorder
7'1,55A
Batch/spoolcapabilityfor RTE systems9600/9700
Beating (in APL/3000)
3000
Bipolarpowersupply/amplifier
682sA-27A
Bit-error rate detector(150MHz)
3761A
Bit-error rate detector(50 MHz)
3780A
Bit-error rate detector,
terminal-to-terminal
1645A

Oct.
Nov.
Aug.
Feb.

1976
7974
1975
1975

Blood oxygen levels, measurement of
Breadboard, digital (logic lab)
Breakpoint register (pattern analyzer)
Breakpoint register, use of

7975
7974

Bus, HP interface. See HPJB.
Business calculator, pocket
Business software for desktop
computer system

Nov.
Apr.

4720711
s0357

.u1o^
HP-22

9880.{

c
Sept.
Iuly
Dec.
May
fune
Nov.
fune

1975
7974
7573
7977
7977
1.975
7974
'1,974

Cabinets,systemII
CabinetX-ray system
Cablefault locator,test desk
Calculatoralgorithms,squareroot
Calculatoralgorithms,trigonometric
Calculator,business,pocket
Calculatoricounter systems,HP
interface bus

Apr.
May
Nov.
Nov.
Nov.

\974
1.975
7976
LS76

Calculator mass memory system
Calculator, pocket, programmable
Calculator, pocket, programmable
Calculator, pocket, pro grammable
Calculators, portable, printing

Nov.

7976

Calculators,portable,programmable

Nov.
Mar.
Sept.
Feb.
Jan.
May
Mar.

7575
1.574
1976
rgTs
7977
L976
L976

Sept. 1973

fune
Apr.

1.974
7976

Oct.
Dec.

7975
1-974

Apr. 7974
Mar. !977
Apr.
Dec.
Jan.
June

1.577
7976
1975
1977

May

L974

lan.
Feb.

1975
L975

Feb.
Feb,

'1.976
7974

Calculator, pro grammable, desktop.
See desktop computers.
Calculator, pocket, scientific
Capacitance measurements
Capacitance measurements
Capacitance meter
Cardiotocograph
Cartridge, data, mini
Cesium beam frequency reference for
severe environments
Cesium beam frequency standard,
high performance beam tube for
Channel C plug-in for 53454 counter
Chromatography, gas,microprocessor
control
Chromatography, Iiquid, flow control
Ch-romatography,reportingintegrator

1976

May

7975

4380s

nn1.^
HP.22
53454*
98804
HP.65
HP-25
HP.67
HP-91,
HP-97
HP.S7

HP.27
4271.A4
4267{',
4282n

uoao^
5062C
50614,
option 004
s3534
5840,\
1010B

Communications,digital, error
detection
Communications,telephonetest set

Communicationstest data generator/
error detector
Nov. 1975
Communicationstest, microwave link
analyzer
'1,976
Communicationstest, selectivelevel
|an.
measurements
Aug. 1974
Communicationstest, transmission
impairment measuringset
May
1975
Communications test, transmission
parameter analyzer
7s77
Compiler,dynamic, APL
Iuly
Mar. 7977
Computer, increased performance
Nov.

Feb.
Aug.

1973

r97s
1976

Computer performance improvement
Computerperformancemeasurements

37804
3bS1A,
35s24
3760A/
37614
3790A
3745,5.*
4940A
54534
3000
21MX
E-Series*
3OOO
SeriesII

Computerpower supply, switching
regulated
62605M
Computers.AIso seeDesktop
Computers
Oct.
7574
Computers
21MX*
Mar. 1977
Computers
21MX-E*
Dec. 1,974 Computersystem,BASIC/3OOO
timeshared
MPET/3000
May
7975
Computer system for voiceband data
channel measurements
54534
Mar. 7977
Computer systems
1000+
Aug. 1976
Computer systems
3000 Series II
Nov. 7974
Computer systems,distributed
9700 Series
26474
Iuly 1.s77 Computer terminal, APL
26404
June L975 Computerterminal, CRT
May
\976
Computer terminal, CRT with tape
storage
26444
Connectors,coaxial APC-3.5
fune 1577
Counter systems,HP interface bus
5345A*
fune 1974
5345A*
|une 1,574 Counter, general-purpose
Nov. 1,973 Counter, high-resolution, module for
5300system
53074
May
L976
Counter, logarithmic (Iab notebook)
L974
Counter,low-cost
s381A-;A
Iuly
Apr.
1575
Counter,1100-MHz
5305,\
Sept. 1975
Counter, microwave frequency
53414'
Counter plug-in, automatic frequency
fune 7974
convefier
5354,\
Counter plug-in, third input channel
5353A
June L974
Mar. lg75
Counter/synchronizer for signal
generator
86s54
7975
Counter/timer/DVM, universal
5328A'
Iuly
Apr.
1975
Counter/timer, 7S-MHz universal
5308A
2640F^
fune 1,575 CRT terminal
7977
CRT terminal, APL
2647jl^
IuIy
May
1-976 CRT terminal with dual taoe drives
26444
Dec. 1576
Current tracer
5 4 7A
Apr.

IOI
33804
Cineangiogramanalysis
s6934
Circuit design, computer-aided
(OPNODE)
928\7 A
Clip for oscilloscope probing of IC's
1.OO24A
Clip, logic
5484
Clock for systems using FIP interface bus
59309A*
Coaxialcomponents
attenuators, dc-26.5 GHz
8495D/K
detectors, O.O1.-26.5
GHz
8473c/33330C
sliding load, 2-26.5 GHz
9 11 c
switches, dc-26.5 GHz
3 3 311 c
Coaxial step attenuators, dc-18 GHz
849sA/B

Code converter, ASCII to parallel
Common driver circuit for guarded
input
Communications, data, desktop
computer
Communications, digital, error
detection

Mar.

May

1975

1,977

Cyclic redundancy check codes (CRC),
used in signature analysis

5004A

D
Jan.

1,975

Feb.

1.s77

Iuly

7974

8496,{/B
59301A*
7047A

May
May

1,976
1975

9830A

Aug.

1974

1645A

Nov.

7974

Data acquisition systems,
programmable
Data acquisition systems,
programmable
Data base management software
(TMAGE)
Data cartridge, mini
Data channel measurements, analog,
voiceband
Data channel measurements,
analog,
voiceband
Data channel measurements,analog,

30508*
3052A*
243768,
32275,l.,764
s453A
4940A
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Feb.

rs74

Feb.

t976

Dec.
Nov.
Feb.
Aug.
Nov.

7975
1973
\977
1974
1974

Artg.
fune
Feb.

1977
1976
1976

fune

1977

Oct.
Dec.

1976
1976

Sept.
Mar.
Oct.
Nov.
Nov.
Feb.

1976
1974
7973
1974
1973
1977

Aug.
Nov.

1975
1973

Mar.

1s76

Feb.

rg74

Apr.

7976

Sept. 1973
IS75
lg77
7977

Jan.
lune
May

Feb.

1.s77

Feb.

rs77

Iuly

Is75

Aug. 1975
Aug. r977

voiceband
3770F^
Data channel measurements,
16454
error analyzer
Data communications, desk-top
98304
computer
17404
Data domain, analog oscilloscope
37604
Data generator, 150 MHz PRBS
Data logging systems,programmable
30514*
49404
Delay distortion, Bell System
Delay distortion, CCITT
recommendation
37704
80924
Delay generator, 100-ps steps
Desktop computers
9815,{/98254'
Desktop computer, data
9830,{
communications
Detector,0.01-26.5GHz
8473c/33330c
Digital cornmunications test, see data
channel measurements
Digital IC tester
50454
Digital IC trouble-shooting
instruments and kits flogic probe, 545A,546A
Iogic pulser,logic clip, current tracer)547A,548A
426rA*
Digital LCR meter
4271j{*
Digital LCR meter
Digital logic analyzer
50004
Digital logic courpe
50357
Digital multimeter, hand-held
9704
Digital multimeters, low cost
3435A,3465A/8
3476AlB
1620A
Digital pattern analyzer for triggering
Digital pattern generator,communi37604
cationstest
Digital pattern generator,communi37804
cationstest
Digital pattern generator,communi1645A
cations test
Digital processor in a gas
5840A
chromatograph
3s804
Digital storage in a spectrum analyzer
Digital-to-analog converter for HP-IB
59303A*
Digital-to-analog converter for HP-IB
59501A*
Digital troubleshooting by signature
50044
analysis
Digital voltmeter, 5% digit, autocalibrating
3455A*
3437 A',
Digital voltmeter, fast reading, systems
Digital voltmeters, options, for
universal countet
Digital word generator, 8-bit parallel

Digital word generator, serial,
300 MHz

5328A*
8016A*
80844/
80804
75204
98804

Disc drive, 50 megabytes
Disc drive for desktop computer
Discriminator (lab notebook)
26404
Display, CRT terminal
June
Display, CRT terminal, magnetic tape
26444
May
Display, numeric for HP interface bus
59303A*
lan.
Displays, small solid-state
Apr.
HDSP-2OOO
alphanumeric
rg77
Display station, APL
26474
Iuly
Mar. 1974
Dissipation factor measurements
4277F.*
4267tr^'.
Sept. 1976
Dissipation factor measurements
Feb. 7575
Dissipation factor measurements
42824
Apr.
1976
Distance measurements,surveying
38104
May
1575
Distortion measurements,amplitude
54534
Aug. 1974
Distortion measurements,amplitude,
phase, envelope delay, nonlinear
49404
Nov. 7974
Distributed computer systems
9700 Series
3000
luly 1^s77 Dragalong(in APL/3000)
Aug. 1974
Dropouts
49404
At.lg.
Apr.
Oct.

1977
7974
1976
1575
1976
1975
7577

E
Oct.

1,576

Ear oximeter

47207/.

May

7974

Edgeline transmission

Aug.
June
Sept.
Aug.

1974
lg74
1975
1974

Educational TV receiver
Electronic counter, general-purpose
ss45aEnclosures,electronic instrument
Envelope delay distortion
measurements
4940A
Envelope delay distortion
measurements
37704
Envelope delay distortion
measurements
5453A
Error analvzer. data transmissions
16454
Error-correcting memory
3000 Series II
Error detection by transition counting
and signature analysis
50044
Error detector, communications test
(150MHz)
3767^.
Error detector. communications test
(50 MHz)
3780A
Exposure control for X-ray system
43805
Extending a digital multimeter's range
3435A,
3465'{/B
34764/B

Nov. 1974
May

1575

Feb. tg74
Aug. 1976
May 7577
Nov. 1973
Mar.

7976

7974
Iuly
Feb. r9z7

in attenuators

8495A/B
84964/B

F
Aug. 1976
Dec. 1973
Dec. 1976

Fault control memory
30O0SeriesII
Fault locator, test desk
49134
Fault (low-impedance) localization in
digital logic circuits
547A
Nov. 1,976 FET, GaAs for microwaves
HFET-1000
80304
Jan. 7977 Fetal monitoring
Feb. 7974 Filters, VHF coaxial (lab notebook)
Oct. 1975 Flow control in liquid chromatography
10108
Mar. 7576 FM, calibrated, signal generator
86548
Apr. 7975 Fourier analysis, band selectable
5451B
Feb. t97s
Fourier analyzer
54518
5354A
June 7974 Frequency converter plug-in
Sept. 1975 Frequencycounter,4.5 GHz
5341A*
53454'
fune 7574 Frequencycounter
Nov. 1973 Frequency counter, high-resolution
module for 5300 system
53074
7974 Frequency counters, low cost
53814,824
Iuly
Apr. 1975 Frequency counter, 1100-MHz
53054
53454'
lune L974 Frequency measurements,reciprocal
June 7974 Frequency profile measurements,
pulsed RF
5345A'
Mar. 1976 Frequency reference,cesium beam
5062c
Aug. 1974 Frequency shift measurements
49404
Sept. 1973 Frequency standard, high-performance
cesium beam
5061A,
option 0O4

Mar.
May

1975
1975

Function generator,dual source
33124
Function generator,Iow distortion 3 5 5 1 A / 3 5 5 2 A

G
Nov. 1576
Atrg. t974
Apr. 1976
Dec. 7974
Nov. 7973
1975
Iuly
Iuly

GaAs FET amplifier, chips
Gain hits measurements
Gas chromatograph,
digitally-controlled
Gaschromatograph reporting
integrator
Generator,digital, 150 MHz
Generator,signal, phase modulated

HFET 1OOO
49404

1.s75 Generator,signal, synthesized 2.6 GHz

5840A
33804
37604
866344,
866354
86603A

Generators,pulse; see pulse generators
Generators,word; seeword generators
Gradient programming, liquid
chromatography
Iuly 7s76 Group delay detector
Aug. 1974 Group delay measurements
Nov. 1974
Group delay measurements
Oct.

