Sound Capture

Recording, visualization and recognition of sound

1. Why?

When we want to register sound during the lessons physics or science and to make
sound visible then we can use simple or sophisticated aperture. (Oscilloscope, mixing
panel, microphone, loudspeaker...). Those who can use a computer in the class with
some freeware which is on the cd and a headset can have the same results and
even more...

2. Materials and software

e Computer or laptop with a good soundcard
e Headset or microphone
e Tuning forks (For example. 440 Hz, 1700 Hz) and hammer
e Sound recordings (on the cd, or eventually making it yourself)
e Software:
0 BIP Electronics Lab Oscilloscope - 3.0
0 Audacity

o Visual Analyser 8.10

3. How to start

If you are doing experiments in which you want to record a signal (voltage) for a long
time you can use an oscilloscope. If you don’t have this apparatus at your disposal
then you can use a computer with a sound card. The computer must link the AD/DA-
conversion (Analogue to Digital and vice versa). Analogue signals (sound) come in
via the microphone entrance or the line-in. These signals are digitalized by the
soundcard (= sampling). Most of the sound cards can sample without problems with
a frequency of 44.1 kHz.

Analogue and digital:

With an analogue signal the signals can
have continue every different value. With a
digital signal the value is discrete and the
changes are with jumps.

The signal which comes in via the cable
and the sound card/PC is analogue and has
to be converted in a discrete signal. We
give that the name of a digital signal but it is
as a matter of fact an analogue signal with
digits and it needs to be converted with an AD-converter. On the sound card is in-

Analoog signaal

Sound capture DBM©DPB



stalled such a Analogue-Digital-Converter (ADC) for recording and a Digital-
Analogue-Converter (DAC) for playing sound samples.

Sampling Digitaal signaal

How to connect

With the soundcard we must choose the right entrance. We have the choice between
Line-In and the Microphone-entrance. On the left picture it is very clear but on the
right picture it is not so obvious. Some symbols are used. Please check the manual
to see what they mean.

Mostly they use a color code to mark the different entrances.

= Line-in-jack = blue

= Microphone -jack = red or pink

= Line-out-jack front / loudspeaker out -jack = green (for passive loudspeakers (
most common ))

= Line-out-jack back = black (for active loudspeakers) or white or not there!!

Which entrance is best? The microphone entrance or the line-in-entrance? That de-
pends of the signal we want to measure.
Rules:

=  maximum input for the microphone: 200 mV peek

= maximum input for the line-in : 2 V peek
For safety you can use the line —in entrance if you want to measure other signals the
sound signals. If you only want to measure sound signals then simply take the micro-
phone entrance.
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4, Use of Lab Oscilloscope - 3.0

4.1. Getting the software

The freeware program BIP Electronics Lab Oscilloscope — 3.0 can be downloaded for
free from the BIP Electronics website.

Use this link: http://www.electronics-lab.com/downloads/pc/002/index.html

You get a zipped file with the name scope30.zip on your com- e .
o 0 scope3.zip
puter that you have to unzip first. T I

After unzipping you become a map scope30 in which are the following data?
README.TXT ( information about the author)

SCOPE.CFG (the chose installation)

SCOPE.HLP (a very useful help-file, also available from within the program)
SCOPE.EXE (the program itself)

Tip: It can be useful to start the program from the desktop page itself. Therefore
make an icon

e Select the icon of the program SCOPE.EXE m SCOPE EXE
e Use the right mouse button on the icon and select the icon

by double clicking
e Select the icon of the coupling

4.2. Installation of the hardware

Connect the headset (earphone and microphone) with the computer. The black jack-
plug must in the Line-out. The pink or red jack must in the Line-in.

Only use the microphone of the headset or a standalone microphone, then you only
have to connect this one and you can hear sound via the loudspeakers of the com-
puter or laptop. This is very good in a classroom but very bad when you are using an
investigation lesson for students on different computers.
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4.3. Use of the program Digital Oscilloscope

Start the program by clicking on the icon SCOPE.EXE.

You have the following screen

EH Digital Oscilloscope ;l_lﬂ
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What are the possibilities?
1. Making a sound wave visible (using it as a normal oscilloscope)

This can at the following manner:

e Connect the microphone properly

A usable ‘sampling rate’ and ‘sampling duration’
Go for play (the green triangle)

Look at the patterns on the screen

Stopping is by clicking on the green square

SAMPLING RATE en SAMPLING DURATION
With the Sampling Rate-boot on the period is set in (in milliseconds) and then a

peace of input is sampled. The 1000 means that the input signal is sampled every
1000 ms.
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With the Sampling Duration-button you install the length of the sampling fragment.
A signal of 500 means that the input signal is sampled continuously during 500
milliseconds.

