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&0 Physics &&BE5F L3CY=,=Z2 [,0YC@23Y =<2 \0[C20= ><]YC[\ZCY= =<2,3] ,G =<2 
D202YCY \0@ @2^2Z,>-20= ,G 0\=13\Z ,3D\0CY-YB +<2 >3,>,020=Y ,G =<CY =<2,3] 
-\C0=\C0 =<\= =<2 -\=23C\Z 2Z2-20=Y ,G Y1[< ,3D\0CY-Y/ \[=C0D 02[2YY\3CZ] \[J
[,3@C0D =, =<2C3 0\=132Y/ [\1Y2 =<2- =, [,-2 C0=, _2C0D \0@ @2=23-C02 =<2C3 
`1\ZC=C2Y \0@ _2<\^C,3B +<2] \==3C_1=2 Y1[< >3,[2YY2Y \0@ \[=C^C=C2Y =, =<2 
YC->Z2 [\1Y\Z 02[2YYC=] ,G =<2 [,0Y=C=120=YB8  
 

:3 KL!"MNLO ")*M&L' 5 $\ab\@ QCY=,3CC (CZ,c,GCC d &0Y=]=1[C2 (CZ,c,GCC UKe \@32Y @, a,32YJ
>,0@20[fC; 1ZB S3,@ca\ 96/ I85744 '3\agde 2J-\CZ; fB,Z2YC\ahC><CZYB1fB2@1B>Z 

8 L3CY=,=Z2 ,1=ZC02Y =<2 ><]YC[\ZCY= >,YC=C,0 \Y G,ZZ,dY; RL @CGGC[1Z=] >32Y20=Y C=Y2ZG; d<] 
Y<,1Z@ 0,= 0\=132 d,3a/ 0,= G,3 =<2 Y\a2 ,G Y,-2=<C0D/ 0,3 _2[\1Y2 C= CY _2==23 Y,/ _1= f1Y= \Y =<2 
Ya] 3\C0Y/ 0,= C0 ,3@23 =, -\a2 =<2 [,30 D3,d/ _1= ,G 02[2YYC=]iT jklmn op qrstuvw xu yz{|mn x}w 
~|�nw �} �wmy� xs� rsnm�w ��op �xn ��{xnsw/ q{{p ��rmt �mn � �m�� s�l �rz� x�w ��xsw v�����/ 
q{{p �� qw��y��� Physics &&BE 8FE_8H58FB �+<2 [13320= Y=\0@\3@ *0DZCY< =3\0YZ\=C,0 ,G L3CY=,=Z2pY 
d,3aY CY =<2 "AG,3@ +3\0YZ\=C,0B K,0\=<\0 �L!%*M/ 2@B/ The Complete Works of Aristotle: The 
Revised Oxford TranslationB 6 ^,ZYB j�3C0[2=,0; �3C0[2=,0 U0C^23YC=] �32YY/ 8FF8�B� W\3=<\ %1YYJ
_\1- [\ZZY =<2 ><]YC[\ZCY=Yp ^C2d =<2 R:2-,[3C=2\0 [<\ZZ20D2T \0@ 2A>Z\C0Y =<\= RL3CY=,=Z2 32J
>2\=2@Z] \==\[aY =<2- �<CY >32@2[2YY,3Y C0 0\=13\Z Y[C20[2� G,3 =<2C3 Z\[a ,G \==20=C,0 =, G,3-\Z 
\0@ GC0\Z 2A>Z\0\=C,0/ C0YCY=C0D =<\= G,3-/ \0@ 0,= -\==23/ CY =<2 _\YC[ 2A>Z\0\=,3] >3C0[C>Z2 ,G 
ZC^C0D _2C0DY \0@ =<2C3 \[=C^C=C2Y/ \0@ =<\=/ G13=<23-,32/ =<2 D3,d=< \0@ -,=C,0 ,G \0C-\ZY \0@ 
>Z\0=Y -1Y= _2 2A>Z\C02@ dC=< 32G2320[2 =, \0 20@JY=\=2 � =<2 -\=132 G10[=C,0C0D ,G =<2 \@1Z= 
[32\=132/ \Y Y>2[CGC2@ C0 C=Y Z,D,YBT W\3=<\ #3\^20 %UMM�LUW/ RL3CY=,=Z2 ,0 +2Z2,Z,DC[\Z *A>Z\J
0\=C,0/T C0 Aristotle’s :2 W,=1 L0C-\ZC1-. Text with Translation, Commentary, and Interpretive 
Essays j�3C0[2=,0; �3C0[2=,0 U0C^23YC=] �32YY/ 8F�E�/ H8B Q,d2^23/ Z2= 1Y 0,=2 =<\= C0 ,02 ,G <CY 
2\3ZC23 \3=C[Z2Y :\^C@ �\Z-2 `12Y=C,0Y L3CY=,=Z2pY C0=23>32=\=C,0 ,G =<2 ><]YC[\ZCY= 10@23Y=\0@C0D 
,G YC->Z2 02[2YYC=]B (,3 L3CY=,=Z2/ YC->Z2 02[2YYC=] CY \0 \==3C_1=2 ,G d<\= CY 2=230\Z; R+<2 L0\0a2 
d<C[< CY C0^,a2@ \Y \ >\3=J[\1Y2 ,G ><]YC[\Z ><20,-20\ CY 0,=/ G,3 ,13 >13>,Y2Y/ \@2`1\=2Z] 2AJ
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L3CY=,=Z2 \3D12Y =<\= =<2 ><]YC[\ZCY= \[[,10= CY C0\@2`1\=2 =, 2A>Z\C0 =<2 G2\J
=132Y ,G 0\=13\Z Y1_Y=\0[2YB Q2 [Z\C-Y =<\= d2 -1Y= 3\=<23 Z,,a =, =<2 G1ZZ] @2J
^2Z,>2@ ZC^C0D ,3D\0CY- G,10@ ,0Z] \= =<2 20@ ,G =<2 >3,[2YY/ _1= d<C[< CY _,=< 
Z,DC[\ZZ] \0@ ,0=,Z,DC[\ZZ] >3C,3 =, =<2 2Z2-20=YB Q2 C0^,a2Y \0@ DC^2Y >3C-\[] 
=, \ 02[2YYC=] d<C[< <2 [\ZZY <]>,=<2=C[\Z; =<2 02[2YYC=] =<\= =<2 -\=23C\ZY ,1= ,G 
d<C[< \0 ,_f2[= CY [,0Y=C=1=2@ _2 >32Y20= CG =<\= ,_f2[= CY =, 2ACY=B6  