1975

1010B
8505A*
49404
3770]{
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May

7975

s4534

Group delay measurements

H
7977
Jan.
Feb. ts75
Sept. 1973

Heart-ratemonitoring, fetal
High capacitancemeter
High-performance cesium beam tube

Nov.

1,573

Feb.
June
)an.
Jan.
June
Jan.

1975
1976
1975
7575
7974
7975

High-resolution counter module for
5300 system
High-sensitivity X-Y recorder
HPL, desktop computer language
HP-IB analyzer
HP-IB, current status
HP-IB, counter systems
HP-IB systems

8030A
42824
5061A,
option 004
53074
70471.
9825A'
594014'
5345A+

Dec. 1 9 7 6
Dec. 1975
Aug. t975
May 1977
Aug.
May
Nov.
May

7974
7975
L974

Iulv

7574

ts75

Feb. 1977
Nov. t g 7 3
Sept. 7973

Apr.

1976

HP interface bus, seeHP-IB
Horizontal distance and angle
measurements

Oct.
Oct.
Dec.

1976
1976
7576

IC tester, digital
IC testing, economic considerations
IC troubleshooting instruments and
kits

50454
50454
545A,5464,
547i-5484
243768,
322154-164
9871,l.
4S40,{
54534
5045A
4271A*
4267A*
243768,
322154-16A

July

1974

IMAGE

June
Aug.
May
Oct.
Mar.
Sept.
Iuly

1976
7974
7975
1976
1974
1976
7s74

lmpact printer
Impulse noise measurements
lmpulse noise measurements
lncoming inspection, digital ICs
Inductance measurement
Inductance measurement
Information management software

Mar.

7977

Dec.
Jan.

7974
7975

Integrated-circuit technolo gy,
viewpoint
Integrator,chromatograph,reporting
Interface, ASCII, for 53oo-series
instruments

fan.

7974

Apr.

ls74

Interface bus, see HP-IB.
Interferometer, straightness
Inventory control system, desk-top
computer

3380A
5312A*
5s26,{,
option 3O
98804

J
K
L
Iuly
Sept.
fune
lan.

7s77
1975
1976
'1,574

Feb.
Sept.
Mar.
Apr.
Iuly
Oct.
June
May
Oct.
Dec.
Nov.
Dec.
Dec.
Aug.
Jan.
Jan.

IS76
7976
1974
1977
L976
7975
7977
1976
7973
1976
lg74
1976
r976
tg75

ts74
ts77

M

38104

I

30O0Series II
Language,computer, APL
Language,computer,ATLAS
9500D,9510D
9825A*
Language, desktop computer, HPL
5526A,
Laser interferometer, straightness
option 30
5501A*
Lasertransducersystem
4261A*
LCR meter, automatic, digital
4271A*
LCR meter, 1 MHz automatic, digital
LED displays, alphanumeric
HDSP-2000
Line stretcher, electronic
85054*
Liquid chromatography,flow control
10108
Load, sliding, 2-26.5GHz
911C
Logarithmic counter (lab notebook)
5000.\
Logic analyzer
Logic clip, multifamily
5484
Logic lab
50357
Logic probe, multifamily
545A
Logic pulser, multifamily
5484
1600s
Logic state analyzer
Logic state analyzer
1601L
Logic state analyzer for
microprocessors
1611,t

Logic-state analyzers, serial-to-parallel
10254l^
conversion
Logic test, analogoscilloscope
t7404
12304
Logic trigger
Logic troubleshooting by signature
analysis
50044
Loss measurements
49404
Loss measurements
54534
Loss measurements
3770r''
35514/35524
Loss measurements
Low-cost counters
53814-824
Low-cost digital multimeters
343s4,
34654/8,3476,{/B
Low-frequency measurementswith
high-resolution counter
53074
35804
Low-frequency spectrum analyzer

Feb.
Jan.
May
fune

7576
7974
1976
1976

May
Apr.
Feb.
Oct.
Sept.
Aug.
Aug.
Apr.
Aug.
Jan.
Oct.
Mar.
Feb.

7976
7974
7577
7574
1976
7977
1974
7977
7975
7577
7574
7977
7975

May
fune
Sept.
Nov.
Nov.

r974
1577
7975
7975
tg76

Iuly

7975

Dec. t s 7 4
Aug 7976
Nov 7973
Feb. 7577
Feb.
Jan.

7977
lS76

Aug. 1976
Ian.

r97a

Machine positioning laser transducer
5501A*
Machine tool calibration
s5264
Magnetic tape cartridge, mini
Magnetic tape minicartridge,
98154/
in desk-top computer
9825A+
Magnetic tape storage,in CRT terminal
2644l.
Mass memory for desk-top computer
98804
Math functions in a digital voltmeter
34554'
Memory, semiconductor
21MX+
Meter, LCR digital
4267/.',
MFM code, for magnetic recording
79201l
Microcircuit TV receiver
Micro-CPUchip (MC2),CMOS/SOS
Microprocessors,logic-stateanalysisof 1600A
Micmprocessors,logic-stateanalyzerfor
16114
21MX
Microprogrammablecentralprocessor
Microprogramming aids
1000*
Micropro grammin g, performance
improvementby
Micmwave attenuators,dc-18 GHz8495A/8-96A/8
Microwave attenuators.dc-26.5 GHz
8495D/K
Microwave counter, 4.5 GHz
Microwave link analvzer. 140-MHz IF
Microwave sweep oscillators,
5.9-12.4GHz

Modulator, phase, for signal generator

5341A*
3790A

86242c,
86250c
86634A,
86635A

MPET/3000, multipmgramming
32010A
executive for timesharing
Multilingual computer systems
3000 SeriesII
Multimeter, digital, hand-held
970,{
34354,
Multimeters,digital, low cost
34654/8,3476,t/B
Multimeters, extending the ranges of
Multiplexed communications test,
frequency division
3745]{'
Multiprogrammingcomputer
30O0SeriesII
systems
Multi-user real-time BASIC

N
Iuly
Nov.
Mar.
fune
Mar.
Aug.
May
Aug.
May
Nov.

1976
1974
7975
7576
7974
1974
'1.975
1974
1975
1975

Network analyzer,0.5-1300MHz
8505A*
Networks,computer
9700 Series
Network measurements,2-18GHz
NMOS LSI processor
9825A*
Noise,types, in signal generators
8654A
Noise measurements,telephone
4940A
54534
Noise measurements,telephone
Nonlinear distortion measurements
4940A
Nonlinear distortion measurements
5453A
Nonlinear distortion measurements
on microwave links
3790A

o
Dec.

1975

Operating systems,real-time

920014,

PART2: SubjectIndex(contin
ued)
Mar.
Mar.
Nov.

7977
7577
7976

Mar.
Dec.
Sept.
Dec.

1975
7575
1974
1574

(RTE-II,RTE-III]
OPNODE
Optimization, circuit, computer aided
Oscillators,sweep,5.9-12.4GHz

92060A
92877A
92817A
86242C,
86250C
86290A
174OA
772OA

Sept. 1976

Oscillator,sweep,2-18GHz
Oscilloscope,100 MHz
Oscilloscope,2TSMHz
Oscilloscope,dual-delayedsweep,
microprocessor-controlled,
numeric display
1722F^
Oscilloscopeprobes,miniature
10017A et al.
Oscilloscopes,
low-cost,dc-15MHz 722OAl1221A
Oscilloscopetriggering on
10250i
digital events
1230Ai16204
Oscilloscope,used with logic analyzer
50004
Oscilloscope,used with logic-state
analyzer
1.740F^
Oscilloscope,variable persistence/

Oct.
Oct.

storage
Oximeter
O>rygen levels in blood, measurement of

Apr.
Feb.
Aug.

7977
rs74
1975

Oct.
Dec.

7573
7975

L976
1-976

1573
7976
1574

Aug.
May
A]u'g.
Alug.
May
July

1974
7975
7974
1.574
7975
7975

June
june
Nov.
May
Nov.
Nov.
Nov.
Nov.
Dec.
Sept.
Oct.
Oct.
July
lune
JuIy
June
Dec.

7574
7974
1975
7974
7976
7975
7975
1976
7973
1974
7975
7975
1s76
1977
7974
7977
\973

Apr.

7975

June
Dec.
fan.
fan.
Nov.
Apr.
Oct.
fune
Apr.
May
Nov.
Nov.

1576
L974
7975
'J.975

7576
1977
1975
],976
L977
7974
1976
1975
June 7976
Oct. 1,976
7977
July
Sept. 1975
June L976
May
1577

PCM systems,error detection
3760A13767A
PCM systems,error detection
3780A
Peak-to-averageratio measurements
on voicebanddata channels
49404
Phasedistortion measurements
4940A
Phasedistortion measurements
5453A
Phasehits measurements
4940A
Phasejitter measurements
4940A
Phasejitter measurements
5453A
Phase-modulatedsignal generator
86634A,
plug-in; also, applicationsfor
86635A
Plug-in, automaticfrequencyconverter
5354A
Plug-in, channel C
5353A
Pocket calculator, business
HP-22
Pocket calculator, card programmable
HP-65
Pocket calculator, card programmable
HP-67
Pocket calculator, key programmable
HP-25
Pocket calculator, scientific
HP-21
Portablecalculators
HP-91,HP-97
Portablestrip-chartrecorder
7155A
Power meter
435A
Powermeter,digital
436A*
Power sensor,high-sensitivity
8484A
Power splitter, 3-way
11S50A/B
Power supplies, 200W,wide range
6002A*
Power supply/amplifier, bipolar
6825A-27A
Power supply programmer(HP-IB)
59501A*
Power supplies,switching regulator,
modular,4-28V,300W
62600J
Power supply, switching regulated,
5v, soOw
62605M
Printer,impact
9871A
Printer-plotterfor chromatographs
33804
Printer,thermal, for instruments
5150A*
Printer with clock option
5150A*
Printing calculators
HP-91,HP-97
Probes,oscilloscope,miniature
10017A et aI.
Probes,time interval
s363A+
Processor,
NMOS LSI
9825A
Processor.
CPU. CMOS/SOS
Programmablecalculator,pocket-sized HP-65
Programmablecalculator,pocket-sized HP-67
Programmablecalculator,pocket-sized HP-25
Programmablecomputer,desk-top 9815A/9825A*
Programmable IC tester

Programminglanguage,APL
PrograrnminglanguageATLAS
Programming

language HPL

Pseudorandombinary sequences
(PRBS)for signatureanalysis

1976

Nov.

1973

June
Mar.

7974
7974

Oct.

7573

A1rE. 1977
At;.g. 1977
Sept. 1974

50454

3000
9500D,9510D

Pseudorandombinary sequences
(50 MHz) for testing digital
communications
37804
Pseudorandombinary sequences,
(150 MHz) for testing digital
communications
3790,{
Pulsed RF frequency measurements
5345A*
Pulse generatot, 2OMH4
counted burst
8011/{
Pulse generator,50 MHz, 16V,
counted burst
80154
Pulse generator, l GHz
8080-Series
Pulse generator,dual-output with
8092A/80804
/z frequency
Fulse generator,variable risetime to 1 ns
8082A

o
Iuly

7974

QUERY

Jan.
Jan.
Mar.
Nov.

7574
7976
1977
1974

Ray-traceprogram
Real-time BASIC
Real-time executive operating system

Dec.

1975

Dec.
Feb.
fan.
Mar.
Mar.
Dec.
Dec.

7573
797s
7975
7974
7975
Ig75
7975

77474
472O7A
472o1A

P
Nov.
Mar.
Attg.

Mar.

243768,
8221s4-6,{

R

Real-time executive systems,
in distributed networks
Real-time executive systems,
RTE-II, RTE.III

92701,4
1000*
9700 Series

92001A,920604
71554
7047 A
59306A*
4277F^'.
862904
920014

Recorder,strip-chart, portable
RecordeqX-Y, high-sensitivity
Relay actuator for HP interface bus
Resistancemeasurements
RF plug-in, 2-78 GHz
RTE-II real-time executive system
RTE-III real-time executive svstem
for large memories

920604

s
Nov.
Ang.
Jan.
fan.
fan.
Dec.

1974
1-s74
1575
1975
1976
1976

May

7977

Mar.
Mar.
Mar.
July
Mar.

7s74
1976
1,974
7975
1,576

IuIy
Oct.
May
Apr.
Aug.

