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,QWURGXFWLRQ��
7KH�JHRPHWULF�PRGHOV�FUHDWHG�E\�&DUO�.HPSHU��DUFKLWHFW��SDLQWHU��VFXOSWRU���������
������FRQVLVW�RI� D�GHILQHG�QXPEHU�RI�PRVWO\� UHJXODU�SRO\JRQV� VKDULQJ�D� FRPPRQ�
FHQWUH�SRLQW��

6LPLODU�WR�WKH�3ODWRQLF�VROLGV��HYHU\�.HPSHU�PRGHO�LV�DQ�H[SUHVVLRQ�RI�FHUWDLQ�VSDWLDO�
V\PPHWULHV��7KH�PRGHOV�DUH�QRW�³ERGLHV´�LQ�WKH�IDPLOLDU�VHQVH��EXW��GXH�WR�WKHLU�VSDFH�
SDUWLWLRQLQJ� VWUXFWXUH�� DUH� VLPLODU� WR� ³FRPEV´�� VR� QDPHG� E\�*HRUJ�8QJHU� ��������
�7HFKQLFDOO\�WKH\�VKRXOG�EH�FDOOHG�SRLQW�FRPEV�WR�GLVWLQJXLVK�WKHP�IURP�VSDFH�ILOOLQJ�
KRQH\�FRPEV��

,I��IRU�H[DPSOH��DQ�LFRVDKHGURQ�LV�GHVFULEHG�DV�FRQVLVWLQJ�RI����WULDQJOHV��WKHQ�WKHVH�
WULDQJOHV�DUH�DUUDQJHG�DV�D�VHSDUDWLQJ�VNLQ�EHWZHHQ�LQVLGH�DQG�RXWVLGH��7KLV�LV�QRW�WKH�
FDVH� ZLWK� D� .HPSHU� PRGHO�� ZKLFK� IRU� H[DPSOH� FRQVLVWV� RI� �� KH[DJRQV�� KHUH� WKH�
SRO\JRQV�JR�WKURXJK�D�FRPPRQ�FHQWUH�SRLQW��,Q�WKLV�UHVSHFW�DQ�RSHQLQJ�RI�WKH�FHQWUH�
WRZDUGV�WKH�RXWHU�VSDFH�LV�WKH�XQGHUO\LQJ�SULQFLSOH�RI�WKH�PRGHO��7KH�.HPSHU�PRGHOV�
KDYH�QR�SK\VLFDO�VKHOO��7KHLU�ERXQGDU\�LV�IRUPHG�E\�WKH�REVHUYHU��7KH�LQWHUSOD\�RI�
VSDFH�SDUWLWLRQLQJ�VWUXFWXUH�DQG�KXOO�WKXV�WRXFKHV�TXHVWLRQV�LQ�DUFKLWHFWXUH�DERXW�WKH�
UHSUHVHQWDWLRQ�RI�WKH�LQQHU�VWUXFWXUH�LQ�WKH�RXWHU�IRUP��DQG�DFKLHYHV�D�KDUPRQLRXV��
DOPRVW�PXVLFDO�TXDOLW\�LQ�WKH�.HPSHU�PRGHO��

7KH�5XGROI�6WHLQHU�$UFKLYH�LQ�'RUQDFK��&+��FRQWDLQV�DQ�H[WHQVLYH�FROOHFWLRQ�RI�WKH�
PRGHOV�PDGH�E\�&DUO�.HPSHU�LQ������������6RPH�RI�WKHVH�JHRPHWULF�PRGHOV�KDYH�
EHHQ� GHVFULEHG� E\�*HRUJ�8QJHU� ������� DQG� 5HQDWXV� =LHJOHU� �������� 7KHUH� LV� QR�
V\VWHPDWLF� GHVFULSWLRQ� RI� WKH� JHQHUDWLQJ� SULQFLSOHV� RI� .HPSHU� 0RGHOV� DQG� WKHLU�
UHODWLRQVKLSV�ZLWK�RQH�DQRWKHU��.HPSHU�PRGHOV�DUH�QRW�UHSUHVHQWHG�RQ�WKH�LQWHUQHW��
1RU�DUH�WKH\�UHFRUGHG�LQ�DQ\�GDWDEDVH�RI�PDWKHPDWLFDO�PRGHOV��

%DVHG�RQ�WKH�DQDO\VLV�RI�WKH�PRGHOV�LQ�'RUQDFK��WKH�DUWLFOH�H[DPLQHV�WKH�UHODWLRQVKLSV�
EHWZHHQ� WKHP�� ,W� V\VWHPL]HV� WKH� YDULHW\� RI� SRVVLEOH� UHJXODU� SRO\JRQ� EXQGOHV� DQG�
LQWURGXFHV�QHZ�PRGHOV�WKDW�UHVXOW�IURP�WKH�FRQVLVWHQW�DSSOLFDWLRQ�RI�WKH�SULQFLSOHV�
XVHG�E\�.HPSHU��7KH�FRQWULEXWLRQ�WKXV�FORVHV�JDSV�LQ�WKH�FROOHFWLRQ�DQG�H[SORUHV�WKH�
OLPLWV�RI�LWV�V\VWHP��

7KH�5HVHDUFK��
Regular polyhedra in three positions 

7R�FDSWXUH� WKH�V\VWHPDWLFV�EHKLQG� WKH�FUHDWLRQ�RI�.HPSHU�0RGHOV�� LW� LV�KHOSIXO� WR�
JURXS� WKH� V\PPHWU\� SODQHV� RI� HDFK� UHJXODU� SRO\KHGURQ� LQWR� WKUHH� VHWV��%RWK�3DXO�
6FKDW]�DQG�%XFNPLQVWHU�)XOOHU�VXJJHVWHG�D�VWUDWHJ\�IRU�WKDW��
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3DXO�6FKDW]� ����VSHDNV�RI� WKH�VWDQGLQJ�� WKH�VZLPPLQJ�DQG� WKH�IORDWLQJ�SRVLWLRQ�RI�
SRO\KHGUD�� UHIHUULQJ� WR� DQ� H[SHULPHQW�� REVHUYLQJ� D� �OLJKW�ZHLJKW�� FXEH� LQ� DQ�
DTXDULXP��ZKLOH�WKH�ZDWHU�OHYHO�ULVHV��,Q�WKH�HPSW\�EDVLQ��WKH�ERG\�VWDQGV�RQ�RQH�RI�
LWV�IDFHV��+DOIZD\�XQGHU�ZDWHU��LW�FRPHV�WR�WKH�SRVLWLRQ�LQ�ZKLFK�DQ�HGJH�LV�DW�WKH�
ERWWRP�OLNH�D�NHHO�DQG�WKH�SRO\KHGUDO�REMHFW�VZLPV�OLNH�D�ERDW��XQWLO�LW�ILQDOO\�IORDWV�
LQ�WKH�ZDWHU�ZLWK�D�WLS�GRZQ�DQG�YHUWLFDO�D[LV��

,Q�WKLV�DUWLFOH�3DXO�6FKDW]�V�QRPHQFODWXUH�RI�WKH�WKUHH�SRVLWLRQV�LV�DGRSWHG��QDPLQJ�
WKH�SODQHV�ZKLFK�FXW�D�3ODWRQLF�VROLG�LQ�WKH�DSSURSULDWH�SRVLWLRQ�KRUL]RQWDOO\�WKURXJK�
WKH�FHQWUH��

,Q�WKH�VLWXDWLRQ�QRZ�LQWURGXFHG��WKH�KRUL]RQWDO�SODQH�LV�IL[HG�DQG�WKH�ERG\�LV�EURXJKW�
LQWR�SRVLWLRQV�UHODWLQJ�WR�LW��7KH�SRO\JRQ�WR�EH�GHWHUPLQHG�LV�FUHDWHG�DV�WKH�LQWHUVHFWLRQ�
RI�WKH�KRUL]RQWDO�SODQH�SDVVLQJ�WKURXJK�WKH�FHQWUH�RI�WKH�SRO\KHGURQ�ZLWK�WKH�LQWHULRU�
RI�WKH�SRO\KHGURQ��6LQFH�WKLV�VLWXDWLRQ�KDV�VLPLODULWLHV�ZLWK�DQ�DFWXDO�KDQGOLQJ�RI�WKH�
VROLG�� XQGHUVWDQGLQJ� WKH� GLIIHUHQW� V\PPHWU\� SODQHV� RI� D� SRO\KHGURQ� EHFRPHV�
LQWXLWLYHO\�HDV\�WR�JUDVS��

)RU�WKH�VDNH�RI�EUHYLW\��LQ�WKH�IROORZLQJ�LV�VLPSO\�VSRNHQ�RI�³VZLPPLQJ�GLYLVLRQ´��
³VWDQGLQJ�GLYLVLRQ´�DQG�³IORDWLQJ�GLYLVLRQ´�� ,Q� WKH�.HPSHU�PRGHO�� LW� LV�RQO\� WKHVH�
FXWWLQJ�IDFHV�WKDW�DUH�DSSOLHG��

)LJ����5HJXODU�SRO\KHGUD�LQ�WKUHH�SRVLWLRQV��/HIW��WKH�³VWDQGLQJ´��³VZLPPLQJ´�DQG�³IORDWLQJ´�
SRVLWLRQ�RI�WKH�FXEH��$IWHU�3DXO�6FKDW]�������������5LJKW��WKH�³JDVHRXV´��WKH�³OLTXLG´�DQG�WKH�
³FU\VWDOOLQH´�FRQQHFWLRQ�EHWZHHQ�WZR�WHWUDKHGUD��$IWHU�%XFNPLQVWHU�)XOOHU��������������

Combs from divisions according to standing and floating position 

,Q� VWDQGLQJ� DQG� IORDWLQJ� GLYLVLRQ�� WKH� GXDO� UHODWLRQVKLS� EHWZHHQ� SDLUV� RI� 3ODWRQLF�
VROLGV�LV�FOHDUO\�VKRZQ��7KH�VWDQGLQJ�GLYLVLRQ�RI� WKH�RFWDKHGURQ�LV� LGHQWLFDO� WR�WKH�
IORDWLQJ� GLYLVLRQ� RI� WKH� FXEH� ���� KH[DJRQ�FRPE��� WKH� VWDQGLQJ� GLYLVLRQ� RI� WKH�
GRGHFDKHGURQ�LV�LGHQWLFDO�WR�WKH�IORDWLQJ�RQH�RI�WKH�LFRVDKHGURQ����KH[DJRQ�FRPE���

%XW�GLIIHUHQWLDWLRQV�DOVR�DSSHDU��7KH���VTXDUH�FRPEV��ZKLFK�DULVH�IURP�WKH�VWDQGLQJ�
GLYLVLRQ�RI�WKH�FXEH�RQ�WKH�RQH�KDQG�DQG�WKH�IORDWLQJ�GLYLVLRQ�RI�WKH�RFWDKHGURQ�RQ�
WKH�RWKHU�KDQG�DUH�QRW� LGHQWLFDO�� ,Q� WKH�RFWDKHGURQ�WKHLU� LQWHUVHFWLQJ�OLQHV�HQG�LQ�D�
YHUWH[�RI� WKH� VTXDUH��ZKLOH� LQ� WKH� FXEH� WKH\� HQG� LQ�FHQWUHV�RI� WKH� VTXDUH�V� HGJHV��
%HWZHHQ� WKH� IORDWLQJ� GLYLVLRQ� RI� WKH� GRGHFDKHGURQ� DQG� VWDQGLQJ� GLYLVLRQ� RI� WKH�
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LFRVDKHGURQ�WKH�QXPEHU�RI�HGJHV� LQ� WKH�SRO\JRQV� LV�HYHQ�GRXEOHG�����GRGHFDJRQ��
FRPE�LQ�WKH�LFRVDKHGURQ�����KH[DJRQ�FRPE�LQ�WKH�GRGHFDKHGURQ���

Combs from divisions according to swimming position 

6ZLPPLQJ�GLYLVLRQ�SURGXFHV�LUUHJXODU�FHQWUDO�SRO\JRQV�LQ�WKH�3ODWRQLF�VROLGV��WKH���
UHFWDQJOH�FRPE� LQ� WKH� FXEH�� WKH� ��UKRPEXV�FRPE� LQ� WKH� RFWDKHGURQ�� DQG� WZR� ���
KH[DJRQ�FRPEV�RI�LUUHJXODU�KH[DJRQV��ZKLFK��GHSHQGLQJ�RQ�ZKHWKHU�WKH\�DULVH�LQ�WKH�
LFRVDKHGURQ�RU�GRGHFDKHGURQ��DUH�LUUHJXODU�LQ�WZR�GLIIHUHQW�ZD\V��

.HPSHU� DOZD\V� VWULYHV� WR� JLYH� WKH� SRO\JRQV��ZKLFK�KH� KDV� JDLQHG� DV� SDUWV� RI� WKH�
ZKROH��DV�PXFK�DXWRQRP\�DV�SRVVLEOH��7KHUHIRUH�KH�XVHV��

±� FRORXULQJ��
±� H[WHQVLRQ� RI� WKH� LUUHJXODU� SRO\JRQV� RI� WKH� VZLPPLQJ� GLYLVLRQV� WR� UHJXODU�

SRO\JRQV���ZKHUHE\�WKH�SRO\KHGUDO�ERXQGDU\�LV�FURVVHG��)LJ����DQG�����
±� GLYLVLRQ� RI� WKH� UHFWDQJOHV� LQWR� WZR� VHWV� RI� GRXEOH� WULDQJOHV�� FUHDWLQJ� WZR�

GRXEOH�WULDQJOH�FRPEV� IURP� RQH� UHFWDQJOH� FRPE� �)LJ�� �� DQG� ���� �'RXEOH�
WULDQJOH�FRPEV�DOVR�XVH�WKH�GLDPHWHUV�DQG�GLDJRQDOV�RI�WKH�3ODWRQLF�VROLG�DV�
ERXQGDU\�OLQHV��� �

�

)LJ���D�����VTXDUH�FRPE��+H[DJRQ���UHFWDQJOH��DQG�GRXEOH�WULDQJOH�FRPE�LQ�WKH�LFRVDKHGURQ�
��SDSHU�PRGHOV�E\�&DUO�.HPSHU��/HIW�����VTXDUH�FRPE��H[WHQVLRQ�RI�WKH����KH[DJRQ�FRPE�

LQ�WKH�LFRVDKHGURQ����
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�

)LJ���E��5LJKW��FORFNZLVH��VWDUWLQJ�WRS�OHIW�����KH[DJRQ�FRPE�LQ�WKH�LFRVDKHGURQ��KH[DJRQV�
LUUHJXODU��ERXQGHG�E\�WKH�HGJHV�RI�WKH�WULDQJXODU�IDFHV�RI�WKH�LFRVDKHGURQ�DQG�WKHLU�

DOWLWXGHV���,FRVDKHGURQ�FRPE�����GRXEOH�WULDQJOHV�ERXQGHG�E\�WKH�GLDPHWHUV�DQG�HGJHV�RI�
WKH�LFRVDKHGURQ���3RLQVRW�VWDU�FRPE�����GRXEOH�WULDQJOHV�ERXQGHG�E\�GLDPHWHUV�DQG�

GLDJRQDOV�RI�WKH�LFRVDKHGURQ������UHFWDQJOH�FRPE�LQ�WKH�LFRVDKHGURQ��UHFWDQJOHV�ERXQGHG�E\�
GLDJRQDOV�DQG�HGJHV�RI�WKH�LFRVDKHGURQ�

�
)LJ�����5HFWDQJOH�DQG�GRXEOH�WULDQJOH�FRPEV�LQ�WKH�FXEH��)URP�ULJKW�WR�OHIW��&XEH�FRPE����
GRXEOH��WULDQJOHV��ERXQGHG�E\�WKH�GLDPHWHUV�DQG�HGJHV�RI�WKH�FXEH���6WHOOD�RFWDQJXOD�FRPE�
���GRXEOH�WULDQJOHV�ERXQGHG�E\�WKH�GLDPHWHUV�DQG�IDFH�GLDJRQDOV�RI�WKH�FXEH������UHFWDQJOH�

FRPE�LQ�WKH�FXEH����UHFWDQJOHV�ERXQGHG�E\�WKH�IDFH�GLDJRQDOV�DQG�HGJHV�RI�WKH�FXEH��
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Supplementing and complementary combs 

7ZR�FRPEV�RI�GRXEOH�WULDQJOHV�JHQHUDWHG�DV�DERYH� IURP�D� UHFWDQJOH�FRPE�KDYH�D�
VSHFLDO�FRPSOHPHQWDU\�UHODWLRQVKLS�WR�HDFK�RWKHU��VLQFH�WDNHQ�WRJHWKHU�WKH\�IRUP�D�
FRPE�RI�UHFWDQJOHV��7KHLU�DSSHDUDQFH�LV�TXLWH�GLIIHUHQW��WKH�FORVH�ERQG�LV�QRW�REYLRXV�
DW�ILUVW��)LJV����DQG�����

$OVR�EHKDYLQJ�SDLUZLVH�FRPSOHPHQWDU\� WR�HDFK�RWKHU��EXW� LQ�D�GLIIHUHQW�VHQVH��DUH�
HDFK� WZR� FRPEV� UHVXOWLQJ� IURP� WZR� GLIIHUHQW� H[WHQVLRQV� RI� LUUHJXODU� SRO\JRQV� WR�
UHJXODU�SRO\JRQV��

�5HFDOO� WKDW� WKH� LUUHJXODU� SRO\JRQV� RQO\� DULVH� IURP� VZLPPLQJ� GLYLVLRQV���.HPSHU�
JLYHV�D���VTXDUH��FRPE�DV�DQ�H[WHQVLRQ�RU�WKH���UHFWDQJOH�FRPE�LQ�WKH�FXEH��)LJ������
DQG�D����VTXDUH�FRPE�DV�DQ�H[WHQVLRQ�RI�WKH�FRPEV�IURP����LUUHJXODU�KH[DJRQV�LQ�
WKH�LFRVDKHGURQ��)LJ������

�

)LJ�����&RPEV�IURP�GLYLVLRQ�RI�WKH�FXEH�DQG�WKH�RFWDKHGURQ�LQ�VZLPPLQJ�SRVLWLRQ��DQG�WKHLU�
H[WHQVLRQV��%RWWRP�ULJKW��WKH���UHFWDQJOH�FRPE�LQ�WKH�FXEH��ERWWRP�OHIW��WKH�FXELF���VTXDUH��
FRPE��H[WHQVLRQ�RI�WKH���UHFWDQJOH�FRPE�LQ�WKH�FXEH���WRS�OHIW��WKH���UKRPEXV�FRPE�LQ�WKH�
RFWDKHGURQ��WRS�ULJKW��RFWDKHGUDO���VTXDUH��FRPE��H[WHQVLRQ�RI�WKH���UKRPEXV�FRPE�LQ�WKH�

RFWDKHGURQ���
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New Kemper models 

7R� WKH� FRPEV� FUHDWHG� E\� H[WHQVLRQ� RI� VZLPPLQJ� GLYLVLRQV� JLYHQ� E\�.HPSHU� ���
VTXDUH�FRPE� DQG� ���VTXDUH�FRPE�� FDQ� HDFK� EH� IRXQG� D� VHFRQG�� DV� D� UHVXOW� RI�
DOWHUQDWLYH�H[WHQVLRQ�RI�WKH�LUUHJXODU�SRO\JRQV��

7KH� RFWDKHGUDO� ��VTXDUH�FRPE� VKRZQ� LQ� )LJ�� �� LV� QRW� LQFOXGHG� LQ� .HPSHU¶V�
LQKHULWDQFH��LW�VHHPV�WR�EH�QHZ��)XUWKHU�QHZ�PRGHOV��ZKLFK�UHVXOW�IURP�WKH�FRQVLVWHQW�
DSSOLFDWLRQ�RI�WKH�SULQFLSOHV�WR�WKH�IRUPDWLRQ�RI�FRPEV�LQWURGXFHG�E\�.HPSHU��DUH�
LQWURGXFHG� LQ� WKH� DUWLFOH�� $OVR� QHZ� DUH� WKH� WZR� ��GRXEOH�WULDQJOH�FRPEV� LQ� WKH�
RFWDKHGURQ�VKRZQ�LQ�)LJ�����

�

)LJ�����6TXDUHV�DQG�GRXEOH�WULDQJOHV�LQ�WKH�RFWDKHGURQ��0LGGOH����VTXDUH�FRPE�LQ�WKH�
RFWDKHGURQ��OHIW����GRXEOH��WULDQJOH�FRPEV�LQ�WKH�RFWDKHGURQ��ULJKW��WKH�FRPSOHPHQWDU\���

GRXEOH��WULDQJOH�FRPE�LQ�WKH�RFWDKHGURQ��

Platonic combs 

7KH�EDVLF�FRPEV��WKH�WZR���VTXDUH��WKH���KH[DJRQ��WKH���GHFDJRQ�DQG�WKH����KH[DJRQ�
FRPEV��FDQ�EH�FDOOHG�³3ODWRQLF�FRPEV´��%HWZHHQ�WKHP�WKH�ZKROH�YDULHW\�RI�UHODWLRQV�
EHWZHHQ�WKH�3ODWRQLF�VROLGV�WDNHV�SODFH��H[WHQGHG�E\�WKH�DGGLWLRQV�DQG�FRPSOHPHQWV�
GHVFULEHG�DERYH��

&RQFOXVLRQ�
$V�DOWHUQDWLYH�UHSUHVHQWDWLYHV�RI�VSDWLDO�V\PPHWULHV��3ODWRQLF�FRPEV�DUH�DQ�LPSRUWDQW�
SDUW�RI�WKH�FDQRQ�RI�JHRPHWULF�IRUPV�RI�WKRXJKW��7KH\�DUH�PRUH�GLIILFXOW�WR�UHSUHVHQW�
DQG�JUDVS�WKDQ�WKH�3ODWRQLF�VROLGV��EXW�LI�RQH�JRHV�EH\RQG�WKH�SXUHO\�IRUPDO�XVH�RI�
SRO\JRQ�EXQGOHV��D�IUHH�DUHD�RSHQV�XS�WKDW�DOORZV�QHZ�VSDWLDO�IRUPXODWLRQV��,Q�PDQ\�
DUHDV� RI� OLIH� DQG� GHVLJQ�� ERXQGDULHV� FDQ� WKHUHE\� EH� H[SHULHQFHG� DV� SHUPHDEOH�
VWUXFWXUHV���
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