+<2 \_,^2 =d, aC0@Y ,G 02[2YYC=] [,332Y>,0@ =, \ @C^CYC,0 ,G L3CY=,=Z2pY 
G,13 [\1Y2Y C0=, -\=23C\Z \0@ -,^C0D/ ,0 =<2 ,02 <\0@/ \0@ G,3-\Z \0@ GC0\Z/ 
,0 =<2 ,=<23B +<2 ><]YC[\ZCY= \@<2320=Y ,G YC->Z2 02[2YYC=] -\C0=\C0 =<\= =<2 
[,0Y=C=1=C^2 -\=23C\ZY \0@ =<2C3 -,=C,0Y \32 =<2 >3C-\3] 2A>Z\0\=,3] @2^C[2YB 
L3CY=,=Z2 \0@ =<2 >3,>,020=Y ,G <]>,=<2=C[\Z 02[2YYC=]/ <,d2^23/ _2ZC2^2 =<\= 
=<2 G,3- ,G =<2 G1ZZ] @2^2Z,>2@ ,3D\0CY- \0@ =<2 \[=C^C=] ,G =<2 >\3=Y G,3 =<2 
Y\a2 ,G =<2 GC0\Z >3,@1[= \32 G10@\-20=\Z C0 10@23Y=\0@C0D d<\= CY =\aC0D 
>Z\[2B +<2] [Z\C- =<\= \ZZ 0\=13\Z Y1_Y=\0[2Y >,YY2YY \ >3,>23 \0@ C332@1[C_Z2 
G,3- \0@ =<\= \ZZ 0\=13\Z >3,[2YY2Y/ \0@ C0 >\3=C[1Z\3 =<,Y2 ,G ZC^C0D ,3D\0J
CY-Y/ \32 @C32[=2@ =, =<2 D,,@ ,G =<2 >3,@1[=BI  
 

