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The sound with a computer in education

Ivo Verovnik
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a�b c d e�f g h�cji�h k c l�cOe�mUe�l�e�n o k eEc p q�g r�s�eIt�n c h�i�e�q�c u c vIc hIp�o h�c m�c q�c vEt�n h�c vIt�b w�x�b c m�g b cOa�b c i�o p t k g k e
u g mUg d k h�gOp h�o n c d h�e�y u c�p q�e�n h�g l�o	h�c v�o h k oQa�b g a�b e�y u c v�y c h�t�y h�c vUu e�h�e�q�z�p q�g h�e�qUp	b o p d c n h�e{y a�g i�u b o d h�e
strukturo in šumov, ki so proizvedeni bodisi programsko ali pa so posneti v naravi.x�b g r�y u o q�d k g h�g'y eIh�g i�o u g b g|p h�o n c d h�e�y u cjp q�e�i�e�q�zOi�c}k c vEe�r�r�o k o k eEb o p d c n h�cOl�d o�y s�g h�c	c h�y u b t�mUg h�u c w
x�e�i�o p o h�cjy e'h�g i�o u g b c}a�e�y g s�h�c}p q�e�n h�c}t�n c h�i�c z}a�e�q�g p o h�cjp|~3e�a�a�d g b k g q�c m�a�e k o q�e�mUz�i�e�u�k g|h�a�b w
mUe�f h�e�y u|c p b o n t�h�o q�o h k o1v�c u b e�y u c�o q�u e�mUe�s�c d o1h�o.a�e�r�d o l�c{o h�o d c p g1h k g l�e�q�g l�o�v�b t�a�o�wUx�e�y g s�h�o
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� � � � � ���U��� ��� ����� � ��� ��� ��� �U��� � ��� ��� �3��� � � �����

Abstract
The teacher's guide about using a personal computer to assist in teaching the acoustical
phenomena is presented. To make the teacher's work easier and more eff icient the CD-ROM
with a lot of sound records which are discussed in written part of the guide is prepared. One
can find a lot of examples to show fundamental characteristics of acoustical vibrating of the
simple sine-wave tones, complex tones with different spectral structures and noises produced
either synthetic or recorded in the nature. Some characteristics of the sound produced by the
different musical instruments are also presented. In particular the Doppler effect is discussed.
The possibil ity of computing the speed of driving car from it's noise is presented. The special
attention is paid to the human voice from its production to explanation of the differences of an
adult male, female and child's voices.
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B C D E�F�C G F�H I�HKJ L�M�L�F�C N�C O�H�L�M�B P Q/G R P F�H�S@S N�L�D F�L�I�C B T H U L�V�I�HKJ I�E�M�C RWJXM�B H Q�P B F�H Q�H�M�B L�Y�B C Q/H�L�O�M�H B C
F�L�N�PWQ/L�Z F�L�J T H�S CWH S N�C R C F R P[M�L�E�I�C[L@S N�L�D F�H \@M�L R C N�H \�]^@_	`�a�`�a b c�d�e a f g b h g ikj�g b c#c�b _ h l _ m�c�n�o c�p�q g j�o f _ r�b h g m�g i/d�p�q a q c�e m�a s�d:t u v n�s�a�r�s�m h a w m�a�c�`�b a s�a n
j�c�j�_ m�a�x�^@y z[{	|6oKp�q c�}�q _ i/c�i�~ _Wc�`�j�g b _ r�c/a m/_ m�_ b a ~ c/~ r�c�e m�a �@p�c�o m�g f s�c�r@f g q>i@m�c�w a � _Wp�c�o g `�g h
a ~ `�q _ m�a �/a m/p�q a p�q _ r�b h g m�a ��~ r�c�e m�a ��j�_ f c�f g s�n�o>s�_ f g q a i�a�b _ ��s�c�p�c�j�p�q g i/c/f g c�q g f a e m�c�c�`�q _ r�m�_ r�c�p�q a
pouku.����� � � �k��� � ��� � �#��� � ��� � � ��� � �@� � � ����� � ��� � ���#����� � �/�0��� � ������� � � ����� � ��� �:�

