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Sound engine 
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�5FCEI9�CF;5B�=G�5@F958M�J9FM�9L7=H=B;	� C=B;�CB9�GH9D�:IFH<9F�6M�588=B;�5�
GCIB8�9B;=B9�=BG=89�H<9�=BGHFIA9BH�5B8�H<IG�7F95H=B;�5�HFI9�<M6F=8�9@97HFC�
57CIGH=7�CF;5B�KCI@8�69�A=B8�6@CK=B;	�"A5;=B9�5�D9F:97H�6@9B8�C:�;F95H�
57CIGH=7�D=D9G�5B8�J9FG5H=@9�9@97HFCB=7�GCIB8��69=B;�56@9�HC�@=J9�G5AD@9�5B�
57CIGH=7�F9;=GH9F�5B8�D@5M�H<5H�657?�=BGH5BH@M�K=H<�>IGH�5�@=HH@9�7<5B;9�=B�D=H7<�
CF�H=A6F9��A9F;=B;�H<5H�K=H<�CH<9F�57CIGH=7�F9;=GH9FG�5B8�GHF5B;9@M�:5A=@=5F�
CF;5B�@=?9�GCIB8G�;9B9F5H98�6M�H<9�D<MG=75@�AC89@=B;�AC8I@9��H<9B�588=B;�
;9GHIF5@@M�7CBHFC@@98�9LHF9A9@M�D=H7<98�ID�5B8��8CKB�G5AD@98�A5H9F=5@�
:FCA�H<9�A97<5B=GA�C:�H<9�CF;5B��;FCIB898�6M�5B�9LHF9A9@M�@CK�D=H7<98�
H<FC66=B;�G=B9�HCB9	�/CK��H<5H�KCI@8�89YB=H9@M�69�5A5N=B;	�(:�7CIFG9�5BM�
9@97HFC�57CIGH=7�7CADCG9F�7CI@8�6F=B;�<=G�CKB�HCC@G�5B8�7F95H9�9@97HFCB=7�
GCIB8G�=B�7CA6=B5H=CB�K=H<�H<9�57CIGH=7�CF;5B	��IH�K9�75B�C[9F�H<9A�B9K�
DCGG=6=@=H=9G��CD9B�ID�B9K�GCIB8�KCF@8G��<5J9�7CADCG9FG�5B8�AIG=7=5BG�
H<=B?�CIHG=89�H<9�6CL��7F95H9�AIG=7�H<5H�KCI@8�69�IBH<=B?56@9�K=H<CIH�H<=G�
=BGHFIA9BH	��B8��=:�K9�5F96I=@8=B;�5B�CF;5B�5BMK5M��7CBGI@H=B;�9LD9FHG�
=B�J5F=CIG�Y9@8G�5B8�@=A=H=B;�CIFG9@J9G�6M�A5?=B;�897=G=CBG�CB�K<5H�HC�
=B7@I89�5B8�K<5H�HC�CA=H��K<M�BCH�588�H<9�9@97HFCB=7�5GD97H��/9�<5J9�H<9�
?BCK@98;9�5B8�K9�<5J9�H<9�A95BG	��;5=B��K9�7CI@8�B9J9F�G5H=G:M�9J9FM�
7CADCG9F�K5BH=B;�HC�KCF?�K=H<�H<9�CF;5B��6IH�7CAD5F9�=H�HC�DF9G9HG�=B�AIG=7�
GC:HK5F9�CF�CB�<5F8K5F9�GMBH<9G=N9FG��=H�;=J9G�H<9�@9GG�9LD9F=9B798�7CADCG9F�
5�G9@97H98�7<C=79�C:�GCIB8G�HC�GH5FH�K=H<�6IH�5H�H<9�G5A9�H=A9�5@@CKG�H<9�
9LD9F=9B798�7CADCG9F�HC�7F95H9�<=G�CKB�GCIB8G	�/9�KCI@8�5@GC�5HHF57H�
7CADCG9FG�5B8�D@5M9FG�>IGH�6975IG9�C:�H<9�J9FM�GD97=5@�7<5F57H9F�C:�H<=G�
=BGHFIA9BH�T�D9CD@9�K<C�A=;<H�CH<9FK=G9�BCH�H<=B?�C:�KF=H=B;�:CF�CF�D@5M=B;�
5�7<IF7<�CF;5B	�/=89B�H<9�<CF=NCB	
3P���4�,<9�GCIB8�9B;=B9�KCI@8�=895@@M�7CBG=GH�C:�H<F99�AC8I@9G��J=FHI5@�
5B5@C;�GMBH<9G=G��G5AD@=B;��5B8�D<MG=75@�AC89@=B;�GMBH<9G=G	��@@�H<F99�
KCI@8�F9G=89�CB�5�7CADIH9F�=BG=89�89�CF;5B��HC�69�7CBY;IF98�:FCA�=BH9F:579G�
F=;<H�B9LH�HC�H<9�CF;5B�5G�K9@@�5G�B9LH�HC�H<9�8=;=H5@�7CBGC@9�CB�H<9�ZCCF	��CH<�
=BH9F:579G�7CI@8�69�5�7CADIH9F�CF�5B�=)58��89D9B8=B;�CB�H<9�7CAD@9L=HM�C:�
H<9�GC:HK5F9�=BH9F:579��7CBB97H98�6M�9H<9FB9H�IG=B;�G7F99BG<5F=B;�HC�7CBB97H	�
,<9�7CADIH9FG�KCI@8�69�FIBB=B;�&57�(+�0�5B8�H<9�CB9�=BG=89�H<9�CF;5B�
KCI@8�69�7CBB97H98�HC�5�<=;<�EI5@=HM�5I8=C�=BH9F:579	�,<9�9@97HFCB=7�GCIB8G�
KCI@8�69�HF=;;9F98�:FCA�H<9�A5BI5@G�C:�H<9�CF;5B��HC�69�G9@97H98�=B�5�G=A=@5F�

