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Glossary

A/D Converter or ADC: analog-to-digital converter is a device 
that accepts an analog input voltage and converts it to a digital, 
binary number.  The output of an ADC is always a binary integer
that must be converted to real voltage units in accordance with 
the system gain and converter resolution.  The on-board ADC 
has 12 bits of resolution, meaning that it can resolve input 
voltage with a resolution of 1 part in 212, or 1 part in 4096.

Aliasing: frequency components above the Nyquist limit (see below) will falsely show up as lower frequency 
components.  Therefore, signals should be filtered with an analog filter before A/D conversion to reduce errors.

AM9513: this is the counter/timer chip from Advanced Micro Devices used in the MacADIOS II board to generate 
accurate digital pulses and perform timing and counting operations.

ASCII: a standard code for representing text data, where one byte represents one character.

Boolean: a data type with two possible values, TRUE or FALSE.

D/A Converter or DAC: digital-to-analog converter is a device that accepts a binary integer as input and converts it
to an analog output voltage.  The on-board DAC has 12 bits of resolution, meaning that it can output a voltage with 

a resolution of 1 part in 212, or 1 part in 4096 (= 4.88 mV when configured for ±10 volt full scale output range).

dpi: dots per inch.

External: short for external command (XCMD) or external function (XFCN).  A custom module of executable code 
that expands the standard HyperCard instruction set.  WaveTrak makes heavy use of externals for real-time data 
acquisition and signal processing.

FFT: the Fast Fourier Transform is an efficient algorithm for converting waves from the time to the frequency 
domain.  The FFT requires that the number of points in a wave be an integral power of 2.
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FIR: Finite Impulse Response digital filter.  This is a non-recursive filter (that is, the output values depend only on 
input values and not on previous outputs) that, unlike the FFT, does not require that the number of points in a wave 
be an integral power of 2.

FPU: floating point unit, the 68881/2 math coprocessor that greatly speeds up numerically intensive operations.

Handler: a series of HyperTalk instructions that intercepts a message, executing the instructions (i.e. a handler 
handles a message).  Handlers always begin with on handlerName and end with end handlerName.

Multiplexer: a device that selects which analog input channel will be fed to the A/D converter.  This allows a 
converter with a single input to digitize up to 16 channels, although it cannot digitize several channels 
simultaneously.

MUX: short for multiplexer.

Nyquist frequency: the highest theoretical frequency that can be faithfully digitized at a given sampling rate = 1/2 
the sampling frequency i.e. if you sample at 100 kHz, the highest frequency that will be accurately captured is 50 
kHz.  In fact, frequencies above the Nyquist limit will falsely show up as lower frequency components (this is called
aliasing, see above).  Therefore, signals should be filtered with an analog filter before sampling to prevent errors.

Parameter: a variable or constant passed to a command or function e.g. the XCMD WriteTTLbit 
bitNumber,theLevel has two parameters.

PICT: a Macintosh graphics object, or the signature identifying a Macintosh graphics object or graphics file.

RAM: Random Access Memory, the physical memory in a computer made up of silicon memory chips.  RAM can 
be written to and read from very fast, but loses its contents when the power is turned off.

ROM: Read Only Memory, also made up of silicon memory chips, but information is permanent and cannot be 
altered.  Unlike RAM, ROM remembers its contents when the power is turned off.

Root: the first card of every experiment is the root card, serving as an introduction for the experiment and a synopsis
of results.
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Scrap: another name for the clipboard.

Trace: a wave with additional information, such as sampling rate, gain, time stamp, user comments and any other 
pertinent data.  A trace is usually stored on a trace card.

TTL: Transistor-Transistor-Logic, a standard digital technology which defines a logical 1 as a level of +5 volts, and 
a logical 0 as a level of zero volts.

Vertex: each point in a polygon is called a vertex, because it causes the direction of the next line segment to change. 
When waves are exported as polygons, points in a wave are analogous to vertices in a polygon.

Wave: a series of values, either digitized or computed, equally spaced in time or any other horizontal dimension.

