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v
TheStimulatorPanel, p.71

PowerlLab

Setup
<Stimulator> ( 3-14)
PowerlLab "Output”
PowerlLab
80 / Stimulator
Stimulator Mode: | Pulse b4 Isolated Stimulator
Output ) continuously Marker channel: | Off
@ fixed number of pulses Number of pulses: |5 57
Start () when recording starts Delay: 10 ms
® manually Stimulate |
Range: ' 20 Hz |4 Range: 500 mV B: \
Frequency (Hz) Amplitude (mV)
———— 155 (3] S——————— )
1 1 1 1 I e 1 1 1 1 I e
0.1 20 -500 0 500
Pulse Duration (ms} Baseline (mV)
e—p— 00 05 | (2] ——— 50 2
1 1 | | | et I I I 1 | el
0.05 79.95 -500 0 500
Chart
Stimulator Mode: <Off>
Stimulator
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lsolaed Stirmulato

3-15
SP ST /20

PowerLab/4ST PowerlLab 4/20T

PowerlLab <lIsolated Stimulator>
PowerlLab
SP ST /20 <Pulse>
<Step> <Ramp> Teiangle> <Sine>

JWOUUL "1 L

S MWW WY

<Pulse:

<Stepr:
<Rampr: ( )

<Triangle:

<Sine:

Chapter 3 — Chart

65



Frequency (Hz)

125 8
:
0.1 20

Output @ continuously
() fixed number of pulses

Output @ repetitive

—
[_lonce only

Output @ continuously
(O fixed number of cycles

Mumber of pulsis: B =

Yiiriebeir of cpelis: B

FMumnbar oF Siga: B :

Output ( )
( <Continuous>
<Repetitive>)
1 2000
( ) (
<Set Number of Pulses>
<Once Only> Eixed Number of
Cycles>)
Mode <Pulse> Fiangle> <Sine>
<Number>
2000
<Step> 2000
1

66

Chart User’s Guide



Marker channel: = 1 |5

Start @ when recording starts
]
. manually

Delay: 125 ms

10Hz

<When recording starts> <Start>

On Off
Off

<Manually>
<Stimulator>

On Off
Chart <Start>
<Stimulate>
(0O 1,000,000msec)
Range( )
2Hz 20 Hz 200 Hz
<PPM>(1 )
/
0.1Hz PPM
2 200 / ( 0.0167 3.333 Hz)
<Pulse Duration>)
50 us
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Range: [ 500mv |4 ]

v Refer
, p. 69

Range( )

(20 ms, 200
ms, 2s,20s)

( )
( )

( )

( )

Range( )
<Amplitude> <Baseline>

100 200 500mVv 1 2 5 10V
<Amplitude>

Range( )
<End Level> <Start Level>
200mVv 500mVv 1 2 5 10V
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Setup
( 3-19
(] Stimulator Panel
Frequency Duration Amplitude
120mz 51 3500ms 2 72s00my (T [ OF [FORT]
3-16 (&) Stimulator Panel
Frequency Duration Amplitude
12.0 Hz ; 35.00 ms E,' 72.500 mv E,
<Off> <On>
<Stimulate>
Option-space bar
Setup <Output Voltage...>
(Stimulator Constant Output)
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SP ST /20

(Output 1 Outpu 2 )

DC
SP ST <Differential>
/20
( )
Output 2 Output 1 (Output
1 +3V -3V) <Independent>

Output 1 Output 2

Stimulator Constant Output

Stimulator Constant Output

OQutput 1

Range: 200mV |% l

Amplitude (mV)

200 o 200
Qutput 2
Range: [ 10V s
Amplitude (V)
r—— (T B
1 1 1 1 1 .
-10 0 10

D Differential (Complementary)
@ Independent

| Cancel @

Amplitude Range
500mV 1 2 5 10V

Scope
Chart

Range: | 200 mV l:}

Amplitude (mV)

200
Amplitude

) DC Chart

70

Chart User’s Guide



PowerlLab

+ 10V
(SP ST Output 1
)
/20 PowerlLab SP ST
Output 1 Output 2
20 SP ST differential
Output 2( ) Output 1( )
( 3-20 Output 1( )
Output 2()
Output 1( ) 2( )
+ 10V 20V
(differential)
PowerLab/SP /ST (independent)
Output 1 ( 3-18 )
Output 2
( 3-18 )
PowerLab/SP /ST 5kHz
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Differential (Complementary) —/20 or SP/ST

Independent— SP/ST only

0 -
4 1 4 1
z 1 -
g 2z 2z

o . . . o . . :
[ o 7
I 1 1
] —z | i
P ;
4 _

T T T 0 T T T
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Chart

Chart
Chart (
Time Format
Time Scale: Cursor Clock:
® From Start of Block [ Date
) Erom Start of File I Time

) Time of Day

] Always Seconds

Cancel @

<From Start of Block>

<Start>

Chart

O
=
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Chart 12 24
(Regional Settings
'Start of File’ )
< >
(
msec. ) < >
<Cursor Clock:> Chart
( 4-1
(Time & Date)
) MAC OS X Date
& Time
Chart
X-Y
( )
(
)
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a0

40
E)

[}

Ve [eE a2 LA

Chart
15

[y Range 104

T
1:54 1:56

@

AT L

Dots

|

3}
@) >Rk A
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, p-87

(+ v) Wchannel 11v) @
=

&

Single Sided
Bipolar

Set Scale...

Auto Scale

« )
Scale
Bipolar

Single Sided (

Scale )
<Single Sided>:

ov
ovVv
(<Bipolar> )
<Bipolar€hart
ov

oooooo

<Set Scale>:
<Set Scale...> Scale Range
Set Scale
Set Scale Channel 1
Top: 7.5 v
Bottom: -2 W ( )
Cancel
<Auto Scale
( )
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|4

O
4-5
A
L3 O
14 1/3
20
=)
A
Bipolar
i ( ) Single Sided (
)
Commands> Auto Scale Data <Auto Scale>
Auto Scale Data
( )
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, p.- 88

( 4-6)

5mm (72dpi)

B 6] 3] 3 6
[ 12 - -
i 0.8 Sy i 08 N —
LIET IO TN AL TR [T L TN L TR T
: 0q - T . . . : e I T . . . E
x s = ]
[=] [=]
£ a4y - S 4 I 7 0
N AT AR WA
| | | NS @ =1
= & 2 4 S [E S
i Al N | | e
PowerlLab
Chart
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Channel Setting
Separator <Off> Chart
Option
(Chart
)
, p. 88
B] *
a-7 = =
é] & ) -1 77 emHz0 &
g 4 = M
w4
@ . ":"D.SQL *
= |l -1 7T emHZ0 &
E’ — L
=
Single Sided
Bipolar
Set Scale...
Auto Scale
+ Channel 1 Scale
Channel 2
(
)
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v
Measuring from the
Waveform, p. 136

Chart

Chapter 4 —
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, p.-74

v
Slow and Fast Sampling
Rates, p. 41

Setup

<Display Settings...>

Display Settings

Time Scale

® Erom Start of Block
() Erom Start of File

) Time of Day

Sampling

] Always Seconds

@ scroll Right to Left
OSweep Mode

Display

gLines Between Blocks
EShow Block Numbers

X-Y Plot:

Comments and Exclusions

@ Line Graticule
() Dot Graticule

Graticule: e

gShow
E Draw Lines & Areas
gText Label

<Time Scale>

Comment Shading: m l—i'!

Exclusion Shading: | mesm [

Cancel
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v
The X-Y Window, p. 151

<Sampling>

<Scroll Right to Left>
Chart

<Sweep Mode>

<Scroll Right to Left>
<Display>

<Lines Between Bloeks
Chart

<Show Block Numbers>

0,74

0 1 L,_JLWMM

065

0. 66

<X-Y Plot>X-Y
<Line thickness>
<Style>
X-Y <Colors>
(graticule)

Chapter 4 —
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Colors

OO0 10
o EEEEE.
Line thickness

4-10 (== =]
Style

C Join points with lines
® show points as dots

(Cancel) (€ 0K

<Line Graticulex<Dot Graticulesl:ine Graticule>

<Dot
Graticule>
4-11 Graticule ( 4*-13)

Chart X-=-Y
15 <Off>

—_— Comments

et <Show>:

( Comments

v & Exclusion Chart
PrintingComments, p.129 )

<Draw Lines & Areas

<Text Labet:
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Text Label
lines & areas

O

ot
¢

<Comment & Exclusion Shasging
4-13
15
( 4-13)
Off
(Draw Lines & Areas
)
]
Chapter 4 —
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v Refer

, p.76

Setup <Channel Settings...>
<Command-Y> PowerlLab

Channel Settings

Recording Settings ] Display Settings ———
Title Sarnpling Range Input Settings Cornputed Input Unitz Calculation  Separator
Channel 1 40 + |20 mY % | Input &mplifier... |Raw Data Input 1 il Mo Calculation & ﬂ
Channel 2 40 s |10V % | Input &mplifier... |Raw Data Input 2 W Mo Calculation & "a
Channel 3 40 =+ |50 mY % |Bio amplifier... |Raw Data Input 3 il Mo Calculation & a
Channel ¢ 40 =+ |50 mY % |Bio amplifier... |Raw Data Input 4 il Mo Calculation & @
Channel 5 Mo Calculation & ﬂ
Channel & Mo Caleulation % @
Channel 7 Mo Calculation & ﬂ
Channel Mo Caloulstion & |
Channel 2
Channel 10
Channel 11
Channel 12
Channel 13
Channel 14
Channel 15
Channel 16
®s 5 li I Ch |
= (#) Same Sampling Rate on A annels
Number of Channels: & - == .
= ) Different Sampling Rates
Chart
Channel 1 Channel 2 ...
Setup

<Channel Setting> Channel Title

Q (Option-2)
(Option-Shift-8) A (Option-J)
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Na" C,HOH (
)
e T <Shift-6( »
. <Option-6(8>)
. <Shift- (>
Title
CNHE4_1+ @
(3] 2.41 pmnol &
= v <OK>
Chart
<Cancel>
<Cancel >
Chart
<Colour>
( 4-10 Colour
)

<Show Points as Dots>

<Join Points with Line>

15

X-Y Chart
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Separator

Chart 1

<Separator

Chart (

t <Option->
I Recording Settings ] Display Settings ———
0On  Sampling Range Input Settings Cornputed Input Unitz Color  Calculation  Separator
100 |10V % | Input &mplifier... |Raw Data Input 1 v - % |Mo Caleulation 3
100 s |[10% % | Input Amnplifier... | Raw Data Input 2 v Bl # |MoCalculation @
E! 100 =+ |50 mY % |Bio amplifier... |Raw Data Input 3 ml % |Mo Calculation % | =
Ml 100 =+ |50 mY % |Bio amplifier... |Raw Data Input 4 mi IE % |Mo Caleulation 3 @

<Number of Channels> Chart

Chart

Chart

Channel
settings
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v
Selecting Data, p. 104

Chart 100:1
Overview
Window <Overview>
<Command-M>

a8 Overview

Pt e me o ity g e T IS e

L1 If'Zl3 Lalls]ie][7]s II‘H [l20f[11]l12][13] 14]15] 1¢

Chart
Chart

Chart

Chart )