7975
1976
1,577
1,977
1974

May

1-975

fune
Apr.
IuIy
Mar.
Oct.

7977
7976
7976
L977
7976

Sept, 1973
May. L975

9825A*

Dec.
May

5004A

fune

7975
7577
1974

Satellite computer systems
Satellite-relayed TV
Scanner for calculator-based systems
Scanner option for printer
Selective level measuring set
Serial-to-parallel conversion for
logic-state display
Servicing digital equipment by
signature-analysis circuits
Signal generator, 10-520 MHz
Signal generator, calibrated FM
Signal generator noise specifications
Signal generator, phase modulated
Signal generator synchronizer/counter

9601,9610
3495A+
5150A'
3745]t',
70254;l^
50044
86544
86s48
86s4,{
866354
8655A/
86s48
866034

Signal generator, synthesized 2.6 GHz
Signal-Ievel reference (lab notebook)
Signature analysis
Silicon-on-sapphire (SOS), CPU chip
Single-frequency interference
measutements
4940,{
Sin gle-frequency interference
measurements
54534
Sliding load, 2-26.5 GHz
s11c
Slope distance measurements
38104
Source, RF, tracking
8505A*
Sparse Y matrix, in circuit analysis
92877A
Spectrophotometry applied to blood
oxygen measurement
47201.4
Spectrum analyzer, 5 Hz to 5O kHz
35804
Spectrum analyzer, 10 Hz to 13 MHz
3571,A1
3044A/3045A*
Spooling, in RTE systems
Square root algorithm, calculator
State-machine design
53454*

rYo

PART2: SubjectIndex(continued)
Storage/variablepersistence
oscilloscope
'1,974 Straightnessinterferometer

Sept. 1976
|an.

77414
55264,
option 30

Strip chart recorder, portable,
battery-powered
1977 Structured programming, APL/ 3000
Iuly
Apr. 1976 Surveying, distance and angle
measurements
Nov. '1,976 Sweeposcillators,5.9-12.4GHz
Dec. 7573

Mar.
|an.
Apr.

1975
1975
1975

Dec. 7573
fune
Mar.

7577
7976

Iulv

IYlJ

Nov.
Feb.

7574
1977

71554
3000
3810A
86242c,
86250c
86290A
59307A*

Sweep oscillator, 2-78 GHz
Switch. VHF. for HP interface bus
Switching regulated power supply,
5v, s00w
6260sM
Switching regulatedpower supplies,
modular.4-28V. 300W
62600J
Switches,microwave, dc-26.5GHz
3 3 3 11 c
Synchronizer/counter for signal
generator
86554
Synthesized signal generator, 2.6 GHz
866034
Systems,distributed computer
9700 Series
Systemsvoltmeter, fast reading
3437A*

Apr.
Dec.
fan.
Apr.
Feb.
Aug.

7975
7974
1975
1976
1976
1974

Nov.
Apr.
May
Aug.

1976
1975
lg77
1974

May 1575
Aug. L Y / J
)une
May

1977

r977

Timer/counter,75-MHzuniversal
5308A
Timesharedsystem,BASIC/3000
MPET/3000
Timing generator for HP interface bus
593084*
Total station
38104
Transducer,laser
55014*
Transient measurementson
voiceband data channels
4940A
Transistor, FET GaAs microwave
HFET 1000
Transistorprocess,5-GHz
Transition counting algorithms
5004A
Transmission impairment
measuring set
49404
Transmission parameter analyzer
54534
Trigger probes/recognizers
102501
12304/16204
Trigonometric algorithms, calculator
Troubleshooting logic circuits by
signatureanalysis
5004A

U
Iuly
Apr.

7s75
1975

Universal counter/timer/DVM
Universal counter/timer. 75 -llfHz

v

T
May
Nov.

7976
1974

Attg.

1974

May

1975

Feb.

1974

Dec.

1,574

Jan.

1,976

May

1,975

Aug.
Feb.

1974
1976

June
July
May
Dec.
Iuly

7575
1977
'1.976
1973
7s76

Tape cartridge, mini
Telephone data channel
measurements,analog
37704
Telephone data channel
49404
measurements,analog
Telephone data channel
measurements,analog
54534
Telephone data channel
measurements,error analysis
16454
Telephone measurements,
loop-holding device
37704
Telephone measurements,
multichannel systems
3745A*
Telephone measurements,
transmission test
3551.{/3552A
Television by satellite, receiver for
Terminal (calculator),
data communications
9830,{
Terminal, computer, CRT
2640A^
Terminal. CRT. APL
26411.
Terminal, CRT, with dual tape drives
2644l.
Test desk cable fault locator
4S134
Test sets.network analvsis
85024/
8503A
50454
3435A,

Oct.
Feb.

7976
].s77

Tester, digital IC
Testing a multimeter

Nov.
Sept.
Apr.
Dec.

1976
1974
1974
7575

34654/B,34764/B
Thermal printer, calculator
HP-91,HP-97
Thermocouplepower meter
435A
Thermometer, platinum, digital
28O2A
Thick-film hybrid oscilloscope

fune 1974
Oct. 7975
Dec. 7974

abusively

amplifier
Time-interval averaging
Time interval probes
Time interval measurements.
very short

77404

53284*
53084

Apr.

1,974 Ventricular function, analysis of
cineangiograms
5693A
Feb. rgzT Voltmeters,digital
34b5A*,3437A*,
34354,34654/8.347
6Al B
Sept. 1S76 Variable-persistence/storage
oscilloscope
17414
Apr. 7976 Vertical distance measurements
38104
59307Ar
Jan. 7975 VHF switch for HP interface bus
Artg. 1977 Vibrations, mechanical analogy
for servo system
79204
Mar. 7577 Viewpoints, integrated-circuit
technology
Aug. 1976 Virtual-memory computer systems 3000 SeriesII
1977 Virtual workspace,APL/3000
3000
Iuly
May 1975 Voiceband data channel analyzer
5453A
Aug. 1S74 Voiceband data channel
measurements,analog
49401q.
Nov. 1,974 Voiceband data channel
measurements,analog
3770]t
JuIy 1975 Voltmeter options for
universal counter
5328A*

w
Feb. rg77

Waveform measurementswith digital
voltmeter
AIug. 1,577 Word generator, 300 MHz
Aug. 1975 Word generator,multichannel

3437,l^*
80844
8016.{*

x
Iuly 1974
Feb. 797s

X-ray system for bench use
X-Y recorder, high-sensitivity

Mar. tS75

YIG-tuned oscillator

43805
7047A

Y
5363A*
1.7224
3437A*
5328A*

Feb. 1.977 Time-relatedvoltage measurements
Iuly 1.575 Timer/counter/DVM,universal

z
Apr.

7976

Zenith angle measurements

38104

PART3: ModelNumberIndex
Model

Instrument

HP-21
Calculator
'21MX
Computers
* 21MXE-SeriesComputers

Month/Year
Nov.
Oct.
Mar.

'Asterisk indicatss instruments
comDatiblewith the HP interface bus (HP-lB).

lS75
7574
1977

HP.22
HP-25
HP-65
HP-67
HP-g1
HP-97

Calculator
Calculator
ProgramrnablePocket Calculator
Programmable Pocket Calculator
Printing Portable Calculator
Programmable Printing
Portable Calculator

Nov.
Nov.
May
Nov.
Nov.

7975
7975
7974
1976
7976

Nov.

7976

Part3: ModelNumberIndex(continued)
Power Meter
Power Meter
5454
Logic Probe
Logic Pulser
5464
Current Tracer
547A
5484
Logic Clip
911c
Sliding Load
Probe Multimeter
970,{
HFET-1OOO GaAs FET
'1000-Series SmaII Computer Systems
1010B
Liquid Chromatograph
7220N7227]l. Oscilloscopes,15 MHz
Logic Trigger
12304
1600A/S
Logic State Analyzer
1601L
Logic State Analyzer
Logic StateAnalyzer
T607A
16114
Logic StateAnalyzer
1620A
Pattem Analyzer
645,{
Data Error Analyzer
77204
Oscilloscope,275 MHz
77224
Oscilloscope,dual-delayedsweep
77404
Oscilloscope,100 MHz
7747,{
Variable Persistence/Storage
Oscilloscope
FIDSP-2000 Solid-StateAlphanumericDisplay
IMAGE/2000 Data BaseManagement System
Interactive Display Terminal
2640A
26474
APL Display Station
2644A
CRT Terminal with Magnetic
Tape Storage
28O2A
Platinum-ResistanceThermometer
3000 Series II Computer System
APL/3000
A ProgrammingLanguage
IMAGE/3000 Data BaseManagement System
MPET/3000 MultiprogrammingExecutive
*3044A
Spectrum Analyzer,
10Hz to 13MHz
'30454
Automatic Spectrum Analyzer
* 30508
Automatic Data
Acquisition System
* 30514
Data Logging System
ProgrammableData
" 3052,\
Acquisition System
Function Generator
33124
33804
Chromatographlntegrator
Digital Multimeter
34354
*3497A
System Voltmeter
*34bsA
Digital Voltmeter
3465A/B
Digital Multimeter
Digital Multimeter
3476AlB
*g49bA
Scanner
Transmission Test Set
3551.{
Transmission Test Set
3552A
*gb71A
Tracking Spectrum Analyzer
3s804
Spectrum Analyzer, 5Hz-50kHz
*3745A18
SelectiveLevel Measuring Set
3760A/3761AData Generator/ErrorDetector
Amplitude/Delay
37704
Distortion Analyzer
Pattern Generator/ErrorDetector
3780]{
3790A
Microwave Link Analyzer
3810A
Total Station
*42614
LCR Meter
* 4271A
LCR Meter
42824
High-CapacitanceMeter
4S13A
Test Desk Fault Locator
Transmission Impairment
4940A
Measuring Set
50004
Logic Analyzer
50044
Signature Analyzer
Logic Lab
5035T
50454
IC Tester
50614 opt. 004 High-Perfornance Cesium Beam
Standard
5062C
Cesium Beam FreouencvReference
4354
'436.{

Sept.
Oct.
Dec.
Dec.
Dec.
Dec.
June
Nov.
Nov.
Mar.
Oct.
Feb.
Aug.
Aug.

1974
7975
7576
lS76
1976
7976
7977
1973
1976
7577
1975
'ts74

1975
1975
7974
fan.
Aug. 1975
7577
fan.
Aug. 1975
Feb. 1974
Sept. 1974
Dec. 7574
Dec. 7975
Sept. 1976
Apr. 1.977
rg74
Iuly
June 7975
7977
Iuly
May
Apr.
Aug.
JuIy
Iuly
Dec.

7976
1,974
1976
Is77
1974
1974

May
May

L975
7975

Jan.
Feb.

7975
7977

Feb.
Mar.
Dec.
Feb.
Feb.
Feb.
Feb.
Feb.
Ian.
May
May
May
Sept.
Jan.
Nov.

7977
1.575
1974
'J.s77

Nov.
Mar.
Nov.
Apr.
Sept.
Mar.
Feb.
Dec.

7974
7976
1975
7976
1976
1974
1975
7973

Aug.
Oct.
May
Nov.
Oct.