Note if you take a Sampling Duration which is equal or more then the Sampling
Rate, then the (sound) signal is continuing sampled and is seen on the screen
graphically

2. How to change the picture:

e TIME/DIV
the TIME/DIV button can be used to change or alter the time base of the oscil-
loscope. When this button is at 5 and the scale at 100 us then every part of
the raster (in horizontal direction) is for a time duration of 500 ps en the full
raster gives a reach of 5000 us (5 ms). If the scale is at 1 ms, then one part of
the raster is 5 ms en the complete raster gives 50 ms.

e VOLT/DIV
to change the amplitude scale you use the Volt/div. button. Best is to install a
high amplitude so that you can see it properly on the screen. The button can
also be used once you have stopped the sound registration.

e Horiz.Shift
this turn button is used to have a horizontal movement on the screen. This is
very useful when with stopping picture you want to give the left side of the
raster (for t = 0) the golf no amplitude or a maximum amplitude.

e Vert.Shift
this turn button can be used to have a vertical movement on the screen. In this
way you can place the picture symmetric to the time axe.

e Focus
With this button you can make the line thicker and therefore more visible.
From a distance.

3. Some other functions:

¢ In the menu: click Edit and then Copy (alternative: copy-icons or Ctrl+V): you
can save the picture on the scope on the computer. In a word program you
can put that in the text.

e In the menu: click File and then save: you can save the scope picture as a
bitmap-file (BMP) on the hard disk. This picture can be used later as an illus-
tration.

e In that menu: click Options and then picture...: you can raster on the screen
if you want or if you don’t want.

Sound capture DBM©DPB



Remarks

The Scope-program use the soundcard of the computer to measure signals.
As a consequence the quality of the results depends on the quality of the
soundcard. As for the sample frequencies the Scope-program uses automati-
cately the highest frequency. For most computers is this maximal 44 kHz but
this program can also be used for computers with 11 kHz maximum.

More possibilities for the program are found in the help function this cab be
opened by clicking Help in the menu and then on contents F1.

Exercises:

1. To look at sound pictures:

Connect a microphone to the computer, start Scope and start the recording
Look at the picture of different sounds:

0 Tuning fork of 440 Hz, 1700 Hz, ...

o0 Noise

o Own voice: ie-sound, oo-sound, uu-sound, aa-sound, eu-sound...

0 Several whispering tones

2. A simple measurement:

Record a tone of a Tuning fork en stop the recording. The picture stays visible
on the monitor.

Put the picture symmetric to time axe.

Move the picture so that on the left the amplitude (for t = 0) equals null.

Move the mouse (it's a cross now) over the raster. You can read the time now
on the time axe.

If you are positioning the cursor after 1 period then you can read the frequency
(in kHz) approximatively. Example (2, 28 ms (0,438 kHz)) for a tone van 440
Hz.

If you put the cursor at the top of a golf pattern then you can also red the am-
plitude at that moment (ex. 0,83 V)
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5. Use of the program Visual Analyser

5.1. Installation of the software

The freeware program Visual Analyser can be downloaded for free on the website

from BIP Electronics.

Use this link: http://www.electronics-lab.com/downloads/pc/index 2.html

oY

You can use a ‘setup launcher’ downloader and an ‘iso-file’.
Once this is done you can double click on the icon of the setup
launcher (VA810set.exe) to start the installation procedure.
This goes as a normal Windows-program. An icon is placed on
the computer desk.

Yagl0setup,.exe
Setup Launcher
Sillanum Soft

/_/( cd iso versie vd exe_File

ir

'F'il:'u-.-.“'

I (SRS

5.2. Use of the program Visual Analyser

Start the program via the icon or by double-clicking on the program-icon
or on the name VA .exe in the map C:\Program Files\Sillanum Soft.

You will have the following screen:

L YA - Visualknalyser 8.10 - [Points = 4096] [Sampling freq.= 40960Hz] [Ini=C:WProgram Files\Sillanum Soft\Wa. INI]

Microfoon |

Filters

Settings ‘Wave | Freg.meter Floating Windows mode

g Wpoz leg mard Reset
a4 j

Zoom

s %1 j

[~ Trigger

12
B Trigger

oge— |, o
125

242

' ana

I

Ainf dB r

000-1663mS | Hiullseale =000 [ DCremoval

z %6!aBpp [ Stay on top

- [ Valt meter
Tan [ Freq. meter
G [~ Wwave Gen.