Chart

<Command-period>

Chapter 4 —
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Chart

Window

<Zoom Window>
<Zoom Window>

e0o

foo mm

t=9.7825 = ==29.00& mY

W FoGimy

[+ ¥

R

g 9 10 ry

] =] = TS s [ T 4
\ /
Chart

<Overlay>
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Chart

(
Overlay ) <Stacke
Chart
Chart
v
Measuring from the <Overlay
Waveform, p. 136 <Stacke
800 Zoom Window

v 1=0.7375 s Y=-25.681 m¥
Using the Marker, p. 136 -

4-18
Stack

#]

hd

TG E] 7 E e e ] 4
v Refer

, p-87
(9] M)
)

v Refer

Chapter 4 —



4=

v Refer
The Amplitude Axis, p. 77

Chart

( )
(
( 4-10)
15
Chart
)

(Linesbetween blocks

Chart

Chart

Chart
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<Option>
Chart (
)
( )
<Command-.>
Chart
<Comman>
Chart
( ) Chart
Chart
Chart

<Command>- Chart
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4-19
CH1 DVM

File <Print

Zoom...>
Chart
Edit <Copy Zoom...>
( )

Jodouobooogogo

DVM
DVM
< / > <
/ > (
)
(&) Time
77500 s

) DV¥M:Channel 1

14.438 mV

€53 |+ 10045, 4 =/Div /
[+ Range 10 % \
o Channel 1 8

DVM
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4-20
DVM

4-21
DVM

(Chart

(DVM
(Channel 1 )

DVM

DVM

<DVM>

( 4-21)
Window

<Settings...>

DVM

DWVM Settings

() Simple (display value, less processing)

¥ Regular Updates, Update Every: 1 5

T
(#) (+) DVM Channel 1

Fa

Calculate: _ Value
@Average
Fa" .
. Maximum

£ P—
' Minimum

" Log to DVM Log Window

Column: 2

<Simple>

Display: @ Digital Only
C Bar Graph
':,Arrow Indicator
C— History

Keep: 10 5

{ Cancel f"ﬂrl("

<Simple> DVM Chart

DVM

Chapter 4 —
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Chart

<Regular Updates>

<Regular Updates> DVM

Chart

When the <Regular Updates> <Update Every:>

Chart

<Regular Updates>

<Regular Updates>
<Digital Only>
<Bar Graph> <Arrow Indicator>
<History>
<Keep>

<Log to DVM Window>
<Column:> DVM Log
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4-22
DVM Log

The DVM Log

Window

DVM Log
DVM Log
Chart Window <DVM Log
Window> DVM Log DVM
< Regular Updates>

i DVM Log Window

Copy Clear Display... Settings...
Time (s} Channel 1 {m¥)
8.5 78859
1.8 -38.297
1.5 -18.797
2.8 19,875
2.5 -9 578
3.8 211.281
3.5 -31.689
4.8 -11.469
4.5 -12 641
5.8 -7.189
5.5 -64.281
6.8 -8.141
6.5 -16.391
7.8 -16.969
7.5 165689
8.8 -19.894
8.5 74,831
|
e I

DVM Log
DVM Log

<Setting...>

<Display... >

DVM Log Display

Chapter 4 —
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<Copy>

DVM Log
<Clear>

98

Chart User’s Guide



CHAPTER FIVE

Chart (Experiments

Gallery)

Chart
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(Experiments Gallery)
Chart

Chart

, P99

<Experiments Gallery>

<Show Experiments Gallery at startup>

Chart ( Chart

Chart

Macintosh

<Open>
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"7 Human Experiments
7 1. Chart - A Tutorial

. Electrocardiogram

. ECG Periph Circulation

. CV Effects Exercise

. Blood Pressure

. Muscle

. EMG

. Reflexes Reaction Time

. EEG

7 10. Sensory Physiology

1. Breathing

7 12. ECG Pulse Heart Sounds

3. Respiratory

7 14. Stress Biofeedback

™ show Experiments Gallery at startup

Chart
Experiments Gallery

& Applications
EH Acrobat Reader 5.0
L Address Book
. Caleulator
Chart 5
%2 Chart v5.0
[© Demoa Files

| Documentation
Essential Files
Experiments Gallery
. Extensions

[[7 Extensions (Unused)
& Chess
1) Clock

|
[
L
!

| A basic experiment on the pulsatile flow
. of blood, the ECG, and peripheral
| circulation.

TLMO3c ECG Periph Circ.pdf
The instructions for setting up and
running this experiment.

: TLMO3c Settings File
1 settings file prepared for this
' | A settings fil d for thi
teaching experiment.

TLMO3c Data File 1

“ nf] Typical volume pulse, blood flow, and
ECC traces to compare your data to, or
TLMO3c Data File 2

“ nf] Typical volume pulse and blood flow
to compare your data to, or to use in

o TLMO3c ECG Periph Circ.doc

| An editable version of the experiment &

.......... {in Ward format).

4

( 5-2)

Chart

Chapter 5 —
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v
Experiments Gallery
Configuration Files, p. 271

()
)

Chart )

Chart

Appendix D

<Command-drag>
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(
)
54 ~_J\"“~+-_hj’\'“ _J\ﬂF_hj\ﬁ
() L FEINERNGS
( ) <Shift>
*y 1o
(&) <> (&) v
“©
(
)
<Print Selection.. <Save Selections..
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Edit <Copy Selection...> <Clear
Selection...>
Chart 2
(
)
(
)
(
) Edit
<Clear Selection> <Delete>
Chart
(
)
( ) Edit
<Clear Channel...>
v
Display, p. 84
Chart
(
<Save As...>
)
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Chart

( Chart )
v Refer Chart
<Copy Selection> Edit X-Y
(
)
<Copy Zoom...> <Copy X-Y...>
Copy Zoom Window as Picture Copy X-Y Window as Picture
5-5 ) - = .
Picture Resolution: Picture Resolution:

® Screen (72 dpi) @ Screen (72 dpi)

() Expanded (4x Screen) () Expanded (4x Screen)

() High (300 dpi) () High (300 dpi)

[ Cancel Copy ( Cancel )
QuickDraw PICT
<Screen> 1 72
<Expanded>
288dpi
<High>- 300dpi LaserWriter
PICT
174
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v
Time Scale, p. 76

Chart
<Copy Selection...>

Copy To Clipboard

Channels: [P s |6 | & | o {[2o]aazz]aalzalfis]1e

Include: Time Scale:
ETime @ From Start of Block
E Comments C From Start of File
[} Settings Info ) Time of Day
Reduction: 1 EAIwavs in Seconds

( cancel ) 0K

<Channels:

<TimeTime

<Comments:
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<Settings Info

Chart
(Chart Read
Text ) Chart
Chart
Chart
<Reduction>:
1
2
3
v
Using Exclusions, p. 130
Chart
<Show Clipboard
866 Clipboard
5 7 Sonzs 1376 1 557 35 065 806 Clipboard
120035 2250 1700 53 076 Zaerm of "VO2max test”
150.025 2.247 1.80% 42 0.80 : : : : :
180025 2.282 1.911 44 0.84
210025 2349 19628 44 024 . . . . . . . .
(GDF ( ), e B R L S Y
Chart S
« ) :
S50 E\’_:KJ
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aﬁ I2% Copying
5-8
Save As
(
Macintosh

)

) Chart
Chart

O
<Command-period>
<Save- <Command-S
<Save As...>
Save As

Save As

Save As: Type a file name here |

Format: | Chart Data %ﬁi
— Where:/ [/ Demo Files 4 @ P—

Electroencephalography
| & Muscle Summation

] Muscle Tetanus

Rabbit Cardiorespiratory

| Chart v5.0b2
[ DemoFiles
Documentation
Essential Files
Experiments Gallery
Extensions

7 Fxtansinns (lnusad
L

{ NewFolder ) { Add to Favorites )

[ Cancel )

<Save>
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Data File

d]

Settings File

Chart for Windows
DVM
Chart

Chart

Chart

Chart

Chart

Chapter 5 —
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Chart
<Save> Save As Text File
( , p. 104 )
Save as Text File
5-9 _ Channels: |2 [E3[IFE oo s
Save As Text File
Include: Time Scale:

@Time ® Erom Start of Block

@ Comments ) Erom Start of File

"] Settings Info () Time of Day

Reduction: l 5 gAlwavs in Seconds
Cancel
Chart
— s <Command-period >
el b Chart
Chart Read Text
Chart
Chart ( )
1 1000 /s
2 200 /s 3 100 /s
3 0.001 s
2 5
4
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9
Chart for Windows

Windows
Chart v4.2
<Chart (Win) Data> <.adicht>
Windows

Chart

Translation Options

Calculations cannot be transferred to Chart for Windows.
What do you want to do with the calculated data?

() Save calculated data (replace underlying data)
® Ignore calculations (save recorded data only)

Cancel | @

'‘Chart for Windows'

'‘Chart for Windows'
'‘Chart for Windows'
'‘Chart for Macintosh’

'‘Chart for Windows'

'‘Chart for Macintosh’

Chapter 5 —
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DVM

v
The Data Pad, p. 142 DVM
The Spectrum Window,
p. 153

The DVM Log Window,
p. 98

<Data Pad text file>
(Save As)
Text-Data Pad

<Spectrum text file>
(Save As)
Spectrum Text

<DVM Log window text filaAM

(Save As)
DVM Log
window DVM
Chart
<Auto Save> (
) (

5-15)

<Auto Save while sampling>
1 1000
<Append to current file>
<Use new
file each time>
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Auto Save

™ Auto Save while sampling

Mote: Sampling stops while the file is actually being saved.

| Minutes I-:'i

@ Append to current file

(0]

Save Every: 1

() Use new file each time
Example: file(001), file(D02), etc

@Final save when sampling stops

Cancel

—

(001) (002) Chart

Char

Chart
<Save Select ion...>

<Save>

Save As Text File
<Save>( 5-7)

v <Comments>
, p. 106
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Save Selection

Save As: Type a file name here

5-12 ,
f Format: Chart Data
Where: | Lj Demo Files
o Chart v5.0b2
~ Demo Files »

Documentation I

Essential Files I»

Experiments Gallery -

Extensions b4

Fytancinne (llnnsad) 2 Y

{ New Folder ) ( Add to Favorites )
[ Cancel @
A
Chart
Chart
<Append...>
Chart Chart
<Open>
<Discard Existing Macros>
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Append

5-13 ,
. ' Show: | All Chart Documents 9
From: ' [ Demo Files H‘i
Chart v5.0b2 & Electroencephalography
- Demo Files P & Muscle Summation
Documentation Ir Muscle Tetanus
Essential Files o & Rabbit Cardiorespiratory
Experiments Gallery = i Respiration
Extensions I Toad Heart
[ Extensions (Unused) L & Waveforms
— Discard Existing Macros
GCo to:
f It \
Add to Favorites | ( Cancel ) f"ﬁpm—"
P4
Chart
Chart
Chart
<Page Setup...> <Print> (
<Command-P>)
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(A4
) <Page Setup...>
Chart
Chart ( 5-18)
Page Setup
5-14 Settings: ' Chart l:'!
@High—Resolution Printing
] Print Using Color
@. Cancel )

Chart X-Y 600-
dpi LaserWriter Chart 600 /
Chart
< >

72 /
< > < >
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v
Display Settings, p. 83

<Print>
<Prin>
Print All... Chart
5-1 Print Selection... Chart
Print Zoom... Zoom
Print X-Y... X-Y X-Y
Print Comments... Comments & Exclusions
Print Data Pad... Data Pad
Print Notebook... Notebook
Print Spectrum... Spectrum
<Print All...> Chart t

<Print Selection...> Chart

<Print All...> <View>
2000:1 )
a
X-Y
<Keep Shape
( )
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<Commad > < > <
> <Esc>

Page Layout

e o A il

Drag the image to reposition it on the page. Drag
the gray box to adjust the image size.