1974
1973
1977
1974
7976

1977
1977
tg77
7977
7975
1,575
L975
7975
1973
1976
1,573

Sept. 1973
Mar. 1976

'5150,4'

Thermal Printer
8-Digit Mainframe
1100-MHzFrequencyCounter
High-Resolution Counter
7S-MHz Universal Timer/Counter
ASCII Interface
Universal Counter
Frequency Counter
Electronic Counter
53534
Channel C PlugJn
Automatic Frequency Converter
5354,t
0.015-4.0GHz
'53634
Time Interval Probes
5381A'/53824Frequency Counters
Fourier Analyzer
54518
54518
Fourier Analyzer with BSFA
Capability
Transmission ParameterAnalvzer
54534
Transponder
54684
'55014
LaserTransducerSystem
55264 opt. 30 StraightnessInterferometers
Angio Analyzer
s6s3A
GasChromatograph
58404
'6002A
DC Power Supply, 200W
A Bipolar Power Supply/Amplifiers
6825A16A17
X-Y Recorder
7O47A
7155A
PortableStrip-ChartRecorder
7s2OA
Disc Drive
PulseGenerator,2OMHz
8011A
8015A
PulseGenerator,50 MHz
*8016A
Word Generator
8030A
Cardiotocograph
8080-Series High-SpeedPulse/WordGenerator
Pulse Generator,250 MHz
80824
CoaxialDetector,0.01-26.5GHz
8473C
8481A et al. Power Sensors
84844
Power Sensor,High Sensitivity
8495.{/8,
Step Attenuators,dc-18GHz
S496A/8
Step Attenuators,dc-26.5GHz
S495D/K
Transmissionand Reflection
8502A
53008
53054
53074
5308A
*5312A
'53284
'5341A
'53454

85034
*8505A
86204
8654,\
86548
8655,\
8660c

Test Set
S-Parameter Test Set
Network Analyzer, 0.5-1300 MHz
Sweep Oscillator
Signal Generator, 10-520 MHz
Signal Generator with FM
Synchronizer/Counter
Synthesized Signal Generator
Mainframe

9500Dopt. 180ATLASCompiler and Processors
9510Dopt. 100ATLAS Compiler and Processors
SatelliteComputerSystems
9601/9610
970O-Series DistributedComputerSystems
*9815A
DesktopComputer
*9825A
DesktopComputer
*g83oA
DesktopComputer (applicationofl
Impact Printer
98714
DesktopComputer Mass
9880A/B
Memory System
10017A et aL Miniature OscilloscopeProbes
10250-Series TriggerProbes
7O254A
Serial-to-Parallel Converter
Three-WayPower Splitter,
11850A
0.5-1300MHz
IMAGE/2000Data Base
243768
Management System
MPET/3000Operating System
320104
APL/3000 Subsystem
32105A
32275n
MAGE/3OOOData Base
Management System
s22r6A
QUERY/3000Data Base
Inquiry Facility
33311C
33321A/B

Microwave Switch, dc-26.5 GHz
Step Attenuators, dc-18 GHz

]an.
Apr.
Apr.
Nov.
Apr.
Ian.
Iuly
Sept.
lune
fune

7975
7575
7575
7973
1975
7975
1.975
1975
7974
1,574

fune
Oct.
Iuly
Feb.

\974
1,975
7974
7g7s

Apr.
May
May
Feb.

1975
1,575
7975
7976
1974
Ian.
Apr. LS74
Apr. \976
fune 1,977
7974
IuIy
Feb. 7g7s
Dec. 7973
Arg.
7977
Mar. 1.974
Oct.
7973
Aug. 1975
1977
Jan.
AruB. 7977
Sept. 1974
fune 1977
Sept. 1974
7975
Oct.
May
June

],574
1,977

July
July
IuIy
Mar.
Mar.
Mar.
Mar.

1976
1976
7s76
7975
1974
1976
1976

Iuly
Sept.
Sept.
Nov.
Nov.
|une
June
Feb.
|une

1.975
1975
1975
7974
1974
1976
1976
1.s76
1,976

Apr.
Apr.
Aug.
Dec.

7974
1,977
1975
1,976

Iuly

1976

Iuly
Dec.

7s74
1974
1977

July
Iuly

Iuly
|une
May

't974

1.974
1977
7974

Part3: ModelNumberIndex(continued)
33321D/K
33330C
43805
472074
'59301A
*s9303A
'59304A
* 593064
* 59307A
" 593084
* s93o9A
*b94o1A
*s95o1A
62604f et al.

Step Attenuators,dc-26.5GHz
CoaxialDetector,0.01-26.5GHz
X-Ray System
Oximeter
ASCII-Parallel Converter
Digital-to-Analog Converter
Numeric Display
Relay Actuator
VHF Switch
Timing Generator
ASCII Digital Clock
Bus System Analyzer
IsolatedD-A/Power
Supply Programmer
Switching Regulated Modular
Power Supplies

62605M

7977
1977
7974
7976
7575
7975
't975

fune
|une
Iuly
Oct.
fan.
fan.
Ian.
Ian.
Jan.
fan.
Ian.
fan.

1975
7975
7975
7975
1975

June

1977

Dec.

7973

86242C,
86250c
86290A
866034
866344
86635A
91700Aet al.
920014
920018
920604
920608
920614
92101A
s2877A

500W Switching Regulated
Power Supply
RF Plug-Insfor 8620CSweep
Oscillator
2-78 GHz RF Plug-In.
1-26O0 MHz RF Section
PM Modulation Section
FM/PM Modulation Section
Distributed Computer Systems
RTEJI Real-Time Executive System
RTEJI Real-Time Executive System
RTE-III Real-Time Executive System
RTE-III Real-Time Executive System
RTE Microprogramming Package

Real-Time BASIC Subsystem
OPNODE

Apr.

7575

Nov.
Mar.
IuIy
lulv
iulv
Nov.
Dec.
Mar.
Dec.
Mar.
Mar.
Jan.
Mar.

1.926
7S7S
7575
IITS
7S7s
7g74
tgTS
ISZT
7g7S
1977
Ig77
LS76
7977

Apr.
Apr.
A'u.9.
Dec.
Oct.

7977
1974
1574
7975
7574

Iuly

1.s76

May

7977
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Author
Adler, Robin
Ainsworth, Gerald
Aken, Michael B.
Anzinger, GeorgeA.
Amold, David
Ashkin, Peter B.
Atchley, Robert L.
Averett, Linda W.

Month/Year
Oct.
Oct.
May
Dec.
May
Apr.
May
Dec.

7973
1S76
1975
IS75
7576
Ig77
1975
1975

B
Bailey,Paul W.
Baker, Mark
Baldwin, Richard R.
Bamey,Dick B.
Barker, Roy D.
Barraclough, Hal
Basawapatna,Ganesh
Beckwith, fohn F.
Best,AIIan I.
Bilen, Len
Blazek, Otakar
Bologlu, Ali
Botka,lulius
Bradley, Havyn E.
Brewster, John L.
Bronson, Barry

)une 7977
Oct. 1,9731
Oct. 1976
1974
]an.
June 7976
Feb. ts77
Dec. 1974
Mar. 7975
Dec. 7576
Dec. lS75
Apr.
1976
June 1975
Jrune 79741
Sept. 1975
1976
Iuly
Apr.
1974

Iuly

ts74

Nov. 1974l
Dec. 7976
Aug. 1975
Apr.
7976
June 7976

Buesen,frirgen
Bullock, Michael L.
Bump, RobertB.

c
Campbell, |ohn W.
Carlson,lames E.
Chambers,Donald R.
Chan, Anthony Y.
Chance,Geoffrey W.
Chen, Philip
Christensen, Svend
Christopher, Chris J.
Chu, Alejandro
Chu, David C.
Clifford, DouglasM.
Cline, StephanG.
Collison, Robert R.
Comish, Eldon
Cook,Michael J.

Dec.
Feb.
fune
Dec.
May
fune
July
Nov.
Apr.
June
Mar.
June
June
May
Mar.
Sept.
Nov.

1975
1976
1977
1976/
L977
7976
1976
7975
79741
7976
1975
1974
7976
1975
1976
1974
1975

Corya, Bruce S.
Coster,fohn H.
Courtin, Erich
Crawford, Thomas
Crow, George

JuIy
Jan.
Jan.
Nov.
June

7975
1976
7577
1573
1975

D
Dack,David G.
Dalichow, RoIf
Damon,Noel E.
Daniels, ferry W.
Danielson,Dan D.
Deaver,David K.
Dickey, Shane
Dickinson, Peter D.
Diehl, Van
Dietrich, Harold E.
DiFrancesco,Mauro
Dikeman, Peter
Dilman, Richard
DiPietro,David M.
Dresch,Donald A.
Drake, Harris Dean
Doub, )amesA.
Dudley, B. William
Dudley, Robert L.
Duerr, leffrey R.
Dupre, Johnf.

Ian.
Iuly
Aug.
May
Mar.
May
Nov.
Nov.
Dec.
Jan.
Apr.
Apr.
Feb.
Apr.
Aug.
Mar.
June
Dec.
Nov.
Feb.
Mar.

1976
1976
1974
lg75
1975
1975
7974
7976
1975
7575
Ig75
7974
rg74
't575
1974
7977
1975
7973
7573
rg74
1,975

E
Eads,William D.
Eastham,Terry
Eberle, Volker
Edwards, Allen P.
Egbert, William E.

June 1976
June 7975
Arug. 7977
Oct. 7975
Nov. 1976/
May 19771
fune 7577
Mar. tS74
Oct. 1974
Mar. 1975
Apr. 7977

Eggert, Rainer
Elward, John S.
Enlow, Carl jr.
Estes,Marvin F.

F
Falke, Reinhard
Farnbach,William A.
Farrington, David
Felsenstein,Ronald E.
Fichter, George
Finch, Carolyn M.
Finch, William R.
Fischer, Walter A.
Fong, Arthur

Oct.
Jan.
Apr.
June
Nov.
Apr.
Sept.
Dec.
Aug.

7973
7574
7577
1974
1575
7577
1975
IS74
1974

Forbes,Bert E.
Foster,Tony E.
Fowles,Richard G.
Fox, Kenneth A.
Frankenberg,Robert f.
Frederick, Wayne
Frohwerk, Robert A.

G
Gadol,Adele M.
Gammill, Lawrence A.
Globas,Gert
Gookin, Albert
Gordon,David E.
Gordon, Philip
Gorin, fosephM.
Grady, Robert B.
Graham, Thomas R.
Grote, BarbaraE.
Guest,David H.

Dec.
Apr.
Sept.
Feb.
Dec.
Oct.
Feb.
Sept.
Dec.
]an.
Nov.
Dec.

1975
7977
1974
7577
1976
I974
7927
1975
1.973
1974
1974l
7974

H
Hahn, Kathleen F.
Hale, William L.
Hall, )amesA.
Hammons,Richard L.
Hardage,P. Kent
Harkins, Daniel R.
Harland, David A.
Harms, Dennis W.
Harison, foel
Harrison, Van
Hashimoto, Satoru
Hay, Robert R.
Hayes,Thomas l.
Heger, Charles E.
Heinzl, Johann f.
Hender, Thomas A.
Hentschel, Christian
Hemday, Paul R.
Hickenlooper, F. Timothy
Hines, Jack L.
Hohmann, Hans-Grinter
Hood, )amesM.
Horner,JamesF.
House,CharlesH.
Huff, Donald W.
Hyatt, Ronald C.
Hyde, John W.

Mar. 7977
Sept. 1973
Attg. 79741
7975
July
Oct.
7974
Sept. 1974
1.s76
Iuly
1974
Jan.
Nov. IS76
Atrg. 1,977
Sept. 1976
Sept. 1976
Mar. IS74
Oct.
1976
Mar. tS76
Aug. 1974
Nov. 7975
A1rg. 1,977
Mar. 7575
June 1976
Apr.
7577
Feb. 7974
Dec. 1973/
Alug. 7977
7975
Iuly
Dec. 7575
Feb. 797s
Sept. 1973/
Mar. 7976
f irne 7977
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I
Ingman, Eric M.
Inhelder, Allen F.

Oct. 1976
Sept. 1975

J
lackson,William D.
Jackson,Weldon H.
Jacobs,JacobR.
Jager,Clifford A,
Jekat,Hans f.
|ensen, Ronald C.
|eppsen,Bryce E.
feremiasen,Robert
|ohnson,Daniel E.
fohnson, LawrenceP.
Johnson,Lee
johnston, Ronald L.
JoIy,Robert
funeau, H. Mac

Iuly
Sept.
Oct.
Aug.
Apr.

7975
1974
7974
1976
1975

Feb. rs76
fune 1974
Mar.
Feb.
Ian.
Mar.
Iuly
Mar.
Feb.

7974
7975
1s75
1,977
1977
7975
1.977

K
Kappler, Wolfgang
Keever,|erome
Ketelsen, Erhard
Kim, Young Dae
Kirkpatrick, GeorgeR.
Kmetovicz, Ronald E.
Knorpp, Billy
Krauss, Grinter
Kuhlman, Louis J. Jr.
Kushnir, S. Rayrnond

Aug. 1975
1975
lune
Aug. 1974
1975
Iuly
May 19741
June 1,977
Mar. 1,576
Mar. 1975
Mar. 1974
Nov. 1976
Sept. 1974

L

Lamy, John
Lane, Arthur B.
Lane, Thomas A.
Langguth, Alfred
Larsen, fames
Lawson, William S.
Lee, Richard T.
Leong, Warren W.
Link, Horst
Liu, Chi-ning
Loughry, Donald C.
Luehman,Kent

M
Mack, Nealon
Macleod, Kenneth |.
Maeda,Kohichi
Maitland, David S.
Marriott, foe E.
Marrocco,famesA.
Marshall, Howard D.
Masters,Lewis W.
Matthews, Ian
McDermid, John E.
Mclntire, Richard E.
McKinney, H. Webber
Mellor, Douglas].
Merrick, Edwin B.
Merrill, Howard L.
Millard, foe K.
Mingle, P. Thomas
Misson, William
Moll, John
Monill, Justin S., Jr.
Morris, Donald E.