XCMD/XFCN: external command or function, also called external.  A unit of executable code written in a compiled
language such as C, Pascal or assembly.  You can create extensions to the standard HyperTalk language by writing 
your own XCMDs.  All of WaveTrak's real-time and digital signal processing functions are implemented as 
optimized XCMDs and XFCNs.
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Index
32-bit addressing 125
68881/882 9, 191
A/D Channel pop-up, in Scope card 50
A/D channel, selecting 76
A/D converter,differential input 51
A/D converter,number of channels 51
A/D gain 53
About HyperCard 64
Abs Area to Disk 114
AbsAreaWave 164
AC RMS value 82, 103
Acq menu 68, 75
AcqMean 166
Acquiring, a single trace 75
Acquisition box, in Trace cards 37
AcqWave 167
AcqWaveDAC 168
AcqWaveOnTTL 170
AcqWavePreTTL 171
AcqWaveThresh 173
AcqWaveTimer 175
AcqWaveTTL 177
ADCbits 282
Adding a constant 179
Adding waves 180
AddWaveK 179
AddWaves 180
Aliases 12
Aliasing 57
AM9513 96
AM9513, disarming 255
Amplifier gain 250
AmplSpectrum 181
Analog pulse, generating 204
Analysis box 37
Analysis menu 73, 82
Apple menu 64
Approximate, in Scope card 48
Area, under a wave 164, 183

AreaWave 183
Arrays, of waves 129
Arrow Keys

in root cards 16
in trace cards 18

Autocycle 100
Averaging 97, 98, 185, 188
AvgWaveTimer 185
AvgWaveTTL 188
baseline global 133
bottomY global 132
Button

Abs Area to Disk 114
Approximate, in Scope card 48
Autocycle 100
Continuous, in Scope card 50
Differentiate 110
FIR Filter 113
Free Run, in Scope card 50
Freq Spectrum 108
Go trace... 18
Hi-pass Filter 111
Hi-pass Filter + window 112
Import XY 51, 75
Integrate 110
Last root 15, 32
Lo-pass Filter 111
Lo-pass Filter + window 112
Make Sine 106
Make Sine & Filter 107
Mark 35
Multiple 90, 126
Multiple + DAC 92
Multiple + Timer 97
Multiple + TTL 96
Multiple on TTL 93
Multiple pre TTL 95
Multiple Thresh 91
MultipleAvg + Timer 99
MultipleAvg + TTL 98
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Paste Coeffs 57
Paste XY 51, 75
Peak Detector 113
Peak Frequency 83, 84, 107
Plot Abs Area 114
Question mark 35
Read Input bit 102
Read Input Byte 102
Root 1 15, 32
Search 35
Show AC RMS 103
Show Multiple Means 101
Show RMS 102
Show Single Mean 101
Show Wave Info 45, 88
Single 76, 120
Single A/D 89
Single A/D + DAC 91
Single A/D + DAC2 92
Single A/D + Timer 96
Single A/D + Timer + Baseline 100
Single A/D + TTL 95
Single A/D on TTL 93
Single A/D pre TTL 94
Single A/D Thresh 90
Single, in Scope card 50
SingleAvg A/D + Timer 98
SingleAvg A/D + TTL 97
Slope, in Scope card 50
StartPulseTrain 103
StopPulseTrain 104
Threshold Detect 111
Threshold, in Scope card 50
Trace Abs Area 110
Trace Area 109
Volts, in Scope card 50
Wave Stats 82, 109
Write Output bit 104
Write Output byte 105
±5 Ticks, in Scope card 50

Button Bank 61
Button Bank card 88
Buttons

Import XY 23
Show Wave Info 25

Calibration marks 27
Card

Button Bank 88
ErrorList 299

Card names 30, 62
Card, definition of 11
Cards

Button Bank 61
Error List 62
Home Card 14, 30
NOTES 61
Plot 62
Root 14, 32
Slot Address 22
Slot Addresses 59
Standard Comment Card 34
StdPostedCard 62
Trace 14
Trace Card 35

Check box
Hardware Lockout 56

CheckFPU 191
Clear Entries 72
Clipboard, converting 247, 249
Clipboard, getting contents of 225
Clipboard, pasting variable to 241
closeBackground, in root card 141
closeBackground, in trace background 142
closeStack 136
Code resource 12
Command-1 32, 65
Command-S 46
CommaToTab 192
Comment Field

in Root card 34
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in Trace card 35
Searching 35