Keep Shape { cancel ) E""ﬁrl('*’

( ) <Print All...>
Chart
Chart

Chart X-Y
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Chart

Chart ( )
Window <Notebook>
Chart

e 0 Motebook

\gzﬂo,—foz 9:51 AM

Human respiration.
Ch 1: volume recorded with a
bell spirometer. Expiration is
negative.

Ch 2: pressure in oesophageal
balloon. Positive deflection
represents decreasing
pressure. sampling rate 20 /s.
Zoom view shows phase shift
between pressure and volumes

32,000

( 12,000

Chapter 5 —
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(
) < > < > < > < >
Chart
< Print Notebook...>
(
) 1200

v
Appending Files, p. 116
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(Exclusion)

(Chart )
Chart
)
1 8
9 16 )
Chart (
)
T Recording By | o« %
245G [ all1 Ll ———

Chapter 5 —
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v

AutomaticComments,p.235

Add Comment...>

<

Add Comment

(Chart

<Command-K>

5-18
Comment: Type the text here
= 1-4J6-8
( Cancel) (@0KD)
Add Exclusion
Comment: i‘Type the text here
Channels: All
{ Cancel j M
( )
60 70
a1 16)
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2,4,6 8
2 4 6 7 8

<OK>

Chart
( 16 )

Chart

v
Display Settings, p. 83
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Cormmented point

I R
Comment
t=3:46.120 to 3:46.259
The pop-up cornrment box shows long
cornrments, and also category and time

: >
N B
o _ecc 4

<

Hﬁ.x.-a.l.'.-!d.ed..|:.-.-=.i.nﬁ._...... .

( 5-17)
Chart
Chart
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5-20.
Chart
)

(

)

< Comments & Exclusions>
< L>
e 0e Comments & Exclusions

Channels: [1][z]z ][« S| E SRR EmEEELE

Tirne Cornrnent |Category|
* 1] 27.8|baseline 1 Comment
* 2:07.8|inhale, hold Comment
* z:52.3|breathe Comment
* 7:02|exhale, hold Comment
* 7:22.2|breathe \&mmw\
* & ] &.3|baseline 2 Comment
* 2:30.9|hyperventilate Comment &
* z:00.4|breathe Comment | ¥
o Show Times —_r
E Show Comments
™ show Exclusions Delete Go To

4
( ) Chart

< Channel Number>

Chapter 5 —
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< Show Comments> < Show
Exclusions>

( )
( new NEW newer
)
< i >
™ Show Times Show Time ( )
Tirne*H Time
* [1] 1.25|Quiet resp
* 28.1|"Panting”
<Comment>
Chart
< >
<Delete>
< Go To>
Chart
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Chart

Text Label>
< Print Comment...>

Chart

< Show Time>

(Exclusion)
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(exclusionsa)

(
)
JXBZ2399
Chart
File <File Information...>
< Ask for Information:>
<Manual>
Chart
< Before Saving>
<
Before Sampling> <Start>
<Cancel>
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<OK>

File Information

5-22
Title: Recruitment of lateral giant axons
Author:  R. Purves and D, Briggs
Keywords: neurophysiclogy, action potentials, nerve impulse
Other: Looking at the two giant fiber systems of the
worm (median and lateral) that conduct action
potentials with different thresholds and latent
periods, Lumbricus species earthworm
ahaesthetized with ethanol/saline solution.|
Ask for Information: = Manual I--i"'!
. Cancel | @
Chart
< Find File...>
Find File
5-23 R -
Search in: | Local Disks H"’]
Search field: = Title H

Contains: | Enter text to search for here

( cancel ) € Find )

<Search>
( Local Disks All Disks
)
( new New

newer
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<Stop>

Found Files

5-24 Search for Comments containing "breath”

Search complete. Found 5 Items.

| File 4  Comments 1
TLM11b Data File 1 breathe |
TLM11b Data File 2 breathe
TLM13b Data File 1 Tidal breathing ...o full expiration
TLM13b Data File 2 Normal tidal breathing
TLM13b Data File 3 Forced breath number 1

¥ =} Macintosh HD
¥ A Applications

TLM13b Data File 2

{ Find Again... } [ Cancel } @

Again>
Chart

<Open>
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Chart

Chart

CD

Window OS

(Windows
v.3.6
Chart v3.6

Chart

Chart

Mac OS

Windows

Mac OS

.cfm

) Chart

Chapter 5 —
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I

X

Chart
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v
Cursor, p. 198

4=

"1"2.31:155—( )
118175 Y &
— r
[ DESOO Y &
. ; A . . . —— -
_,_,-o-""'_'_\'""‘-u._\_\_|

Chart
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Chart

< >
< / > < /
>
Chart Command <
Set Marker>
< Maximum Point> < Minimum Point> <
First Point> < Last Point>)
( )
Chart
< / >
( )
/
"1" a0.210 5

(3] &a-0.1050 % &»
= Channel 1 kg

[y 0E500Y —
= v

Chapter 6 —
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[ Marker nat in Elock

[+ & Range Invalid 4
= v

< / >
Maker not in

Block’
< / >
' Range Inalid’
Chart
( )
Chart( )

< Set Baseline>

ov

<Set Baseline>
<Set Baseline> <

Remove Baseline>
<Remove Baseline>

Chart
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Find...> <Command-F>
( 6-3)

Find and Select

6-3 Search in: |Current Channel |3 Search direction: @7
Go Local Maxima
_ Find Comment Local Minima
Find Data Data Above
Data Below

Find the next maximum, ignoring maxima smaller than the set noise threshold.

Noise threshold: 5 %

() set active paint Data View: | Visible H‘}

® select: |1 s [ After -4 [_ISelect all channels

() select to previous point

{ Cancel ) @
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< >
Mgwe by (500 5 Go
< Move Forward> < Move
Backward> < Move by:>
0.00001 10,000
0.00001 (100,000 Chart
)
< >
"'l - < Find Comment>
<Search for Comment>
AT | gy <
- Containing:>
) bt v 3 o e (
New new ) <
Just this channel>
< >
< Find Data>
v Refer
Using Exclusions, p. 130 (excluded data) (exclusion
)
e —— < Local Maxima> < Local Minima>
0]
99
( 5 + 10V
v )
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Below: 0.05

__ Select all channels

() Set active point

@® Select: 1 s Around % ]

C Select to previous point

Data View: | Visible  |% ]

( )
( )
< Data Above> <
Data Below> <Above (Below):>

+ 0.00001 + 10,000

Chart
< Select all channel>
< Set active point>

<

Select to previous point>

< Select:>

0.00001 32,000
( )
<Before>( ) <Around>(
) <After>( )
<Around>
Chart

< Data View>

Chapter 6 —
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(< Visible>)
< Select to previous point>

< Find Nest> <Command G>

v Refer
Macros, p. 208

<Find...> <Find Next>

) Chart
32
32,000 1
255 32
Window Data Pad
ood
a 8066 Data Pad
6-4 KA 26 Points from t=2.215 s to t=2.340 s _[2)
Channel 1 Channel 1 | Channel 1 | Channel 2 | Channel 2
Mean Sh. SEM. ean Mz Tirne
W W W W
0.50490 | 099319 | 019864 | 0.86202 2215
-0.69723  |(0.84495 016261 -1.69045 |0.4E65 =
-0.45273  |1.03801 018642 |-0.00451  |1.273
-1.37250 (047283 013114 077339 0.5
0.03852 1.29479 0.28255 |-1.2785% |0.763
0.53205 0.82572 015605  |-0.93966 |0.365
-0.10236  |[1.15171 010470 |-0.53416 |2.09
-0.17Ee0  |[1.32548 025995 |1.11380 218 7
-0.05225 |0.5%z200 019732 |-0.55350 |2.4335 £
e RRESV
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z
Ll

_  Clear
g

Add Blank Line
Add Titles

Data Pad on New

Channel 2 | Channel 2

(Cut Copy Paste Clear)

Edit

Chart

Mean b SEM.
v v
0417354 000212
026189 0.002350
0.Z6420 0.01282
Chapter 6 —

139



Chart

Command < Add to data
Pad> <Ctrl +D>
(
)
v ( ) (analysis
Using Exclusions, p. 130 exclusion )

Data Pad Column Setup

Chart
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Data Pad Columns

- ::f/ Data Pad Column 1 Setup ] Miniwindow
Off Mean
Ceneral Statistics Standard Deviation
Selection Information Stanclard Error
Cursor & Comments Maximum Value
Slope Time at Maximum
Block Information Minimum Value 5
Cycle Variables Time at Minimum 4
Spectrum Parameters Mas—Min v

Calculates the standard error of the mean of the data peints in the
selection.

® When Any Channel is Selected

O Only When Channel is Selected Channel: 'Channel 1 | :]

() Erom First Selected Channel

] Compact Data " Cancel @
<Off>
<Channel:>
< General Statistics>
< Mean>
< Standard
Deviation> <
Standard Error> <
Maximum Value> <
Time at Maximum>
< Minimum Value>
< Time at Minimum>
< Max-Min>
< Integral>
aybDt <

Integral from Minimum>
&(y-Ymin) Dt < Integral fro Start

a (y_Yﬁrst) Dt.