Dec. Ig74
Nov. 1973/
Apr.
1.975
Mar. 7974
)une 1976
Feb. 1977
Nov. 1,574
1973
Oct.
7974
Iuly
Nov. 1975
Feb. L977
1974
Iuly
Apr. 1975
Aug. 1974
7976
Oct.
Dec. 1,573
Dec. 7975
Apr.
7975
Mar. 7575
Mar. 7977
Aug. 1975/
Dec. 1976
'1,576
June

fune
Sept.
IuIy
Nov.
June

1976
1973
Ls77
1,976
7974

Ian.
May
Nov.
May

79751
7577
7975
7976

IuIy
Oct.
Feb.
Feb.
Sept.

Ls74
1,575
7976
1975
1973

N
Nadig, Hans-Jrirg
Neff, Randall B.
Nordman, Robert G.

o
O'Buch, WarrenI.
Offermann, Robert W.
Olson, William E.
Osada,Kunihisa
Osterdock, Terry N.

P
Pannach, Arndt
Paulson,Gary R.
Pearson,Robert
Pecchio,Santo
Peck, RobertD.
Perdriau, Robert H.
Pering,RichardD.
Peterson,Kenneth W.
Pierce,RobertB.
Poole,John S.
Pope, Richard
Pratt, Ronald E.
Priebe, Durward

Nov. 1973/
Feb. 1s77
Sept. 1974
fune 1975
Mar. 1,577
1975
IuIy
Feb. rs74
1.976
Iuly
'1,974
Ang.
7977
Iuly
],573
Oct.
Apr. lg74
7975
Ian.
fune 7977

Laing, Virgil L.

Mortensen, A. Craig
Mueller, Louis F.
Munsey, Grant ).
Musch, BernardE.
Muto, Arthur S.

Aug.

1975
June 7976
Mar. 7976
7974
Iuly
Dec. 1973
May
tS75
Aug. 1974
May
7974
June 7975
1976
Apr.
Oct.
1576
Oct. 1,9751
7977
fune
Dec. 1976

o
Quenelle,RobertC.

Dec.

1976

R
Rauskolb,RogerF.
Ricci, David W.
Richards,AIan J.
Riebesell,Gtinter
Riedel,Ronaldl.
Riggins,CleabornC.
Risley,William B.
Robertson,|ames
Roos,Mark
Roy, fean-Claude
Rud6, Andr6 F.
Ruchsay,Walter
Rytand, William A.

1975
May
7575
fan.
May
1S76
AlrE. 1977
Mar. 1975
Oct. IS74l
Mar. 7977
Dec. 7974
Nov. 7973
1s76
July
7975
fune
Feb. 1976
1577
Ian.
Mar. 1577

s
Salfeld, Peter
Salesky,Emery
Saponas,ThomasA.
Sasaki,Gary D.
Schrenker,Helge
Schultz,famesT.
Schultz, StevenE.
Scott,PeterM.
Seavey,Gary A.
Shar, Leonard E.
Sharritt, David D.
Small, Chatles T.
Smith, JeffreyH.
Smith. Richard L.

1977
lan.
June 1977
Aug. 1975/
7977
fan.
7575
Jan.
'1,975
Oct.
1976
Jan.
June 1974/
Ian. 75751
7575
Oct.
Mar. 1976
1976
Mar.
Dec. 19741
Aug. 1976
ts76
July
Aug. 1975
1,577
fan.
1976
May

Smith, Robert B.
Snow, David L.
Snyder, David C.
Sommer, Heinz
Sorden,famesL.
Stallard,Scott f.
Stancliff, Roger
Stedman,fohn M.
Stefanski, Andrew
Stickel, Herbert P.
Stickle, Ronald L.
Stinson, fohn
Stockwell, R. Kent
Stone,PeterS.
Suehiro,Jun-ichi

Jan.
Feb.

1976
7977
1975
7977
7974
7577
7575
7974
1,574
7977
7576
1973
1,974
7575
7975

Dec.
May
Nov.
Sept.
June
Nov.
Jan.
Oct.
Aug.
May
Feb.

7575
\9741
1976
1976
1975
1975
79751
1975
1976
7574
1974

Apr.
Jan.
Oct.

7977
79761
7976

Iuly
Oct.
July
May
July
Feb.

7977
7974
7977
7974
1976
7977

Feb.
Mar.
Feb.
Jan.
June
Mar.
Mar.
Oct.
Dec.
Ang.
Feb.
Nov.
May

T
Tabbutt, Richard D.
Taggart, Robert B.
Tamamura, Toshio
Tang, Edward
Tillman, Lynn
Trimble, Charles R.
Toschi,Elio A.
Tung, Chung C.
Tverdoch, Richard

U
Uebbing,John T.
Urquhart, l. Reid

v
Van Bree, Kenneth A.
Van Brunt, Richard C.
Van Dyke, Eric J.
Veteran,David R.
Vifian, Hugo
Vyduna, |ames B.

w
Wade,John M.
Wagner,William E.
Waitman, Thomas F.
Walker, Hugh P.
Walker, William T.
Wang, Patrick H.
Ward, Michael J.
Warp, Rick A.
Warren, Richard E.
Watanabe,Tak
Weber,Lynn
Weibel, GeraldE.
Whicker, Richard
Wickliff, Robert G.
Winninghoff, Paul G.
Witkin, Louis A.
Wolpert, David L.
Woodhull, Frederick

Feb.
Aug.

7975
1975
June 7575
1976
lan.
June 7977
Nov. 1976
Feb. 1976
Dec. 1,973
Apr. 1976
Aug. 1976
7977
A\8.
Sept. 1973
Nov. 1975
Sept. 1976
Aug. 1974
1976
May
1975
Jan.
7976
Iuly

x
Y
Yansouni, Cyril |.
Young, Ivan R.

Mar. lS75
Nov. 1973/
Mar. 1976

z
Zamborelli, ThomasI.
Zellmer,Joel

Sept. 1.574
Aug. 1,5771
Sept. 1974
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Fig. 3. Llnesare drawnby movingthe beam witha smooth
ramp to maintainconstantintensity.

xg*Xl

shown in Fig. a. A digital-to-analog converter [DAC)
generates the desired output level. The present output value is subtracted from the DAC value to generate a difference AX, which is sampled and held.
Then the integrator switch closes and the sampleand-hold switch opens, and the output ramps to the
desired output value.
For a given CRT drive, a certain number of electrons per second are generated by the electron gun. If
the beam is moved twice as far in the same amount of
time, the electron density is halved, so the line is dimmer. It is a simple matter to generate an intensity level
that will compensate for this, knowing the horizontal
and vertical line lengths AX and AY:

Ys-Ys

Fig.2. Character generator produces horizontaland vertical
bit patterns for alphanumeric characters and sends them to
the stroke generator.

r Load new ROM address into RAR from ROM
output
r Increment RAR to next ROM address
r Load new ASCII code into RAR and increment
character counter.
These control situations allow the ASM to step consecutively from one bit pattern to the next for portions of a character that are unique, or to jump anywhere within the ROM to access portions of another
character that are common to the one being constructed. For example, an eight may be made from a
three and a pattern unique to an eight:

Intensity: AVJAXy + (AYR
where A is a proportionality constant related to the
integration time.
In the 542OA, this is approximated using one-half
the sum of the magnitudes of AX and AY. This results in a slightly greater intensity for horizontal and
vertical lines than for diagonal lines of the same
length. However, this is of little consequence,because
the compensation is applied only for lines longer than
a certain threshold value. In other words. some
variation in intensity is permitted, although much
less than there would be without compensation. This
is because a slightly greater intensity for short lines
than for long lines not only livens the display, but

l+3=8
This yields maximum efficiency in the use of ROM
and makes it possible to store a complete ASCII
character set plus a few Greek and lower-case letters
for engineering notation in 512 16-bit words of ROM.
Stroke Generator
To display high-quality lines with uniform intensity, three signals have to be generated: the horizontal
component, the vertical component, and the blanking
signal. This is the job of the stroke generator.
The stroke generator converts digital bit patterns
into uniform line segments. The horizontal and vertical lines are voltage ramps. The blanking signal is
generated from the horizontal and vertical components and determines the line's intensity and turns
the beam on or off.
To generate a uniform straight line with constant
intensity, the signal moving the beam should be a
linear ramp, as shown in Fig. 3. A simplified diagram of the circuit used to generate this signal is

F19.4. Simplified ramp generator circuit. A digital-to-analog
converter genetates the desired value of the output. This is
subtracted from the present value and the difference is sampled and held. Then the integrator swltch c/oses and the
sample-and-hold switch opens, and the output ramps to the
desired value.
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also introduces some information
a plot is changing.

on how quickly

code, the module I/O bus (MIOB), and the hidden
cartridge.
When the power is switched on, the computer performs an initial bootload opcode (mr), which loads a
small bootstrap program from ROM into the computer's main 48K memory. This program checks the
memory and tests the integrity of the MIOB, and then
proceeds to load data stored on the hidden cartridge,
filling the computer's memory. To enhance reliability, the 48K memory contents are stored in 1K records, and there are multiple copies of each record on
the cartridge. If an error is encountered during the
loading of a record, alternate copies of the record are
used. Ifthe alternate copies also have errors, the noise
reject threshold used in decoding the tape head signal
is changed. Thus the loading process is desensitized

Mini-Cartridge Data Storage
The mini-cartridge has proved its utility as a data
storage medium in HP terminals and desktop computers.l'2 In the 542oA Digital Signal Analyzer, the
minicartridge is used for data storage and as a backup
store for a large semiconductor RAM memory.
The minicartridge holds about 250,000 16-bit
words of information, accessibleat a 1-kHz word rate.
It was designed jointly by HP and 3M corporation as a
small, reliable storage device that could stand up to
the vigorous demands of a computer controlled system.3 A feature of the minicartridge is its belt drive,
which eliminates tape-to-capstan contact and enhances reliability.
There are two cartridge drives in the 542oA Digital
Signal Analyzer. The front-panel cartridge provides the ability to store and restore instrument setups and data waveforms for later use. The second
cartridge drive is hidden under the instrument's top
cover. Its function is to back up 48K words of highspeed volatile memory.

Walter M. Edgerley, Jr.
WithHPsince197.1
, WaltEdgerley
has designedpowerand hybrid
microwaveamplifiersand, more
recently,the 5441A DisplayModulefor the 54204.He receivedhis
BSEEdegreefrom the University
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at Berkeleyin 1972.A
former professionalbowler,Walt
participatesin a varietyof sports
and coachesyoung peoples'
baseballand basketball
teams.He
was bornin Albany,California,
has
two sons,and now livesin Fremont,California.

Memory Back-Up
The "personality" of the 542OA is stored in 48K
words of high-speed semiconductor RAM memory.
This memory is volatile, so it must be loaded during
the power-up sequence.The memory loading process
is accomplished in several steps and involves the
21MX K-Series Computer, a small bootstrap program
residing in ROM (non-volatile), ROM-stored micro-

David C. Snyder
Dave Snyderdesignedthe tape
cartridge hardwareand the module l/O bus for the 54204.WithHP
since.197.1
, he's been project
leaderfor the 5451BFourier
Analyzerand has done software
designfor nuclearanalyzersand
automatictest systems.Dave
Graduatedfrom the University
of
Californiaat Berkeleywith a BS
degree in engineeringphysicsin
1965.BeforejoiningHPheworked
as an astrodynamicist,a software
analyst,and a softwaredesigner
He'sdone graduatework at three
universities
in a varietyof fieldsincludingcomputerscience,
systems,and digitaldesign.A nativeof Mankato,Minnesota,
Dave is marriedto a nurse,has threechildren,and livesin the
SantaCruz mountainsof California.His interestsincludemigames,cryptography,hiking,woodworking,
croprocessing,
photography,and guitar.