Sound Blaster 16� ��� ��� � � � ��� � ����� ������� � � � � ��� ������� � � � � � � ��� �k� � � � � �/��� MS Windows 95, 98 ali 2000. Program za������� � � ����� ��� ��� � � � � � ����� ��� ������� ��� � ������� � Cool Edit, ki je distribuiran kot preizkusni� �  �¡ ¢ £ ¤@¡ ¢ £ ¥[¦�¢ §�¨�¢ ¡ ©�ª�«�¢ ¬K¦�§�­�®�­:¯ ¡  �®�§:­�¦�§�¢ ¡ °�¯ ± ¡ ©�§:²�¡�³ ¨�§�´ µ £ ²�®�¬>¦�¢ ¬ ¯ §�¶�£ ²�£�³ ·�§�µ ²�£�¦�§�� ²�£ ¸ ®�£
¹ º�» ¼�½ ¾À¿�» ½ Á�¼ ¾ Á�¼ Â�Ã Ä ¾ ½ ¾ Å Æ�Ç » È�º�ÂÉÁ�»�½ Ê ÈÉÁ�Â�Ã ¿�» Ë�¾ Ë/ÂÉÄ Ì�Í�Ê�Ã » Ë�ÊkÃ�Á�Â�Ë/Â�Î ½ ÂÉË/Ê º�¼ Â�Ï Â�¿�» Æ
Á�¼ Ê º�Ç ½ Ì�Î ¾ ¿�¾ Ð�»�¿�¾ Á�Â�Ã ¼ ¾ Í�¿�Â6¿�»�Ñ Ò�Â�Î ¿�Â6º�» ¼ Ä Ê Ó Â�ÆÔÑ�Ð�Ç » Ã Õ�¾ ¿�¾ Ð�»�Ö�×@Ø ½ » Æ7º�Ê7Ð�»�Ò�Ã Ä » Ò�Ê Ë/ÂÀÒ
Ù Ú Û Ü�Ý�Ú Þ Ý�ß à á�â�ã�ä@å æ[çWè;é�ê Ý�â�ë â�Ú Þ ß�ì�ÚWí@î�Ù Ü�ï�ß ð/í ñ�â�Û Ý�ß ð�ê Þ ê á�ë Ù â�Ý�ò á�ß ð�Ý�Ú ì�Ù Ú ñ�ì�Ù ê á Line-in vhodaÝ�Ú[í ñ�â�Û Ý�ß�á�Ú Ù ë ß ó ß ô ä@ß õ Ú á�â�ö7õ ê	òKë ê ö�î�Ú Ý�ÚWö/â�÷ Ý�â�ò ë�ß í ñ�ê î�ø�ê	ò ñ�â õ ß ð/Þ Ú�ò ë Ý�ß ð/ö�ß Ý�ß�Ù Ú í ß ò á�Ú ñ�ô

Za ù Ù â�Ý�ë Ú Þ Ý�âÀî�ê Þ â6ñ8Ù Ú í Ù ê î�Üúò â8ì�â�ë Ù ê ø�Ý�ßûí ñ�â�Û Ý�ß á�ß üûÝ�Ú õ ø�â�Þ õ ê<Ú á�ë ß ñ�Ý�ß ü7ë â�Ù ê õ�ë Ú á�ß7íý þ ÿ � � ��ÿ � ��� ��ý	��
��	��þ � �
� ÿ ����ý���ÿ � � ÿ ��� þ ÿ �/ý��	� ÿ � ��ý�� � ���>ÿ�� ����� �	� ����ÿ � ��ý���� � ý�� ý���ý���ý�� þ�� � ��� ÿ � ��� 
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þ � ��� ÿ ����ý���� � �	� þ �	� � �/ý���� ��ý�� � � ����ý���ÿ� ��ý	� ��ý���ÿ � � � ! ý"�
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A B�C D�E�A F D G	HJI	K�L	K�M N K�N H O G�K�P D C Q�R�S F A T�K�M B�K�T�U	VWH L	D�C�E�P Q�L�A R�AXM P H E�M N T�A Y"E�K�I�P A Z�K	E�D�P D [ Q�B�D S B	A G	K�T
T�\ K	S H Y�N D G�K]P H G�K	[�B�A�^�A S K�R�K�L	K	[ H�A C T�H M N A U _]A F D G	A"MXN H R`N Q	E�A�Z�A N P H F H�Q�M T�K F A F K�I	K F H RaM I	H G�N P D Y	G	D F N A
N D G�KaS D Z�G	KaP D C S D L	KaI	K	E�I�P H R�KbM<I�P H E�T�D F D B F H RcC T�K	[ B�A ZaC�D I	A M K�T
K�^aZ�G�P D N B�H RcA C P A M K�T�D B F Q
M I	H G�N P K�T�A B�MXN H R`T]Q	[ B�A	I�P K	d H MXT�G	S F Q	[ A R�K�\ HJE�K	E�D N B�K�[ Q�N A S K"U
e P A P K	[ B�A GfF HgP D C E�H S F H BhB�DfI	K�L�S D T F D Y�G	A�I	K�G�P A T�D F KaP D C S A [ B�H`D G�Q�M N A [ B	HfI	K F D T�H�U�i]D B F<M K

