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�
-H/6,0�3DUWQHUVKLSL��6LPXODWLQJ�([SHULPHQWV�2QOLQH�

�
7KLV�SURMHFW�JUHZ�RXW�RI�D�EHOLHI�LQ�WKH�EHQHILWV�RI�VLPXODWLRQ��DQG�D�UHDOLVDWLRQ�WKDW�WKHUH�LV�
VWLOO�VRPH�ZD\�WR�JR�LI�WKH\�DUH�WR�DFKLHYH�WKHLU�IXOO�SRWHQWLDO�LQ�RQOLQH�OHDUQLQJ��:H�YLHZHG�
WKLV�SURSRVDO�DV�D�FKDQFH�WR�WDNH�D�IUHVK�ORRN�DW�WKH�FRQFHUQV�UDLVHG�LQ�HGXFDWLRQ�OLWHUDWXUH�
DERXW�WKH�XVH�RI�FRPSXWHUV�LQ�VLPXODWLQJ�SUDFWLFDO�H[SHULPHQWV�DQG�DV�DQ�RSSRUWXQLW\�WR�
DGGUHVV�WKHP��:H�DOVR�VDZ�WKH�SURMHFW�DV�WKH�ILUVW�VWHS�WRZDUGV�DGGUHVVLQJ�WKH�LVVXH�RI�
DXWKHQWLF�DVVHVVPHQW�DQG�WKH�SRVVLELOLW\�RI�DVVHVVLQJ�VWXGHQWV�LQ�WKH�HQYLURQPHQW�LQ�ZKLFK�
WKH\�OHDUQ���
2EMHFWLYHV�
7KH�REMHFWLYHV�RI�WKLV�SURMHFW�ZHUH�WR�GHPRQVWUDWH�WKH�SRWHQWLDO�RI�VLPXODWLRQV�E\�VKRZLQJ�
KRZ�WKH\�FDQ�EH�XVHG�WR�EXLOG�XS�VNLOOV�LQ�SUDFWLFDO�DFWLYLWLHV�DQG�H[SHULPHQWDWLRQ���([HPSODU�
VLPXODWLRQV�KDYH�EHHQ�SURGXFHG��LQ�FKHPLFDO�NLQHWLFV��GHPRQVWUDWLQJ�WKHLU�XVH�LQ��

• 3UDFWLFDO�H[SHULPHQWDWLRQ�����
• ([SORUDWRU\�DFWLYLWLHV�����
• ,QYHVWLJDWLYH�DFWLYLWLHV�����

�
,Q�SURGXFLQJ�WKHVH�VLPXODWLRQV�ZH�KDYH�UHYLHZHG�DQG�DWWHPSWHG�WR�DGGUHVV�WKH�IHDUV�
DPRQJVW�PDQ\�VFLHQFH�WHDFKHUV�DERXW�XVLQJ�VLPXODWLRQV��:H�KDYH�EHJXQ�WR�EXLOG�XS�
JXLGHOLQHV�IRU�EHVW�SUDFWLFH�LQ�WKH�ILHOG��
�
7KH�QDWXUH�RI�WKH�-H/6,0�WRROVLL�PHDQV�WKDW�DQ\�VLPXODWLRQV�SURGXFHG�DUH�D�IOH[LEOH�UHVRXUFH�
ZKLFK�FDQ�EH�FXVWRPLVHG�E\�WHDFKHUV�WR�VXLW�WKHLU�WHDFKLQJ�QHHGV��$Q�LPSRUWDQW�SDUW�RI�WKH�
SURMHFW�ZDV�WKH�SURGXFWLRQ�RI�WUDLQLQJ�UHVRXUFHV�WR�DOORZ�WHDFKHUV�PRGLI\�DQG�WDLORU�WKH�
H[HPSODU�VLPXODWLRQV��
�
:H�DOVR�UHSRUW�RQ�WKH�SRWHQWLDO�IRU�XVLQJ�WKHVH�UHVRXUFHV�LQ�DXWKHQWLF�DVVHVVPHQW�DQG�SXW�
IRUZDUG�D�SURSRVDO�IRU�WKH�QH[W�VWHS�LQ�WKH�SURFHVV��WKH�FRPELQDWLRQ�RI�VLPXODWLRQ�DQG�
DVVHVVPHQW��
6LPXODWLRQV�LQ�6XSSRUW�RI�3UDFWLFDO�$FWLYLWLHV�
7KH�EHQHILWV�RI�VLPXODWLRQ�LQ�HGXFDWLRQ�KDYH�EHHQ�UHFRJQLVHG�IRU�VRPH�WLPH��WKH\�FDQ�DLG�
OHDUQLQJ�E\�GRLQJ��DOORZ�VWXGHQWV�WR�IRUP�FRQFHSWV�WKURXJK�H[SHULHQFH�DQG�DOORZ�WHDFKHUV�WR�
LQWURGXFH�WKH�IRUP�RI�D�V\VWHP�WR�WKHLU�VWXGHQWV�EHIRUH�WKH�PDWKHPDWLFV��7KH\�FDQ�SRWHQWLDOO\�
SURYLGH�DQ�HQYLURQPHQW�LQ�UHIOHFWLRQ�LV�HQFRXUDJHG��LQ�ZKLFK�WKH�OHDUQHU�FDQ�H[SORUH��PDNH�
DQG�WHVW�K\SRWKHVHV��8VHG�DV�D�UHVRXUFH�ZLWK�RWKHU�PHGLD��WKH\�FDQ�SURYLGH�PHDQLQJIXO��
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PRWLYDWLQJ�DFWLYLW\�LQ�D�UDQJH�RI�HGXFDWLRQDO�FRQWH[WV�IURP�JXLGHG�OHDUQLQJ�WKURXJK�WR�RSHQ�
H[SORUDWLRQ��
�
,I�XVHG�WR�VLPXODWH�SUDFWLFDO�H[SHULPHQWV��VLPXODWLRQV�FDQ��
�
• $OORZ�DFFHVV�WR�WKH�H[SHULPHQW�ZKHQ�WKHUH�LV�D�VKRUWDJH�RI�HTXLSPHQW�RU�WLPH��
• 3URYLGH�GDWD�IRU�VWXGHQWV�WR�ZRUN�RQ�LI�LW�LV�QRW�SRVVLEOH�WR�SHUIRUP�DQ�H[SHULPHQW��IRU�

LQVWDQFH�GXH�WR�LWV�OHQJWK\�QDWXUH��
• $OORZ�WKH�SHUIRUPDQFH�RI�H[SHULPHQWV�WKDW�ZRXOG�QRW�RWKHUZLVH�EH�DYDLODEOH�EHFDXVH�WKH\�

DUH�WRR�GDQJHURXV��
• $OORZ�PLVWDNHV�ZLWKRXW�FRVW�RU�GDPDJH���
�
$PRQJVW�PDQ\�VFLHQFH�WHDFKHUV�WKRXJK��WKHUH�DUH�MXVWLILDEOH�IHDUV�DERXW�XVLQJ�VLPXODWLRQV�LQ�
JHQHUDO�DQG�IRU�SUDFWLFDO�H[SHULPHQWV�LQ�SDUWLFXODU��)RU�LQVWDQFH��
�
• ,W¶V�QRW�SRVVLEOH�WR�UHSODFH�UHDO�KDQGV�RQ�H[SHULHQFH�DQG�WR�PLPLF�WKH�GH[WHULW\�UHTXLUHG�LQ�

SUDFWLFDO�ZRUN��
• 6LPXODWLRQV�RIWHQ�SURYLGH�WKH�SHUIHFW�SLFWXUH��ZKLOVW�H[SHULPHQWDO�SURFHGXUHV�DUH�XVXDOO\�

VXEMHFW�WR�HUURUV��WKH�HYDOXDWLRQ�RI�ZKLFK�LV�LPSRUWDQW�LQ�WKH�VWXGHQW¶V�HGXFDWLRQ��
• ,Q�UHDO�OLIH�LW�LV�SRVVLEOH�WR�PDNH�PLVWDNHV��6LPXODWHG�DFWLYLWLHV�RIWHQ�SURYLGH�XVHUV�ZLWK�D�

VHW�RI�YDOLG�FKRLFHV�RQO\��
• ,W¶V�SRVVLEOH�IRU�VWXGHQWV�WR�GHYHORS�PLVFRQFHSWLRQV�ZKHQ�XVLQJ�VLPXODWLRQV��WKLV�PD\�EH�

DQ�HIIHFW�RI�VFDOH��WLPH�RU�VL]H��DQG�WKH�VWXGHQW�FDQQRW�UHODWH�ZKDW�LV�VHHQ�LQ�WKH�
VLPXODWLRQ�WR�UHDOLW\��

7KH�5HVRXUFHV�
:H�KDYH�DWWHPSWHG�WR�DGGUHVV�WHDFKHUV¶�FRQFHUQV�LQ�WKH�UHVRXUFHV�WKDW�ZH�KDYH�SURGXFHG���

• :H�KDYH�QRW�DWWHPSWHG�WR�SURYLGH�D�FRPSXWHU�EDVHG�HTXLYDOHQW�RI�D�WDVN�UHTXLULQJ�
PDQXDO�GH[WHULW\��EXW�KDYH�FRQFHQWUDWHG�RQ�JLYLQJ�WKH�OHDUQHU�DOO�WKH�H[SHULPHQWDO�
FKRLFHV�WKH\�ZRXOG�KDYH�LI�WKH�H[SHULPHQW�ZHUH�UHDO���:KDW�WR�PHDVXUH��ZKDW�WKH\�
VKRXOG�SORW�DQG�KRZ�WKH\�VKRXOG�SORW�LW���

• 6WXGHQWV�ZLOO�QRW�REWDLQ�WKH�VDPH�YDOXHV�IRU�WKH�VDPH�H[SHULPHQW�HYHU\�WLPH�WKH\�UXQ�
LW��7KH\�FDQ�PDNH�WLPLQJ�DQG�PHDVXUHPHQW�HUURUV�MXVW�DV�LQ�UHDO�OLIH��

• 6WXGHQWV�FDQ�PDNH�PLVWDNHV��IRU�LQVWDQFH��RYHUKHDWLQJ�D�VROXWLRQ�RU�IDLOLQJ�WR�QRWLFH�D�
VROXWLRQ�FKDQJH�FRORXU��,Q�D�VLPXODWHG�HQYLURQPHQW�WKH\�FDQ�EH�JLYHQ�WKH�RSSRUWXQLW\�
WR�UHSHDW�WKH�H[SHULPHQW�DW�QR�FRVW��

• :KHUH�DQ�H[SHULPHQW�LQYROYHV�PHDVXUHPHQW�RI�WLPH��ZH�KDYH�HQVXUHG�WKDW�WKH�
UHODWLYH�WLPHV�DUH�DFFXUDWH��,I�DQ�HYHQW�KDSSHQV�LQ����VHFRQGV�LQ�UHDO�OLIH��LW�KDSSHQV�LQ�
���VHFRQGV�LQ�WKH�SURJUDP��+RZHYHU��IRU�ORQJHU�GUDZQ�RXW�H[SHULPHQWV�WLPH�FDQ�EH�
DFFHOHUDWHG��EXW�WKH�UHODWLYH�GLIIHUHQFHV�LQ�WLPH�EHWZHHQ�HYHQWV�LV�PDLQWDLQHG��

�
�7\SLFDOO\�H[HPSODUV�RI�SUDFWLFDO�H[SHULPHQWV�FRQVLVW�RI�D�VHW�RI�WDEEHG�LQWHUIDFHV�DOORZLQJ�WKH�
VWXGHQW�WR�VHW�XS�DQG�UXQ�WKH�H[SHULPHQW��(�J��)LJ����
�
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�
Figure 1. A screen from an experiment to determine the effect of temperature on reaction rate.�

�
7KH�RWKHU�H[HPSODUV�DQG�UHODWHG�UHVRXUFHV�SURGXFHG�LQ�WKH�SURMHFW�FDQ�EH�VHHQ�DW�

KWWS���ZZZ�MHOVLP�RUJ�SXE�FKHPLVWU\��
$�)OH[LEOH�5HVRXUFH��
7KH�QDWXUH�RI�WKH�-H/6,0�WRROV�PDNH�LW�HDV\�WR�VHW�WKH�VLPXODWLRQV�LQ�GLIIHUHQW�FRQWH[WV�RU�
DPHQG�WKHP�VR�WKHVH�UHVRXUFHV�KDYH�SRWHQWLDO�DV��
• 3UHSDUDWLRQ�IRU�WKH�VWXGHQW�LQ�DGYDQFH�RI�WKH�ODERUDWRU\�H[HUFLVH��
• $�VLPXODWHG�H[SHULPHQW��RU�D�YDULDQW�RI�WKH�UHDO�H[SHULPHQW�WR�DYRLG�GLUHFW�UHSODFHPHQW���
• 5HYLVLRQ�PDWHULDO��
• $�ZD\�RI�SURYLGLQJ�DFWLYLWLHV�LQ�H[SHULPHQWDO�GHVLJQ��
• $�ZD\�RI�SURYLGLQJ�DFWLYLWLHV�LQ�H[SHULPHQWDO�SUDFWLFH��
• *HQHUDO�OHDUQLQJ�PDWHULDO�LQ�VXSSRUW�RI�FRXUVHZDUH��
�
7KHVH�VLPXODWLRQ�UHVRXUFHV�FRXOG�EH�XVHG�LQ�FRQMXQFWLRQ�ZLWK�RWKHU�UHVRXUFHV�WR�SURYLGH�D�ODE�
SDFN�WKDW�PLJKW�DOVR�LQFOXGH��WKHRU\�DQG�EDFNJURXQG��LQIRUPDWLRQ�RQ�HTXLSPHQW�DQG�VDIHW\��
GDWD�ERRNV��IRUPDWLYH�DVVHVVPHQW�IRU�WKH�VWXGHQW�WR�FKHFN�WKHLU�XQGHUVWDQGLQJ��DQG�
VXPPDWLYH�DVVHVVPHQW�IRU�WKH�WHDFKHU�WR�FKHFN�WKH�VWXGHQW¶V�SHUIRUPDQFH��
�
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7KH�)XWXUH�
6LPXODWLRQV�E\�WKHLU�YHU\�QDWXUH�JLYH�IHHGEDFN�WR�OHDUQHUV��DQ\�FKDQJH�WR�WKH�VLPXODWLRQ�LQSXW�
UHVXOWV�LQ�D�FKDQJH�WR�WKH�RXWSXW��+RZHYHU�WKLV�W\SH�RI�IHHGEDFN�LV�WRZDUGV�WKH�OHDUQHU��DQG�
LV�QRW�VXLWHG�WR�DVVHVVPHQW��HLWKHU�IRUPDWLYH�RU�VXPPDWLYH���,QWHJUDWLQJ�WKH�IXQFWLRQDOLW\�RI�
DQ�DVVHVVPHQW�HQJLQH�ZLWK�D�VLPXODWLRQ�WRRO�VXFK�DV�-H/6,0�EXLOGHU�FRXOG�FUHDWH�D�SRZHUIXO�
V\VWHP�WKDW�ZRXOG�SURYLGH�VXFK�IHHGEDFN��
�
6XFK�DQ�LQWHJUDWHG�V\VWHP�FRXOG�SURYLGH�WKH�ILUVW�VWHS�WRZDUGV�DXWKHQWLF�DVVHVVPHQW��7KH�
WHDFKHU�TXHVWLRQ�VHWWHU�FRXOG�FKRRVH�WR�PRQLWRU�DQ\�DVSHFW�RI�WKH�VWXGHQW¶V�LQWHUDFWLRQ�ZLWK�
WKH�VLPXODWLRQ��$QVZHUV�ZRXOG�QR�ORQJHU�EH�OLPLWHG�WR�PXOWLSOH�FKRLFH��RU�WH[W�VWULQJV��EXW�
FRXOG�EH�DQ\�FRPELQDWLRQ�RI�YDULDEOHV�ZLWKLQ�WKH�VLPXODWLRQ��,W�ZRXOG�EH�SRVVLEOH�WR�VHH�WKH�
VWUDWHJ\�D�OHDUQHU�XVHG�WR�WDFNOH�D�SUREOHP��QRW�MXVW�WKH�ILQDO�DQVZHU��
�
,Q�WHUPV�RI�SUDFWLFDOV��DOO�DVSHFWV�RI�WKH�VWXGHQW¶V�LQWHUDFWLRQ�FRXOG�EH�DVVHVVHG�DV�WKH\�XVHG�
WKH�DSSOLFDWLRQ��'LG�WKH\�DFKLHYH�DOO�OHDUQLQJ�RXWFRPHV"�+RZ�DFFXUDWH�ZDV�WKHLU�LQIRUPDWLRQ�
JDWKHULQJ"�'LG�WKH\�SORW�WKH�JUDSK�LV�WKH�SUHVFULEHG�IDVKLRQ"�'R�WKH\�XQGHUVWDQG�XQLWV"�:HUH�
WKH\�FDSDEOH�RI�SODQQLQJ�WKHLU�RZQ�H[SHULPHQWDO�LQYHVWLJDWLRQ"�
�
,Q�VXFK�D�V\VWHP�LW�ZLOO�EH�SRVVLEOH�WR�GHWHUPLQH�ZKHUH�VWXGHQWV�DUH�KDYLQJ�SUREOHPV�DQG�WR�
JDLQ�LQVLJKW�LQWR�WKHLU�PLVFRQFHSWLRQV��
�
:H�DUH�FXUUHQWO\�ORRNLQJ�IRU�IXQGLQJ�WR�WDNH�VXFK�D�SURMHFW�IRUZDUG�LQ�FROODERUDWLRQ�ZLWK�
3URIHVVRU�%HHYHUV�RI�6&52//$��XVLQJ�WKH�&8(�DVVHVVPHQW�HQJLQH��
�
)XUWKHU�'HWDLOV�
)RU�IXUWKHU�LQIRUPDWLRQ�FRQWDFW�5XWK�7KRPDV�UFW#MHOVLP�RUJ��
7KH�PDWHULDO�RXWOLQHG�LQ�WKLV�WDON�LV�DYDLODEOH�RQ�RXW�ZHEVLWH�DW�
KWWS���ZZZ�MHOVLP�RUJ�SXE�FKHPLVWU\��
$FNQRZOHGJHPHQWV�
7KLV�SURMHFW�ZDV�MRLQWO\�IXQGHG�E\�WKH�8QLYHUVLW\�RI�&DPEULGJH�/RFDO�([DPLQDWLRQ�6\QGLFDWH�
�8&/(6��DQG�WKH�6FRWWLVK�4XDOLILFDWLRQV�$JHQF\��64$���
�
7KH�VXEMHFW�DGYLVRU�ZDV�3KLO�-RKQ�RI�+HULRW�:DWW�8QLYHUVLW\�DQG�WKH�WHDFKLQJ�DGYLVRU�ZDV�
$UWKXU�6DQGLVRQ�RI�6W�7KRPDV�RI�$TXLQ¶V�+LJK�6FKRRO��(GLQEXUJK��
�
�
�
5XWK�7KRPDV�IRU�-H/6,0��������
                                                 
i http://www.jelsim.org/about.html 
ii http://www.jelsim.org/software.html 