;r

Multiplex

Fig. 5. fwo hpe drives in the 54204 share readlwrite electronics and communicate with the central processor over the
MIOB. One dilve is used for storing data and instrument
sefups.fhe second driveis rnternal,and is used to back up the
5420A's semi conductor memorv.
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dles all MIOB transactions, performs serial-to-parallel
conversions, and handles exceptions (for example,
sending status code words to the computer whenever
an error is detected). The control section is implemented as a PROM-driven 32-state algorithmic state machine (ASM).
A diagnostic mode is provided that allows software
read and write arbitrary patterns on the tape, instead
of being limited to reading and writing one and zeros.
Using the standard xIo pseudo-DMA opcode, the
signal at the tape head may be set or sensed with a
resolution of about one microsecond, equivalent to a
tape motion of about 2O p.in. This capability can be
used to read and record worst-case test patterns such
as frequency response patterns, dropout patterns, and
so on, for diagnostic purposes.@

to tape errors, and in fact, will load perfectly even in
the presence of multiple hard errors.
Cartridge Hardware
The cartridge hardware interfaces two tape transport assemblies, each consisting of motor, head, and
preamplifier, to the 5420A module I/O bus (MIOBJ, as
shown in Fig. 5. The MIOB transactions involve sending and receiving data, receiving commands (e.g.,
$RUN, $STOP,$READ,.,.),and sending status information (e.g.,V.tvtovING,
%EoF,...)called "code words".
The motor servo's job is to maintain the tape speed
at 22 or 88 inches per second (ips), both forward and
reverse. The tape velocity increases linearly from a
stop to 22 ips in approximately 20 milliseconds; this
corresponds to accelerating the motor uniformly from
0 to 1300 r/min within one-half of one motor revolution or about 0.5 inch of tape travel. An optical tachometer providing 2000 pulses per revolution is the
control feedback element.
Data is written on the tape bit-serially, encoded in
HP's delta distance format.2 This is an efficient technique in which the recording density varies between
900 and 1600 bits per inch depending on the bit composition of the data. In this format, zeros are represented by short magnets (about 600 pcin) and ones
are represented by long magnets (about 1000 g,in).
The control portion of the cartridge hardware han-
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DigitalSignalAnalyzerApplications
Analysesof two actualsystems,one electricaland one
mechanical,show what the analyzercan do.
by TerryL. Donahue
andJosephP. Oliverio
r1r HE 54204 DIGITAL SIGNAL ANALYZER is
|' basically a two-channel digital low-frequency
spectrum and transfer function analyzer. A major
application area is the analysis of mechanical structures, since these typically exhibit low-frequency
(below 25 kHz) oscillations. However, its versatility,
wide choice of measurements,and post-measurement processing capability make it a useful tool in
other areas,such as acoustics,underwater sound,
control system analysis,phase noise analysis,and
filter design. This article describestwo applications,
one electrical, the other mechanical. The examples
include the results of actual measurementsmade on
an electronic speed controller and a mechanical
structure.
ElectronicSpeedController
Fig. 1 is a block diagramof the speedcontrollerfor
17

the 542OA's own cartridge tape drive, which is driven
by an armature-controlled permanent-magnet dc
motor. An analog tachometer voltage is obtained by
filtering the output of an optical pulse tachometer.
The set point input R(jor) represents a command for
the motor to run at a constant speed. The feedback is
the analog tachometer voltage, which is proportional
to motor speed and therefore tape speed. System
noise, represented by S(jor),is contributed by several
elements including the unregulated dc motor voltage,
mechanical imbalances in the system, and varying
frictional forces.
The solid black summing node in Fig, 1 is added
to the system to introduce noise N(j<o) from the
5420A's random noise source. The measurement
technique is to measure the transfer function
T(ior):[6r)/N(iar) and compute the open-loop transfer function G(jor)H(jor). This is possible because

Fig. 1. Block diagram of a cartridge tape drive system to be
analyzed by the 54204 Digital
Signal Analyzer. The black summing node has been added to the
sysfem lo introduce noise N(ja)
from the 5420A's random noise
source. The techniqueis to measure T(ja) : X(ja)lN(1a)and compute the open-looptransferfunction G(ja)H(ja)

and another at about 2OOHz. An analysis of the system predicted a response dominated by the loop filter
and the motor. The loop filter was expected to contribute a pole at 0 Hz and a low-frequency zero, and the
motor a low and a high-frequency pole. The measured
result shows the pole aI O Hz, the high-frequency
motor pole near 2OOHz, and the low-frequency filter
zero nearly perfectly cancelling the low-frequency
motor pole.

T(iar):611r1H(iol)/ [ 1 + G(ior)H(iro)
].
The black summing node in Fig. 1 must be added to
the system with some care. To provide isolation from
the noise source and to prevent disturbing the normal
operation of the system, an operational amplifier circuit, as shown in Fig. 2, can be used. The Rs should be
matched to provide a gain lV6t,r1lx1;r1| : r to an accuracy consistent with normal parameter variations in
the system. The circuit should have unity gain and no
phase shift over the control system bandwidth.

Fig,2. An operational
amplifiercircuitfor introducingnorse
N(ja)into a systemwithoutdisturbingthe system.
Fig. 3 shows log magnitude and phase versus frequency of the measured transfer function T(j<,r).To get
t h e o p e n - l o o p t r a n s f e r f u n c t i o n G ( j < , r ) H U < ot )h e
5420A's arithmetic operations are used to get the results illustrated in Fig, . From the figures, it is possible to estimate that G(jor)H[jc,r)contains a pole at 0 Hz

Stability Analysis
Once G(jarJH(jr,r)
has been obtained, it is possible to
determine the absolute and relative stability of the
system. A simplified version of the Nyquist stability
criterion that can usually be applied to real systems
states that a system with an open-loop transfer function G(jro)H(jor)
that has no poles in the right half of the
complex plane is closed-loop stable if the Nyquist
plot (imaginary part versus real part) of G(jc,r)H(j<.r)
for
0{ ro ( m does not enclose the critical point -1*j0.
Fig. 5a shows the results of using the coordinate
k e y s t o d i s p l a y t h e m e a s u r e d G ( j o r ) H ( j c , r i)n t h e
Nyquist format. The system is seen to be absolutely
stable since the critical point is not enclosed. Relative
stability is measured by how close G(jar)H(jc.r)
comes
to enclosing the critical point. This is traditionally
measured by the gain and phase margins, which are
easily determined by again changing coordinates. In
Fig. 5b G(jar)H(jr,r)is displayed using coordinates of
log magnitude versus phase. The gain margin is 23 dB
and the phase margin is 75 degrees.

Fig. 3. C/osed-looptransfer function T(ja) measured by the 5420A.
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Fig. 4. Theresultof calculating
G ( j a ) H ( j a )- r 0 d l 1 1 - T ( j , ) l
usingthe5420As arithmetic
keys.
The measurements were repeated on the system
with an extra gain block inserted into the loop. The
Nyquist display is shown in Fig. 6a superimposed on
the original Nyquist display. The original system is
conditionally stable. Adding gain, while not making
it unstable, has decreased the relative stability. From
Fig. 6b, it can be seen that the gain margin has de-

function is then just T(j<o),which is shown in Fig. 3.
CharacterizingStructural Vibrations
One way of modeling the dynamic characteristics
of a mechanical structure is to identify its modes of
vibration. An automobile, for example, may ride
smoothly at 40 mi/hr, vibrate considerably at 50 mi/hr,

Fig. 5. (a) Nyquist display of
open-loop gain G(ja)H(ja) (b)
Same function in different coordinate systempermitsmeasurement
of gain margin (gain at -180'
phase) and phase margin (phase
difference from -180" at 0 dB
gatn).

creasedto 15 dB and the phase margin to 45 degrees.
The only question remaining is the shape of the
closed-loop transfer function. In the general case,this
is given by c(jor)/[r +c(j<o)H(j<o)].If the output of the
speed controller is defined to be the tach voltage, a
known function of the tape speed, the system is
unity-feedback, with H(jor):1. The closed-loop transfer

and then ride smoothly again at 60 mi/hr. This happens because one of the modes of vibration of the car,
perhaps in the front suspension, body, or frame, is
excited at 50 mi/hr but not at the other speeds.A mode
is defined by a natural frequency of vibration, a damping value that defines how quickly the vibration will
decay to zero when external forces are removed, and a

Fig,6, fhe measurementsof Fig.
5 repeated with more gain in the
sysfem. Gain and phase margins
have decreased.
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possible to add damping material to the structure,
which has the effect of damping its modes of vibration
as well as reducing its amplitude of vibration at any
frequency.
Modal parameters-frequency, damping, and
mode shape-can be identified from transfer function
measurements on a structure. The following example
illustrates how the 542oA can be used to identifv the
modes of vibration of a flat plate.
Modal Survey
The setup is shown in Fig. 7. The 5420A's noise
generator is used to excite the structure by means of
an electrodynamic shaker. A force transducer
mounted between the structure and the shaker provides the input signal for channel 1 of the analyzer.
The accelerometermounted on the surface of the steel
plate provides the response signal for channel 2 ofthe
analyzer. The 5420A measures the transfer function
of the structure between the stimulus and response
points. The result is shown in Fig. B for position # 1 on
the surface. Each peak represents a mode of vibration
and perof the structure. The resonant frequency 1nR1
cent critical damping (%D)of each mode can be determined by placing the X cursor on the peak and pressing the PEAKkey.

To 5420A
ch. 2
To 5420A
ch. 1

From 54204
Noise Generator

Fig. 7. A steel plate is to be analyzed by the 54204. An
electrodynamicshaker supphesthe sttmulus.The plate'sresponsers detectedby accelerometersat vanouspotntson the
surface.
mode shape, or spatial distribution of the amplitude
and phase of the resonant condition over the struc-

ture.
In mechanical design, one objective is to design a
structure whose modes of vibration occur at frequencies outside the frequency range of known external
driving forces. When this is not possible, it may be

1 ) Measure a Set of
Transfer Functions.
Store on Cartridge.
Use Cursor to Read
Quadrature values
at Resonant Frequencies.

tl
l,

tz

Plot Values.

-F\
Fig. 8. A resultof the measurementof Fig. 7 for one point on
theplatesurface.Theresonanceat 551 Hz (identifiedby the X
cursor) representsa mode of vibrationwith a damptngfactor
of 0.559"/..

Fig. 9. How modal analyststs done with the 5420A Dtgital
SignalAnalyzer.
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Fig. 10. Resu/lsof a modal analysisof the steelplate.

Each response point on the structure will exhibit a
different transfer function with respect to the input.
For lightly damped structures the amplitude of the
mode can be determined from the imaginary, or quadrature, part of the transfer function. Thus the mode
shape can be drawn by recording the imaginary value
of the transfer function at each measurement point for
the resonance of interest and plotting these values as a
function of their position on the surface. The process
is shown pictorially in Fig. 9. The result of recording
each imaginary value and plotting it as a function of
its position on the surface is shown in Fig. 10.

Fig, 11. Measurementsbefore and after adding rnasslo the
steel plate. Extra mass decreases the amplitudes and frequenciesaf the resonances.

wanted vibrations are to add mass to the structure and
to increase its stiffness. Both will affect the frequency
of a resonance. Adding mass will lower a natural
resonant frequency. Increasing the stiffness will increase a natural resonant frequency. An example of
the result of adding mass to the steel plate is shown in
Fig. 11. Not only are the resonances lower in frequency but their amplitudes have decreasedbecause
the added mass increased the damping of the structure.@

Reducing UnwantedVibrations
The two most common methods of reducing un-
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PrintingFinancialCalculatorSets New
Standardsfor Accuracyand Capability
This briefcase-p ortabIe calcuIatorhasseveral newfunctions
easylo use.Mostimportant,the user
and is exceptionally
neednot be concernedaboutquesfionsof accuracyor
operatinglimits.
by Roy E. Martin
unknown.
Example: Find the monthly payment due on a
36-month,12%,$3000loan.

INTRODUCED its first
f fEWLETT-PACKARD
lf.financial
calculator. the HP-80. in 1973.1 The
HP-80 was followed, although never replaced, by the
HP-81, the HP-70, the HP-22,2 and the HP-27.
The new HP-g2 Financial Calculator, Fig. 1, while
superficially similar in many respects to these units,
vastly exceeds all of them in functional capability
and accuracy. Originally conceived as a briefcaseportable printing calculator packaged like the HP-g13
and the HP-974 and having the financial capabilities
of the HP-22, the HP-92 in reality goes far beyond this
modest goal. Among its features are:
r Compound interest keys redefined to enhance
capability and ease of use
printed amortization schedule, correctly rounded
A
r
and clearly labeled
r Internal rate of return (IRRJ that allows the user to
enter up to 31 cash flows with arbitrary positive
and negative values
r The greatest accuracy ever achieved in any HP
financial calculator
r Calendar functions with a range of 900,000 days
(approximalely 2464 years)
r Bond and note functions that conform to Securities
Industry Association equationss
r Three types of depreciation that can be done
after entering data only once
r Means, standard deviations, and linear regression
for two variables.