Compact Stack 30, 64
Compile Stack Comments 70
Compile Trace Comments 73
CompileComments 74
CompileStackComments 72
Continuous 50
Converting, binary to real 101
Converting, clipboard contents 247, 249
Converting, real to binary 90
Converting, text to waves 277
Converting, to comma-delimited form 257
Converting, to tab-delimited form 192
Converting, to XY table 266
Converting, to Y table 268
ConvolveWave 193
Copy as Big PICT, menu item 79
Copy as PICT 27
Copy as PICT, menu item 78
Copy as XY 29
Copy as XY, menu item 77
Copy as Y 29
Copy as Y, menu item 78
CopyAsBigPICT message 81
CopyAsPICT message 79
CopyAsXY message 78
CopyAsY message 78
CopyBigPICT 195
CopyPICT 198
CopyXYTable 200
CopyYTable 202
Counter/timer chip 96
Counter/timer chip, disarming 255
Create Posted Card 74
CreateBlankWTRK 70
CreatePostedCard 75
Creation date 34
Cursor

cross-hair 26

expand 26
Cursor readout 213
cycles 106
D/A converter, writing to 273
D/A gain 54
DAC pulse 105
DACbits 283
DACGainTable 283
DACmax 284
DACmin 284
DACpost 91
DACpostLevel 105
DACpre 91
DACpulse 91, 204
DACpulseLevel 105
data type 117
Date stamp 34
DC level 82, 101
Delete Card 72, 76
deleteRoot 142
deleteTrace 145
Deleting, a root card 72
Deleting, a trace card 76
Derivative, of a wave 209
Descriptor

baseline 133
bottomY 132
gList 131
leftX 132
rightX 132
theWave 131
topY 132
Xunit 133
Yunit 133

Descriptors 131
DesignFIRlo 207
Differentiate 110
DifferentiateWave 209
Differentiating waves 209
Digital filter 56
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Digital pulse train, generating 251
Display Points... 79, 86
Display window, in Trace cards 42
dispRect 284
DivideWaves 210
Dividing waves 210
doMenu 73, 137
doScrapToComma 68
doScrapToTab 68
dotFlag 86, 285
Dots Only 86
Double click

in Trace card 43
Drawing waves 211, 213, 239
DrawWave 211
DrawWaveCoords 213
Duplicating a stack 69
edge 93
Edit menu 72, 76
ErrNum 126, 136
Error codes 299
Error List Card 62
Errors, fatal 299
Errors, non-fatal 298
Event, definition of 263
Events, detecting in a wave 263
Exporting data

Copy as Big PICT 79
Copy as PICT 78
Copy as XY 77
Copy as Y 78
IgorTextFile 81
Save as Igor TEXT 81

Exporting, as 72 dpi PICT 198
Exporting, as hi-res PICT 195
Exporting, as XY table 200
Exporting, as Y table 202
External D/A gain table 54
f3dB 58, 285
fHi 58, 285

Field
Comment in Root Card 34
Comment in Trace Card 35
No. of points/Wave, in Scope card 47
Report, in Trace Card 37
Root Titles in Home Card 17, 32
Sample interval/rate, in Scope card 47
Sample Window Time, in Scope card 47
Trigger Level, in Scope card 50

Fields
Hardware Parameters 125
Readings 125
Root Titles in Home Card 23
Title in Root Card 23, 34

Fields, maximum size 125
File menu 64, 69
Filter, digital 56, 193, 215, 217, 219, 221, 223
FilterWaveFFThiLin 215
FilterWaveFFThiLog 217
FilterWaveFFTloLin 219
FilterWaveFFTloLog 221
FilterWaveFIR 223
FIR filter 56, 113, 193, 223
FIR filter, design 207
FIRCoeffs 285
fLo 58, 285
FPU 191
Free Run 50
Freq Spectrum 83, 108
Frequency spectrum 181, 240
Frequency, cut-off, for digital filters 58
FSTable 130, 286
Functions menu 67, 70, 87
Gain, programmable 250
getMaxPlotPts message 86
GetScrap 225
GetWaveStats 226
getWaveType 117, 140
getXmag message 85
getYmag message 85
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gList 288
gList global 131, 141
Global