Chapter 6 —
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< Integral from Baseline>
é(y_Ybaseline(t)) Dt
< Number of Points>
( ) <RMS>
<1/3Max+1/3Min> 1/3 2/3
Selection Information
< Start>
< End>
<
Duration>
< Number of Points>
( )
Cursor & Comments
<Time>
<Value>
<
Comment Full> <
Comment Numbers Only>
(e.g. 'Add 100 ml of 2 mM’* '100%) <
Comment Number <
Comment Time
Slope
< Average Slope>
( )
<
Maximum Slope>
< Minimum Slope>
< Time at Max Slope>
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Time at Min Slope>

Block Information

< Range>
< s Sample Interval>
< Block Number>
< Block Duration>
<
Samples in Block>
< Start Time>
<

Start Date>

Sampling Rate>

Cycle Variables

<Options...>

v Refer
Cyclic
Variablesp. 176
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v Refer

, p. 149

'No Selection’

' Invalid’
( 1
)
< Event Count>
< Cycle Count
< Frequency>
1 (Hz2)
< Rate 1
(BPM) < Period
< Minimum Period>
< Maximum
Period> <
Average Minimum>
< Avrage Maximum
< Average Peak-to-peak
( )
<1/3Max+2/3Min > [1/3 +2/3
1 [1/3 +2/3 11
1/3 2/3
Spectrum Parameter
<Options...>
Chart
( )

<Options..>
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Spectrum Parameter Options
6-6
E Use preset frequency limits
Lower Frequency: 0 Hz
Upper Frequency: | 20 Hz
™ show frequency range in Data Pad
{ Cancel |
<Frequency Limits>
( )
(
)
<Show Frequency>
< Maximum Power <
Minimum Power < Minimum
Amplitude < Maximum Amplituee
< Frequency at Max>
/ < Frequency at
Min> / < Powepr
< > <
Mean Amplitude Freq a AF;/
éAZ- A F i <
Mean Power Freq> & P;F;/apr;
A F i
< End of Selection>
<End of Selection>

Chapter 6 — 145



Chart
® When Any Channel is Selected
) Only When Channel is Selected Chart
C From First Selected Channel
" Compact Data < Compact Data>
E Miniwindow
Miniwindow
I
O DataPad 1 © DataPad2 O DataPad3
6-7 Channel 1 Event Count Channel 1 5.0, Channel 1 S.EM.
5 117339y 0.08381Y
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File <Print>

< Print Data Pad...>
"Data Pad from™
X-Y
X-Y
Chart (
) Window X-Y
8606 X-Y Window
H=0S59cmH20  ¥=0.T3L XY
6-8 @ 1% :
X-Y N ﬁ
084 4
3 o0s- j :
g . b
£ a4 : 7
0.2 Vs .
0 o 10
= . - 11
R . . 12
3 S g E B .
€] H Pressure(cm H2O) @:I\ Chart
? B E s {9 2ol afazlza]aas]e 4
X
X-Y
X-Y
X-Y
Chart
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X (Vx) Y Vy)

( X)) «C Y )
X-=Y X Y Chart
X-Y
Chart
Chart
X-Y ( )
Chart ( )
X=Y X-Y
v
Display Settings, p. 83
X-Y
X=-Y
X-Y <
Print> <X-Y Print X-Y...>
'XY Plot of'
X-Y
Edit <X-Y

Copy X-Y...>
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EEG

FFT Appendix C
FFT
6-9
6}} (&) Power Spectrum of EEG
Settings. .. Default Axes 9.106 Hz 3.6?11|JVZ 1x 16384 FFT
®
5

(CID)]

Chart
Window Spectrum

32
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Chart
Chart
'unknown'
Foom
Zoom ( )
8]
6-10
= s Il
e 0 .|| .. . I| Hll I||||I |
a1 0z 0.3 04 05 0.6 [
@ He 8]
(Cahrt )
Default Axes Chart
< Default Axes>( )
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Chart
<Default Axes>
< Settings...>
Settings...
Chart
e 0 Spectrum Settings
6-11
FFT Size: [ 1024 k&
Data Window: = Cosine-Bell | :!
Method: | 50% Overlap 9
Selection: ' Adjust to Best Fit } :’]
Display: = Power ‘:‘]
Display As: | Lines l:‘]
™ Remove Zero-Frequency Component
8 Exclusion Aware
FFT (FFT)
« )
FFT 128, 256, 512, 1024, 2K, 4K, 8K, 16K, 32K,
64K, 128K 2 FFT
(
) Chart
32 (
FFT 64 )
Data Window FFT

Chapter 6 — 151



Bell

Cosine
Cosine Bell ( )

Data Window
Hamming Blackman Welch

None>

Method

1024

Selection
<

FFT

Display

Appendix C
<
FFT
FFT
FFT
FFT 50%(
<None>
50%
<No Overlap>
512 FFT 1024
1-512 513-1024
50% <50% Overlap>
1-512 256-768 513-
50% (Welch )
Use Current> Chart
FFT
)
Ajust to Best Fit>
Chart
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Power Density Amplitude Density

vy
Y/ Hz (y )MHz )

Log Power Log Amplitude ,4og

(dB) Power Attenuation (dB) Amplitude
Attenuation (

Pm ax Amai

0odB dB = 10 lqgP;/Pma)
dB =20 log1o(A; / Apmay)
P A

FFT

Ll L - L’\A

Remove Zero-Frequency Component

( DC )
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Exclusion AwareChart

<Exclusion Aware>

Chart

Chart

v

Using Exclusions, p. 130
( 6-13)

< Computed Input

, p- 138
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<OK>
< Input Amplifier...>
<Raw Data>
6-13
Computed Input
; S Computed Input for Channel 1
Raw Data Input: = 1 5 " Ratemeter |--:-§
-3.116 my 53.7 BPM
TR L SISy 200
P T
.o n T CHel o
NI N TN T D i 2
— PR E— Z 20 3
T a0 ——————————" o =
] I ']
--a0 = -0 =
..... o o hod
F TEr—— o T - E a:
[ Input Amplifier... | Range: 100 mV |~.—-J (Unlts_..) Range: 200 BFM |-3.
Baseline Tracking Average: 12!
¥ o W
| | I I V I I I
Off Slow Fast
Chapter 6 —
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v
Channel Settings, p. 87

6-14
" | Absolute Value =]

4.59903 V.5
]
s
-0

-4

@D g @

=]

Units... Range: 10V.s x5 5
Reset No Reset F :}

Raw Datalnput: ' 1 |4

v

PowerlLab

Chart
Powerlab 2000 /
Chart
2000 /
2000 / 2000
/
( )
( SCSI USB )
«c )
Chart
PowerlLab
Chart
( ) PowerlLab
Input 1
PowerlLab
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Chart

<lnput Amplifer...>

Range
Chart
Chart
(
) (
1/3Max+2/3Min )
( )
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6-15

Computed Input

Baseline Tracking

L=

Y

] |
Off Slow Fast

Tracking>

[ L2duEyD

Baseline
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v Raw Data

Ratemeter
Period
Freguency
Counter

Cyclic Mean
1/3Max+2/3Min
Cyclic Min

Cyclic Max
Cyclic Height

Abs Smoothed
RMS Smoothed

Envelope Min
Envelope Max

Differential

| (Integral)

I Absolute Value
| Positive Only

| Negative Only

| Reset Each Cycle

< Units...> <

o T Y
1oooofl DN
TOUUH, TV

O o B B s Al

PowerlLab

< Raw Data>

) (
1/3Max.+2/3Min.) (

) ( 5 ¢ )

Range>

< | Reset Each Cycle>

Chapter 6 —
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< Units...>
PowerlLab
Chart
3 < Average:>
Avaregm: L,
1248 1 64
(
)
" Timed Reset | i'! 30 5 Reset
v No Reset
Timed Reset <
Time Const Time Reset> 3600 < Time Const> 65
(10 / 0.1 )
(
) 37%
= < Reset> <
Cancel>
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AOAD
ymymyavs

< Period>

< Ratemeter>

[AJZ L2UUEY]

2000 BPM
)

(l-1d3) | 13UUEY]

Chapter 6 —
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< Frequency>
<Frequency>
(H2) 2000 Hz
20bins
bin
( 0.05
) Chart
20bin
100 Hz
200 Hz 100 Hz 200 Hz
100
Hz 200 Hz (
)
100Hz  200Hz 100Hz  200Hz
6-22
Chart
) ()
r. % %
" : "
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< Counter>

20,000
200
199 200 0
Geiger
< Cyclic Mean>

<Cyclic Mean>

El
-

0.0

6-23

<1/3Max+2/3Min>

1/3 2/3

Chapter 6 —
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(

) PowerlLab

( )
<1/3Max.+2/3Min.>

< Cyclic Max Min Height>

1

N\ o

A

- A
\ 4

< Abs Smoothed (RMS)
RMS Smoothed>

<RMS>

( 2000
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< >
Envelope Max
PowerLab

2000 /
Chart 1

iy I
I
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< >

6-26
)
() 1 2 4 8 16 32 64
( -
)
< Integrad
6-27

< [ Integral>

< | Absolute Value>

< | Positive Only>

< | Negative Only>
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Timed Reset |3 ! 30

5

37%

| Reset Each Cycle>

(65

Chapter 6 —

167



Rate 100/ .é
Range 1% Ll
Raw Data from Input 1

| Differential Smoothed 9

Source: Channel 2 [ ]

< No Caliculation>

Chart

Chart

)
<No Caliculation>
<Calculation>
( / ) =
)
Chart
Chart
( 4 )

<Command -=>
< No Caliculation>
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v
Channel Settings, p. 87

Chart

Chart

off

Yes

No
No
No

Yes
Yes
Yes

Yes

Details are given in Appendix C

Chapter 6 —

169



< 2000 Hz

- ( )
v Range 1 ¥ ;& ( )

v
Comments and
Exclusions, p. 123

Computed Input...
Units Conversion...

: Cmd
Apply Calculation... B

v Smoothing... 8= <Apply Calculation...>
Arithmetic...
Cycle Variables... R .
Differential .. <No Caliculation>
Integral...
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< Apply Calculation...>

<Smoothing...>

Chart

Chart
< >
Smoothing
Smeothing for Channel 1
Source: 'Channel 1 |:] ——=
Width: | F é Points
6-29 Cancel
<Source>
<
Source>
(Bartlett)
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3
1/2 2 1/4 5
1/3 2/9 1/9

3 201

AT A

O Y
VAASVARRVAAS
VA AVAVAAYOVaVAY

goboobobboobooboobobooboobooobooboo
gboobobobobooboobobboobooobooboobooo
gooobobobobooboobobobooboooboboboboboo
gooobobobobooobooboboboobooobobobooobooo
god

Arithmetic
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Arithmetic

-+
Channel 2 =
1000*Sin(Ch1) :
: Sin()
| Channels v|| Functions  _ Math » Cosl()
Trig p—™  Tan()
/ Logs > :
Noise > ASIn()
ACos()
Signi() ATan()
Abs() RadToDeg()
= o adToDeg
Default Scale: qrt() DegToRad()
Top: 411.759 Decimal Places: 4 Pi
Bottom: -101.745 Unit Mame: SampleTime toglﬁ(}
n
M Auto Scale Round( Exp()
Int()
Random
(Cancel ) Gaussian
6-31
OK
Chart ' 1' 'Ch1l' (
4*9+6 42
4*(9+6) 60
( 4*9+6 )
'R (‘RChannell 'RCh1") Channel
<Recorded Data> RCh
PowerLab Chart

Chapter 6 —
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<OK>

Abs()
)
Functions
(+ y =
Function
Trig

ASiIn() ACos() ATan()
tangent

ACos() -1 1

DegToRad()
2n 360° )

Logs

Functions
Log10() 10

10 e 2.7182818
)

Noise

Random() -1.0 1.0
Gaussian() 0.0 1.0.