Keystrokes
These keystrokes 36
n
'l
place the known
i (12%annualis 1/6 per month)
values into the
PV
3000
calculator
Then press:
Answer displayed:

FMT
99.64 Monthly Payment

This sequenceof keystrokeswill solve this problem
on all previous HP financial calculators.*
The compound interest keys solve three types of
problems,basedon the following threeequations.(In
these and subsequentequations,i is a decimal fraction, e.g.,0.05 for five percent.)
FV : PV(1+i)"

rv : lrvtrIr-1r+i;-"]/i
rv : rvrf1r+i)"-1]/i

Compound Amount
Loan
Sinking Fund

Each of these equations has four variables. As long
as three of the four variables are known (n or i must
be one of the three knowns) a user can solve for an
unknown.
Because there are three distinct equations and only
one set of keys, it is necessary to specify which equation is involved. This is done automatically through
the use of status bits (flags). Internally, status bits are
set when values associatedwith n, i, PV, PMT, FV are
keyed into the calculator. As soon as three status bits
are set, the equation is specified and a value can be
computed.
On the HP-80, known values are pushed onto the
stack and then lost when a value is computed, requiring the reentry of data on every new computation.
The HP-70, HP-22, and HP-27 have separateregisters
to hold the financial values but require special functions to clear the status bits.

New Compound Interest Keys
The cornerstone of the HP-80 and all subsequent
HP financial calculators is the row of compound interest keys: n i pv pMT FV
n : number of compounding periods
; : percent interest per period
PV, PMT, rv specify the cash values in various
problems (ev : present value; PMT : payment;
FV : future or final value).
These keys allow the user to solve for an unknown
value by first placing known values in the calculator
and then pressing the key corresponding to the

.The HP-27requiresthe useof a shitt key but is fundamentally
the same.
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Fig. 1, HP-92 lnvestoris a ftnancial printing calculatorwith superior accuracyand capability.Keyboard is designed to prompt the
user, making many problem solutions obvious even without a
manual.

This design, although creatively conceived and
cleanly implemented, is inconvenient for chained
calculations. Also, an important class of problems,
loans with a balance, cannot be solved without tedious
iteration by the user.
The same keys, n, i, pv, pMT, FV, were to be on the
HP-92. However, we wanted to improve and simplify
their use. The most attractive alternative came in the
form of a more general equation:

concept and apply the keys to problems formerly considered too complicated to solve. Naturally, we were
pleased. The new calculator would be more capable
than earlier designs and easier to use as well. But our
satisfaction was short-lived, for it turned out that here,

P V ( 1 + i J n+ p M T [ t r + i ] " - r ] / i + F V : o .
The three equations in previous calculators are all
special cases of this one, up to a sign change. The
basic premise in this equation and a major difference
between the HP-92 and other financial calculators
is that money paid out is considered negative and
money received is considered positive.
Implemented in the HP-92, this equation allows
free-format problem solving, letting the user change
any variable at any time or solve for any value at any
time. It also increases the functional capability of the
calculator to include loans with a balance, fixes the
roles of PV, PMT, and FV, making them easier to explain, reduces the number of equations from three to
one, and eliminates the need for status bits-the data
in the calculator determines the problem to be solved.
In the early stages of the project, the new compound interest equation was simulated. The increase
in capability and simplicity was substantial. Within
minutes, inexperienced people could understand the

F,9.2. Newton'smethodts used by the HP-92to solve compound interestproblems. Startingfrom some potnt ioon the
graph of an equation,the goal ts toftnd therootof the equation,
or the point where the graph crosses the axis. Drawing a
tangent line to the graph at r6 and frnding where thts line
crosses the axrs gives a second point i1. Ihis process ls
repeatedto find ir, ir, and so on, untila potntts reachedthatts
close enough to where f :0. io is called the rnitialguess,
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of the function f(i) and its derivative, and the quality
of the initial guess. For certain graphs any reasonable
initial guess will produce convergence to the correct
answer. This was the case with the equations solved
by previous HP financial calculators (see Fig. 3).
Inaccuracy in evaluation of the function and its
derivative can cause various problems. For example,
a small error can cause the iteration to step in the
wrong direction, say to the previous point, resulting
in an infinite loop, Worse yet, it can produce a wrong
answer. The new more general equation was more
sensitive than the old to round-off errors, and introduced another difficulty not encountered before.
The quality of the initial guess became a critical
issue, Unless the initial guess was good enough, Newton's method would fail (see Fig. a). With this in
mind, we implemented several transformations to
change the shapes of the graphs in an attempt to make
Newton's iteration less sensitive to poor first guesses.
We also carried extra digits and programmed nurnerically stable formulas to diminish the impact of rounding errors on the accuracy of intermediate calculations.
But our work was far from done. Even with the
transformations and increased accuracy, initial guesses in error by less than 1/o proved inadequate, because convergence was too slow when n was large.
After four months of careful examination and simu-

Flg. 3. Equationsused in previousHP financialcalculators
havefavorablegraph shapes(the one shownls typical),so
that startingfrom any initial guesslo the steps taken by
Newton'smethodare alwaystowardthe root.
as usual, nothing is free.
The numerical analysis used in solving the three
equations in the HP-80 had been formidable. Yet the
accuracy and reliability of the algorithms was borderline and their performance deteriorated unacceptably when they were applied to the new more general equation. The most difficult problem was solving
for i in the compound interest problems. Internally,
this involves the microprogrammed application of
Newton's method in the solution of polynomial equations (see Fig. 2).
Newton's method requires an initial guess, ie,
at the root of f(i):0. Subsequent values are produced
using
'' k. ,* .t -: r' k' . -+f ,-f(it)
(iu)
until lto-in*rl < required error limit. Basically, we
slide down the graph of f(i) sawtoothing into the
solution.
Three factors that affect the use of Newton's method
are the shape of the graph, the accuracy of evaluation

Fig. 4, Modified equation used in HP-92 enhances ease of
use, but is more difficult fo so/ve. Shape of graph is such that
someinitial guesseswil/ cause Newton'smethod to step away
from the root. To preventthis a strategy was developed that
produces inltial guesses accurate to five decimal p/aces.
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many as three guesses,and the selection of the
final initial guessbasedupon the three guesses
r Enhancedaccuracyin *, -, x, +, ln, ex
r Specialevaluationof [1r+i) "-r]li to avoid damage
from cancellation
r Carrying more digits internally than any previous
HP financial calculator.
In the final implementationof the n, i, pV,pMT,and
rV keys we were able to achieve reliable functional
capability over a wide range of data and problems, a
dramatic enhancementin easeof use, and definitive
accuracy(seeaccuracydiscussionJexceedingthat of
any previous HP calculator.
Fig. 5 demonstrateshow easythe new compound
interestkeys are to use.

Using the n, i. PV,PMr,FVKeys
Corresponding
to eachof thesekeysis a storageregister.To put a value
in the storageregister,just key in lhe valueand then pressthe appropriate key. Money paid out is represenledas negativeand money receivedis representedas positive.
Problem:
'1. lf you
deposit$10,000in a fund that pays 7.75/" annualrate,how
much could you withdraw12 years later?
2. lf, in addition,you deposit$1000 each year thereafter,how much
would you be able to withdrawafter 12 years?
3. lf you wantedtowithdraw$45,000at the end of the 12-yearperiod,
how much would you have to depositeach year?.
4. lf you coulddeposit$18,500initially,how muchwouldyou have to
depositeachyearto be ableto withdraw$45,000at the endof the 12
years?

Solution:
Press cL rrN . This clearsthe registers.
1. Key In ThenPress
Comment
n
This is the numberof years.
12
periodic
This is the
interestrate.
7.75
i
pV
YOUare puttingthe moneyintothe bankso you
1O.0OO
CHS
key it in as negative.
Fv
Thistellsthe calculatorthatyou wishto solvefor
the cash tlow at the end of the time period.
See displayed:24.4e1.05,
the amountyou could withdrawin 12 years.
2. Altervaluesare keyedin (orcalculated),
theyremainin the registers.
To do the secondpartof the problem,all we haveto do is key - 1ooo
i n t o p M r( r 2r e m a i n si n n , 7 . 7 si n i a n d - 1 o , o oion p v ) a n dt h e np r e s s F V
Key In Then Press
Comment
pMr
r0oocris
Again paymentis negativebecauseyou are
givingmoneyto the bank.
This tellsthe calculatorto find the cash flow at
FV
the end of the 12 years.
See displayed43,18e.17,The
amountyou could withdrawalter 12
years.
3. lf you neededto withdraw$45,000and wantedto find out whatyour
yearlydepositwouldbe, put4s.ooo
intoFv and thentellthe calculator
to solve for PMT
Key In Then Press
Comment
4s.o0o
Fv
At the end of the 12 years you will receive
$45,000.
pMr
This tells the calculatorto find the annualdeposityou must make.
See displayed-rogo.ss,The
amounl you must depositannually.
4 . N o w p u t - 1 8 , 5 0 i0n t op v , t h e n p r e s sp M T
Key In Then Press
Comment
pv
r8.soocHS
You planto deposil$18,500at the beginningol
the 12 years.
pMr
What will your depositbe so that you can still
withdraw$45,000at the end ol 12
years?
See displayed16.50 This tells you that you couldwithdraw lhis
amounteach year and still get $45,000at the
endof 12 vears.

Fig,5, An exampleillustratinghownaturalthe HP-92'scompoundinterest
keysareto use.An tmportant
difference
from
previousfinancialcalculatorsis that moneypaid out is considerednegative
andmoneyreceivedis considered
positive.

InternalRateof Return
Given an initial investment and a seriesof uneven
cash flows CFo, CF1,...,CFo occurring at equally
spacedtime intervals the IRR (internal rate of return)
is the interest rate that satisfiesthe following equation:
-2
-n
cFo+ cF1(1+ i) 1+ cFz(1+ i) +...+ cF,( 1 + i) = g.
The only other HP financial calculatorsto produce
IRR are t\,eHP-27, which allows eleven cash flows,
and the HP-81, which allows ten cash flows. The
HP-92 allows up to 31 uneven cash flows.
We again applied Newton's method to solve this
equation,but in this casethe shape of the graph presented a different type of problem. In the compound
interest problem there is only one root (the graph
crossesthe axis only once). In the IRR problem it is
possible for the equation to have many roots. Descattes'rule of signsallows polynomial equationswith
several changesof sign in their coefficients to have
severalroots. Since the cashflows in the IRR problem
representthe coefficients of a polynomial (seeequation), cash flows that change direction more than
once produce this possibility. However, if there is
more than one root, none of the solutions will be
financially meaningful. To avoid this complication,
theHP-27will not allow more than one sign change.*
Example: Consider the following two problems.
Negative values represent investment and positive
values representincome.
Problem 1
Initial
Year 1
Year 2
Year 3

lation we devised an initial guess strategy that produces guesses correct to five places over all ranges of
PV, FV, PMT, and i, and with n as large as 108.Computation time for i was reduced to about a dozen
seconds.
Some of the techniques ernployed were:
r An initial guess strategy that selects an initial guess
by problem classification, the production of as

-$1o,ooo
-$ 1,ooo
$ z,ooo
$13,ooo

Problem 2
-$10,000

$ z,ooo
-$ t,ooo
$13,000

TheHP-27 producesan answer of rr.ag% for Problem 1 but returns ERROR
for Problem 2. To most users
it is not apparent why this happens.
We wanted to removethis kind of limitation. Again

.ltshouldbenotedherethatthetechniquesusedintheHP-2Twerethebestavailableatthetime.Man
implementati0ns
0f IRRtakeno precautions
to protectthe userfromanomalous
answers.
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after considerableinvestigation we were able to implement an IRR function with a much broader range.
For Problem 2 abovethe HP-92 produces the correct
answer of r2.ggo/o.
The IRR function on the HP-92 will produce the
correct answer for any problem with up to 31 cash
flows and any number of sign changes,provided that
there is at least one sign changeand that there is only
one signi/icont sign change. In general, this means
that there is only one real root. Multiple sign changes
areallowed provided that all but one of the cashflows
changing sign are small in comparison to the other
cash flows.
Example:
Problem 3
Acceptable
Initial
Year 1
Year 2
Year 3
Year 4

-$1oo,ooo.oo
$soo.oo
-$2oo.oo
$too.oo
$150,ooo.oo

Problem 4
Unacceptable

-$1oo,ooo.oo
$soo,ooo.oo
-$2oo,ooo.oo
$1oo,ooo.oo
$15o,ooo.oo

For Problem 3 the HP-92 produces the correct
answer of 70.77"/". For Problem 4 the HP-92 will calculate indefinitely. The mathematically correct but
financially meaningless answers to Problem 4 are
-747.37o/oand g0Z.gA%.This does not mean that the
problem is financially meaningless, but only that IRR
is not the way to attack it. If there is a financially
meaningful answer to an IRR problem the HP-92 will
find it.
Bonds
The SIA (Securities Industry Association) handbooks specifies certain procedures for the calculation
of bond values. Most bonds have semiannual coupon
periods determined by their maturity dates. For
example, if a bond matures on December 15, 1.985,
then the coupon periods will end on |une 15, 1985,
D e c e m b e r1 5 , 1 9 8 4 , J u n e 1 5 , 1 9 8 4 , a n d s o o n . A b o n d
is not usually purchased on a coupon date (seeFig. 6).
This implies that both simple and compound interest
must be used during calculations of price and yield.
The SIA procedure for the calculation of purchase
price involves the exact number of days in the coupon
period in which the bond is purchased. The number
of days in a coupon period can vary from 180 to 184.
Inside the HP-92 the calendar functions determine
the exact number of days to the end of the coupon
period from the purchase or settlement date, automatically taking leap years into account (Fig. 7). The
computations can be based on a 360 or 365-day year.