I” Phase

[~/ THD

[ THD + Noise:

=

- anis
-r- [v Log

_77°- [ Hold
- o

| T Average
- h =
-1 - Step

5

Auto | |12dE -

Ch B[R]

e

Caplure scope
Capture spectium
whaveOn | Info

wait ’_
1eq ’_
used ’_

- awlis
[ Log
[ tue ¥

Fit screen

Channel(s|
Cha -

‘20 MLt o ® 8 13

Sound capture

DBM©DPB


http://www.electronics-lab.com/downloads/pc/index_2.html

Visual Analyser is a multifunctional program to make sound waves visible, produce
them and to make some measurements.

1. Making a sound wave visible ( as on a normal scope)
That can be done on the following manner:
e Be sure the microphone is connected on the right way. Eventually you must
adjust the right apparatus on the screen menu. Choose for microphone and
put the record level high with the position button.

Ini=C:\Program Files\Sillanum Soft\WA. INI]

Microfoon ",........J._.

BN -

e Click on the On-button left on the screen.

e When you are recording in the microphone or record any sound then you can
see it immediately on the screen. Above you get the scope-picture and at the
bottom the sound spectrum.

e Look at the screen patterns.

e Stop the sound recording by clicking on the Off-button.

Remark: If you want to use the picture in a text then you can capture the visual of
the screen by using PrtScr and import it in a Word (more info: see at point 6. Au-
dacity).

You can also capture the picture screen as a file with the but-

tons ‘Capture scope’ and ‘Capture spectrum’. A click on Capture scope
these buttons records sounds for about a 100 ms (this is Capture spectium
adaptable in the settings (=Settings) of the Capture wavedn | Info
scope/spectrum).

—

You have a new screen with the produced - Tjye

sound wave. With the mouse or with . 8%k ] ds%ul 0 DI07
zoom in or out buttons for x- and y- Jaer ]| [elsan | :
axes you can zoom in. Spciun— | %N

S— ] In a screen menu you can capture the and
1 Time Series save the recorded picture It is very interest-
QSN DA Roaxis View ing to choose for ‘Save as txt’. You the have
a text in which the time and the amplitude is
coupled to a picture (Windows metafile with
extension wmf). This you can import in a
text.

Save to clipboard

Print white background
Print Eime

Close
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2. Production of a sound wave

That can be done as follows:

e Make sure the speakers are connected on the right way.

e Click on the Wave-button on the left of the screen

e You get a new screen in which you can install the frequency
of the wanted tones. That can be done in big steps and in =% IEAT =440.00
small steps with the button regulator and then refining with |440.00 :II_
the triangles next to the frequency window.

e Once you have the wanted frequency then you click on the On-button to pro-
duce the wanted sound.

e If you install left and right different frequencies then you have alternatings.

e You can also see the produced tone if you look at the scope program in VA .

Waveform Generator E]
G ETY lEu&tDm Funn:til:nn] General Setup] Set pulse] Setﬁweep] SetTriangIeHSathDth] Help

Left [&] channel Levels [% full scale)

r 1 = e

Woave function 1 e

Ii J ................. ) )

Phaze

— |
[ Loopmaode [ Interlock ||l|:||:| Apply ; ;

Right [B] channel - -
1

Freq. RIGHT = 440,0000 Hz \Wave function a=EB0% B=E0%

) v Enable [ Interlock
440,00 TII |Sine =

[ Stay on top

3. Measuring frequencies

That can be done in the following manner:
¢ Click on the button Freq. meter. The following screen appears:

& Multifunction counter [ Hz ]

Resalution

(o Freguency meter © Perodimeter Counter [~ Hold
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Produce a sound (a tone from a Tuning fork) for the microphone en de fre-
guency appears on the screen. You can have an idea of the justice of the
measurement under ‘Resolution’.
You can also measure the period.

What to do:

1. Look at sound pictures:

Connect a microphone on to a computer and start VA.
Look at the picture of different sounds:
0 Tuning fork of 440 Hz, 1700 Hz, ...
0 Whisperings
o Own voice: ie-sound, oo-sound, uu-sound, aa-sound, eu-sound...
o Different whispering tones

2. A simple measurement:

Keep a trilling tuning fork for the microphone and look at the picture of the
wave.

Capture this picture, zoom in and place it in a Word document.

Measure the frequency of the produced sound.

3. Sinus generator:

Use this option to produce some tones.