>Z\C02@ _] LB Q2 =2ZZY 1Y d<\= C= CY 0,= 3\=<23 =<\0 d<\= C= CYB &= CY 0,= =<2 L0\0a2 d<C[< D,^230Y 
=<2 10\Z=23\_Z2 10CG,3-C=C2Y � d<2=<23 =<2 =31=< ,G \AC,-/ ,G -\=<2-\=C[Y \0@ ,G \>,@2CACY/ ,3 
=<2 10^\3]C0D -,=C,0Y ,G <2\^20Z] _,@C2Y; =<CY CY =<2 L0\0a2 ,G x� quonv/ =<C0DY d<C[< [\0 02^23 
_2 ,=<23dCY2/ \0@ C= CY [\ZZ2@ �YC->Z2p 02[2YYC=]BT :\^C@ WB �L)W*/ RS322a M[C20[2 \0@ 
W2[<\0CY-/ &; L3CY=,=Z2 ,0 %\=132 \0@ #<\0[2/T The Classical Quarterly II j8FIF�; 8I7B  

6 L3CY=,=Z2 ,GG23Y =<2 G,ZZ,dC0D \3D1-20=; RLY 32D\3@Y d<\= CY ,G 02[2YYC=]/ d2 -1Y= \Ya 
d<2=<23 =<2 02[2YYC=] CY <]>,=<2=C[\Z/ ,3 YC->Z2 \Y d2ZZB +<2 [13320= ^C2d >Z\[2Y d<\= CY ,G 02[2YJ
YC=] C0 =<2 >3,[2YY ,G >3,@1[=C,0/ f1Y= \Y CG ,02 d232 =, Y1>>,Y2 =<\= =<2 d\ZZ ,G \ <,1Y2 02[2YY\3J
CZ] [,-2Y =, _2 _2[\1Y2 d<\= CY <2\^] CY 0\=13\ZZ] [\33C2@ @,d0d\3@Y \0@ d<\= CY ZCD<= =, =<2 =,>/ 
Y, =<\= =<2 Y=,02Y \0@ G,10@\=C,0Y =\a2 =<2 Z,d2Y= >Z\[2/ dC=< 2\3=< \_,^2 _2[\1Y2 C= CY ZCD<=23/ 
\0@ d,,@ \= =<2 =,> ,G \ZZ \Y _2C0D =<2 ZCD<=2Y=B O<232\Y/ =<,1D< =<2 d\ZZ @,2Y 0,= [,-2 =, _2 
dC=<,1= =<2Y2/ C= CY 0,= @12 =, =<2Y2/ 2A[2>= \Y C=Y -\=23C\Z [\1Y2; C= [,-2Y =, _2 G,3 =<2 Y\a2 ,G 
Y<2Z=23C0D \0@ D1\3@C0D [23=\C0 =<C0DYBT j�� op �� qw��y�� r xmtsw �� ¡rs¢��mz� ¡r�tlmn £ yv¤ 
¥r{¦�e w§w �¨w ��t s©swxvn x� �� qw��y�� mªwvn �w x« �mw��mn ��rmt ¬w m© xn� x�w xs�lsw �� 
qw��y�� �m�mw­�¢vn ws�u®sn/ �xn x� �¨w �vt�v y�xz r�~�ym ~�tm�¢vn x� o¨ ys§~v �rnrs{­�/ on� 
s¯ {u¢sn �¨w y�xz yv¤ x� ¢m��{nv/ ° o¨ �­ ±wz on� ys�~ x�xv/ �rnrs{­� o¨ ��{n�xv x� �|{v² 
ys�~ xvxv ��tB q{{p ��z� s�y ±wm� �¨w xs|xzw ���swmw/ s� ��wxsn on� xv§xv r{}w ³� onp �{�w/ 
q{{´ �wmyv xs§ yt|rxmnw ±xxv yv¤ �µ®mnwB� Physics &&BF 8FF_I45677\�B :\^C@ �\Z-2 2A>Z\C0Y =<\= 
\[[,3@C0D =, L3CY=,=Z2 =<2 -\=23C\ZY \32 02[2YY\3] \Y \ sine qua non; R�1= \ZZ Y1_Z10\3] ><20,J
-20\ \32 D,^2302@ _] �<]>,=<2=C[\Z 02[2YYC=]p/ d<C[< <\Y 0,=<C0D C0 [,--,0 dC=< YC->Z2 02[2YJ
YC=] 2A[2>= =<2 Y20Y2 ,G x� �} �wo�lm�¢vn ±{{z� klmnwB �] �<]>,=<2=C[\ZZ] 02[2YY\3]p LB -2\0Y 
�02[2YY\3] \Y \ sine qua nonp; ,0 =<2 <]>,=<2YCY =<\= \ -\0 CY =, _2 [32\=2@/ _Z,,@ \0@ _,02Y \32 
02[2YY\3]B +<2 2-><\YCY CY ,0 �<]>,=<2=C[\ZpBT �L)W*/ RS322a M[C20[2 \0@ W2[<\0CY-/ &; 
L3CY=,=Z2 ,0 %\=132 \0@ #<\0[2/T 8I7B  