Math

Sin() Cos() Tan()

arc sine arc cosine arc

ASIn()

RadToDeg()

Logs
Ln() e
Exp() e (e

174

Chart User’s Guide



Sign() Sign(x) =1ifx>0, -1ifx<0
Abs() Sqart() (
0)
Pi p 3.1415927
SampleTime 10
Round() Int()
INt(2.999) 2
<
Unit Name> 10
< Auto Scale>
(
)
<Top:> <Bottom:>
(
)
Chart
( )
Chart
6 0O 6
VvV mV pV( ) \V4
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2 mv ECG

mV
mV
1000
(Ch1+Ch2)*1000.
mvV 1000
1 000 000
Cyclic Variables
<
Variables...>
Char
(
Chart (

Imvl

bV

Cyclic
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Cycle Variables

I
CycleVariables for Channel 1

Source: |Channel 1 F%'i " Ratemeter Fv‘-i Default Scale: rlQOQ/B}k( I-%-i

I

Recorded Data

4.260
| Resat z‘
Noise Threshold (%) . Trigger: ‘ Tracking: [ OFf T
'e—-—-———-——-——. 5 : e Maximum
ul : : : m:g- : ) Minimum Average: 1 g
[ Save As Text... [ Cancel )
6-32 ( )
OK Chart

Chart

10%

90%
Chart

Reset
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%

1

Noise Threshold

Noise Threshold>

5%

5%

+ 10V

Y )

s/n

%
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TR HH ‘

, p. 161

( )
(
1/3Max+2/3Min)
Appendix C
< Default Scale>
6-33
(
)
Char
< Ratemeter>
2000 BPM
( )
< Period> '
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< Fequency>
(Hz2) 2000 Hz

< Cyclic Mean>

<1/3Max+2/3Min>
v) 1/3 2/3
Find Data, p. 140

(

) PowerlLab

( )
<1/3Max.+2/3Min.>

< Cyclic Maximum>
1
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Cyclic Minimum>

< Cyclic Height=
ECG

Average >

<Average:> 1 50

<Average:>

Chart

Chart

<OK>

(
'Out of Range'’

Save as Text...>

Chapter 6 —
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v
Computations with

Computed Input
Functions and Channel
Calculations, p. 269

Save Cycle Variables as Text

Include
# Ratemeter T11/3 Max + 2/3 Min
" Period "1 Cyclic Minimum
1 Frequency ] Cyclic Maximum
™ Cyclic Mean "1 Cyclic Height
Save

() Selection "1 Always Seconds

® Whole Channel
() Current Block

| Cancel @

1 1
< >
1 1
Chart
When you click<OK>
< >

Chart User’s Guide
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Differential

Chart

( )

<Differential...>

Differential

Source: 'Channel 1 [ ]

Smoothing: ===k

1 \/I 1 1 1 1
9 Samples
Multiplier: :'_'7
x5
< Smoothing> < Multiplier>

<Smoothing> <Multiplier>
<No Smoothing> < x1 >

<Smoothing>
2 50

<Multiplier> T1000
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Integral

( Chart

<Integral...>

Integral for Channel 1

v | (Integral)

[ Absolute Value
I Positive Only

Source: Channel 1 I-:-]

| Negative Only \J’ (Integral) I--i-]
/Reset by Event I-:-] 0.1 sec

No Reset
Timed Reset

P Ty —————
More Options...

Reset Each Cycle Scale Top: 1

Time Constant

v Reset by Event

:Auto
S

() Fixed

Chart
2000 Hz

| (Integral) ay At, At
| Absolute Valued ly! At.
y =yify>0
y =yify<0 0

Unit: @ Auto ) Fixed: o Unit

Scale Bottom: -1

z e |

. Cancel @

| Positive Onlyay* At,
0 | Negative Onlycay At,

184

Chart User’s Guide



Reset Mode:
6-37
( )
<No Reset>
< Timed Reset>
< Reset Each Cycle>
v
,p-154 < Time Constant>
37% (1/€)
EMG EEG
< Reset by Event>
v Refer <Options...>
, p-138 ( 6-39
( 6-39
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v
Computations with

Computed Input
Functions and Channel

Calculations, p. 269

ke

hp

Mare Integral Options

\Show result as:
® Continuous signal

s =
_——— [_JFixed value of previous cycle

[~ Partial integral
from 0.2 o 0.4 sec

\ Event channel: Daia channel  [34—
Logic: [#
% of full range

/Level: o
sec after event

Skip |0

.

Partial Integral>
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CHAPTER SEVEN

Chart

Chart
Chart

Chart
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, p-201

Chart

( )
Edit
Chart (Chart
PowerlLab
Chart

)

Edit €xternal Trigger...>
20
PowerlLab
<Normal> <Contact Closure>
SP ST
<Contact Closure>
External Trigger Cosrent Srae 0 —
Current State: O SR —
Mode: @ Normal (Voltage Level)
Contact Closure

Current State (Ex) ( )

« )

PowerlLab
Trigger PowerlLab
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<Tool Bar...>

<visible>
Visible
Hidden
<OK>
<Cancel>
Tool Bar

Visible:

] New
[ Open
& save
& Print

Ab AF A A»

& Chart Window

Zoom Window
[@ X-Y Window
& Data Pad

Ab AF A A»

Add Comment

H Add to Data Pad
[E Data Pad Miniwi...

L L1

E Show Tool Bar

Visible

Hidden:

Macro:Log peak...[F5 #
%, Macro:Paired sti_|F6 #
A Macro:Area ¥

ey e e T

. Cancel } @

<Show Tool Bar>

<Shift>
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, p229

-~

Visible

Visible

Item
(F1 to F15)

)

Edit
<Cursors...>
7-5)

<OK>

Waveform Cursor

e +
O Line Cursor

T

Visible
Hidden

<line cursor>

Hidden

15
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Chart (File Edit Setup Commands Windows
Macro) Menus
<Menus...>
Chart
Chart
Menus
7-4 Menus Items
™ File # 0 Experiments Gallery M
™ Edit ™
W Setup ™ o New E
# Commands # " Open.. #0
M Macro ™ W Append
™ Window I
™ T Close 3BW
E T Save 35
¥ M Save As . o
# M Save Selection ...
¥ W Auto Save...
v K
# W File Information ...
. Cancel ) @
()
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Chart
(unlocked U )
i (locked L )
( )
<Cmd Key>
(
) <Set>

v
Shortcuts and Tips, p. 247 (Command-S )

Edit Preference <Controls...>

<OK>
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Controls

EAIIOW Printing of Whole File

E Record/Monitor Control
ESUOII}Review Control

EComputed Inputs
EChannel Calculations
™ Full Trigger Window

| Cancel @

<Allow Printing of Whole File>:
File <Print All...>
<Print Selection..>

<Record/Monitor Control>: /
<Record/Monitor>

Chart
<Scroll/Review Controls>: /
<Scroll/Review>
<Review>
Chart

<Computed Inputs>:
Channel Function
<Computed Input...>
Computed Input

<Channel Calculations>:

Channel Function
(Chart )

Chapter 7 — 195



<Full Trigger Window>:

<Start> <Stop>

<Channel Settings

Chart Chart
Chart > >

( 7-6)

License Manager

Name: Documentation
7-6

Organization: ADI

License Code: Add

Lizense Code | Description

LOW S-S5k = [Chart 5 License

| Delete Cancel @

XXXX!

<Add>
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<Delete>

Chart
Char
Chart
Chart
Chart
Chart
'Export MATLAB'
MATLAB Chart
Spirometry
Chart
Chart
ADInstruments web (www.adinstruments.com
www.adi-japan.com)
Chart Chart
Metabolic
Chart PowerLab/8M
Chart
ADI CD
Chart Chrat
“ Chart 5" Chrat
Chrat
( )
Chart
Chart

Chapter 7 —
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Chrat
Chrat

Edit Preference
<Extensions...>

Extensions Manager

Extensions are special files stored in the Chart "Extensions” folder which add new
features to Chart. Extensions can add new calculations or new analysis commands.

You can have any number of Extensions but for optimum performance and reliability,
you should only load the extensions you actually use.

For up to date information about available extensions, see our web site at:
http:/ /www.adinstruments.com/support/ChartForMac5Extensions.html

« Cardiac Cutput(5)
+ QuickTime Capture(5)
v SAECG(E) Description:

+ Spirometry(5) This extension calculates the cardiac
output from a thermodilution curve.

Version: 1.1b1

Mote: Changes will take effect when you restart Chart.

Chart
Chart

v
Recording Length, p. 37

Chart > Preference>
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v
Recording Length, p. 37

7-9 <Manual>

Memory Cache

Maximum Cache Size:
® Automatic (33% of total RAM)
) Manual
(MBytes)
85
192

Chart uses the memory cache to improve performance by
avoiding recomputing or reloading data.

Cancel |

( )
RAM
Chart
Chart
Chart Edit
<Data Buffering...>

7-9

RAM

Preference

Chapter 7 —
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7-9

...Chart Buffer File...

Data Buffering

() No Data Buffering

® Buffer Data to Disk
Buffer Location:
Where: Macintosh HD:private:tmp:501
Available: 29.2 GBytes

[ Choose... |

Chart can buffer data to disk while recording. This increases the amount of
data that can be recorded and improves reliability.

[ Default [ Cancel | @ ooooooo

ooooooo

oooboboooboooooo
oooooooooooo

(Edit Preference
<Start-Up...> )

Chart (

!...Data Buffer File..."

2
<Save>
Chart

Chart

16,000
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Chart

<Delete>

Preference Start-Up...>

Do you want to save the current settings as the
startup settings?
LA

. Clear

<Save>

Chart
Chart Start Up
Chart
Chart

Chart
Chart

Edit
- Save
(Chart
<Clear>
10V
( Chart
)
<Yes>

Chapter 7 —

201



<Command

Editor...>

Special Access

T PR—: 1
Menu Editor...

Tool Bar...
Save As...
Controls...

Startup...

Cancel

Tool Bar Settings

Chart
<Save As...>

Chart
Controls
Chart
(
Chart
Chart
Chart

<Menu
Menus

<Tool Bar...>

Save As

<Controls...>

<Start Up...>
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Chart
Chart

Data Pad
Zoom

Chart
Chart v3.2 Chart
Chart v3.3 v3.6 Chart v4.0

Chart

Chart

Open
<Discard Existing Macros>

Chapter 7 — 203



A Feoording M.

v
Shortcuts and Tips, p. 247

7-12
Add Macro to Menu

Macro <Start Recording>
<Command+R> (
<Stop Recording...> )
Chart
<Stop
Recording...> <Command-R> <Add Macro
to Menu> (7-12
Menu
Macro Menu
@ao )
Char Help
(20 )<ltem>
( )
(sound )
)

New Macro

Menu: Macro

Item: Test Condition #8

3 Key

ps ( 62 Byt
( ) ENew)

: 8
Size: § Ste\b\ﬂ\
Discard ) [ Cancel ) gooooooooog
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1 (
)
<Size> (
)
<Discard>
<Cancel> <Add>
<Add>
(
) Chart
(
)
Chart
Chart
()
Macro <Delete Macro>
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<Delete>
<Delete>

Delete Macro

Macro:Test Condition #1
Macro:Test Condition #2
Macro:Log Peak Info
Setup:ECG Experiment

. Cancel @

<OK>
(<Cancel>

)

2V 3V 50%
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3V ( 1V)
(+50%)
v <Option>
<Wait While <OK>
Sampling>p. 221
<OK>
<Cancel>
<Start>
(
)
( )
<Wait While Sampling>
duration

Macro Sampling

When the macro is played back:
@ Finish sampling before doing other macro steps

7-14
O Do other macro steps during (slow) sampling

Stop Sampling:
| Fixed Duration |4 0 ; E’
Hours Mins

Cancel @

]

|

a

)
Seconds

File <Open...>

File Append...> Open File from Macro
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7-15
Open file for Macro

<Append>

Open File for Macro

Select the file you want opened when the macro is played

Show: | All Chart Documents F":"‘i

From: | [2 2. Electrocardiogram H“]

. Chart - A Tutorial P labels.in

. Electrocardiogram & TLMO2c Data File
. ECG Per...irculation P
. CV Effects Exercise P
. Blood Pressure »

TLMOZ2c Dem Notes.txt
TLMOZc EC... Sounds.doc
TLMOZ2¢ EC... Sounds.pdf

. Muscle > = TLMOZc ReadMe.txt
. EMG P ] TLMO2c Settings File
. Reflexe...ction Time F |
. EEG b &
0. Sensarv Phvsiolaay |7 .
[ >
GCo to:
f i L] f L)
Add to Favorites Cancel Open
<Open..> <Append...>

Open directory

<Cancel

<Save>
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7-16
Save file for Macro

<Option> <Save>

Save As

Save File for Macro

Enter the file name you want to use when the macro is played

Save As: Type a file name here

Format: | Chart Data | ;'i

" Chart files I—»:«i EJ R

Where: | [

Applications (Mac 05 9) P autocorrelogram
p- & Clint reset

p & 2] ECG Pulse Heart Sounds

' Files for SHE P

ach cycle

Applications L AP&ECC m
|
J

F o

FY

v

A
Chart files L

{ NewFolder ) { Add to Favorites )

Append filename with:
] Unique number
I Time

[ Date

[ Cancel ) @

Chapter 7 —

A
File <save As...>
File <Save Selection>
(
)
<Append filename with>
<Unique number>
1 Cool Data
Cool Data 1 Cool Data 2
209



<Time>
<Data>

<Unique number>

( )

10

<Macro Commands>
ooon

Update Screen

(<Update Screen>

)
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Wait...