ADCbits 90, 282
baseline 133
bottomY 132
DACbits 283
DACGainTable 92, 283
DACmax 284
DACmin 284
dispRect 284
dotFlag 86, 211, 285
f3dB 285
fHi 285
FIRCoeffs 285
fLo 285
FSTable 130, 286
gList 131, 141, 288
HardDiskName 289
HardwareOK 290
leftX 132
maxPlotPoints 86, 290
maxPlotPoints determines how many points are 
drawn for each view. 211
npoints 291
openedOnce 136, 291
rightX 132
rolloff 291
rootID 292
sampleInterval 292
shiftTraceStep 292
theWave 131, 292
timeStamp 292
topY 132
TTLpulse 293
w0..w15 294
XCMDErr 294
xMag 213, 295
Xunit 133
XYCoordXformat 295

XYCoordYformat 295
yMag 213, 296
Yunit 133

Global variable, definition 282
Globals, returning data in 148
Globals, use of 122
Go menu 65
goButtonBank 67
goFilterCard 67
goHomeCard 67
goNotes 67
goScope 69
goSlotAddr 67
goSummary 67
goSysParams 67
Graphics resolution 28
Handler

closeBackground, in background card 142
closeBackground, in root card 141
closeStack 136
deleteRoot 142
deleteTrace 145
doMenu 137
ErrNum 126, 136
getWaveType 140
newRoot 137
newTrace 145
openBackground, in root card 141
openBackground, in trace background 142
openCard, in trace background 142
openStack 135
PlotData 138
RenumberTraces 145
ReplotWave 141
SaveIgorTEXT 144
Single 141
translateToBinary 90, 139
translateToReal 101, 138
UpdateSysParams 136

Handler, definition of 135
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HardDiskName 289
Hardware Lockout 56
Hardware Parameters 125
Hardware parameters table 55
Hardware, locking out 23, 56
HardwareOK 290
Hi-pass Filter 111
Hi-pass Filter + window 112
Home Card 30
HyperCard 2.0 9
HyperCard 2.1 9
hysteresis 111
IgorTextFile 81
Import Type pop-up 51
Import Type, pop-up 23
Import XY 17, 23, 75
Import XY button 51
Importing, a single trace 75
ImportXY message 75
Initializing waves

to a constant 229
to a sine function 231
to white noise 230

InitWaveK 229
InitWaveNoise 230
InitWaveSin 231
Integrate 110
IntegrateWave 233
Integrating a wave 233
Keys

Option key 26, 43
Option key, at startup 23, 56
Shift key, navigating in trace card 37
Shift key, zooming out in trace card 43

Last root 15, 32
leftX global 132
Linking stacks, with start using 131
Lo-pass Filter 111
Lo-pass Filter + window 112
lock 97

Magnification 43
Magnifying, a wave 213
Make Sine 106
Make Sine & Filter 107
Marking traces 35, 130
Math coprocessor 9, 191
maxPlotPoints 86, 290
Mean DC level 101
Mean value, of a wave 235
MeanWave 235
Menu

A/D
Single 25

Acq
Paste XY 17
Scope 23
Single 17

Edit
Copy as PICT 27
Copy as XY 29
Copy as Y 29
New Root 16, 23

File
Compact Stack 30

Go
Button Bank 65
Digital Filters 65
First 65
Go Next 32
Go Prev 32
Home Card 32, 65
Notes 66
Slot Addresses 66
Summary Stack 66
System Parameters 66

Message
CompileComments 74
CompileStackComments 72
CopyAsBigPICT 81
CopyAsPICT 79
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CopyAsXY 78
CopyAsY 78
CreateBlankWTRK 70
CreatePostedCard 75
doMenu 73
doScrapToComma 68
doScrapToTab 68
getMaxPlotPts 86
getXmag 85
getYmag 85
goButtonBank 67
goFilterCard 67
goHomeCard 67
goNotes 67
goScope 69
goSlotAddr 67
goSummary 67
goSysParams 67
ImportXY 75
PasteXY 75
SaveIgorTEXT 81
ScopeFreqSpectrum 84
ScopePkFreq 83
Single 76
ToggleDotsOnly 86
TrFreqSpectrum 84
TrOverlay 84
TrPkFreq 83
TrStats 82
ZoomXonly 85
ZoomXY 85
ZoomYonly 85