I M1[< \0 C0=23>32=\=C,0 ,G L3CY=,=Z2pY >,YC=C,0/ C0 d<C[< G,3- CY 1Z=C-\=2Z] C332@1[C_Z2 =, =<2 
-\=23C\ZY/ CY >3,>,Y2@ _] LZZ\0 S"++Q*)( C0 RL3CY=,=Z2pY #,0[2>=C,0 ,G (C0\Z #\1Y\ZC=]/T Review 
of Metaphysics I7 jM2>=2-_23 8F�H�; 66H5694e 32>3C0=2@/ dC=< \ >,Y=Y[3C>=/ C0 Philosophical 
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+<2 CYY12 ,G d<C[< aC0@ ,G 02[2YYC=] CY \= d,3a C0 0\=132 \0@ d<C[< [,332J
Y>,0@C0D [\1Y2Y \32 >3C-\3]/ >32Y20= C0 \0=C`1C=] \0@ 2A>ZC[C=Z] G,3-1Z\=2@ _] 
L3CY=,=Z2/ CY 0,= ,0Z] ,G <CY=,3C[\Z C0=232Y=B &= CY ,G C->,3=\0[2 =,@\] \0@ <\Y 
_220 -\@2 2^20 -,32 =C-2Z] _] =<2 @CY[,^23C2Y ,G -,@230 Y[C20[2 \0@ =<2 Y1[J
[2YY =<\= =<2 10@23Y=\0@C0D ,G 0\=132 C= ,GG23Y <\Y 20f,]2@ C0 =<2 >3\[=C[\Z @,J
-\C0B &= CY ,G >\3=C[1Z\3 C0=232Y= 0,d _2[\1Y2 ,G =<2 =20@20[] C0 -,@230 0\=13\Z 
Y[C20[2 =, \0\Z]c2 ><20,-20\ C0=, =<2C3 >\3=Y =, =<2 @2=3C-20=/ C= -\] _2 [Z\C-J
2@/ ,G \ -,32 [,->32<20YC^2 \0@ <,ZCY=C[ 10@23Y=\0@C0D ,G 0\=13\Z >3,[2YY2Y 
\0@ 20=C=C2YB L [Z\YYC[\Z 2A\->Z2 ,G Y1[< \ ><]YC[\ZCY= >23Y>2[=C^2 -\] _2 G,10@ 
C0 =<2 =<,1D<= ,G :2Y[\3=2Ye =<2 GC3Y= 2@C=C,0 ,G K\-2Y O\=Y,0pY >C,0223C0D d,3a 
,GG23Y \ -,32 32[20= G,3-1Z\=C,0 ,G _\YC[\ZZ] =<2 Y\-2 ^C2dYe \0@ C0 :\^C@ 
�\>C02\1 d2 [\0 GC0@ \ [13320= \@^,[\=2 ,G \ YC-CZ\3 32@1[=C,0CY= ^C2dB4  

(,3 L3CY=,=Z2/ <,d2^23/ >3,^C@C0D \ G10@\-20=\Z \[[,10= ,3 2A>Z\0\=C,0 
,G \0] ><20,-20,0 [,0YCY=Y C0/ \0@ C0@22@ CY 2`1C^\Z20= =,/ C@20=CG]C0D C=Y 
[\1Y2YB O<20 =<2 \0[C20= -\=23C\ZCY=Y <2 CY [,0YC@23C0D 32@1[2 =<2 \[[,10= ,G 
0\=13\Z [,-C0DJ=,J_2 =, YC->Z2 02[2YYC=]/ =<2] \32 C0 G\[= ,>=C0D G,3 \0 2AJ
>Z\0\=C,0 C0 =23-Y ,G ,0Z] =d, ,G =<2 L3CY=,=2ZC\0 [\1Y2Y/ =<2 -\==23 ,3 -\=2J
3C\ZY \0@ =<2 -,^23 ,3 Y,13[2 ,G -,=C,0e G,3 L3CY=,=Z2 =<CY -2\0Y =<\= =<2] 
_2ZC2^2 =<2Y2 =d, G\[=,3Y =, _2 Y1GGC[C20= =, 10@23Y=\0@ =<2 ><20,-20\ C0 
`12Y=C,0B Q2 [Z\C-Y =<\= =<2] \32 C0@22@ 02[2YY\3]/ _1= C0Y1GGC[C20=e \[[,3@J
C0D =, <C- =<2 G,3- \0@ =<2 20@ \32 C0 G\[= -,32 C->,3=\0= \0@ \32 C0@CY>20YJ
\_Z2 C0 2A>Z\0\=C,0Y ,G 0\=13\Z ><20,-20\ \0@ <20[2 C0 =<2C3 10@23Y=\0@C0DB9  
 