<Selecting the Wait...> Wait
<Wait For>
<Wait Untill> <Wait Untill the Next>

( 55 ) ( 11:20
a.m.) ( at the next hour)
Macro Wait
Mode: | Wait For |'"3"']
CRISRCNIGRINIS
Hours Mins  Seconds
7-17 Macro Wait
Macro Eait ™ show dialog
~  Mode: | Wait Until IH
1100180 6 (D
Hours Mins  Seconds
g Show diala Macro Wait

{  Mode: | Wait Until the Next l--:"]

Minute 4

For example: Until 11:00 AM,

11:01 AM or 11:02 AM etc.

™ show dialog box while playing
<Skip the
Wait>
<Stop Macro> ( <Command >
Macro Wait
Time remaining: 0:39
Waiting for: 11:24:00 AM
.
( Stop Macro 3 £ Skip the Wait Y
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7-18
000000 Macro WaitO [

ooooooo <Play Sound...>
<Play Sound...> Macro Play Sound
<Play>

<OK=> <Play>

<OK> (
) <Shift>-

<Shift>-
<Command>-

Macro Play Sound

Basso
Blow
Bottle

Frog
Funk

Class 1
Hero 4
Morse v

{ Play . Cancel

Sound Monitors & Sound
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<Message>

<Message...> Macro Message

Macro Message

Message:

Type a message here

7-20 lcon: W '

Macro Message

JInclude “Cancel” button

. Cancel
255
<OK>

<Cancel> ( )

(

) Chart Chart
<OK>

(<Play Sound... > )
<Speak Message
<Speak Message...> Speak Message
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7-21
Speak Message

255

Speak Message

| can see you're upset about this, Dave...

When the macro is played, present the message in
a dialog box:

@ Mever
O Only if Speech is not available
) Always

Volume:

Low High

8 Use System volume

Cancel | @

Speak Message

<OK>

<New Show>

<Show if Speech not Available>

<Always Show>

Alerts”
Message

“Talking

Speak
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7-22
AppleScript

<AppleScript...>

<AppleScript...>
AppleScript
32,000
Chart

AppleScript from Macro

tell application "My Spreadsheet 1.2"
activate
open file "Chart Results"
do script "New 55 Line"

end tell
tell application "Chart v5.0"
activate
end tell
|
{ Check Syntax | f Test ) . Cancel DK
<OK>
<OK>
Chart
Chart
HyperCard Chart
HyperCard
Chart

Chart

Chapter 7 —
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7-1
Chart

v
Finding Data, p. 138

Chart

open Chart
print Chart
quit Chart
run Chart
do script Chart

"Test Results”
"Test Results"
"Chart"
"Chart"

"Macro:Beep" Scrip

<do script>

Macro )
Chart
Chart
Chart
AppleScript
0Ss9 CD AppleScript Extras

) AppleScript web

applescript/)

<Repeat While in Block>

<End Repeat>
<Find...>

1. Macro

<Start Recording>

( Delete
Chart

(Mac
CD Extras
(www.apple.com/
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NG

. Command <Choose Find...> amihSebk

Go,Start of This Block, Set
ActivePoint.

. Macro <Repeat While in Block>
<Find...> Find and Select
Find Data, Next, Lob#ximaset
Active Point
Command <Add to Data Pad>
Macro Command <End Repeat>
Macro <Stop Recording>

<Repeat While in Selection>

<Repeat While in Block>

<Repeat Select Every...>

Chart
<Repeat Select Every...>

(2 )

10

7-24 Chart

©.1 )

Chart
Update Screen

<Repeat Select Each

Block> 10

Begin Repeat

Chapter 7 —
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7-23
Repeat Select Every

7-24
Repeat
Select Every...

Repeat Select Every

Selection period: 0 H|!

Minutes Seconds

Repeat selection: ) for the whole file
) inside the current block
s =
inside the current selection

] Allow partial selections

Let the macre make a shorter selection if the duration
is not an exact multiple of the selection period.

£ —

End Repeat

<Repeat Select Each Block>

Chart

<Update Screen>
'Repeat macro’
'End Repeat’

Chart
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7-25
Begin Repeat

v
Units Conversion, p. 50

<Begin Repeat>

<Begin Repeat>
100,000

<End Repeat>

Begin Repeat

Repeat & 5 times

’ Cancel \ ( oK 3

<End Repeat>

Repeat <End Repeat>

<End Repeat> <Stop Recording...

<Set Units Conversion...>

<Set Units Conversion...>

Set Unit Conversion

( 7-26 From Value
<lnput:> <Selection:>
<mean> <maximum>
<minimum> <To Value>
(Units Conversion )
Units
1.
2. Macro <Start Recording>

Chapter 7 —
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7-26
Set Units Conversion

Set Units Conversion

This macro command sets one of the two points necessary for a Units Conversion using
2 Point Calibration. To set both points you will need to execute this command twice.

Use this macro step to set
@® point 1
T
) Point 2

Read the original value from:
a )

£y — -
() Channel Channel 1 4

Use the voltage from this channel when the macro is played.

@ selection | Mean s

Use a value calculated from the selection when the macro is played.

Set the converted value to:

Value: [0

Units: | Default | :]

3. Macro Macro Commands <Set Units
Conversion...> Set Units Conversion
<Selection>
<Min>

<To Value> 0
4. <OK>
5. <Set Units Conversion...

<Selection>
Max

<To Value> 100
6. Units
7. < >
8 <Stop Recording>
9 (% )
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<Command>

Shift-
1. <OK>
2. <Set Units Conversio>
3. 100g <OK>
4. <Set Units Conversion> 100 g
5.
Og
100g
<Wait While Sampling>
<Wait While Sampling>
Macro Sampling
Chapter 7 — 221



<Wait While Sampling step before the Massage >

<Stop Sampling>

<Stop Sampling> Chart
( <Start>
Chart <Stop>
)
Chart
Setup <Timed Events...>
Timed Event (7-27

Timed Events

Tirne Action
0:00{Analog Qutput 7.5000V
1:00/Add Comment "100 mL at 0.35 pmol”

Set time to: | start [ End |
. New | [ Delete | | Cancel
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<New>

v
Comments and
Exclusions, p. 123

7-28
Add New Comment

<Time>
( ) (hh:mm:ss)
10
0:10 120 2:00
2:45:00 2
45
<Star> <End=> < >(
) < >(C )
Chart 1
Action

Action

<Add Comment...>
Add Comment Add New Comment
<Channel:>
Add Comment
Comment:  Type the text here
Cancel | Add

<Set Analog Output...>
Output

223
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Timed Event Stimulator Qutput

7-29
Amplitude (V)

Timed Event Stimulator
;—ﬂ—\ -
Output 1 1 1 LM S T
=10 a 10
(Cancel)

Timed Event Stimulator Output

<Amplitude:> Stimulator Constant Output

<Set Analog Output 2...>

<Action>
SP ST PowerlLab

SP ST PowerLab <Set Analog Output...>
1(Output 1) <Set Analog Output 2...>

2(Output 2)
PowerlLab <Set Analog Output 2...>

Analog Output 2

v (differential) E 20
Constant Output Anal Outoput 2
Voltage, p. 71 nalog Outpu
“ No Digital Output bits”
Action
v
, p.226 oo
<Repeat Sequence>
Chart

<Repeat Sequence>

7-30
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RepeatSequence
5
7-30
Timed Events 0:00
Tirne Action
Start|Analeg Output 0.00000V
0:00[Pump on

1:40|Analeg Output 2.50000V

1:40/Add Comment "Pump started”

5:00[Pump off

5:00[Analog Qutput 0.00000V
10:00|Repeat Sequence

AR[ AR AR AR AR| AF | 4>

Set time to: | St End
. New Delete | Cancel @

5:00

10:00

15:00

20:00

<Add>

Chart

10

( ) <Delete>

Analog output 0.00 V; pump on

Analog output 2.50V;
add comment ‘Pump Started’

Analog output 0.00 V; pump off

Analog output 0.00 V; pump on

Analog output 2.50 V;
add comment ‘Pump Started’

Analog output 0.00 V; pump off

Analog output 0.00 V; pump on

Sequences keep repeating
until recording stopped

Chapter 7 —
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, p.229

<OK>

1
Chart PowerlLab
( )
PowerlLab
(2-
2.5V )
8 8 (
)
PowerlLab 2 8 O )
PowerlLab ADInstruments

226

Chart User’s Guide



7-31
Configure Digital
Output

4 Turnbit on
<" Turn bit off

4 Leave bit unchanged

ADInstruments

Setup

<Configure Digital Output...>
Configuration Digital Output

Configure Digital Qutput

Configuration Marme

12|34 ([5]|6(7

Pump on

Pump off

Start injector

Stop injector

N

New Delete

<New>

<Pump On>

Chart

Cancel ) @

<Configuration Name>

Chart

a 8

(Off)

7-31

Chapter 7 —

227



Chart

1 2
PowerlLab
Chart
Chart
Chart
Chart
Configure Digital Output
Digital Output
7-32 7-31

Configure Digital Output...

