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� 7KLV�ERRN�LQYLWHV�XV�WR�JR�RQ�D�MRXUQH\��QRW�VLPSO\�RI�WKH�LPDJLQDWLRQ�
EXW�DOVR�RI�DFWLYLW\�DQG�WUDQVIRUPDWLRQ��7KH�LQYLWDWLRQ�LV�WR�UHFRQQHFW�
ZLWK�WKH�OLYLQJ�IRUPV�DURXQG�XV�E\�ORRNLQJ�DQG�GRLQJ�VR�WKDW�RXU�H\HV�
DUH�RSHQHG�WR�WKH�QDWXUH�RI�SODQW�OLIH��7KH�QDWXUH�UHYHDOHG�KDV�ERWK�WKH�
WUXWK�RI�VFLHQWL¿F�NQRZOHGJH�DQG�WKH�EHDXW\�RI�WKH�FUHDWLYH�DFW�VR�WKDW�ZH�
H[SHULHQFH�SODQWV�DV�VLPXOWDQHRXVO\�DUFKHW\SDO�DQG�IRUHYHU�QHZ��7KH�GRRU�
RSHQV�RQWR�D�QHZ�ZD\�RI�SUDFWLVLQJ�VFLHQFH�DV�DUW�WKDW�DYRLGV�WKH�DQDHVWKHVLD�
RI�D�SXUHO\�REMHFWLYH�VWXG\�RI�QDWXUH�E\�LQFOXGLQJ�DHVWKHWLF�H[SHULHQFH�
RU�IHHOLQJ�DQG�ZLOOLQJ�DFWLYLW\�DV�SULPDU\��FRQVFLRXV�FRPSRQHQWV�RI�RXU�
XQGHUVWDQGLQJ�
� 2XU�JXLGHV�RQ�WKLV�MRXUQH\�DUH�WZR�SUDFWLWLRQHUV�RI�WKLV�QHZ�VFLHQFH��
0DUJDUHW�&ROTXKRXQ�ZLWK� D�EDFNJURXQG� LQ� FRQYHQWLRQDO� VFLHQFH� DQG�
$[HO�(ZDOG�� DQ� DUWLVW��7KH�ERRN�JURZV�RXW� RI� \HDUV� RI� FROODERUDWLYH�
H[SORUDWLRQ��UHVHDUFK�DQG�WHDFKLQJ�ZKLFK�KDV�DOORZHG�WKHP�WR�FRQVWUXFW�
WKLV�EHDXWLIXOO\�LQWHJUDWHG�ZRUN��ZLWK�WH[W�DQG�LPDJH�VSHDNLQJ�WR�HDFK�
RWKHU�RQ�HYHU\�SDJH��7KH�GUDZLQJV�UHVRQDWH�ZLWK�WKH�UHODWLRQVKLS�WR�QDWXUH�
WKDW�LQVSLUHV�WKH�ZRUN�RI�$QG\�*ROGVZRUWK\�DQG�'DYLG�1DVK��ZKLOH�WKH�
WH[W�DFKLHYHV�WKH�GLUHFWQHVV�DQG�WKH�VLPSOLFLW\�RI�LQWLPDWH�FRQYHUVDWLRQ�
DULVLQJ�IURP�UHDO�XQGHUVWDQGLQJ��7KH�LPSXOVH�HQJHQGHUHG�E\�WKLV�ZRUN�
ERRN�WR�SDUWLFLSDWH�E\�ORRNLQJ��GUDZLQJ�DQG�H[SHULHQFLQJ�WKH�SODQWV�WKDW�
VXUURXQG�XV�LV�LUUHVLVWLEOH�
� 7KH�WUDGLWLRQ�ZLWKLQ�ZKLFK�WKLV�XQLRQ�EHORQJV�JRHV�EDFN�WR�*RHWKH�DQG�
WKH�URPDQWLFV��ZKR�UHDFWHG�DJDLQVW�.DQW¶V�VHSDUDWLRQ�RI�VFLHQFH�IURP�DUW�
DQG�KLV�GHQLDO�WKDW�WKHUH�FRXOG�HYHU�EH�D�³1HZWRQ�RI�WKH�JUDVV�EODGHV´��,Q�
RQH�VHQVH�KH�ZDV�SHUIHFWO\�ULJKW�±�OLIH�UHVLVWV�WKH�PHFKDQLFDO�GHVFULSWLRQ�
RI� WKH� W\SH� WKDW� FKDUDFWHULVHV� 1HZWRQLDQ� VFLHQFH�� DV� ZH� FDQ� QRZ� VHH�
VR�FOHDUO\�LQ�WKH�DWWHPSWV�RI�FRQWHPSRUDU\�ELRORJLVWV�WR�GHVFULEH�OLYLQJ�
SURFHVVHV�LQ�WHUPV�RI�JHQHV�DQG�PROHFXOHV��7KH�UHVXOW�LV�WKDW�RUJDQLVPV�
KDYH�GLVDSSHDUHG�DV�UHDO�HQWLWLHV�IURP�ELRORJ\��OLIH�VOLSV�WKURXJK�WKH�¿QJHUV��
OHDYLQJ�XV�QRWKLQJ�EXW�VNHOHWRQV��6R�ZH�QHHG�WR�UHWXUQ�WR�D�WUDGLWLRQ�WKDW�
DOORZV�XV�WR�WUXO\�HQFRXQWHU�WKH�OLYLQJ�UHDOLW\�WKDW�VXUURXQGV�XV��RQ�ZKLFK�
ZH�GHSHQG�QRW�VLPSO\�IRU�RXU�VXUYLYDO�EXW�DOVR�WR�XQGHUVWDQG�DQG�H[SUHVV�
RXU�RZQ�QDWXUHV��7KLV�HPHUJHV�UHSHDWHGO\�LQ�WKH�ERRN��DV�LQ�WKH�IROORZLQJ�
SDVVDJH�GHVFULELQJ�WKH�PHDQLQJ�RI� WKH�OHDI�VHTXHQFH�RI�D�SODQW��RXW�RI�
ZKLFK�HPHUJHV�WKH�ÀRZHU��$OO�WKH�ZRQGHUIXO�WUDQVIRUPDWLRQV�LQ�WKH�OHDI�
UHJLRQV�DUH�LQFRPSUHKHQVLEOH��RU�HYHQ�XQQRWLFHG��XQWLO�WKH�SODQW�ÀRZHUV�
DQG�WKHQ��LQ�UHWURVSHFW��WKHLU�PHDQLQJ�LV�REYLRXV�

Foreword

Foreword
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� 6LPLODUO\�WKH�MRXUQH\�RI�JHWWLQJ�WR�NQRZ�VRPHRQH�RU�VRPHWKLQJ�LV�
RIWHQ�OLNH�WKLV��$JDLQ�DQG�DJDLQ�ZH�UHDFK�D�PRPHQW�RI�UHFRJQLWLRQ�RI�WKH�
RWKHU�IRU�ZKDW�LW�RU�KH�RU�VKH�LV�ZKLFK�ÀRZHUV�LQ�XV�DJDLQ�DQG�DJDLQ�XQWLO�
DW�D�FHUWDLQ�PRPHQW�WKHUH�LV�WKH�H[SHULHQFH�RI�LQQHU�XQLRQ��RI�EHLQJ�DW�
RQH�ZLWK��,W�LV�D�VWDWH�RI�EHLQJ��RI�LQWLPDWH�XQLRQ��NQRZQ�DQG�GHVFULEHG�
E\�DUWLVWV��ORYHUV�DQG�P\VWLFV�±�QR�OHVV�E\�VFLHQWLVWV�

“The state of feeling which makes one capable of such achievement 
is akin to that of the religious worshipper or one who is in love” 
– Albert Einstein.