Issues in Aristotle’s Biology/ 2@YB LZZ\0 S,==<2ZG \0@ K\-2Y )200,A j#\-_3C@D2; #\-_3C@D2 
U0C^23YC=] �32YY/ 8FE��/ 6745646B K,<0 #,,>23 \@^,[\=2Y \ YC-CZ\3 ^C2d/ _1= 2-><\YCc2Y =<2 
32Z\=C,0Y<C> _2=d220 =<2 >3,[2YY \0@ =<2 D,,@ =<\= 32Y1Z=Y G3,- C= G,3 =<2 ,3D\0CY- C0 `12Y=C,0B 
M22/ G,3 2A\->Z2/ K,<0 WB #""�*!/ RL3CY=,=Z2 ,0 0\=13\Z =2Z2,Z,D]/T C0 Language and Logos/ 2@YB 
W\Z[,Z- M#Q"(&*): \0@ W\3=<\ #3\^20 %UMM�LUW j#\-_3C@D2; #\-_3C@D2 U0C^23YC=] �32YY/ 
8FE6�/ 8F�5666B L >,=20=C\Z @CGGC[1Z=] G,3 L3CY=,=Z2 CY <CY ,d0 =<2,3] ,G Y>,0=\02,1Y D2023\=C,0/ 
d<C[< d,1Z@ Y22- =, ^C,Z\=2 =2Z2,Z,DC[\Z >3C0[C>Z2YB K\-2Y )200,A [,0YC@23Y =<CY CYY12 \0@ 2AJ
>Z\C0Y <,d Y>,0=\02,1Y D2023\=C,0 GC=Y C0=, L3CY=,=Z2pY D2023\Z =<2,3]B K\-2Y )*%%"./ R+2Z2,J
Z,D]/ #<\0[2/ \0@ L3CY=,=Z2pY +<2,3] ,G M>,0=\02,1Y S2023\=C,0/T The Journal of the History of 
Philosophy 67 j8FE6�; 68F56IEB 

4 :*M#L!+*M/ Discourse on Method/ L+ 49594/ C0 Discourse on Method and Meditations on First 
Philosophy/ =3\0YB :,0\Z@ LB #32YY j&0@C\0\>,ZCY/ &0@C\0\; Q\[a2== �1_ZCY<C0D #,->\0]/ 8FE7�/ 645
6Fe K\-2YB :B OL+M"%/ The Molecular Biology of the Gene j8Y= 2@B� j%2d V,3a; OBLB �20f\-C0/ 
8FH9�/ H�/ `1,=2@ C0 QCZ@2 Q*&%/ RW,Z2[1Z\3 �C,Z,D] ^YB "3D\0C[CY-; +<2 *0@13C0D :CY>1=2 
�2=d220 W2[<\0C[CY- \0@ XC=\ZCY-/T Synthese 67 j8FHF�; 647e \0@ :\^C@ �L�&%*LU/ Thinking 
about Consciousness j"AG,3@; #Z\320@,0 �32YY/ 6776�/ #<\>=23 8/ R+<2 #\Y2 G,3 W\=23C\ZCY-BT  