Example: go to 440 Hz.

Control the right frequency by putting a Tuning fork with wood reflection before
the microphone, the sinus generator is out and the listen if you hear the Tun-
ing fork. Normally this must go as resonance is occurring.
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6. Use of the program Audacity

6.1. Installation of the software
The freeware program Audacity can be downloaded from the Audacity website.

Use this link: http://audacity.sourceforge.net/

You get a ‘zip’ file with the name audacity-win-

. PR audacity-win-1.2.4b.zip
1.2.4b.zip on your computer that you have to unzip first. 2.251 kB

Remark: this software is updated regularly so that it is possible that you can
download a more recent version. Don’'t use beta-versions as they are not complete
safe to use with students.

After unpacking this zip-file you have a map called au- _J[d sudacity-win-1,2.4b.exe
dacity in which you find the file audacity-win- I‘ PR Audacity Setup
1.2.4b.exe. '

Double -click on the icon to start the installation procedure. This happens as any
other windows program an icon is placed on the desktop during unloading.

6.2. Use of the program Audacity

Start the program with double clicking on the icon or on the pro-

gram menu. On by clicking on the ‘Audacity’ program icon or on m audacity exe
the name audacity.exe. This map is on the C directory in the

map ‘Program files’.

You get the following screen:

& Audacity E@
Bestand Bewerken EBeeld Project Genereren Effect  Analyseren  Hulp
e L] L]
=17 - @) n R| R|
Pler| ok & "")EI 43 42 36 30 24 18 12 & O »ﬁlfl 43 42 36 30 24 A8 A2 B 0O
= = — = — 1 T e = [ ol e
i o o ke B L S I R WP I P AP Y
50 &0 7.0 3.0
h h | h

10 oo 10 20 30 T
. . . ; .

9,0 10,0
h i
-

Audacity is a very multifunctional program for sound recordings, importing sounds;
make sound visible and a lot more. The aim is not to illustrate all the possibilities of
the program Therefore you can use the Help-function. This is available within the
menu, First on Help and then on Contents...
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The program Audacity has the following possibilities:

1.

Sound recording

That can be done as follows:

saving a recording

Make sure a microphone is connected in the right way
Do control if the program gets a signal of the microphone (see picture)

o) -4

™
O * Microphone j
0,020 030 S POIF

-] 1 o

5

0,010
1

Line In
CD Audio
ideo
B

Mono Mix
eV A VAVAVAVAVEAVAVE [ty vih

Push the record-button (with the red color)

Speak as the recording goes.

Stop the recording with the stop-button (with orange color with rectangular)
the recording level can be adjusted '] Wy m

P !

1
0,010 0,020 0,030

You can also use the pause button( two rectangular)

£ Audacity

s=c=pee Eewerken Beeld Project  Genereren

Effer

As follows:

e Click in the menu on Bestand and
choose for the wanted format.

e You can save the record as a project
(only opening in Audacity)

e You can save the program as a WAV-
file and /or as a MP3-file. Use the
right option Exporter as WAV... or
Export as MP3...

Sound capture
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3. Importing a sound recording

As follows: .
e Click in the menu on Bestand and choose for [ERaELERI
Opening_,_ SR Bewerken Beeld  Project
e You are in the menu where you can look for Niguw
the right recording on DVD, CD or USB-stick Openen. ..
Sluiten

(in WAV- or MP3-format)

4. Setting the picture

e By clicking in the menu on Beeld you can put the picture on a full screen. You
can do that bij clicking on Verticaal passen

e You can also zoom in for a fragment of the sound el < I
recording. This can also be done with the Beeld- = }@| B | ;2| ,g
menu, but the zoom buttons are more practical,
just under the menu. L L L

e Using recordings history can be very interesting. . 'k
You can delete some other recordings that you don't & 12 -6 0 S&5
want anymore. You can find this option under Beeld, Do | @
Geschiedenis... Therefore also exist buttons under the
menu (figure).

5. Working with recordings

e With Audacity you can isolate peaces of sound and the save them as a new
sound. For instance the sound of an “ee” isolated from a spoken text.

£ Audacity

Bestand Bewerken Besld Project Genereren  Effect  Analyseren  Hulp

NEIEI e e

=L =
=R | R

Steren, 32000Hz
32-bit fiost

=
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You can become such a picture by zooming in

0, a sound recording and putting the rest aside. l5 42 .36 -30 24 A8 -
You listen to the recorded fragment and then
you cut it away by using the indicated button. & | B G 0k o

If you want to set the time at null again then you choose in the menu for Pro-
ject, then Sporen uitlijnen... and at last Op Nulpunt outline.