� $V�FRQWHPSRUDU\�ELRORJ\�ORVHV�LWV�ZD\�LQ�WKH�WDQJOHG�XQGHUJURZWK�
RI�PROHFXODU�GHWDLO�DQG�-XVW�6R�6WRULHV��DQG�DQ�REMHFWLYLW\�WKDW�WXUQV�OLIH�
LQWR�PDQLSXODEOH��PDUNHWDEOH�FRPPRGLWLHV�±�D�QHZ�ELRORJ\�LV�HPHUJLQJ�
WKDW�SUHVHUYHV�HYHU\WKLQJ�RI�YDOXH�WKDW�KDV�EHHQ�OHDUQHG�EXW�UHVWRUHV�WKH�
ZKROHQHVV�� WKH� LQWHJULW\�RI� OLIH�E\�KHDOLQJ�RXU�UHODWLRQVKLS� WR� LW��7KLV�
ZRUNERRN�LQYLWHV�XV�WR�¿QG�RXW�KRZ�WKLV�FDQ�EH�GRQH�

'U�%ULDQ�*RRGZLQ
'HSDUWPHQW�RI�%LRORJ\
7KH�2SHQ�8QLYHUVLW\

0LOWRQ�.H\QHV

Foreword
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7KLV�ERRN�KDV�DULVHQ�RXW�RI�D�VHULHV�RI�FRXUVHV��NQRZQ�DV�WKH�/LIH�
6FLHQFH�6HPLQDU��ZKLFK�ZH�KDYH�EHHQ�RIIHULQJ�VLQFH������LQ�GLIIHUHQW�
ORFDWLRQV�DQG�YDU\LQJ�VRFLDO�FRQWH[WV�ZLWKLQ�WKH�%ULWLVK�,VOHV��7KH�/LIH�
6FLHQFH�6HPLQDU�ZDV�FUHDWHG�LQ�RUGHU�WR�bring together science and art 
in the doing.�,Q�WKH�FRXUVHV�FDUHIXOO\�JXLGHG�1DWXUH�REVHUYDWLRQ�KDV�EHHQ�
FRPSOHPHQWHG�E\�DUWLVWLF�DFWLYLWLHV�ZKLFK�DLPHG�WR�GHHSHQ�SHUFHSWLRQ�DQG�
DOORZ�WKH�IUXLWV�RI�WKH�FRJQLWLYH�SURFHVV�WR�ÀRZ�GLUHFWO\�LQWR�WKH�GRLQJ��
7KLV�EUHDWKLQJ�LQ�DQG�RXW�EHWZHHQ�VFLHQFH�DQG�DUW�KDV�VKRZQ�LWVHOI�WR�EH�
D�YHU\�VDWLVI\LQJ�DQG�WKHUDSHXWLF�ZD\�RI�OHDUQLQJ��(DFK�RI�WKH�FRXUVHV��DOO�
RI�ZKLFK�KDYH�EHHQ�RSHQ�WR�DQ\RQH�UHJDUGOHVV�RI�DJH�RU�EDFNJURXQG��KDV�
EHHQ�D�MRXUQH\�RI�awakening through experience, both in perception of 
WKH�ZRUOG�RI�1DWXUH�DURXQG�XV�DQG�RI�RXU�RZQ�LQQHU�FUHDWLYLW\��D�MRXUQH\�
RQWR�ZKLFK�WKH�FRXUVH�OHDGHUV�DQG�SDUWLFLSDQWV�KDYH�HPEDUNHG�WRJHWKHU�
DQG�GXULQJ�ZKLFK�ZH�DOO�KDYH�OHDUQHG�IURP�HDFK�RWKHU�

,Q�ZULWLQJ�WKLV�ERRN�ZH�DUH�UHVSRQGLQJ�WR�UHSHDWHG�UHTXHVWV�WR�VKDUH�
VRPH�RI� WKH�IUXLWV�RI� WKHVH� MRXUQH\V�DQG� WR�PDNH� WKHP�DYDLODEOH� WR�D�
ZLGHU�DXGLHQFH��2I�FRXUVH��UHDGLQJ�D�ERRN�FDQ�QHYHU�UHSODFH�WKH�OLYLQJ�
H[SHULHQFH�RI�LQWHQVLYHO\�VWXG\LQJ�DQG�FUHDWLQJ�ZLWK�D�JURXS�RI�SHRSOH��:H�
KRSH�WKDW��QHYHUWKHOHVV��WKLV�OLWWOH�ERRN�ZLOO�HQFRXUDJH�\RX��GHDU�UHDGHU��WR�
HPEDUN�RQ�\RXU�RZQ�LQGLYLGXDO�MRXUQH\�RI�GLVFRYHU\��0D\EH�\RX�ZRXOG�
OLNH�WR�VKDUH�LW�ZLWK�VRPHERG\�HOVH�DQG�DVN�D�IULHQG�WR�DFFRPSDQ\�\RX�
RQ�\RXU�H[FXUVLRQ�LQWR�WKH�OLYLQJ�ZRUOG�RI�SODQWV�

7KLV�ERRN� LV�QRW�PHDQW�DV�D�VRXUFH�RI� LQIRUPDWLRQ�EXW� UDWKHU�DV�D�
workbook��WKH�VXFFHVV�RI�ZKLFK�GHSHQGV�RQ�your active participation��
7DNH� LW�ZLWK� \RX� RQ� \RXU� H[FXUVLRQV� LQWR�1DWXUH�� VHH� DQG� FKHFN� IRU�
\RXUVHOI��LI�\RX�FDQ�YHULI\�RXU�GHVFULSWLRQV��7KLV�ERRN�GHVFULEHV�PDQ\�
H[HUFLVHV�ZKLFK��ZH�KRSH��ZLOO�NLQGOH�\RXU�FUHDWLYH�DFWLYLW\�DQG�LQVSLUH�
\RX�WR�LQYHQW�\RXU�RZQ�YDULDWLRQV��7KH�FKDSWHUV�IROORZ�WKH course of the 
seasons��VWDUWLQJ�ZLWK�DXWXPQ�LQ�FKDSWHU���DQG�FRQFOXGLQJ�ZLWK�DXWXPQ�
DJDLQ�LQ�FKDSWHU����<RX�PD\�ZDQW�WR�ZRUN�\RXU�ZD\�WKURXJK�WKLV�ERRN�
VORZO\�UHDGLQJ�HDFK�FKDSWHU�LQ�WKH�VHDVRQ�ZKLFK�LW�EHORQJV�WR��RU�\RX�
PLJKW�DV�ZHOO� UHDG� WKH�ZKROH�ERRN�¿UVW�DQG� WKHQ�FRPH�EDFN� WR�HDFK�
LQGLYLGXDO�FKDSWHU�ZKHQ�WKH�UHOHYDQW�VHDVRQ�EHJLQV�

,I�ZH�VXFFHHG�LQ�HQJHQGHULQJ�LQ�\RX��RXU�UHDGHU��D�VHQVH�RI�ZRQGHU��
DQ�DFWLYH�LQWHUHVW�LQ�WKH�OLYLQJ�ZRUOG�RI�SODQWV�DQG�D�FUHDWLYH�SDUWLFLSDWLRQ�
LQ�WKHLU�JURZWK�DQG�GHYHORSPHQW��WKHQ�ZH�FDQ�KRSH�WR�KDYH�ODLG�VRPH�
VHHGV�IRU�WKH�GHYHORSPHQW�RI�QHZ�RUJDQV�RI�SHUFHSWLRQ��VHHGV�IRU�WKH�
GHYHORSPHQW�RI�“New Eyes for Plants”�

Preface

Preface
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:H�ZRXOG� OLNH� WR� WDNH� WKLV� RSSRUWXQLW\� WR� DFNQRZOHGJH� WKH� KHOS��
VXSSRUW�DQG�LQVSLUDWLRQ�RI�D�QXPEHU�RI�SHRSOH�ZLWKRXW�ZKRP�WKLV�ERRN�
ZRXOG�QRW�KDYH�FRPH�DERXW��)LUVWO\�WKH�PDQ\�SDUWLFLSDQWV�RI�RXU�FRXUVHV�
ZKR� SURYLGHG� VXSSRUWLYH� IHHGEDFN� DQG� FULWLTXH� ZKLFK� SURYHG� WR� EH�
LQGLVSHQVDEOH�IRU�WKH�UH¿QHPHQW�RI�WKH�SHGDJRJLFDO�PHWKRG��WKHQ�RXU�
WHDFKHUV�DQG�PHQWRUV��RI�ZKRP�ZH�FDQ�RQO\�PHQWLRQ�WKRVH�ZKLFK�KDYH�
EHHQ�PRVW�LQVWUXPHQWDO�LQ�DOORZLQJ�XV�WR�H[SHULHQFH�GLIIHUHQW�DVSHFWV�
RI�WKH�DSSOLFDWLRQ�RI�WKH�*RHWKHDQ�PHWKRG�LQ�VFLHQFH�DQG�DUW��-RFKHQ�
%RFNHPXHKO��7KRPDV�*RHEHO�DQG�:LOKHOP�5HLFKHUW��DQG�ODVW�EXW�QRW�
OHDVW�RXU�SXEOLVKHU��0DUWLQ�/DUJH��ZLWKRXW�ZKRVH�HQWKXVLDVP�DQG�VXSSRUW�
RXU�LGHDV�ZRXOG�QRW�KDYH�JURZQ�EH\RQG�D�IHZ�QRWHV�DQG�VFULEEOHV�LQWR�
WKH�ERRN�LW�KDV�QRZ�EHFRPH��

Preface
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Stones and Potatoes
,PDJLQH�LW�LV�DXWXPQ�±�ODWH�2FWREHU�RU�1RYHPEHU��0RVW�RI�WKH�OHDYHV�

KDYH�WXUQHG�DQG�IDOOHQ��WKHLU�ULFK�UHG�JROG�FDUU\LQJ�VXPPHU¶V�ZDUPWK�
GRZQ��EODQNHWLQJ�WKH�HDUWK��*UH\�JKRVWV�RI�EHHFK�WUHHV�VZDWKHG�LQ�PLVW��
WKH�JURXQG�D�PXG�PL[HG�PXVK�RI�ZHW�VRLO��URWWLQJ�OHDYHV�DQG�VWHPV��<RX�
DUH�JURYHOOLQJ��EDFN�EHQW��PLQG�EODQN��KDQGV�E\�ERRWV��ERWK�SODVWHUHG�LQ�
FOR\LQJ�FOD\��SLFNLQJ�SRWDWRHV��+HUH�D�KDQGIXO�PRYHV�ZLWK�HDVH��WKHUH�RQH�
KDV�WR�EH�GXJ�RXW��$�JHQWOH�UK\WKP�VKLIWV�SRWDWRHV�IURP�VRLO�WR�EXFNHW��
+HUH¶V�D�VWRQH�±�WKURZ�LW�DZD\�±�RK�QR��±�SHUKDSV�LW�ZDV�D�SRWDWR��+RZ�GR�
,�NQRZ�WKH�GLIIHUHQFH"�:KDW�D�TXHVWLRQ��/HW¶V�KDYH�D�UHVW�DQG�VWUDLJKWHQ�
WKH�EDFN�WR�FRQVLGHU�WKLV�RQH��

A Question of Life – or not 

Fig. 1.  Picking potatoes in autumn – how 
do I know the difference between stones and 
potatoes? [pencil].

 A Question 
of Life

1
- or not
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+RZ�GR�\RX�WHOO�WKH�GLIIHUHQFH�EHWZHHQ�D�VWRQH�DQG�D�SRWDWR"��)LJ�����
%RWK�DUH�URXQGHG�DQG�VPRRWK��KDUG�DQG�KHDY\��%RWK�IDOO�WR�WKH�JURXQG�
LI�,�GURS�WKHP��PDNH�D�VLPLODU�LPSDFW�LQ�WKH�VRLO��D�VLPLODU�VRXQG�LQ�
WKH�EXFNHW��%RWK�DUH�LPSHUYLRXV�WR�WKH�OLJKW��FDVW�VKDGRZV��UHVLVW�WKH�
SUHVVXUH�RI�P\�¿QJHU��KDYH�D�FUXVW\�H[WHULRU��%XW�WKH�LQVLGH�RI�D�VWRQH�
LV�UDWKHU�OLNH�WKH�RXWVLGH�±�DW�OHDVW�ZLWK�WKHVH�VDQG\�FUXPEOLQJ�OXPSV�
O\LQJ�KHUH�±�ZKHUHDV�WKH�LQVLGH�RI�D�SRWDWR�LV�TXLWH�GLIIHUHQW�IURP�WKH�
RXWVLGH��:KHUH�WKH�UDEELWV�KDYH�FKHZHG�WKHP�WKH\�JOLVWHQ�ZKLWH��DQG�
VRPH�KDYH�JRQH�PXVK\�LQVLGH��7KLV�UHPLQGV�PH�RI�WKH�RQHV�ZH�SODQWHG�
LQ�WKH�VSULQJ��3HUKDSV�LW�LV�RQH�RI�WKHP�WKDW�LV�QRZ�D�URWWLQJ�ZHW�PDVV��
%XW�ZKHUH�KDYH�WKH�QHZ�RQHV�FRPH�IURP�±�WKHVH�KDUG�URXQGHG�QXJJHWV�
RI�IRRG�IRU�WKH�ZLQWHU"

A Question of Life – or not 

Fig.2.  Stone or potato? [charcoal]
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7KLQNLQJ�EDFN�WR� WKH�VSULQJ�� WKRVH�ZH�SODQWHG�ZHUH�TXLWH�GLIIHUHQW�
ZLWK� WKHLU�ZL]HQHG��ZULQNOHG�VNLQV�DQG�KHUH�DQG�WKHUH�ZKLWH�ZKLVNHUV�
DQG�OLWWOH�SXUSOH�JUHHQ�VSURXWV��)LJ������<RX�KDG�WR�EH�YHU\�FDUHIXO�WR�SXW�
WKHP�LQ�WKH�JURXQG�ZLWK�WKH�ZKLVNHU\�URRWV�GRZQ�DQG�WKH�VSURXWV�XS�DQG��
RI�FRXUVH��\RX�KDG�WR�UHPRYH�DOO�EXW�WKH�ELJJHVW�VSURXWV��%XW�KRZ�GLG�
VXFK�D�ZL]HQHG�ROG�WKLQJ�SURGXFH�DOO�WKLV�PDVV�RI�JROGHQ�IUXLWV"��³HDUWK�
DSSOHV´�WKH\�FDOO� WKHP�LQ�VRPH�FRXQWULHV����2I�FRXUVH�WKHUH�ZDV�D�ELJ�
JUHHQ�EXVK\�SODQW�WKHUH�LQ�EHWZHHQ��)LJ������EXW�GRHV�WKLV�H[SODLQ�KRZ�
WKH�QHZ�SRWDWRHV�FDPH�DERXW"�

A Question of Life – or not 

Fig. 4.  Fully grown potato plant. [pencil]

Fig. 3.  Sprouting potato [pencil].
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12 A Question of Life – or not 

Fig. 5.  Beech tree and beech nut (not to scale). 
[charcoal on Ingres paper] 
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13A Question of Life – or not 

 
Doing Science

7KH�DFWLYLW\�RI�GRLQJ�VFLHQFH�LV�WKH�pursuit of knowledge��7KLV�LV�QRW�
RQO\�VRPHWKLQJ�WKDW�RWKHU�SHRSOH�LQ�ZKLWH�FRDWV�LQ�ODERUDWRULHV�GR�RQ�RXU�
EHKDOI�EXW�LW�LV�DOVR�ZKDW�ZH�RXUVHOYHV�GR�PDQ\�WLPHV�HYHU\�GD\�ZKHQ�ZH�
GLVFRYHU�VRPHWKLQJ�ZH�GLG�QRW�NQRZ�\HVWHUGD\��6FLHQFH�EHORQJV�WR�WKH�
EDVLF�GDLO\�DFWLYLW\�RI�HYHU\�KXPDQ�EHLQJ��LQGHHG�LW�VHHPV�WR�EH�D�EDVLF�
KXPDQ�QHFHVVLW\��,W�EHJDQ�LQ�HDFK�RI�XV�DV�FKLOGUHQ�ZKHQ�ZH�OHDUQHG�WR�
ZRQGHU��ZKHQ�ZH�VWDUWHG�WR�H[SORUH�WKLQJV�LQ�RXU�VXUURXQGLQJV�RXW�RI�
LQWHUHVW��:RQGHU�RU�LQWHUHVW�OHDGV�WR�TXHVWLRQV�DQG�¿QGLQJ�RXW�WKH�DQVZHUV�
WR�WKH�TXHVWLRQV��RQH�FRXOG�VD\��LV�doing science�

&RPH�WR�WKLQN�RI�LW��KRZ�RQ�HDUWK�GLG�DOO�WKHVH�PLJKW\�EHHFK�WUHHV�
DORQJ�WKH�¿HOG�JURZ�RXW�RI�WKRVH�WLQ\�OLWWOH�EHHFKQXWV�WKDW�DUH�VFDWWHUHG�
DURXQG�DPRQJ�WKH�IDOOHQ�OHDYHV"��)LJ������,W�UHDOO\�VHHPV�UDWKHU�LPSRVVLEOH�
WKDW�WKLV�FRXOG�KDSSHQ�±�DQG�\HW�LW�GRHV�

%\�QRZ�RQH�RI�WKH�GLIIHUHQFHV�EHWZHHQ�VWRQHV�DQG�SRWDWRHV�EHJLQV�
WR�EH�TXLWH�REYLRXV��OHIW�WR�LWVHOI��WKH�SRWDWR�ZLOO�FKDQJH�LQ�WLPH�RXW�RI�
LWVHOI��/HIW�XQGHU�D�VLQN��LQ�D�FHOODU�RU�FODPS��DOO�WKH�SRWDWRHV�WKURXJKRXW�
WKH�QRUWKHUQ�KHPLVSKHUH�RI�WKH�JOREH�ZLOO�VWDUW�WR�VKULYHO�DQG�PDNH�ZKLWH�
ZKLVNHUV�DQG�VKRRWV�DW�WKH�EHJLQQLQJ�RI�WKH�\HDU��7KH�VWRQHV�ZKLFK�KDYH�
PDQDJHG�WR�¿QG�WKHLU�ZD\�LQWR�WKH�FHOODU�ZLOO�QRW��7KH\�PD\�EH�UXEEHG�
RU�FKLSSHG�IURP�WKH�RXWVLGH�EXW�WKH\�do not grow��*URZLQJ�LV�D�FKDQJH�
LQ�WLPH�ZKLFK�LV�LQH[SOLFDEOH�IURP�WKH�RXWHU�FRQGLWLRQV�VXFK�DV�ZDUPWK��
OLJKW�RU�ZDWHU�DORQH�� ,W�PD\�EH�VSHHGHG�XS�RU�VORZHG�GRZQ�E\�RXWHU�
FLUFXPVWDQFHV�EXW�JURZWK�LWVHOI�LV��WR�D�FHUWDLQ�H[WHQW��LQGHSHQGHQW�RI�
H[WHUQDO�IDFWRUV��,W�MXVW�VHHPV�WR�KDSSHQ�

:H�DUH�DEOH�WR�UHFRJQLVH�WKH�GLIIHUHQFH�EHWZHHQ�VWRQHV�DQG�SRWDWRHV�
ZLWKRXW�WRR�PXFK�GLI¿FXOW\��+ROGLQJ�RQH�RI�HDFK�LQ�RXU�KDQGV�ZH�PLJKW�
HYHQ�EH�DEOH�WR�VD\�ZLWK�FRQYLFWLRQ�WKDW�RQH�LV�³DOLYH´�DQG�RQH�LV�QRW��%XW�
ZKDW�GRHV�WKLV�PHDQ�DQG�KRZ�FDQ�ZH�EHJLQ�WR�LQYHVWLJDWH�WKLV�TXDOLW\�RI�
being able to change, to grow, of being alive�ZKLFK�WKH�SRWDWR�KDV�DQG�
WKH�VWRQH�KDV�QRW"
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/HW�XV�EHJLQ�E\�VLPSO\�ORRNLQJ�DW�WKH�ZRUOG�DURXQG�XV�±�DQG�WKHQ�
UHÀHFW�RQ�WKH�SURFHVV�LWVHOI�RI�¿QGLQJ�RXW�KRZ�WKLQJV�ZRUN��7DNH�D�FDQGOH�
LQ�VRPH�NLQG�RI�KROGHU�DQG�SODFH�LW�RQ�D�ZKLWH�WDEOHFORWK�RU�VLPLODU�OLJKW��
VPRRWK�VXUIDFH�LQ�D�SRRUO\�OLW�URRP��7DNH�D�ER[�RI�PDWFKHV�DQG�OLJKW�
WKH�FDQGOH��3ODFH�DQ�REMHFW�±�WKH�ER[�RI�PDWFKHV�ZLOO�GR�±�RQ�WKH�FORWK�
IDLUO\�QHDU�WKH�FDQGOH��)LJ������:KDW�GR�\RX�VHH�RQ�WKH�WDEOH"�0RYH�WKH�
PDWFKER[�QHDUHU�WR�DQG�IXUWKHU�DZD\�IURP�WKH�FDQGOH��/LIW�WKH�FDQGOH�
DQG�PRYH�LW�ZKLOVW�NHHSLQJ�WKH�PDWFKER[�VWLOO��2EVHUYH�HYHU\WKLQJ�YHU\�
FDUHIXOO\�DQG�VHH� LI�\RX�FDQ�¿QG�D� ODZ�ZKLFK�ZLOO�HQFRPSDVV�DOO� WKH�
REVHUYDEOH�SKHQRPHQD�VR�WKDW�\RX�FDQ�HYHQWXDOO\�SUHGLFW�H[DFWO\�ZKDW�
ZLOO�KDSSHQ�ZKDWHYHU�\RX�GR�

A Question of Life – or not 

Fig. 6.  Experiment using a candle and a matchbox to cast shadows onto the 
surface of a table. [charcoal]
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1RZ�WDNH�D�WZLJ�IURP�D�EHHFK�WUHH�DQG�ORRN�DW�WKH�EXGV��)LJ������,V�LW�
SRVVLEOH�WR�¿QG�D�ODZ�ZLWK�ZKLFK�WR�SUHGLFW�KRZ�QH[W�\HDU¶V�VKRRW�ZLWK�
DOO�LWV�OHDYHV�ZLOO�FRPH�RXW�RI�WKH�EXG"�<RX�FDQ�ZDWFK�WKH�OHDYHV�XQIROG�
LQ�VSULQJ�DQG�WKH�QHZ�WZLJ�JURZ��)LJ������<RX�FDQ�QRWH�YHU\�H[DFWO\�WKH�
VHTXHQFH�RI�HYHQWV�DQG�WKH�VKDSHV�RI�WKH�OHDYHV�EXW�FDQ�\RX�H[SODLQ�RU�
SUHGLFW�KRZ�PDQ\�OHDYHV�WKHUH�ZLOO�EH�DQG�H[DFWO\�ZKHQ�DQG�KRZ�WKH\�
ZLOO�JURZ�RU�HYHQ�ZKLFK�EXG�ZLOO�RSHQ�DQG�ZKLFK�QRW"

A Question of Life – or not 

Fig. 7.  Beech twig with buds 
in winter. [pencil]

Fig. 8 .  The same beech twig as in Fig. 
7, unfurling into leaves in spring. 
[pencil]