6 Months

6 Months

-<......._

August 3'l, 1977
_
I Possible Settlement Date

,1,,t
6115177

6 Months
Maturity Date

...ffi
12115177

12115184

6/15/85

12115t85

Fig. 6. /n bond calculations,coupon dates are determrned
by the maturitydate and are sixmonthsapart.Settlement(pur^^^ L\e anv buslness dav. Builtin HP-92 caluttdJv)
vdtr
udlv

endarfunctions
determine
theexactnumberof davsbetween
thesettlement
dateand the coupondate.
many problems all required input parameters have
individual storage registers.To place a value in one of
these registers the user simply keys in the value and
then presses the key corresponding to that register.
Example: There are three types of depreciation:
straight line (SL), sum of the years digits (SOYD), and
declining balance (DB). The input parameters and the
corresponding keys are life fltre), starting period (rut),
book value (aoox), ending period (ttz), salvage value
(snl), and declining balance factor (rncrJ. These values are loaded into their registers using the blue and
gold shift keys where appropriate. Once this is done,
any or all ofthe three types of depreciation schedules
may be calculated by pressing the St-, SOYD,or DB
keys.
Accuracy and Operating Limits
Everyone who participated in the HP-92's design
wanted to produce a calculator whose reliability, accuracy, and capability would exceed whatever might
reasonably be demanded of it. Previous calculators
would have to be surpassed, if only because as time
passes, users take previous accomplishments for
granted and demand more. One target for improvement was accuracy. Consider the following slightly
unrealistic problem.
Example: Find the present value and the future
value of 63 periodic payments of one million dollars
each at the (very tiny but still positive) interest rate
i : 0.00000767%.

Problem:
Calculatethe Driceot a corooratebondwith
a settlementdateof August24, 1977,a maturity dale of March 15, 2000,a couponrate of
8.75/" and a yield of 8%. (Calculatedon
30-daymonth,360 day year.)
Solution:
Enterthe setllementdate, maturitydate,
couponrate, and yield. Press pnrce.The
bond'saccumulatedinterestand orice are
then orinted.

A Manualon the Keyboard
The HP-92'skeyboard is designedto prompt the
user and make it obvious how to solve many problems.Keys of the samekind are groupedtogether.In

8..?41:ril 5I
i. 15.3000 tii
.r. i50000 cFN
6.404400 iL0
80N! *ibo FRt
i.6d.f58r- AI
I 0i. i68456 ${t

Fig.7. A bond problem and the HP-92solution.ThatFebruary has only 28 days rs automaticallytaken into account.
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HP-80

HP-22.27

HP-92

Obvious errors even on such unrealistic problems
can undermine user confidence. The only way
to prevent apprehension is to preclude all anomalies,
For this reason, we set out to produce such robust
algorithms that the user need never be concerned
with questions of accuracy or operating limits. The
extent of our success may be gauged by the reader's
readiness to forget the limitations explained below.
Calendar Functions: tS, sT, MT Dates of issue, settlement, maturity
Days between dates
A DAYS
DATE+ DAYS
g PRTNT
x Day of the week.
These functions accept dates from October 15,1.582
to November 25,4046. The first date marks the inception of the Gregorian calendar, now in use throughout Europe and the Americas, in which leap years are
those evenly divisible by 4, but not by 100 unless
also by 400. (The year 2000 will be a leap year, but
not 1900 nor 2100.) The second date is determined by
internal register limitations, not by any special knowledge of the future.
Mathematical Operations3 r, -, X, *, 11x,"/o,"/o>,
Lo/",

Statistics: >+, >These keys accumulate various sums using arithmetic to ten significant digits. This determines the
range and accuracy achievable by the other statistical
keys f, LR, r, r, and s. For x data consisting of fourdigit integers, r and s will be correct to ten significant digits and 9, r, and LR will be in error by less
than the effect of perturbing each y value by one unit
in its tenth significant digit. For x data with more than
four digits per point the error can be significant
if the data points have redundant leading digits;
in this case both time (keystrokes) and accuracy will be conserved if the redundant digits are not
entered, following recommendations by D.W. Harms.6
Bond Yield and Interest Rates: ytELD,i, tRR.
The error will be smaller than one unit in the last
(tenth) significant digit or 0.000000001,provided that
the number of periods n does not exceed 1,000,000,
and for IRR, provided that the cash flows reverse sign
significantly only once as described above. These
rates are calculated far more accurately than the Securities Industry Association requires.
Money Values: PRICE,
PMT,PV,FV,AMORT,
SL,SOyD,DB,n
Errors will be smaller than the effect of changing all
input values in their tenth significant digits. Typically, this means that if (1+i)" does not exceed 1000
then errors will be less than one unit in the last (tenth)
digit. This amounts to a fraction of a cent in transactions involving tens of millions of dollars.

Vx, et, LN
Error is less than one unit in the last (tenth) significant digit over a range of magnitudes including
1 0 - e e a n d 9 . 9 9 9 9 9 9 9 9 9 x 1 O e ey. x i s a l s o a c c u r a t e t o
within one unit in the last significant digit for 10-20
< y* < 1020;outside that range the error is less than
ten units in the last significant digit.

Verifying Accuracy
A simple means of verifying the accuracy of a given
computation on any calculator is to attempt to
recalculate the known quantities using a quantity
the calculator has computed based on the knowns.
Example: Key the following values into the HP-92:

PV 62,608,6Ss.65
63,000,000.00
62,999,967.54
FV 62,608,695.65
62,981,366.46
63,000,031.44
The HP-92 answers are correct, but more significant,
the other answers are clearly wrong: interest is positive but money is lost.
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FEATURES AND SPECIFICATIONS
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COMPOUNDINTEFES'
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12,
Conveds number ol oerids lrch vears ro months.
i
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12:
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Sldes or comput€sp.es€ntvalle (inirialc6h llow at ih€ b€.
ginningor a iinan€ialprcblem).
Slores or compul€slulurevalu€(lina cash llowarth€ €nd oia
rnancEr o.obl€ml.
PMT
S1or6sor computss paymgntamouhl.
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BONDS ANO NOTES
PBICE
Siors or comDlr8s oic€ ol bond or nol6.
YIELO
Slds or complles yi6ld (p€rc€ntago)ol a bond o. nor6.
lS. ST
Std€s lhe issus and sdl€menr dates ol bond or nor6 lor

CALI
CPN
OEPAECNNON
SL
SOYD
DB
B@X
LIFE
N]
N2

sld6s the marurty date ol a bond or nol€.
Slo.6s lh6 call price or rd€mption valu€ ol a bnd or not€.
Slqos lh. coopon amoht (p€rc€i€96) lor bond or nora

Calcul€l$ staighllinB d€pr@iario. sdodule
Calculatess!m-olthe-yoars digirsdepreciaiionsddlle.
Calculatesdecllningbalan€ dspfeciationschedule.
Stores book valu6 ol an ass€r.
Storos defeiabl€ iil€ ol an as$i
Storos salvag€valu€ ot an assd.
Slorss lhs Sding Far lor a d6p.6cEtionschdu e.
Sldes lhs ending year lor a dep.eciationschodulo.

PEBCENTAGE
1a
l%
'hZ
CALENDAB
2@0 Y€d
OATE+OAYS

Compll€s psrconl
Computesporconl ol change betw€entuo numb€B.
hmwbs
Frc€nt on€ numb€r 6 ol a lobl.
@ob€r 15, 1582to Novembe.25, 4046.
Compul* a l!tu.€ or past dare iiom a given dab and a
lixd numb€rof days. r
compules numbd ol days b6tu6en dares.
For a giv€n date, prinb its day ollhe we€k.
A u l o m a t i c a l l ya c c u m u l a l e sl w o v a r i a b l e s l o r s l a l i s l i c s
pobloms: :x, :y :r? :ts, :xy, ad numbr ot t€ns n
O€l€lesslatisticalvafiabl$ for danginq or cor€dion
Compul€smean ior x and y.
hmpll€s slandarddovation lor x, ad y.
Linoarr4r€ssion d tend lin€.
Coil€lalioncoefficienr.
Slor€sn!f,h. in one ol 30 stofager€isl66. Pedorns storag€
.6gisbr ailhmdic lpon 10 of lhe reglsls€.
R&alls numb€r foh one ol 30 slorag6 rogistBrs.

PANNNG AND CLEABING
AMOFT
Priotsamonizaris shedut€.
LIST: FINANCE Prinls all valu€s for compend inter6r probl6ms,bonds and
noEs, and d€preralon s6€dur6s.
Prinls contsnlsol display.
IIST STACK
Pinls conl€nlsol operatonalsbck.
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T4€lher p.ini conl€ntsol 30 addresabte storagorreistsG
CLx
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Cl€66 linancialllncrioN lor n€w probl€n.
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Tqdhd cloa.30 addr6sabls siorag€ reglslers.
CLEAF
Cl6a6 enlkecalculator<isplay,oporarionalsrack,allsrofag€
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ENTERT
CHS
t-y Fl Fl
EEX
BND
IAST x

Separal€snumbsrslor afthm€tic ad olher functions.
Chang€ssign ol displayd nlmbd ol expon€nr.
Fundons lo manipllare numbec in @sational shck
Enl6r €xpon6n1ol 10.
Roundsadual nunkr ln displayro numbd s€en in display.
Focalls nombe. displaysd belor€ ast operallon back lo
dispray.

MATHEilANCS
yr
6r
LN
\,t
1/r

Raisosnunbor to pow6r.
Narurslanribgarilhm.
Naruralloganrhd.
sq!ars.oo1.
R6ciprocal
Arrhm€riclundions.
PHYSICAL SPECIFICATIOTS
WIDTH:22.9 @ntim€tss (9.0 if).
LENGTH:20.3 €n!m€r6s {8.0 in).
HEIGHTT535 c€nrinetB (2.5 ln).
WEIGHT: 1 13 kibgrans (40 oz).
FECHAFGER/ACADAPTERWEIGHTT170 grams {6 oz)
SBIPPINGWEIGHTT2.7 biograms (5 rb 15 oz)
TETPERATUFE SPECIFICATIONS
oPEFATINO TEMPEFATUAEBANGE:tr to 45'C (3zF lo 113'F)i with pap€r,
5% lo 95% rolatve humidty.
CHAFGING TEMPEFATUREFANGEI 15" tO4O'C (59'IO 1S'F).
SToBAGE TEMPEBATUFEFANGET 40. to +55oC( 4e lo +l3i.F).
AC: Dop€ndingon r*haq6/ac adapb. chos6n, 115 o.230V +1@., S ro
60 Hz.
BAnERYT 5.0 Vdc nlckofcadmiln batt6rypack.
BAfrERY OPEMTING TIME:3 lo 7 ho!6.
BArEBY FECHABGINGllME: Calculalofofi, 7 lo 10 houF: calcuElor on,
PEICE lN U,S,A.r9625.
1@0 N.E Cfcl€ Boul€vard
Co.vallis.Or4on 97330 U.SA

n: 177,711771,1,
i : 2.222222222,
PV: 333.3333333,
PMT:4.444444444.These numbers are selectedto
make any loss of digits noticeable,but are otherwise
arbitrary.
Now solve for FV. The HP-92 gives FV:
-5937.82294.Now recalculatethe known quantities,
T h e H P - 9 2 a n s w e r s a r e n : 1 1 t . 1 , 7 7 1 , 1 , 1 ,i1: , ,
2.222222222,
PV: 333.3333333, PMT: a.444444443.
Note the loss of one digit in the last place of PMT.
Then resolve for FV. The HP-92 again gives FV:
-5931..82294,showing that the lost digit has no
impact.
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