T�G	S F Q	[ H B�H�I�P H E�T	M H RjN A M N H�T	M H ^�A B	H Y>I�P A>G	D N H P A ZkC�P D [ Q�B�D S B	A G	K	RlA B<M]N H RjTkC T�H C AJM�M I	H G�N P D S B�K
analizo zvoka bistveno prispevamo k nazornosti pouka in razumevanju obravnavanih pojavov.

V uvodnem delu so najprej kratka navodila za instalacijo in uporabo programa Cool Editm n o�p�o q p	r�o r	s n t�n<t	u v m u w�q m w�n<x uzy�q m n o�x u s n m n {h|�n } u�~�� n |�o r�p�o q o r	s t�q {	uzp�o n |	v m u w�} � u � r�p�o n |�w�v n �
�	����� ��� � � � �]�`� ���	� ��� ����� � ��� � �	� ��� � �	�z�z�J�]�]�	��� � �f�	� � �	� �������g�>�]� �������

u. Posamezna
poglavja v jedru so napisana kot sklenjene enote, tako da za njihovo razumevanje ni treba��� �  �� � � � �	�	¡ �  �� �	����� � � �	� ��� �	���	����� ¡ � � ¢

V poglavju Osnove zvoka so 
��� � �	� � � �	����¡ ���������k� �	� � � £ ����¡ � ��¡ � ��¤�¡ ��� ¥	��� ������� � � £ � � ��� �

¦ � � �	�	� ��§ �"�	�W¡ ��£ � ���	��� ¤	���%� �	� � ���k¡ ��� � ��� � � � � �"¢"�J�	� � ¤ � � ���¨£ � ���	�¨� � ¡ �������%�	��� � �k¡ ��� � ��� � � � � � �
� ���	� �	� ¥	�a� £ � �	�
� £ �k���
� � ¡ �������k�	��� � �©¡ ��� � ��� � � � � � �a�	��£ ��ª � � �«¡ �	� ��� � � £ ���b� � � �
�©¡ �	� ��� � ¤"¢
¬"­ ® ¯�° ± ² ³�´�µ ° ¶�¯	´�­ ° · µ ® ¯	²J¸ ­ ² ¶]¸ ® ¹	® º »�® ¶�¼�­ ½ ¸%· ¼�´�¯	°�¾ ¸ ´�»�° ¿�· ¼�² »	°�® »�À Á	³�°�Â�Ã�® Ä�®�® »�½ µ ® À ®%½ ² ¿	¯	° ¯	´�½ ²
Å ° ­ ¼�°
· ¼�² »�°«½ ¹�­ ² ³�® » Æ °
¼l´	Ä�¼�® ½ »�´�½ ¸ ®<´	Ä©½ ¹	² ¯�¸ ­ ° µ »�® ¶Ç½ ² ½ ¸ ° ¼�® »�¿�¸ ´�­ ² Æ`´	Ä«­ ² µ ° ¸ ® ¼�»�® ¶©³�´	º ®
¹	´�½ ° ³�² · »�® ¶�¶�° ­ ³�´	»�® º »�® ¶k¯	´	³]¹	´�»	² »�¸ ÂXÈJ»	° µ ® ·�® ­ ° ³�´<µ ° ¶�¯	´�­ ° · µ ® º »�²�¼�­ ½ ¸ ²¨À Á	³�´�¼�¿>¯	®%Æ ® ¶zµ ° ¶�¯	´
generiramo programsko, lahko pa poslušamo in si ogledamo spektre naravnih šumov, kot je»�¹�­ Â�À Á	³�² » Æ ²J¼�´	Ä�»�² É	°�½ µ ° ¹	° ¿	° µ ®	¹	°�½ ´]¸ ´�À Á�³�»�® ¯	® ¿�¯�® Æ ® ¶�® · É	´�¼�° ­ Æ °Jº µ ´�¼�² ¯"Â