Digital Output P Pump on
Timed Events... Pump off
: Start injector
Automatic Comments... | Stop injector
7-32
<Digital Output>
Configure
Digital Output <OK>
v

, p.222
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v

Comments and (Automatic Comments
Exclusions, p. 123 )

Chart
PowerlLab
( )
<Auto
Comments...>
(Ex)
( )

goobobobboooooobbbdoodobbbiuddd<New=>l

Comment Text
<Chan>

<Event>
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Automatic Comments
7-33 12345678
External Trigger: © Digital I0: 89808060000 — 1-5
Ewvent Chan Cornment Text

F5 *| |All *|Drug injection started

F& *| |All *|Drug injection stopped

1 #|4]3  #|Ext cooling on

2 #[¥|3  #|Bx¢t cooling off

3 %4 ]Al # [Ext temp rise started

f 1 . New Delete
(Low High) (High
Low)
<Event> 15 (F1 F15)
Chart
<Event>
Chart
Chart PowerlLab
<Any Bit>
Chart
PowerLab 2
2.5V
8
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, p- 191

v
Triggering, p. 59

v
Stimulation, p. 66

( )

PowerlLab 2 8 O
)
PowerlLab
(Ext Trigger)
PowerLab Trigger
(20 PowerLab )
Chart
(
)
(Stim)

(<repetive>)

<repetive stimulation>(

10Hz

<first heating phase> <second heating phase>
Chart

"Pump on #"
"Pump on 1" "Pump on 2"
10 (0 9) (#0 #
)

Chapter 7 —
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<New>

<Event>
( ) <Delete>
« )
<OK>
PowerlLab
Chart Scope
PowerlLab Scope
Chart
1 PowerlLab
Scope
Chart PowerlLab
USB SCsSi (Chart 5.0
) PowerlLab
Chrat

PowerlLab Start-Up
PowerLab
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Edit Preferences PoewerlLab Start-Up...>

PowerlLab Startup

) Always start in analysis mode
® Search for PowerLab on

# scsl
# use
Cancel
7-34
PowerlLab
PowerlLab
PowerlLab
"PowerLab Unavailable"
SCSI USB(
) PowerlLab
SCsi SCsi
SCsi
PowerlLab
v "PowerLab
<Options...> PowerLab Start-Up
PowerlLab Chart
Scope
Chart
Chart
PowerlLab
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S, ST, SP 20 PowerlLab

SCSI USB <Option>
Chart
PowerLab
Choose PowerlLab
Which PowerlLab do you want to use?
PowerlLab 2 /20 (USB)
PowerLab /45T (SCSI bus 0 1D 4)
7-35
Which PowerlLab
Change Name... | . Cancel @

PowerlLab/s, /sp, /st /20
PowerLab/E MaclLab

PowerLab usB SCSI
SCSI ID SCsI 1
SCSI 0 SCSI
PowerLab (SCslI ID
) PowerlLab
<OK> PowerLab Chart
<Cancel>
<Analysis>
PowerLab/s /20 <Change Name...>
( )
<OK>
SCsi
PowerlLab/sp

usB
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Change PowerLab Name

7-36
PowerLab Powerlak 2720

| Cancel

PowerlLab
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A PP ENUDTIX A

Chart
Chart
Chart 7

<Chart> <File> <Edit> <Setup> <Commands>

<Windows> <Macros> Chart Chart
A-1 About Chart...
Chart
Preferences » Chart
Services p MacOS X
Hide Chart %H  Chart
Hide Others "C#H
Show All
Quit Chart %0 Chart
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A-3
File

A-4
Edit

PowerLab Startup...
External Trigger...

Tool Bar...
Waveform Cursor...
Menus...

Controls. ..

License Manager. ..
Extensions Manager...

Memory Cache. ..
Data Buffering...

Startup...

Experiments Gallery

New 3EN
Open... ®O
Append...

Close E A
Save ®S
Save As...

Save Selection...

Auto Save...

File Information...
Find File...

Page Setup...
Print All... ®P

Can't Undo HZ
Cut 36X
Copy Selection... #C
Paste AT
Clear Selection... 3B
Select All HA

Clear Channel...

Show Clipboard

Chart PowerlLab

Chart
Chart

Chart
Chart

View a list of your experiment and supporting files

Chart

Chart
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A-5
Setup

A-6
Digital Output

A-7
Command

Display Settings...
Channel Settings. .. ®Y

Trigger
Zero All Inputs

Stimulator
Stimulator Panel
Output Voltage...

Configure Digital Output...
Digital Output >
Timed Events...

Automatic Comments...

Configure Digital Output...

Digital Output Pump on
Timed Events... Pump off
Start injector
Stop injector

Automatic Comments...

Commands

Add Comment... K
Set Marker >

Add to Data Pad 3D

Set Baseline
Remove Baseline

Add Exclusion... #E
Auto Scale Data

Find... %F FFind
Find Next ¥®GC

Minimum Point
Maximum Point
First Point
Last Point

Appendix A —
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A-9 Notebook

Window
Chart Window Chart
Zoom Window

X-Y Window X=-Y

Comments & Exclusions %L Comments & Exclusions
Overview ®BM

Data Pad

DVM > DVM
DVM Log Window DVM
Spectrum

Macro

Start Recording %R
Macro Commands [ 3

A-10
Macro

Delete Macro...

¥ Update Screen

Wait. ..

Play Sound...

Message...

Speak Message...

AppleScript... Apple Script

Repeat While in Block
Repeat While in Selection
Repeat Select Every...
Repeat Select Each Block
Begin Repeat...

End Repeat

Set Units Conversion...

Wait While Sampling
Stop Sampling Chart
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A-1
Chart

A-1
Chart

Chart

Comments & Exclusions

Start/stop

Channel Settings

Command + A
Command + B
Command + C
Command + D
Command + E
Command + F
Command + G
Command + H
Command + K
Command + L
Command + M
Command + N
Command + O
Command + P
Command + Q
Command + R
Command + S
Command + V
Command + W
Command + X
Command + Y

Command + Z

Appendix A —
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Option +
Command +

Option + (Chart Zoom
)
Option +

Comments & Exclusions

Zoom Command +

Shift +
Command +
Shift +
Command+Shift
Option + Shift +

Shift+
Shift + |
Select Block

242

Chart User’s Guide



Chart

Chart Chart
Command Chart
Option+
Channel Settings
<Separator>
Shift+
/ Command+
( ) Command-+.(period)
Command+=
(Menu,Save As) Command-
Delete
Data Pad

Unit Conversion

Channel Status

Tad ch Return
Tad Return

Appendix A —
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Stimulator Panel Option+
/

Page Layout

/ Command+
( ) Command+.(period)

Command+=

/ Shift +
/ Command +

Es Command +
. (period)

Open and Save
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A PP ENDTIZX

B

B-1
About Chart

Chart
PowerlLab
B
Chart
ADI
About Chart
<Abort Chart...> Api
)
e 0 About Chart

Powerlab’ Chart 5

Disgributor Version

v5.0 Wed, 13 Mow.2002
Copyright @ 1986-2002 ADInstruments
Licensed to Documentation, ADI

Compression: 72% ( Compressed from 3.1K to 0.9K )
Number of Points: 792
Disk: 100% Free ( 29.6G )

[
0% 50% 100%

Chart User’s Guide
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B-2
ADInstruments Contact

ADInstruments

ADInstruments Contact

ADInstruments Contacts

Web Address: http://www.adinstruments.com

Email Address: info@adinstruments.com.cn

B e ¢: +536(21) 5830 5639
Australia Fax: +86 (21) 5830 5640
Europe
Germany
Japan L
New Zealand i
North America v
{ Copy to Clipboard ) G—-@n—-ﬁ)
&
<Copy>
E
E
Chart About

This Macintosh
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B-3
About This CMacintosh

Pyt Lk Pl et | PomsetiiLah 457
Saial Waraher | Mg Sevial R
‘werdon humber ©w1.17/1.04
Corrmunicaiion Teze : USE
Froe Esds

B Wil Avgkier - 1

2 Ingei Amplifer -3 1

& Bk Armghifier (67 -5 3

F B Arag e (w75=w A

3 helyred Simplaio vl = ]

About this Macintosh

F-Ghnvh-‘ Licenses l Extensions [ Powerlab l

User Name: Andrew
Machine Name: Andrew’s Computer

Application Name: Chart
Application Version: 5.0

System Version: 10.2.1
Processor: G3
Memory: 256M

Monitor: 1280x1024, Millions of Col

lors

&
(Frim... ) (Copy to Clipboard ) m
4 Chart
powerlLab
Chart
(
)
"Input
amplifier"
<Print
(Print yoooooaono
Fax
ADInstruments
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Chart

PowerlLab

PowerLab

PowerlLab

PowerlLab

(PowerlLab Chart Scope
)

"PowerLab Unavailable"

<Options...> PowerlLab Start-Up
Edit

Preferences PowerLab Start-Up...

SCSI SCSI SCSI ID

SCSI 1D SCSI

PowerlLab
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e PowerLab( SCsSI )
10 PowerlLab
Chart hung
SCsi SCsi SCSI ID
SCsSI ID SCsi
Chart
Chart
Chart
Chart
Edit
Preference <Start Up...>
<Clear>
Chart Chart
Off
X-Y
XY
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v Refer
Choosing Unit Names,
p. 54

Chart Prefex Unit
Prefix

<Prefex> <m>
1000

Prefix
Units

e Chart

Chat
X-Y

Chart

prefex

Units Conversion

Chart
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B Fremdie Muers .

<Start Up...>
Clear

Manager

<Stop Recording...>

Command

Edit Preference

Chart

Chart
Chart Extensions

Appendix B —
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v Refer

Setting Sampling Rates,
p. 40

Performance, p. 35

<Unused Extensions>

<

<Command <Command-Shift-1>

Chart (

Chart

(
)
0000000000000 00000oO0oon
Chart PowerlLab/20 1
100,00 /
SP ST
PowerlLab Chart USB 100,000
SCSI 200,000 /
200,000 /
e PowerLab 200kHz

uUSB
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PowerLab
Chart
Chart
o (Chart > Preferences >
Memory Cache... )
Chart
Chart
1
( )
o Chart
( ) usB
RAM
[ ]
RAM

Appendix B — 253



Recording

<Record/Monitor>
) <Monitor>
Recording Status

recording”

e <Record/Monitor>

Control
Control... )

Chart

Scroll/Review
<Recording>

Scroll/Review

View

Chart
Recording Status
Trigger" "Int Timer"
Range/Amplitude
PowerlLab

PowerlLab
SCSI

(Chart

(Edit

“ Not

Preference

Chart

Recording Status

"Waiting for

Trigger
Event <User>
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SCSI

Chart RAM
RAM
Chart > Preferences > Data

Buffering...
Chart
Chatrt
o Chart (Edit

Preferences <Extensions...>
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Note
Chart checks itself on
startup for damage or
virus infection, and will
present an appropriate
alert box if it detects a Mac OS
problem. (Files are not
checked, though.)

. CD Chart
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A PP ENUDTIX C

Technical Notes

Calculation Details

Depending on your data it may be useful to know the mathematical
details behind some of Chart’s analysis functions, in order to get the
best use out of them. This appendix gives details of the algorithms
used by the Spectrum window. It also explains why the results of
computed input functions and corresponding channel calculations
may differ.

The Spectrum Window FFT

Physical phenomena can be described in terms of time or its inverse,
frequency. The functions describing a phenomenon in the time
domain or frequency domain are effectively equivalent, and one can
switch between them using certain linear transforms. Spectrum uses a
discrete Fast Fourier Transform (FFT) algorithm to convert data from
time to frequency domains.

Spectrum divides the data into segments, with the number of data
points in each segment equal to a power of two (a requirement of the
algorithm): this is the FFT Size shown in the Spectrum Settings
window. Once a selection made in the Chart window is divided up
into segments of this size, the transform is applied to each segment to
calculate its spectrum. The spectrum plotted is the average of these
partial spectra. Averaging improves the amplitude accuracy over a
large selection.
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If the number of data points selected does not divide up exactly into a
whole number of FFTs, and the selection is unadjusted (‘Use Current’
is chosen in the settings), or if not enough points exist within a data
block, the remainder is padded with zeroes, which are added to the
right side of the remaining data points of the selection before the
transform is applied. The Spectrum window shows selection
information above the graph area: the number of FFTs, the number of
data points per FFT, and either the number of padded points (if any),
or whether the selection was adjusted to give an integral number of
unpadded FFTs. (This information changes with Spectrum’s settings.)