J9=B�5G�F9;=GH9FG�C:�H<9�57CIGH=7�CF;5B	���A5BI5@�7CI@8�69�7CBB97H98�HC�CB9�
GD97=Y7�D=H7<98�GCIB8�6IH�H<9F9�G<CI@8�5@GC�69�H<9�DCGG=6=@=HM�:CF�9J9FM�
?9M�HC�HF=;;9F�5�8=[9F9BH�G5AD@9	��CA6=B5H=CBG�G<CI@8�5@GC�69�5@@CK98��:CF�
9L5AD@9�5�79FH5=B�F9;=CB�C:�H<9�A5BI5@�D@5M=B;�8=[9F9BH�D=H7<9G�C:�5�G=B9�
HCB9�5B8�5BCH<9F�F9;=CB�HF=;;9F=B;�=B8=J=8I5@�9BJ=FCBA9BH5@�G5AD@9G	�

Analog synthesis
3P���4��CF�H<9�5B5@C;�GMBH<9G=G�AC8I@9�CB9�7CI@8�H<=B?�C:�5�<5F8K5F9�
5B5@C;�GMBH<��6IH�G=B79�K9�KCI@8�@=?9�HC�<5J9�7CBHFC@�C:�H<9�DFC79GG9G�=B�
HKC�D@579G�=H�KCI@8�69�ACF9�DF57H=75@�HC�<5J9�5�J=FHI5@�5B5@C;�GMBH<�FIBB=B;�
CB�H<9�7CADIH9F�=BG=89�H<9�CF;5B	�,<=G�7CI@8�69�898=75H98�GC:HK5F9�CF�5�
7IGHCA�DFC;F5A�6I=@H�=B�+ID9F�C@@=89F�CF�5BM�CH<9F�GCIB8�DFC;F5AA=B;�
9BJ=FCBA9BH	�"H�KCI@8�7CBG=GH�C:�H<9�HF58=H=CB5@�5B5@C;�GMBH<9G=G�7CADCB9BHG�
@=?9�CG7=@@5HCFG��Y@H9FG��9BJ9@CD9G��5AD@=Y9FG�5B8�%�(G	��@H<CI;<�MCI�75B�
7F95H9�5BM�7CAD@9L�GCIB8�5G�5�7CA6=B5H=CB�C:�H<9G9�7CADCB9BHG��"�KCI@8�
=A5;=B9�IG=B;�H<=G�5B5@C;�AC8I@9�:CF�F9@5H=J9@M�65G=7�GCIB8�A5H9F=5@�H<5H�
blends very well especially with the pipes�C:�H<9�CF;5B	�

Sampling 
,<9�G5AD@=B;�AC8I@9�7CI@8�5@GC�69�9=H<9F�5�898=75H98�7CAA9F7=5@�D57?5;9�
CF�5�7IGHCA�DFC;F5A�6I=@H�=B�5�DFC;F5AA=B;�9BJ=FCBA9BH�@=?9�+ID9F�C@@=89F	�
,<9�@5HH9F�KCI@8�;=J9�IG�ACF9�Z9L=6=@=HM�HC�7IGHCA=N9�H<9�AC8I@9��6IH�KCI@8�
DCH9BH=5@@M�69�ACF9�7CGH@M�HC�89J9@CD	��@H<CI;<�7IGHCA=N=B;�5�7CAA9F7=5@�
DFC;F5A�7CI@8�5@GC�69�EI=H9�H=A9�7CBGIA=B;�5B8�H<IG�9LD9BG=J9	�,<9�7<C=79�
KCI@8�69�ACGH@M�69HK99B�H<9�Z9L=6=@=HM�C:�5�7IGHCA�DFC;F5A�5B8�H<9�GIDDCFH�
GHFI7HIF9�H<5H�7CA9G�K=H<�7CAA9F7=5@�GC:HK5F9	�
3P���4�,<9�G5AD@=B;�AC8I@9�75B�69�8=J=898�=B�HKC�D5FHG��G5AD@9�D@5M657?�
5B8�@=J9�G5AD@=B;	�,<9�G5AD@9�D@5M657?�D5FH�KCI@8�<5J9�5�@=6F5FM�C:�G5AD@9G�
HC�7<CCG9�:FCA�5B8�H<9�CDH=CB�HC�=B7@I89�CB9XG�CKB�G5AD@9G�5B8�HC�G5J9�
@=J9�G5AD@98�57CIGH=7�GCIB8�:FCA�H<9�CF;5B	�,<9�@=6F5FM�7CI@8�69�5@@CK98�HC�
;FCK�5G�ACF9�D9CD@9�IG9�=H	�"B=H=5@@M�=H�7CI@8�<5J9�5�65B?�C:�G5AD@9G�:FCA�H<9�
CF;5B�=HG9@:��:CF�9L5AD@9�HC�69�56@9�HC�D@5M�H<9�57CIGH=7�D=D9�5B8�=HG�9@97HFCB=7�
7CIBH9FD5FH�G=AI@H5B9CIG@M�K<9F9�H<9�@5HH9F�7CI@8�69�DFC79GG98	��B8�@=?9�=H�
K5G�A9BH=CB98�CB�H<9�(F;9@D5F?�6@C;��=H�KCI@8�5@@CK�:CF�5�7CAD5F=GCB�C:�
6CH<�GCIB8G��K<=7<�7CI@8�69�5B�=BH9F9GH=B;�GHI8M�=B�=HG9@:	�



3P���4�/9�7CI@8�=B7@I89�CH<9F�G5AD@9G�H<5H�DCH9BH=5@@M�KCI@8�69�C:�
=BH9F9GH�HC�A5BM�7CADCG9FG��CB9�7CI@8�H<=B?�C:�65B?G�C:�9BJ=FCBA9BH5@�
GCIB8G��:57HCFM�GCIB8G��A97<5B=75@�GCIB8G�CF�GD997<	�(:�7CIFG9�65B?G�C:�
F97CF8=B;G�C:�CH<9F�CF;5BG�KCI@8�69�=BH9F9GH=B;��H<=G�KCI@8�5;5=B�CD9B�ID�
H<9�DCGG=6=@=HM�C:�F9G95F7<�=BHC�H<9�EI9GH=CB�K<9H<9F�57CIGH=7�D=D9G�A=;<H�
become irrelevant as recording and playback technology progresses into 
H<9�5F95�K<9F9�F97CF898�5B8�CF=;=B5@�GCIB8�697CA9G�=B8=GH=B;I=G<56@9	�
)9FGCB5@@M�H<CI;<�"�69@=9J9�5�F97CF8=B;�7CI@8�B9J9F�F9D@579�H<9�DF9G9B79�
C:�5�D<MG=75@@M�F9GCB5H=B;�C6>97H�=B�5�GD579��CB�H<9�7CBHF5FM�"�KCI@8�69�
J9FM�=BH9F9GH98�=B�D@5M=B;�5@@�?=B8G�C:�G5AD@9G�H<FCI;<�GD95?9FG�DFC>97H=B;�
=BHC�H<9�6=;;9F�D=D9G�5B8�<95F=B;�H<9=F�F9GCB5B79	�,C�6I=@8�ID�5�G5AD@9�
@=6F5FM�K9�7CI@8�5@GC�7CBG=89F�DI6@=G<=B;�5�75@@�HC�GCIB8�5FH=GHG�HC�G9B8�=B�
DFCDCG5@G	�
3P���4�,<9�@=J9�G5AD@=B;�D5FH�C:�H<9�G5AD@=B;�AC8I@9�75B�69�G99B�5G�5�
8MB5A=7�G5AD@9�65B?	�/9�7CI@8�<5J9�5�U8MB5A=7�F9;=GH9FV��5G�8=G7IGG98�
:IFH<9F�CB��7CBG=GH=B;�C:�UF97CF8=B;�?9MGV�H<5H�F97CF8�:FCA�5�GD97=Y98�
A=7FCD<CB9�=BHC�5�GD97=Y7�DCG=H=CB�=B�H<9�G5AD@9�65B?�5B8�UD@5M657?�
?9MGV�H<5H�D@5M657?�F97CF8=B;G�=B�H<5H�G5AD@9�65B?	�

Physical modeling
3P���4�,<9�H<=F8�AC8I@9��D<MG=75@�AC89@=B;	�,<=G�=G�5�H97<B=EI9�K<9F9�
GCIB8�=G�BCH�6I=@H�H<FCI;<�588=H=J9�CF�GI6HF57H=J9�GMBH<9G=G�IG=B;�G=B9�
K5J9G��BC=G9�5B8�Y@H9FG��BCF�=G�H<9�GCIB8�89F=J98�:FCA�DFC79GG=B;�G5AD@9G	�
�FCA�/=?=D98=5��

)<MG=75@�AC89@=B;�GMBH<9G=G�F9:9FG�HC�A9H<C8G�=B�K<=7<�H<9�K5J9:CFA�
C:�H<9�GCIB8�HC�69�;9B9F5H98�=G�7CADIH98�6M�IG=B;�5�A5H<9A5H=75@�
AC89@��69=B;�5�G9H�C:�9EI5H=CBG�5B8�5@;CF=H<AG�HC�G=AI@5H9�5�D<MG=75@�
GCIF79�C:�GCIB8��IGI5@@M�5�AIG=75@�=BGHFIA9BH	�+I7<�5�AC89@�7CBG=GHG�
C:��DCGG=6@M�G=AD@=Y98��@5KG�C:�D<MG=7G�H<5H�;CJ9FB�H<9�GCIB8�
DFC8I7H=CB��5B8�K=@@�HMD=75@@M�<5J9�G9J9F5@�D5F5A9H9FG��GCA9�C:�K<=7<�
are constants that describe the physical materials and dimensions 
C:�H<9�=BGHFIA9BH��K<=@9�CH<9FG�5F9�H=A9�89D9B89BH�:IB7H=CBG�H<5H�
89G7F=69�H<9�D@5M9FXG�=BH9F57H=CB�K=H<�=H��GI7<�5G�D@I7?=B;�5�GHF=B;��CF�
7CJ9F=B;�HCB9�<C@9G	�

&M�CB@M�9LD9F=9B79�K=H<�H<=G�GMBH<9G=G�H97<B=EI9�=G�IG=B;�%C;=7XG�+7I@DHIF9�
D@I;=B�=B�First Law of Kipple �5G�89G7F=698�=B�H<9�=BHFC8I7H=CB���6IH�"�G99�5�
;F95H�895@�C:�DCH9BH=5@�=B�7CA6=B=B;�H<=G�K=H<�H<9�57CIGH=7�CF;5B	