New Eyes for Plants 1.indd   15 11/11/2011   1:05:49 PM



16

2U�SHUKDSV�\RX¶G�OLNH�WR�SODQW�D�VHHG�DQG�ZDWFK�WKH�UHVXOWDQW�VHHGOLQJ�
DSSHDU��JURZ�XS��ÀRZHU�DQG�SURGXFH�VHHGV�LWVHOI��<RX�PD\�EH�DEOH�WR�
GHVFULEH�DQG�GUDZ��DV�ZH�KDYH�GRQH�IRU�WKLV�JURXQGVHO�SODQW��)LJ������WKH�
VHTXHQFH�RI�HYHQWV�IURP�VHHG�WR�VHHGOLQJ�WR�ÀRZHULQJ�SODQW�DQG�VR�RQ��
EXW�FDQ�\RX�¿QG�WKH�ODZV�RI�SODQW�GHYHORSPHQW�LQ�WKH�VDPH�ZD\�DV�ZHUH�
DEOH�WR�GHVFULEH�WKH�ODZV�RI�VKDGRZV�³JURZLQJ´"�:KDW�LV�WKH�GLIIHUHQFH"

:H�DUH�EDFN�WR�WKH�VWRQH�DQG�SRWDWR�TXHVWLRQ��%RWK�VWRQH�DQG�SRWDWR�
FDVW� VKDGRZV�� 6R� GR� EHHFK� EXGV� DQG� JURXQGVHO� VHHGV�� %XW� SRWDWRHV��
EXGV�DQG�VHHGV�KDYH�VRPHWKLQJ�WKDW�VWRQHV�DQG�PDWFKER[HV�GR�QRW��7KLV�
³VRPHWKLQJ´�LV�FDSDEOH�RI�SURGXFLQJ�D�FKDQJH�LQ�WLPH�IRU�ZKLFK�RXWHU�
FLUFXPVWDQFHV�DORQH�DUH�XQDFFRXQWDEOH��7KLV�DSSDUHQWO\�VHOI�LPSHOOHG�
GHYHORSPHQW�LV�LQH[SOLFDEOH�WR�WKDW�DVSHFW�RI�RXU�XQGHUVWDQGLQJ�ZKLFK�
FDQ�FRPSUHKHQG�WKH�VKDGRZ�H[SHULPHQW��+RZHYHU�KDUG�ZH�WU\�DQG�JHW�
QHDU�WR�DQ�³H[SODQDWLRQ´�WKURXJK�LGHDV�RI�DWRPV��PROHFXOHV��DX[LQV��SODQW�
KRUPRQHV��DQG�WKH�OLNH�QR�VHOI�UHVSHFWLQJ�VFLHQWLVW�ZRXOG�HYHU�DGPLW�WR�

A Question of Life – or not 

Fig. 9.  Development of a Groundsel plant 
�6HQHFLR�YXOJDULV� from seedling to fully 
grown plant. [pencil] 
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length of shadow

EHLQJ�DEOH�WR�XQGHUVWDQG�RU�H[SODLQ�WKH�VHFUHW�RI�OLIH�LQ�WKH�VDPH�ZD\�
WKDW�LW�LV�SRVVLEOH�WR�VHH�WKURXJK�DQG�FRPSUHKHQG�DEVROXWHO\�FOHDUO\�WKH�
FDXVH� DQG�HIIHFW�RI� VKDGRZ�SURGXFWLRQ� IURP�D�JLYHQ� VRXUFH�RI� OLJKW��
5RRWV�DUH�not�WKH�FDXVH�RI�WKH�SODQW�VKRRW��7KH�VXQ�GRHV�not create the 
ÀRZHU��$QG�\HW�WKHUH�VHHPV�WR�EH�DQ�LQQHU�ODZIXOQHVV�DERXW�WKH�VHTXHQFH�
RI�HYHQWV�ZH�KDYH�GHVFULEHG�ZKLFK�KDSSHQV�PRUH�RU�OHVV�VLPLODUO\�WR�
HYHU\�JURXQGVHO�WKDW�JURZV�DQG�WR�HYHU\�EHHFK�EXG�XQIROGLQJ�RU�SRWDWR�
VSURXWLQJ�LQ�WKH�VSULQJ��+RZ�FDQ�ZH�VWXG\�WKLV�PRUH�H[DFWO\"�+RZ�GR�
ZH�EHJLQ�WR�LQYHVWLJDWH�WKH�SKHQRPHQD�RI�OLYLQJ�RUJDQLVPV"�+RZ�GR�ZH�
GHYHORS�D�ZD\�RI�SHUFHLYLQJ�DQG�WKLQNLQJ�ZKLFK�ZLOO�GR�MXVWLFH�WR�OLIH�
SURFHVVHV��DQG�HQDEOH�XV�WR�UHVHDUFK�LQWR�WKDW�³VRPHWKLQJ´�ZKLFK�PDNHV�
WKH�SRWDWR�GLIIHUHQW�IURP�WKH�VWRQH�DQG�ZKLFK�PDNHV�JURXQGVHO�JURZ"�
:H�ZLOO�QHHG�WKLV�LI�ZH�DUH�WR�XQGHUVWDQG�RUJDQLF�1DWXUH�DV�FOHDUO\�DV�
ZH�FDQ�XQGHUVWDQG�KRZ�VKDGRZV�DUH�FDVW�

Who is shining the Light?
7KH�ODZV�RI�VKDGRZ�SURGXFWLRQ�DUH�VR�REYLRXV�WR�KHDOWK\�FRPPRQ�

VHQVH�WKDW�IURP�DQ\�JLYHQ�VHW�RI�FLUFXPVWDQFHV�LQYROYLQJ�D�OLJKW�VRXUFH��
D�VROLG�REMHFW�DQG�D�SODQH�VXUIDFH�ZH�FDQ�HDVLO\�SUHGLFW� WKH�UHVXOWLQJ�
VKDGRZ�ZLWK�WKH�KHOS�RI�D�VLPSOH�JHRPHWULFDO�FRQVWUXFWLRQ��,I�D�FDQGOH�
�´�KLJK�LV�SODFHG�D�GLVWDQFH�RI��´�DZD\�IURP�D�PDWFKER[��´�KLJK��ZKDW�
LV�WKH�OHQJWK�RI�WKH�VKDGRZ�RQ�WKH�WDEOH"�7KH�GUDZLQJ��)LJ������VKRZV�
\RX�KRZ�WR�¿QG�WKH�VL]H�RI�WKH�VKDGRZ�E\�GUDZLQJ�D�VWUDLJKW�OLQH�ZKLFK�
SURMHFWV�WKH�KHLJKW�RI�WKH�PDWFKER[�RQWR�WKH�OLQH�UHSUHVHQWLQJ�WKH�WDEOH��
<RX�FDQ�GUDZ�WKLV�WR�VFDOH�DQG�FKHFN�\RXU�¿QGLQJV�ZLWK�WKH�UHDO�FDQGOH��
PDWFKER[�DQG�WDEOH�

A Question of Life – or not 

Fig. 10.  Diagram illustrating 
the geometrical construction of 
shadow projection
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2QFH�\RX�KDYH�XQGHUVWRRG�WKLV�³VWUDLJKW�IRUZDUG´�SULQFLSOH�RI�VKDGRZ�
SURMHFWLRQ� \RX� FDQ� FRQVWUXFW� DQG� SUHGLFW� WKH� VKDGRZV� RI� HYHQ�PRUH�
FRPSOLFDWHG�REMHFWV��$OVR�WKH�SHUKDSV�RWKHUZLVH�SHUSOH[LQJ�RXWFRPH�RI�WKH�
IROORZLQJ�H[SHULPHQW�ZLOO�EHFRPH�WUDQVSDUHQW�WR�\RXU�XQGHUVWDQGLQJ��:LWK�
WKH�PDWFKER[�VWDQGLQJ�RQ�D�ZKLWH�VKHHW�RI�SDSHU�VORZO\�PRYH�D�OLJKWHG�
FDQGOH�DURXQG�WKH�PDWFKER[�YDU\LQJ�WKH�KHLJKW�DV�ZHOO�DV�WKH�GLVWDQFH��
7UDFH�WKH�RXWOLQH�RI�WKH�VKDGRZV�FRUUHVSRQGLQJ�WR�D�QXPEHU�RI�GLIIHUHQW�
SRVLWLRQV�RI�WKH�FDQGOH�RQWR�WKH�SDSHU��7KH�UHVXOW�PLJKW�ORRN�OLNH�RXU�
LOOXVWUDWLRQ��)LJ�������7KHVH�SDWWHUQV�FDQ�EH�VHHQ�DV�D�PHWDPRUSKLF�VHTXHQFH�
RI� WZR�GLPHQVLRQDO� IRUPV� UHVXOWLQJ� IURP� D� FRQWLQXRXV� HYHQW� ZKLFK�
KDSSHQHG�LQ�WLPH�LQ�WKUHH�GLPHQVLRQV��We�KDYH�FUHDWHG�D�PHWDPRUSKLF�
VHTXHQFH�RI�IRUPV��7KH\�FDQ�HDVLO\�EH�UHSURGXFHG�LQ�H[DFWO\�WKH�VDPH�
ZD\�DV�ORQJ�DV�WKH�VDPH�VHW�RI�FLUFXPVWDQFHV�LV�UHSHDWHG�

7KLV�VHTXHQFH�RI�VHSDUDWH�IRUPV�GUDZQ�LQ�WZR�GLPHQVLRQV�LV�OLWHUDOO\�
D� VKDGRZ� UHSUHVHQWDWLRQ� RI� D� FRQWLQXRXV� HYHQW� �LQYROYLQJ� VRPHERG\�
PRYLQJ�D�FDQGOH��ZKLFK�KDSSHQHG�LQ�WLPH�LQ�WKUHH�GLPHQVLRQV��6RPHWKLQJ�
FRPSDUDEOH�WR�WKLV��IURP�D�FHUWDLQ�SRLQW�RI�YLHZ��ZH�FDQ�DOVR�¿QG�LQ�RXU�
JURXQGVHO�SODQW�LI�ZH�UHPRYH�WKH�OHDYHV�DQG�OD\�WKHP�ÀDW�RQ�D�SLHFH�RI�
SDSHU��LQ�WKH�VDPH�RUGHU�LQ�ZKLFK�WKH\�JUHZ�RQ�WKH�SODQW��)LJ�����VKRZV�
D�VHTXHQFH�RI�VHSDUDWH�IRUPV��DSSHDULQJ�LQ�WZR�GLPHQVLRQV��ÀDW���DV�D�
UHSUHVHQWDWLRQ�RI�D�FRQWLQXRXV�HYHQW��JURXQGVHO�JURZLQJ��ZKLFK�KDSSHQHG�
LQ�WLPH�LQ�WKUHH�GLPHQVLRQV���7KHVH�DUH�SKRWRFRSLHV�PDGH�IURP�SUHVVHG�

A Question of Life – or not 

Fig. 11.  Shadow patterns produced by a 
matchbox corresponding to a number of different 
positions of the lightsource (candle). 

Fig. 12 (below). Leaf sequence of Groundsel 
�6HQHFLR�YXOJDULV�.
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OHDYHV��DOO�RI�ZKLFK�ZHUH�WDNHQ�IURP�WKH�VDPH�SODQW�DW�WKH�VDPH�SRLQW�
RI�WLPH��,I�\RX�ZDQW�WR�GR�WKLV�IRU�\RXUVHOI�PDNH�VXUH�WKDW�\RX�RQO\�SLFN�
WKH�OHDYHV�IURP�WKH�PDLQ�VWHP�DQG�DUUDQJH�WKHP�LQ�WKH�RUGHU�LQ�ZKLFK�
WKH\�JUHZ�RQ�WKH�SODQW��)RU�LQVWUXFWLRQV�RQ�KRZ�WR�SUHVV�OHDYHV�SOHDVH�
FRQVXOW�WKH�DSSHQGL[��

<RX�FDQ�DOVR�GR�WKLV�IRU�\RXUVHOI�WDNLQJ�FDUH�RQO\�WR�UHPRYH�WKH�OHDYHV�
RQ�WKH�PDLQ�VWHP��*URXQGVHO�JURZV�HYHU\ZKHUH�DOO�WKH�\HDU�URXQG�±�LWV�
$QJOR�6D[RQ�QDPH�JURXQGHVZHOJH�PHDQV�³JURXQG�VZDOORZHU´�DQG�LWV�
PRGHUQ�6FRWV�QDPH�LV�³*UXQG\�VZDOORZ´���,Q�GRLQJ�WKLV�\RX�PLJKW�¿QG�
\RXUVHOI�ZRQGHULQJ�ZKDW�KDV�FDXVHG�WKLV�UHPDUNDEOH�SKHQRPHQRQ"

:KR� LV� VKLQLQJ� WKH� OLJKW"�:KDW� LV�SURMHFWLQJ� WKHVH� IRUPV� LQWR� WKH�
SK\VLFDO�SODQHV�RI�WKH�OHDYHV�RI�D�JURZLQJ�SODQW"�:KDW�LV�PRUH��KRZ�GR�
ZH�EHJLQ�WR�LQYHVWLJDWH�ZKR�PLJKW�EH�VKLQLQJ�WKH�OLJKW"

J. W. v. Goethe – An Artist’s Contribution to Science
,W�PD\�EH�DSSDUHQW�E\�QRZ�WKDW�WKHUH�LV�D�ODUJH�SDUW�RI�WKH�SURFHVV�

RI�³FRPLQJ�LQWR�EHLQJ´�RI�IRUPV�LQ�RUJDQLF�1DWXUH�ZKLFK�LV�LQYLVLEOH�WR�
RXU�H\HV�DQG�LQFRPSUHKHQVLEOH�WR�RXU�QRUPDO�SRZHUV�RI�LQWHOOHFW��7KLV�
JXOI�ZKLFK�REYLRXVO\�H[LVWV�EHWZHHQ�WKH�QRQ�OLYLQJ�DQG�WKH�OLYLQJ�ZRUOGV�
ZDV�JHQHUDOO\�DFNQRZOHGJHG�E\�VFLHQWLVWV��DQG�PDQNLQG�LQ�JHQHUDO��WR�EH�
SUHVHQW�VLQFH�VFLHQFH�EHJDQ�DQG�LQGHHG��XQWLO�UHFHQWO\��ZDV�FRQVLGHUHG�WR�
EH�LQVXUPRXQWDEOH��³/LIH�IRUFH´�RU�³HWKHU´�ZDV�WKH�P\VWLFDO�IDFWRU�WKDW�
RQH�KDG�WR�DGG�WR�WKH�QRQ�OLYLQJ�SDUWV�WR�PDNH�VHQVH�RI�KRZ�VRPHWKLQJ�
PDQLIHVWHG�OLIH��.DQW��WKH�SKLORVRSKHU�ZKRVH�LGHDV�VWLOO�VWDQG�EHKLQG�PXFK�
RI�RXU�PRGHUQ�ZD\�RI�WKLQNLQJ��HYHQ�WULHG�WR�MXVWLI\�ZK\�KXPDQ�EHLQJV�
FRXOG�QRW�EULGJH�WKLV�JXOI��+H�VDLG�WKH�W\SH�RI�LQWHOOLJHQFH�QHHGHG�LQ�RUGHU�
WR�³NQRZ´�RUJDQLF�1DWXUH�ZRXOG�EH�DQ�³LQWXLWLYH�LQWHOOHFW´��³LQWHOOHFWXV�
DUFKHW\SXV´��ZKLFK�ZDV�EH\RQG�WKH�FDSDFLW\�RI�PDQNLQG��7KLV�LV�VWLOO�
EHOLHYHG�E\�VRPH�SHRSOH�

+RZHYHU��MXVW�RYHU�����\HDUV�DJR��RQH�RI�*HUPDQ\¶V�JUHDWHVW�DUWLVWV��
the poet and playwright Johann Wolfgang von Goethe (1749–1832), 
VWDUWHG�WR�VWXG\�SODQWV�DPRQJ�RWKHU�QDWXUDO�SKHQRPHQD��+H�KDG�DOZD\V�
WDNHQ�KLV� LQVSLUDWLRQ� IRU�KLV�DUWLVWLF�ZRUN� IURP� WKH�³XQLYHUVDOO\�RSHQ�
KRO\�VHFUHWV´�RI�1DWXUH�ZKLFK�KH�EHOLHYHG�UHYHDOHG�WKHPVHOYHV�LQ�WKH�
PDQLIHVW�ZRUOG�RI�VHQVH�SHUFHSWLEOH�SKHQRPHQD�LI�RQO\�\RX�NQHZ�KRZ�WR�
ORRN��+H�H[SHULHQFHG�ERWK�DUW�DQG�VFLHQFH�DV�VSULQJLQJ�IURP�RU�OHDGLQJ�
WR�WKDW�³SULPDO�VRXUFH�RI�DOO�EHLQJ´�RXW�RI�ZKLFK�KDV�VSUXQJ�WKH�ZKROH�
RI�FUHDWLRQ��,Q�WXUQLQJ�IURP�DUW� WR�VFLHQFH�±�RU�UDWKHU�XVLQJ�KLV�DUW� LQ�
VFLHQFH�±�KH�GHYHORSHG�D�ZD\�RI�ORRNLQJ�DW�SODQWV�ZKLFK�HQDEOHG�KLP�WR�
do�ZKDW�.DQW�KDG�FODLPHG�WR�EH�LPSRVVLEOH�

0RVW�RI�*RHWKH¶V�FRQWHPSRUDULHV�GLG�QRW�WDNH�KLV�VFLHQWL¿F�GLVFRYHULHV�
VHULRXVO\��,W�ZDV�FRQVLGHUHG�WKHQ��DV�QRZ��WKDW�RQH�SHUVRQ�FDQQRW�EH�D�
JHQLXV�LQ�WZR�VXFK�DSSDUHQWO\�SRODU�RSSRVLWH�¿HOGV�DV�VFLHQFH�DQG�DUW��

A Question of Life – or not 
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+LV�PDQ\�YROXPHV�RI�REVHUYDWLRQV�RI�FORXGV��SODQWV��PLQHUDOV��DQLPDOV��
FRORXU�DQG�PDQ�OD\�LQ�DUFKLYHV�LQ�:HLPDU��,W�ZDV�RQO\�ZKHQ������\HDUV�
ODWHU��WKH�\RXQJ�VFLHQWLVW�DQG�SKLORVRSKHU�Rudolf Steiner (1861–1925) ZDV�
DVNHG�WR�HGLW�WKLV�PDWHULDO��WKDW�WKH�IXOO�H[WHQW�DQG�UHOHYDQFH�RI�*RHWKH¶V�
VFLHQWL¿F� ZULWLQJV� ZDV� DFNQRZOHGJHG�� 5XGROI� 6WHLQHU� VXEVHTXHQWO\�
GHYHORSHG�*RHWKH¶V�ZRUN� IXUWKHU� DV� D� VFLHQWL¿F�SDWK�RI� LQYHVWLJDWLRQ�
ZKLFK�LV�DFFHVVLEOH�WR�HYHU\RQH��+H�QDPHG�*RHWKH�WKH�³&RSHUQLFXV�DQG�
.HSOHU�RI� WKH�RUJDQLF�ZRUOG´�LQ�UHFRJQLWLRQ�RI�KLV�GHHG�� WKDW�GHHG�RI�
OD\LQJ�WKH�IRXQGDWLRQ�IRU�D�PHWKRG�RI�LQYHVWLJDWLRQ�LQWR�OLYLQJ�RUJDQLVPV��
*RHWKH¶V�³ZD\�RI�VHHLQJ´�ZDV�FRQVLGHUHG�WR�EH�DV�JUHDW�D�FRQWULEXWLRQ�
WR�WKH�GHYHORSPHQW�RI�RUJDQLF�VFLHQFH�DV�WKH�FODULW\�RI�SHUFHSWLRQ�DQG�
WKLQNLQJ�LQWURGXFHG�E\�WKHVH�WZR�JLDQWV�WR�SK\VLFV�DQG�DVWURQRP\��

,Q�WKH�FRXUVH�RI�WKLV�ERRN�ZH�ZLOO�WU\�DQG�WDNH�WKH�¿UVW�VWHSV�RQ�D�
MRXUQH\�LQVSLUHG�E\�*RHWKH�LQWR�WKH�³KLGGHQ�VHFUHWV´�RI�WKH�SODQW�ZRUOG��
,W�ZLOO�EH�D�MRXUQH\�RI�H[SORUDWLRQ�LQ�ZKLFK�\RX�DUH�LQYLWHG�WR�WDNH�DQ�
DFWLYH�SDUW�±�QRW�MXVW�VFLHQWL¿FDOO\�EXW�DOVR�DUWLVWLFDOO\��*RHWKH�ZDV�JUHDW�
ERWK�DV�DUWLVW�DQG�VFLHQWLVW��7R�IROORZ�LQ�KLV�IRRWVWHSV�E\�GRLQJ�VFLHQFH�
LQ�DQ�DUWLVWLF�ZD\�DQG�E\�DOORZLQJ�DUW�WR�EH�LQVSLUHG�E\�RXU�VHDUFK�IRU�
WKH�WUXWK�RI�WKRVH�LQQHU�ODZV�ZKLFK�FUHDWHG�ERWK�RXUVHOYHV�DQG�WKH�ZRUOG�
DURXQG�XV�ZLOO�EH�RXU�VWULYLQJ��*RHWKH�VDLG�

“He who has art and science also has religion.
He who has neither had better have religion!”

$ORQJVLGH�WKH�H[SHULPHQWV�DQG�H[HUFLVHV�LQ�REVHUYDWLRQ�ZH�ZLOO�LQYLWH�
\RX�WR�GLS�LQWR�WKH�FUHDWLYH�VLGH�RI�\RXUVHOI�DQG�SUDFWLVH�DUWLVWLF�H[HUFLVHV�
ZKLFK�ZLOO�KRSHIXOO\�HQDEOH�\RX�ERWK�WR�VHH�PRUH�GHHSO\�LQ�\RXU�³GDLO\�
VFLHQFH´�DQG�WR�IUHH�\RXU�LPDJLQDWLRQ�DV�DQ�³DUWLVW�RI�OLIH´�LQ�JHQHUDO�

Doing Art
:KHQHYHU�ZH�FKDQJH�VRPHWKLQJ�LQ�WKH�RXWHU�ZRUOG��LQ�RXU�LPPHGLDWH�

HQYLURQPHQW��ZH�EHFRPH�FUHDWLYH�DV�³HYHU\GD\�DUWLVWV´��$SDUW�IURP�WKHLU�
SUDFWLFDO�SXUSRVHV��WKH�DUUDQJHPHQW�RI�IXUQLWXUH�LQ�RXU�OLYLQJ�URRP��WKH�
GDLO\�FKRLFH�RI�RXU�JDUPHQW��RXU�KDQGZULWLQJ�RU�HYHQ�MXVW�VFULEEOHV�ZKLFK�
ZH�PDNH�RQ�D�QRWHSDG�ZKLOH�WHOHSKRQLQJ�DUH�outer expressions of inner 
qualities��:H�¿QG�WKHP�UHÀHFWLQJ�RXU�VHQVH�RI�RUGHU��WKH�ZD\�ZH�ZDQW�WR�
EH�VHHQ��RXU�SHUVRQDOLW\�RU�D�WHPSRUDU\�PRRG��,V�WKHUH�D�ZD\�RI�ZRUNLQJ�
ZLWK�RXU�FUHDWLYH�SRWHQWLDO�ZKLFK�JRHV�EH\RQG�WKH�PHUH�H[SUHVVLRQ�RI�
RXU�VXEMHFWLYH�LQGLYLGXDOLW\�DQG�H[SORUHV�KRZ�RXU�FUHDWLRQV�FDQ�EHDU�WKH�
VWDPS�RI�REMHFWLYH�LQQHU�QHFHVVLWLHV��RU�ODZIXOQHVV�DQG�WUXWK"�&DQ�doing 
art�VKHG�DQ\�OLJKW�RQ�WKH�TXHVWLRQV�ZKLFK�ZH�KDYH�DVNHG�LQ�WKLV�FKDSWHU"