6. Making a print copy and import it in a word document.

When you are making a text in which you want to place a figure which shows
what there is to see when editing a text then you can use two methods.

1)

2)

Capture the screen picture with the PrtScr -button and open afterwards a pro-
gram such as Draw or even better: Adobe Photoshop. Open a new document
and paste the ‘screen view'. Afterwards you can work on the image and import
it in Word.

Even faster you can after clicking on the PrtScr-button you can immediately
insert the countenance of the board in your word document.

If you click with the right mouse button then you can work on the picture with
Werkbalk afbeelding _ _

weergeven. Afbeelding

E R R e T R A e - R R A

Click on | -I"" so that you can cut out the good figure by going over
the ‘four’ sides.

What to do:

1. Recording and saving a sound fragment

Connect the microphone to the computer, start Audacity and start the re-
cording.
Record different sounds
0 Tuning fork 440 Hz, 1700 Hz, ...
o Low noise
o Own voice: ie-sound, oo-sound, uu-sound, aa-sound, eu-sound...
o Different whispering sound, music instrument sounds
Save this as a WAV- or as a MP3-bestand.

2. Looking at recordings and working with them

Open a recorded sound and look at the graphics.
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Play the sound and choose one sound and remember where the sound is.
Select this part from a recording and cut the rest.

Repeat these two last steps till you see a graphic picture from this sound on
the screen.

Save this minimal sound fragment.

Make sure that this picture is clear to appropriate it vertical.

Make a Word-doc in which you place this picture/ figure.

‘Natural sounds’

On the cd you can find some recordings from birds. You can compare the
singing of two birds such as the fitis and the tjiftjaf. These two insect eaters are
very alike and can’t be seen by experts. Their song is completely different, so
that the birds recognize their own species. When coupling these two birds you
would have non fertile family.

Look for one peace of very special bird, isolate it and look at it and see the dif-
ference...

Extra information:

Some sonograms from fitis and tjiftjaf.

Fitis (Phylloscopus trochilus):

10k

2K

2K

QK
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Tjiftjaf (Phylloscopus collybita):

10k

2K

(=14

4K

2K

(4

You can also work on these bird sounds recordings with Nero Wave Editor (a tool
within the well known Nero-program to make backups of DVD’s and cd’s) and that
gave the following oscilloscope picture:

Fitis (Phylloscopus trochilus):

3 tjiftjaf_part2.mp3 - Mero Wave Editor

Bestand Bewerken ‘Weergawe Audic Vaolume Extra  Werbetering Effecten  Windows Opties Help

SR E PR E B W S A D | Yeticskezoomen 2003 v

o Opdracht Sectie
= [ Drigineel

b 1w b 10boo
Frequentie Frequentie

Klaar Geselecteerd:00;00:00;000 - 00;00:00;000 | Weergegeyen:00;00:00:000 - 00;00:00
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Tjiftjaf (Phylloscopus collybita):

2 fitis_part2.mp3 - Nero Wave Editor.

Bestand Bewerken ‘Weergave Audio Yolume Extra  Werbetering Effecten  Windows Opties Help

SR W kR D e s O D] veticalezoomen [100% v

© U Links
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(5} | :
u‘ég Rech: I ||, > Diiginesl
¢ 0 40 40 2 0
P R S e .0
B u‘) (R RN R(s ) o 20000 0 20000

Klaar Geselecteerd:00:00:00:000 - 00:00:00:000 | \Weergegewen:00:00:00:000 - 00:00:03

Frequentie Frequentie

Analogue pictures you can become by importing bird sounds in the program Audac-

ity. Just try it.
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Addendum:

Another possibility to record with the microphone is using the program ‘geluidsre-
corder’ . This is standard on every computer under ‘bureauaccessoires > enter-
tainment > geluidsrecorder’. The result is a WAV-file.

This WAV-file you can work with in programs such as Nero Wave Editor or Audacity

Example the spoken text ‘zalig kerstfeest'.

<2 zalig_kerstfeest.mp3 - Nero Wave Editor

Bestand Bewerken ‘Weergave Audio Volume Extra Verbetering Effecten ‘Windows Opties Help
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Last peace from the sound ‘eest’. This gives the following picture:
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Zooming in gives the ee-sound:

Enjoy the working with sound capture!

Marc Schoonackers and Marc Debusschere

For more information
e-mail: marc.debusschere@skynet.be

website: http://users.skynet.be/sofysica in dutch language
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