minimum & maximum values 82
Mode register, writing to 274
Monitor

Color 9
Monochrome 9

mouseUp message, invoking buttons 69, 73
MultiFinder

minimum partition 9

Multiple 90
Multiple + DAC 92
Multiple + Timer 97
Multiple + TTL 96
Multiple button 126
Multiple on TTL 93
Multiple pre TTL 95
Multiple Thresh 91
MultipleAvg + Timer 99
MultipleAvg + TTL 98
Multiplexer 122, 151
Multiplying by a constant 237
Multiplying waves 238
MultWaveK 237
MultWaves 238
MUX 122
Names, of WaveTrak Cards 62
Naming stacks 70
nAvg 97
New Root 16, 23
New Stack... 131
New Summary Stack... 71
New WaveTrak stack... 69
newRoot 137
newTrace 124, 145
No. of points/Wave 47
normalize 110
NOTES Card 61
npoints 291
openBackground, in root card 141
openBackground, in trace background 142
openCard, in trace background 142
openedOnce 136, 291
openStack 135
Option key 213
Overlay Waves... 84
overlayFlag 110
Overlaying waves 239
OverlayWave 239
Paste Coeffs, button 57
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Paste XY 17, 75
Paste XY button 51
PasteXY message 75
Pasting, a single trace 75
Peak Detector 113
Peak Frequency 82, 107
Peak Frequency button 83, 84
Peak-to-peak amplitude 82
period 97
phase 106
PICT 27
Plot Abs Area 114
Plot Card 62
PlotData 138
Plotting waves 211, 213, 239
Posted cards 74
Power spectrum 240
PowerSpectrum 240
preTrig 94
Pulse train, generating digital 251
Pulse, generating analog 204
PutScrap 241
PutToGlobal 242
Question mark 35
QuickDraw 28
Read Input bit 102
Read Input Byte 102
Readings 125
Readings table 55
ReadTTLbit 245
ReadTTLbyte 246
RenumberTraces 145
ReplotWave 141
Resolution

of exported graphics 28
resultType 119
rightX global 132
RMS value 82, 102
RMS value, AC 82
Roll-off, digital filter 58

rolloff 58, 291
Root 1 15, 32
Root Card 32
Root Title 23, 34
Root Titles 17, 23, 32
rootID 292
Sample interval, maximum 151
Sample interval, minimum 151
Sample interval/rate 47
Sample Window Time 47
Sample window time, in Scope card 50
Sample-and-hold 151
sampleInterval 292
Sampling Rate box 24
Sampling rate, for multiple channels 129
Save as Igor TEXT, menu item 81
SaveIgorTEXT 144
SaveIgorTEXT message 81
Scope 23, 68
Scope card

sample window time 50
sampling rate window 47

ScopeFreqSpectrum message 84
ScopePkFreq message 83
Scrap 67
Scrap to Comma 67
Scrap to Tab 67
ScrapToComma 68, 247
ScrapToTab 68, 249
Send Farther 88
Serial number, invalid 301
SetADGain 250
Shift Key 37, 43
shiftTraceStep 292
Show AC RMS 103
Show Multiple Means 101
Show Plot 73
Show RMS 102
Show Single Mean 101
Show Wave Info 25, 45, 88
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Single 17, 25, 50, 141
Single A/D 75
Single A/D + DAC 91
Single A/D + DAC2 92
Single A/D + Timer 96
Single A/D + Timer + Baseline 100
Single A/D + TTL 95
Single A/D button 89
Single A/D on TTL 93
Single A/D pre TTL 94
Single A/D Thresh 90
Single button 120
Single message 76
SingleAvg A/D + Timer 98
SingleAvg A/D + TTL 97
Size,of a wave 82
Slop 50
Slot Address 22
Slot Addresses 59
Slots, selecting NuBus 66
Sort by Date 72
Spectrum 181, 240
Stack

Summary 66, 70
Stacks

A/D Lib 12
DSP Lib 12
Master 11
Summary 12

Stacks, naming 70
Standard cards 55
Standard Root Comment Card 34
start using 131
StartPulseTrain 103, 251
Statistics, on waves 226
StdPostedCard 62
StopPulseTrain 104, 255
Subtracting waves 256
SubtractWaves 256
Summary stack 66, 70