/HW�XV�GUDZ�WZR�³WHOHSKRQH�SDG�VFULEEOHV´�±�RQO\�WKLV�WLPH�LQ�D�PRUH�
GLVFLSOLQHG�DQG�FRQVFLRXV�ZD\��DQG�ZLWKRXW�WKH�WHOHSKRQH����,W�LV�DGYLVDEOH�
WKDW�\RX�GUDZ�WKHP�RQ�D�ODUJH�VKHHW�RI�FKHDS�GUDZLQJ�SDSHU��QHZVSULQW�
RU�VXJDU�SDSHU��ZLWK�HLWKHU�D�VRIW�SHQFLO�RU�FUD\RQ�

A Question of Life – or not 
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)RU�WKH�¿UVW�GUDZLQJ��)LJ������VWDUW�ZLWK�WKH�RXWHUPRVW�VTXDUH��7U\�
WR�GUDZ�WKH�VWUDLJKW�OLQHV�ZLWKRXW�D�UXOHU�±�WKH�HIIRUW�ZKLFK�LW�WDNHV�WR�
DFFRPSOLVK�WKLV�LV�SDUW�RI�WKH�H[HUFLVH��)RU�HDFK�RI�WKH�IRXU�OLQHV�ZKLFK�
PDNH�XS�WKH�VTXDUH�\RX�KDYH�WR�FRQVFLRXVO\�VHW�RII�ZLWK�D�QHZ�DLP��$GG�
WKH�QH[W�VTXDUH�LQVLGH�WKH�¿UVW�RQH�E\�SODFLQJ�WKH�SRLQWV�LQ�WKH�PLGGOH�
RI�WKH�VLGHV�RI�WKH�SUHYLRXV�RQH��3URFHHG�IXUWKHU�LQVLGH�IROORZLQJ�WKH�
VDPH�SULQFLSOH�

7KH�VHFRQG�GUDZLQJ�LV�HYROYLQJ�IURP�D�VPDOO�FLUFOH�LQ�WKH�FHQWUH��$�
VHFRQG�FXUYH�LV�GUDZQ�DURXQG�WKH�¿UVW�RQH�EHJLQQLQJ�WR�VOLJKWO\�XQGXODWH�
LQ�EXPSV�DQG�LQGHQWDWLRQV��7KH�IROORZLQJ�FXUYHV�SLFN�XS�WKHVH�XQGXODWLRQV�
DQG�DPSOLI\�WKHP�

+RZ�GR�\RX�H[SHULHQFH�WKH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�GUDZLQJV"�
:KDW�LV�LW�OLNH�WR�GUDZ�WKHP�DQG�KRZ�GR�WKH�UHVXOWV�DIIHFW�\RX"�<RX�DUH�
XVLQJ�VWUDLJKW�OLQHV�LQ�WKH�¿UVW�GUDZLQJ�DQG�FXUYHG�RQHV�LQ�WKH�VHFRQG��
,V�\RXU�LQYROYHPHQW�WKH�VDPH�LQ�ERWK�FDVHV"�+RZ�GR�\RX�SURFHHG�IURP�
RQH�VTXDUH�WR�WKH�QH[W"�7KHUH�LV�D�YHU\�FOHDU�ODZ�ZKLFK�determines one 
VTXDUH�RXW�RI�WKH�SUHYLRXV�RQH��:H�KDYH�WR�EH�TXLWH�DZDNH�DQG�FRQVWDQWO\�
PHDVXUH�DQG�MXGJH�LQ�RUGHU�WR�FRUUHFWO\�GUDZ�WKLV�IRUP��,Q�FRPSDULVRQ�
WKH�VHFRQG�GUDZLQJ�OHDYHV�\RX�PRUH�SRVVLELOLW\�IRU�YDULDWLRQ�DQG�DOORZV�
\RX�WR�GUHDP�D�OLWWOH�LQ�WKH�GRLQJ��%XW�ZKDW�LV�OHDGLQJ�\RX�IURP�RQH�FXUYH�
WR�WKH�QH[W"�$UH�WKHVH�OLQHV�GUDZQ�DUELWUDULO\"�&DQ�\RX�H[SHULHQFH�DQ�
LQQHU�QHFHVVLW\�ZKLFK�OHWV�RQH�IRUP�grow�RXW�RI�WKH�RWKHU"�<RX�ZLOO�KDYH�
noticed that if you are not fully inside�WKH�UK\WKPLFDOO\�JURZLQJ�PRYHPHQW�
ZLWK�\RXU�IHHOLQJ�LQYROYHPHQW�\RX�IDOO�RXW�RI�WKH�OLYLQJ�UK\WKP�DQG�\RXU�
GUDZLQJ�ZLOO�ORRN�DZNZDUG�DQG�VWLII��,I�RQ�WKH�RWKHU�KDQG�\RX�DOORZ�\RXU�
³GUHDPLQJ´�WR�JR�ZLOG�WKH�GUDZLQJ�ZLOO�ORRN�FKDRWLF�DQG�LQFRQVLVWHQW��

 
Figs. 13 (left) and 14 (right).  Exercises with straight and round lines. [pencil]
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<RX� PLJKW� ¿QG� WKDW� WKHVH� WZR� GUDZLQJV� LQ� D� FHUWDLQ� VHQVH� HFKR�
RXU�TXHVWLRQ�FRQFHUQLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�LQRUJDQLF�DQG�WKH�
RUJDQLF�ZRUOG��7KH\�DOVR�LQWURGXFHG�XV�WR�WKH�SRODULW\�RI�ODZIXOQHVV�DQG�
DUELWUDULQHVV��RUGHU�DQG�FKDRV�DQG�WKH�SRVVLELOLW\�RI�D�SOD\IXO�PRYHPHQW�
EHWZHHQ�WKHP��&UHDWLYHO\�ZRUNLQJ�ZLWK�WKLV�WHQVLRQ�LV�WKH�GDLO\�ZRUN�RI�
DQ\�VWULYLQJ�³DUWLVW�RI�OLIH´�

A Question of Life – or not 

Fig. 15.  Image of a rose which has been 
produced by a computer. Compare this with an 
artist’s rendering of the plant on the opposite 
page. What attributes and qualities of plant life 
and of inner lawfulness and truth do these two 
representations of plants convey to you?
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Fig. 16.  Artist’s rendering of a rose. 
[watercolour]

“Dead” or “Alive”
/HW�XV�FRQFOXGH�WKLV�FKDSWHU�ZLWK�WZR�SLFWXUHV�RI�SODQWV��2QH�LV�

WKH�ZRUN�RI�DQ�DUWLVW��WKH�RWKHU�LV�D�FRPSXWHU�JUDSKLF��/RRN�DW�WKHP�
FDUHIXOO\��:KDW� DWWULEXWHV� DQG� TXDOLWLHV� RI� SODQW� OLIH� DQG� RI� LQQHU�
ODZIXOQHVV�DQG�WUXWK�GR�WKHVH�WZR�UHSUHVHQWDWLRQV�RI�SODQWV�FRQYH\�
WR�\RX"�7KLQN�RI�WKH�DFWLYLW\�LQYROYHG�LQ�FUHDWLQJ�WKHVH�WZR�LPDJHV��
&DQ�\RX�LPDJLQH�WKH�³FUHDWLYH�SURFHVV´�RI�WKH�DUWLVW�LQ�GUDZLQJ�WKLV�
SLFWXUH�DQG�WKH�DFWLYLW\�RI�WKH�FRPSXWHU�SURJUDPPHU��FRPSXWHU�DQG�
SULQWHU�LQ�SURGXFLQJ�WKH�RWKHU�LPDJH"
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