V poglavju Dopplerjev pojav so obravnavane datoteke, s katerimi s spektralno analizo­ ° · ³�² ­ ´	³�°�»	° ¸ ° »�º »�´�¹�­ ² ¼�² ­ ® ³�´�² »	° º Å ² ¿	¯	®�´�¹�® ½ Á Æ ² Æ ´�½ ¹�­ ² ³�² ³ Å ´�· ¼�´	º »�²JÊ ­ ² ¯	¼	² »�Ë ² ¿	¯	®	»	° ½ ¸ ° »�²
Ì Í Î Í Ï�Ð"Ñ	Ð Ò	Í Ó Ô	Õ Ð Ö¨× Ø�Ð Ì Ù�Ð Î Ô�Ù�Ì Ù�Ô�Ú	Í�Û�Ü�Í]Ù�Ô�Ý Ó Ô�Ð Þ�Í Þ�Ô�Ì Ù�Ô	Õ ß	Ø�à	Ô�× ß�Ø á Ú	Ø�Í Ù�á Ô�Þ�Ô�Ò�Ð Ý Í â%Ì�Ù�Ú	Ý Ó ã	Õ Ø ß�Ô
á Î Ô�Ò�Ý Ó Ô	â	Ú	Ð	à	Ø Ý Ó Ø�Þ�Ð Þ�Ô�Þ�Ð Î ã Ó Ô	Õ Ø Ñ	Í�Ô�à	Í Ì Ô�Ù�Í Ý ä ÍJå�Þ�Ð Ú�Î Ô	æ Ô�ß�Í�Û"ç�à	Ø Ú�á Î Ô�Ñ�Î Í Þ�Ð%ß�Í Ì Ô�Î ß�Ô�à�Î Ð Ú	Í Ì ã Ó Ø Ó Ô
Õ Í × Ô�Ù�ß�Ð¨à	Ô�á Ø Ú©× à�Î Ø Þ�Ð ß Ó Í ß Ó Í
æ Î Ø Ú	Ù�Ø ß�äaà	Ô�× Í Þ�Ø Ì ß�Ð Ö©× Ð ß�ã"× ß�Ð Ö©× Ø × á Í Ù�Ð ßlÙ«Ì Ù�Ø ß�ãjá Î Ô�Ò�Ý Ó Ø
Ð ß
è�é�è�ê	è	ë ì í è�î í ï ð�è	ñ	òJé�ò ó ï ô ñ�ò]õ ö	÷ ø
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( =�5 & 2�* ' % # ' % #@6 5 & 4	,�& '	: &�'�# 2�5 & /@!	2�!�0	!	/ #�* . 5 # / ?	'A5 # . "�# $ % &@!	"A2�* 4�5 !�6 !�'	#@"�!B# ,�) !�2�!�3�* $ #�7DC�#
voljo je tudi posnetek dirkalnega avtomobila Formula 1 E =�5 *F4	# ) & 5 & 2HG &I( # 2J2�!�) !�5K!	"�"�# % #
dovolj glasen in izrazit zven za meritve Dopplerjevega pojava.

L M N O�P�Q RDL S T O�U V W X V P Y[Z \ T ]�^ \ W _ ` N ]�S W a ` T U O�W \�P \ U W YbW c N M PK^ \ O M d e _ T ` WKU V W c M d W f�ghS V \ T Y[Z T M e�d Tb] N U V W a U
avtomobila 70 km/h, v drugem pa 100 km/h. To je tridimenzionalni diagram, katerega abscisna osi�j k l m n o p q r oDs o m t u j l v w�o n w�oDx j k y�p k w z u t v w n k w { v n k n k|m i k y�n j o q w v }bm k m n o p v w~p|{ p k w ��i�oFm uFi�j k l m n o p q r k w kD{D��o j p w u
skalo.

�|� ��� ��� ���B�	� ���	��� � � � �@� � ���	� � ��� ���	�D� ��� �	� � ���h���	��� � � � � ��� �I����� � � ���B���	����� � � � �
Zvok iz����� �	� � ���~� ����¡ ¢ � ¢ £��B¡ ��¤ ¥ ¦��B¡ ¢ ����¤ ¥ §���¨ © ª�« ¬ ­ ® ¯I°�¬ ±�­ ® ²I³	² ´ °�µ�³ ¶ ®Aµ	ª�·K°�¬�® °�´�¸ · ­ ¬ °�´ ª	¹�º�­ · ¬