System 7.0 9
System crash, at startup 23, 56
Tables, formats for 67
TabToComma 257
Technical notes 7
the value of, HyperCard function 130
theWave 292
theWave global 131
Threshold 50, 111
Threshold Detect 111
Thresholding waves 258
ThresholdWave 258
time stamp, of trace 35
timeout 91, 93
timerChannel 96
timeStamp 122, 292
Tips 6
Title 34
Titles 32
ToggleDotsOnly message 86
topY global 132
Trace

definition of 35
Trace Abs Area 110
Trace Area 109
Trace Card 35

acquisition box 37
analysis box 37
display window 42
report field 37

Trace number 35
translateToBinary 90, 139
translateToReal 101, 138
TrFreqSpectrum message 84
Trigger Level, in Scope card 50
triggerLevel 90, 91
Trim 261
TrOverlay message 84
TrPkFreq message 83
TrStats message 82
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TTL input port, reading 245, 246
TTL output port, reading 246
TTL output port, writing to 275, 276
TTLbit 93, 95
TTLpulse 293
Type, definition 117
UpdateSysParams 136
Vertex, in a polygon 79
Virtual memory 9, 125
Volts button 50
w0..w15 294
Wave

definition of 34
Wave arrays 129
Wave compression 120
Wave descriptors 131
Wave encoding 120
Wave Info Field, in Trace card 45
Wave Stats 82, 109
Wave Stats button 82
Wave, definition of 116
WaveToEventList 263
WaveToXYTable 266
WaveToYTable 268
Window 270

Sampling Rate, in Scope card 47, 55
windowType 112
Write Output bit 104
Write Output byte 105
WriteDAC 273
WriteModeByte 274
WriteTTLbit 275
WriteTTLbyte 276
X mag 43
X mag... 84
XCMD

AcqMean 166
AcqWave 167
AcqWaveDAC 168
AcqWaveOnTTL 170

AcqWavePreTTL 171
AcqWaveThresh 173
AcqWaveTTL 177
CopyPICT 198
CopyXYTable 200
CopyYTable 202
DrawWave 211
DrawWaveCoords 213
PutScrap 241
PutToGlobal 242
SetADGain 250
StopPulseTrain 255
WriteDAC 273
WriteModeByte 274
WriteTTLbit 275
WriteTTLbyte 276
XYTableToWave 277

XCMD, definition of 147
XCMDErr 294
XFCN

AbsAreaWave 164
AcqWaveTimer 175
AddWaveK 179
AddWaves 180
AmplSpectrum 181
AreaWave 183
AvgWaveTimer 185
AvgWaveTTL 188
CheckFPU 191
CommaToTab 192
ConvolveWave 193
CopyBigPICT 195
DACPulse 204
DesignFIRlo 207
DifferentiateWave 209
DivideWaves 210
FilterWaveFFThiLin 215
FilterWaveFFThiLog 217
FilterWaveFFTloLin 219
FilterWaveFFTloLog 221
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FilterWaveFIR 223
GetScrap 225
GetWaveStats 226
InitWaveK 229
InitWaveNoise 230
InitWaveSin 231
IntegrateWave 233
MeanWave 235
MultWaveK 237
MultWaves 238
OverlayWave 239
PowerSpectrum 240
ReadTTLbit 245
ReadTTLbyte 246
ScrapToComma 68, 247
ScrapToTab 68, 249
StartPulseTrain 251
SubtractWaves 256
TabToComma 257
ThresholdWave 258
Trim 261
WaveToEventList 263
WaveToXYTable 266
WaveToYTable 268

Window 270
XFCN, definition of 147
xMag 295
Xunit global 133
XYCoordXformat 295
XYCoordYformat 295
XYTableToWave 277
Y mag 43
Y mag... 84
yMag 296
Yunit global 133
Zoom X & Y 85
Zoom X Only 85
Zoom Y Only 85
zooming in 26, 43
Zooming in or out 43
zooming out 26
Zooming, a wave 213
zooming, normal view 26
ZoomXonly message 85
ZoomXY message 85
ZoomYonly message 85
±5 Ticks button 50
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