44— Selection=968 datapoints ——p

Figure C-1
Aselectionof 968datapoints
withFFTsof 256(nooveriap)
dividesinto3FF Tswith200
left over, soSpectrumadds56
zeroesat right topadout data
for thefourthFFT.
Average +50
padded
%7 zeroes
Display
Spectrum’s Implementation of the FFT
The treatment here is only a summary; see Press et al.! for a more
complete discussion. Chart takes samples at discrete intervals set by
the sampling rate. If we look at a sequence of N consecutive samples,
where N is an even number (for simplicity), with a sampling interval
D, we can define a function I © h(t;) where the time when sample k is
taken, £ © kD, and k is the series 0, 1, 2, ... N-1. It is assumed that the
function that describes the sampled points is representative of the
entire waveform, that is, that there is some form of periodicity. The
FFT transforms these N discrete samples in time, with & voltage (or
derived units), to N discrete samples in frequency, with H frequency
amplitude. The frequencies can be assigned the discrete values f,, =
n/ND, where n is the series -N/2, ..., N/2-1. The discrete Fourier
transform of the N points hy is defined by:
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Hno é hkeZpiknnN

k=0

This transform maps N complex numbers /. into N complex numbers
H,, (for data measured from physical phenomena, such as Chart deals
with, numbers /i, are real with the imaginary part set to zero). H,, are
in the frequency domain, since the horizontal axis is measured in
units of 1/D, which represents frequency. Zero frequency corresponds
to n = 0; positive frequencies correspond to values 1 £ n £ N/2-1. The
function can be seen to be periodic in 1 with period N, with
H_, = Hy._, for values of n other than zero. One can let the n in H,,
range from 0 to N-1 so the correspondence between k in the time
domain and # in the frequency domain is more obvious, but we don’t
for this treatment.

If Re(H,,) and Im(H,,) are the real and imaginary parts of the nth
frequency component of the FFT, then the power (modulus squared)
of the nth frequency component of the spectrum may be expressed as:

Re(H,)% + Im(H, )?

P(n) = 2 N

The amplitude (modulus) of the nth frequency component of the
spectrum is then:

A() = /2P,
where the factor 2 converts from RMS value to amplitude.

Note that the accuracy with which FFT can resolve frequencies
depends on the sampling rate 1/D, and the number N of points
sampled. If a frequency reading is not an integral multiple of 1/DN
Hz, then it will be resolved into peaks above and below that value,
distorting the result. Keeping N at a large value minimizes these
problems.

Windowing Functions

The FFT assumes that samples represent an integral number of cycles
of a periodic waveform. The assumption of perfect periodicity can
lead to problems. If, say, the first and last values of a waveform seen
in the sampling window do not join smoothly together, then a
spurious frequency reading will be detected at the edge of the
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Cosine Bell window Hamming window

Figure C-2
Windowing functions used by 1 TS 1
Spectrum and their F; N
definitions: kis a value ! "-.II
between —N/2 and N/2—1, )
where N is the number of
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j.n' %
J H"x 0.08
0 2 0 N/2-1 0 N2 0 N/2-1
_ ks - Pk
w(k) = 0.5(%1 4 cos?—l%—g} W(K) = 0.54+ o.4ecos§|—\l—ﬂ
Blackmanwindow Welch window
1 il 1 N
[ y A %,
| 5 o '-.l".
f- | ! 4 \
f b f ,
/ '., { Y
f 5 ! Y
||' "| I.I ".
f L | Y
I Y ]
5
0 0
-N/2 0 N/2-1 —N/2 0 N/2—-1
_ Pk Pk _ 1 _obk—=Nm)52
W(k) = 0.42+ 0.500ZER +0.0m0ZRS (i) = 1-2 -l

sampling window by the FFT: this is known as an edge effect.
Windowing functions reduce the importance of data at the edges of
the window used by the FFT, thus preventing spurious peaks arising
from edge effects. If a windowing function is used, the original data
are multiplied by the windowing function w(k) to weight them:

N-1

H._© - W(k)hkeZPik”“N

" k=0
Four of the more useful windowing functions have been provided in
Spectrum, as shown in Figure C-2 (there are many others, as
discussed in Reference 1). To compensate for the attenuation due to a
windowing function when one is in effect, all power values P(n),
calculated as shown earlier, are multiplied by a factor
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Zero-padding

If Spectrum’s internal data selection is not a multiple of the chosen
FFT size, the data size is extended to the right by padding it with zero
values. Windowing functions are applied to the true data, before its
length is extended by zero-padding.

Computations with Computed I nput
Functions and Channel Calculations

There is some overlap in functionality between computed inputs and
channel calculations. The cyclic rate and cyclic amplitude computed
input functions are duplicated as options in the Cycle Variables
channel calculation (except for Counter, which is represented by the
Cycle Variables Data Pad functions Event Count and Cycle Count);
the Differential computed input function is duplicated as the
Differential channel calculation; and the five integral computed input
functions have corresponding options in the Integral channel
calculation. (Note, however, that the two smoothing computed input
functions provide a different computation to the Smoothing channel
calculation.)

In addition to differences in the way computed inputs and channel
calculations are used (computed inputs are used online while channel
calculations are principally used offline, for instance), the results
yielded by the two may differ. There are three factors, which may or
may not contribute depending on the type of computed
input/channel calculation used. Which factor affects which type of
computed input/channel calculation is summarized in Table C-1.

1. The sampling rate used for computation may differ. Computed
inputs will always have a precision based on a sampling rate of
2000 Hz or higher — the speed at which Chart samples internally
for these computations, even if a lower sampling rate is chosen.
Since channel calculations operate offline, they are based on the
sampling rate set for the channel. If the sampling rate is 3 2000
Hz, the precision of results calculated using computed inputs and
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Table C-1

Factors contributing to
different results from
computed inputs and channel
calculations, for different

types of compuitation.

channel calculations will be the same, but if the sampling rate is <
2000 Hz, then the precision of results computed using channel
calculations will be less than those using the computed inputs.
This difference affects all corresponding computed inputs and
channel calculations.

Computed inputs must use data as they are acquired, whereas
channel calculations are able to use data in a ‘window’ extending
either side of any particular data point. This affects cyclic
computations, because computed inputs must show results for
the previous cycle, whereas the Cycle Variables calculation can
show values for the current cycle. It also affects the Differential
computed input function and channel calculation, because
neighboring points are used in the numerical calculation of a
derivative. This is not a factor for the integral computed functions
and the Integral channel calculation, which do not rely on a
window of points.

Computed inputs and channel calculations differ in their method
of cycle detection. The former use a threshold and hysteresis
function, while the latter use local maxima or minima. This affects
cyclic rate and cyclic amplitude computed input functions and
the corresponding Cycle Variables channel calculation options.

Factors contributing to differences between computed inputs and
channel calculations

Computation type Sampling rate Use of ‘window’ Cycle detection

data method

Rate X X X

Cyclic X X X

Differential X X

Integral X

References

1. Press, W.H. et al., Numerical Recipes in C: The Art of Scientific
Computing, second edition (Cambridge University Press,
Cambridge, Massachusetts, 1994).
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A PP ENUDTIX D

Experiments Gallery
Configuration Files

You can customize the appearance of files that are shown in the
Experiments Gallery, by adding text labels, hiding files, choosing a
default selected file, and so on. This is done on a folder-by-folder
basis by adding a configuration file called 'labels.ini' to the
appropriate folder.

The configuration file is a text file containing ‘sections’, ‘key lines’
and (optionally) ‘comment lines’ (see below for an example).

Note: Character case is unimportant for section and key names, but is
preserved in key values.

Sections

A section starts with a line containing a section name in square
brackets, and is followed by key lines. Most section names consist of
filenames (for example, [Electroencephalography] would be the
section name for a Chart data file named ‘Electroencephalography’)
and are used to control the appearance of the entry for the file with
that name in the Experiments Gallery dialog box. The order of the
filename sections in the configuration file is the order the entries are
shown in the file list. Files in a folder that do not have sections in the
labels.ini file are shown in the file list after the files that do have
entries.

The section name [folder] is optional and is followed with a key line
whose value is text that will be shown in the information area in the
Experiments Gallery dialog box. This text is usually used to give a
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general description of a folder. If this section is omitted the info area
is not shown.

Key Lines

A key line contains a key name followed by an equals sign and a key
value. Spaces around the key value are ignored. The following keys
may be used within a filename section:

Text. This key provides the text to be shown as additional description
text for the file.

Flags. Various options used to control some of the behavior and
appearance of the entry for a file. Available flags are:

* Bold. Show the label (filename and descriptive text) in bold face.

* Default. Make the file selected in the file list whenever the
relevant folder is selected in the Experiments Gallery dialog box.

*  MacOnly. Only show this entry on a Macintosh system.

*  WinOnly. Only show this entry on a Windows system. (When
creating labels.ini files that will be used on Windows, you need to
create them in a text editor that can insert line feed characters.)

e Hide. The entry is not shown in the file list.

Comment Lines

n.n

A comment line starts with a semicolon (";"). Comment lines may be
placed anywhere in the configuration file and are ignored when Chart
reads the file. Blank lines are ignored and are useful for visually
separating sections.

Example

Below is the text of a typical configuration file. The corresponding
appearance of the Experiments Gallery dialog box, when the folder
containing that configuration file is selected, is shown in Figure D-1:
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[Folder]
text=A basic experiment on the pulsatile flow of blood, the ECG, and
peripheral circulation.

[TLMO3c ECG Periph Circ.pdf
text=The instructions for setting up and running this experiment.
flags=default, bold

[TLMO03c Data File 1]
text=Typical volume pulse, blood flow, and ECG traces to compare your data
to, or to use in case of poor results.

[TLMO3c Data File 2]
text=Typical volume pulse and blood flow to compare your data to, or to use
in case of poor results.

[TLMO3c ECG Periph Circ.doc]
text=An editable version of the experiment (in Word format).

[TLMO3c Dem Notes.txt]
text=Information for demonstrators about this experiment: answers to
questions and troubleshooting help.

80 C
Experiments Gallery

7 Animal Experiments | A basic experiment on the pulsatile flow
Human Experiments of blood, the ECG, and peripheral

1. Chart - A Tutorial circulation.

2. Electrocardiogram

3. ECG Periph Circulation TLMO3c ECG Periph Circ.pdf

4. CV Effects Exercise The instructions for setting up and
_5' Blood P running this experiment.

o Moede e TLMO3c Data File 1

- Muscle Typical volume pulse, blood flow, and

7. EMG ECG traces to compare your data to, or
8. Reflexes Reaction Time TLM0O3¢ Data File 2

' 9. EEG Typical volume pulse and blood flow
110. Sensory Physiology to compare your data to, or to use in
' 11. Breathing . TLMO03c ECG Periph Circ.doc
1 12. ECG Pulse Heart Sounds An editable version of the experiment

.......... {in Ward format).

' 13. Respiratory

7 14. Stress Biofeedback TLMO3c Dem Notes.txt

Information for demonstrators about
this experiment: answers to questions

™ show Experiments Gallery at startup @

A4
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Figure D-1

Appearance of the filesina
folder called ECG Periph
Circulation, when the
labels.ini file above has been
added to the folder.
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