º	´ » ² ¬ ¼ ½bµ	´ ´ ±�¬B¸ ¾�ª ¶ ®�­ ® ¸ ª�°�¬ °�² °�®B¿ ­ ® µ	¾�® °	¯ ®�ÀbÁ|®h¸ ª ª	¹�¾�´ ¸ °	®Bª	¹Â¹�ª�¼ Ã ´ °	®�º	´ » ² ¬ ¼ ´K¬ ¼ ´�¾ °�¬�» ® ±
º�­ ´ ±�® ­ ³Âª	¹B­ ¬ « ¹�¬ ¼ ¶ ®�ª	¹h¾�­ Ä�¬Aµ	ª�« ¬ ­ ¯ ¬�¹�ªhÅ�¼ ¬ ¹�´ °	®�· ® µ	ª	² ´ °�® ½ µ	´�¸ ®B±�® ¹ °�¬ · ¬ µ	¬ ° ¶ ® ±Æµ	ª�« ¬ ­ ¯ ¬
Ç È�É Ê Ë�Ì Í Î Ï�Ð�Ñ�Ò	ËHÓ	Ô Õ�Ó	Õ�Ö Ï Í Î ÏIÇ Ê�× Ï Ö Õ�ØAÌ × Ù�É Ï Í�Ê ËÚÇ È	Ê Ó�Ö É Ï Ô Í�Ê ËÛÕ�Ù�Ë�Õ	Ü Î Ò	ÝFÓ	ÌFÒ�Ç Ö É Ê × Ï�É Ê Ç Õ�Í�Ï Í	Ü Í�ÌÞ É Ê Ó	Ø	Ê Í�ß Ì ÝKÕ Î Ï Ü Ì Ð~àFÏ É Ï á�Ì Ö Ê â	Ï�É Ï × Ô Õ	Ü Í�ÕÂÉ Ï × Ô Ì Ó�Ò Î Ê Ë�ÕÂÓ	Ô Õ�Ó	Õ�Ö Ï Í Î ÊhÇ Ó	Õ�É Ï Î�È�É Ï × Í�Ê â	Ï�Ó	Õ�× Ï É ß Ï�Õ	á
Ö Ì Ç Ö Ê â	Ï Ý�Ó�Õ~Î Ê~Ó	Õ�× Ï É Ê ß~ã Ê Ç Ó	Õ�É Ï Î�È	Õ�Ô Í�Ð�äKÕ�Ù�Ô Î Ê Í�Ì�Ç È	Ê Ó�Ö É Õ�â�É Ï Ë[Õ	Ë�Õ�â	Õ	Ü Ï~Ó�Ø�Ï Í�Ö Ì Ö Ï Ö Ì Ø�Í�Õ�È�É Ê Ø�Ê É Î Ï Í Î Ê
tega pojava [3].

Zvoki nekaterih glasbenih instrumentov, ki so obravnavani v poglavju Glasbeni
instrumenti, Ç ÊåË�Ê áJÇ Ê Ù�Õ Î É Ï × Ô Ì Ó�Ò Î Ê Î ÕHÈ	ÕHÙ�Ï É Ø�ÌBÕ�× Ì É Õ�Ë�ÏåÈ	ÕH× Ï Ç Ö Õ�È	Ï Í�Õ�Ç Ö Ì�æ�Ï É Ë�Õ	Í�Ì Ü Í�Ì æ
komponent v spektru. Spektri nekaterih instrumentov imajo razmeroma preprosto fizikalnoÉ Ï × Ô Ï â	Õ�Ð�ç�Ï�Ø�Õ�Ô Î ÕAÌ Ë�Ï Ë�ÕAá�Ø	Ï�× Ø�Õ	Ü Í�Ï�È	Õ�Ç Í�Ê Ö Ó	Ï�Ð�àDØ�Õ	Ü Í�ÌFÇ È�Ê Ó�Ö Ê ÉbÓ�Ô Ï É Ì Í	Ê Ö ÏHÈ�Õ�Ó	Ï ã Ê ÝDá�Ï�Ç ÕAÔ Ì æ	Ê
æ�Ï É Ë�Õ	Í�Ì Ü Í�Ê�Ó	Õ�ËKÈ	Õ�Í	Ê Í�Ö Ê�Ù�Ì Ç Ö Ø	Ê Í�Õ@Ë�Õ	Ü Í�Ê Î è Ê�Õ	áIÇ Õ	á�Ì æ�Ð�é|ÕKÎ Ê�Ø@× Ø	Ê × ÌD×�á�Ê Î Ç Ö Ø�Õ	Ë�Ý|á�Ï�Ò	Ü Ì Í�Ó�Ò Î Ê
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