MIDI support 

3P���4�(F;9@D5F?�=G�5@F958M�6I=@8=B;�5�@CH�C:�9LD9F=9B79�K=H<�&"�"�
7CBHFC@@56@9�CF;5BG�H<FCI;<�H<9�DF9G9B79�C:�H<9�+5I9F�CF;5B	�/9�G<CI@8�IG9�
H<=G�?BCK@98;9�5B8�7CBGI@H�7CADCG9FG�K<C�<5J9�KCF?98�K=H<�H<9�+5I9F�:CF�
H<9�&"�"�=AD@9A9BH5H=CB�=B�H<9�B9K�CF;5B	�+=B79�=H�G99AG�5@F958M�897=898�
H<5H�H<9�B9K��5FCEI9�CF;5B�K=@@�69�&"�"�7CBHFC@@56@9�"�K=@@�BCH�8=G7IGG�H<9�
DFCG�5B8�7CBG�6IH�;C�=BHC�H<9�89H5=@G�C:�H<9�=AD@9A9BH5H=CB�=AA98=5H9@M	�
3P���4��=FGH�C:�5@@�H<9F9�G<CI@8�69�GCA9�H<CI;<H�56CIH�<CK�HC�IG9�&"�"�
7<5BB9@G	�,<9�&"�"�7CAAIB=75H=CB�DFCHC7C@�8=GH=B;I=G<9G����=B89D9B89BH�
7<5BB9@G	�(F=;=B5@@M�H<9G9�7<5BB9@G�K9F9�H<CI;<H�C:�F9DF9G9BH=B;�8=[9F9BH�
=BGHFIA9BHG��=B�&"�"�GHI8=CG�H<9�J5F=CIG�8=;=H5@�=BGHFIA9BHG�7CI@8�69�
G9D5F5H98�6M�7CBHFC@@=B;�H<9A�CB�8=[9F9BH�7<5BB9@G	�#IGH�@=?9�K=H<�H<9�
+5I9F�CF;5B��H<9�8=;=H5@�7CBGC@9�:CF�H<9�B9K�CF;5B�G<CI@8�8=GH=B;I=G<�H<9�
H<F99�A5BI5@G�5B8�H<9�D985@G�6M�<5J=B;�H<9A�G9B8�H<9�&"�"�CB�G9D5F5H9�
7<5BB9@G	��G=89�:FCA�AIG=75@�=B:CFA5H=CB�@=?9�HF=;;9F=B;�BCH9G�CF�7<5B;=B;�
H<9�DCG=H=CB�C:�H<9�GK9@@�D985@��&"�"�75B�5@GC�HF5BGA=H�7CBY;IF5H=CB�
=B:CFA5H=CB��@=?9�H<9�G9@97H=CB�C:�F9;=GH9FG�CF�7CBHFC@@=B;�C7H5J9�GK=H7<9G	�
(B�H<9�+5I9F�CF;5B�H<=G�DFCJ98�J9FM�9[97H=J9��K<9B�7CBHFC@@=B;�H<9�+5I9F�
:FCA�5�7CADIH9F�CB9�75B�9B;5;9�F9;=GH9FG�8IF=B;�5�D=979�K=H<CIH�D<MG=75@@M�
HCI7<=B;�H<9�F9;=GH9F�GK=H7<9G�CB�H<9�8=;=H5@�7CBGC@9	�
3P��
4�,5?=B;�H<=G�5�GH9D�:IFH<9F��&"�"�75B�5@GC�69�IG98�HC�HF5BGA=H�A9H5�
7CBHFC@�85H5��G9@97H=B;�5�F9;=GHF5H=CB�DF9G9H�CB�H<9�8=;=H5@�7CBGC@9�5B8�9J9B�;C�
=BHC�H<9�7CBGC@9�A9BI�5B8�7<5B;9�;@C65@�G9HH=B;G	��G�DCK9F:I@�5G�H<=G�=G��=H�
=G�5@GC�85B;9FCIG�5B8�<5G�HC�69�H<CI;<H�H<FCI;<	�,<9F9�<5J9�699B�9L5AD@9G�
K<9F9�H<9�+5I9F�CF;5B�GHCDD98�F9GDCB8=B;�HC�&"�"�K<=@9�D=D9G�K9F9�
GCIB8=B;��5B8�H<5H�C:�7CIFG9�=G�5B�IB89G=F56@9�9[97H	�/<=@9�H<=G�75B�B9J9F�
69�7CAD@9H9@M�5JC=898��K9�G<CI@8�A5?9�GIF9�H<9�&"�"�=AD@9A9BH5H=CB�
8=GH=B;I=G<9G�7@95F@M�69HK99B�H<9�J5F=CIG�HMD9G�C:�85H5	�
3P���4�"�KCI@8�F97CAA9B8�HF5BGA=HH=B;�7CBY;IF5H=CB�85H5�5B8�A9H5�
7CBHFC@�85H5�CB�G9D5F5H9�7<5BB9@G	�"H�KCI@8�69�69GH�HC�IG9�7<5BB9@G����5B8�
���:CF�H<=G	� 9B9F5@@M�K<9B�588=B;�HF57?G�HC�&"�"�GC:HK5F9�957<�HF57?�K=@@�



5IHCA5H=75@@M�69�5GG=;B98�5�B9K�&"�"�7<5BB9@�HC�HF5BGA=H�:FCA��GH5FH=B;�
:FCA�&"�"�7<5BB9@����GC�=H�=G�=@@�58J=798�HC�IG9�5BM�C:�H<9�@CK9F�BIA69F98�
7<5BB9@G�:CF�BCB�AIG=75@�85H5	�+CA9�&"�"�GC:HK5F9�IG9G�&"�"�7<5BB9@����
:CF�7CBY;IF5H=CB�85H5��GC�:CF�H<5H�F95GCB�"�KCI@8�BCH�IG9�H<5H�7<5BB9@�CB�
H<9�B9K�CF;5B�9=H<9F	��G�5�B9LH�GH9D�=B�&"�"�7CBHFC@�:CF�CF;5BG��"�KCI@8�@=?9�
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The new Baroque organ as a hybrid electro-acoustic instrument [abstract]
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