9 M,-2 32[20= C0=23>32=\=C,0Y ,G L3CY=,=Z2 >Z\[2 -,32 ,G \0 2-><\YCY ,0 =<2 0,=C,0 ,G 0\=132 
C0 <CY \3D1-20=B +<CY CY >\3=C[1Z\3Z] 10@23Y=\0@\_Z2 C0 ^C2d ,G =<2 G\[= =<\= =<2 @CY>1=2 dC=< =<2 
><]YC[\ZCY= \>>2\3Y C0 =<2 [,0=2A= ,G \ @CY[1YYC,0 [,0[230C0D 0\=132B M\3\< O\=23Z,d 10@23ZC02Y 
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&0 =<CY \3=C[Z2 & d,1Z@ ZCa2 =, 2A\-C02 Y2^23\Z \Y>2[=Y ,G L3CY=,=Z2pY [\1Y\Z 
=<2,3]B & =\a2 \Y \ >,C0= ,G @2>\3=132 <CY @CY>1=2 dC=< =<2 \0[C20= ><]YC[\ZCY=Y 
\_,1= aC0@ ,G 02[2YYC=] =<\= ,>23\=2Y C0 0\=13\Z [,-C0DJ=,J_2 \0@ \_,1= =<2 
3,Z2 ,G =<2 GC0\Z [\1Y2B V2= C= CY 0,= -] >13>,Y2 <232 =, 2A\-C02 =<2 @CY>1=2 
C=Y2ZGB &0Y=2\@/ & d,1Z@ ZCa2 =, [,0YC@23 C=Y >3232`1CYC=2Y/ =<2 [<C2G [,0[2>=Y C0 
=23-Y ,G d<C[< C= CY G,3-1Z\=2@; =<2 Y,J[\ZZ2@ G,13 [\1Y2YB  

L0 C->,3=\0= 2Z2-20= C0 -] \0\Z]YCY CY =<2 0\=132J[3\G= \0\Z,D]; L3CY=,=Z2 
D2023\ZZ] >32Y1>>,Y2Y \0 \0\Z,D] _2=d220 0\=13\Z [,-C0DJ=,J_2 \0@ =<2 D2J
02YCY ,G \3=CG\[=YB (13=<23-,32/ C0 2A>Z\C0C0D ><CZ,Y,><C[\Z >3C0[C>Z2Y/ <2 
,G=20 1Y2Y \3=CG\[=Y \Y CZZ1Y=3\=C,0Y \0@ \Y >2@\D,DC[\Z @2^C[2Y =, DC^2 =<2 
32\@23 \ Y20Y2 ,G =<2 0,=C,0Y C0^,Z^2@B +<2 \0\Z,D] C=Y2ZG/ <,d2^23/ CY 0,= 
>3,^2@ _] <C-e <2 \>>2\3Y YC->Z] =, \YY1-2 C=B LZ=<,1D< & @, 0,= C0=20@ =, 
2A>Z,32 C= C0 -,32 @2=\CZ C0 =<CY \3=C[Z2/ & _2ZC2^2 =<\= =<2 \0\Z,D] CY G,10@2@ 
,0 \ G10@\-20=\Z Y=31[=13\Z YC-CZ\3C=] _2=d220 =<2 =d, =]>2Y ,G [,-C0DJ=,J
_2; _,=< \32 2YY20=C\ZZ] =<2 [,-C0DJ=,J_2 ,G Y,-2=<C0DB +<2 D202YCY ,G \0]J
=<C0D <\Y C=Y >3,>23 Z,DC[\Z Y=31[=132 \0@ 32`1C32-20=Y/ 32D\3@Z2YY ,G =<2 Y,3= 
,G =<C0D =<\= CY [,-C0D C0=, _2C0D; [,-C0DJ=,J_2 02[2YY\3CZ] CY ,G Y,-2=<C0D/ 
G3,- Y,-2=<C0D/ =,d\3@ Y,-2=<C0D/ \0@ C0 -,Y= [\Y2Y ,1= ,G Y,-2=<C0DBH  

L= GC3Y= DZ\0[2 C= CY Y=3CaC0D <,d d2ZZJY1C=2@ L3CY=,=2ZC\0 [\1Y\ZC=] CY =, 
2A>Z\C0 \3=2G\[=1\Z [,-C0DJ=,J_2/ Y, -1[< Y, =<\= ,02 -CD<= \Z-,Y= =<C0a C= 
d\Y @2^CY2@ >32[CY2Z] G,3 =<\= >13>,Y2B V2= ,02 -1Y= _2\3 C0 -C0@ GC3Y= ,G \ZZ 
=<\= C0 =<2 <CY=,3] ,G ><CZ,Y,><] =<2 [\1Y2Y \>>2\32@ \Y \==2->=Y =, 10@23J
Y=\0@ 0\=13\Z ><20,-20\/ \0@ Y2[,0@Z] =<\= =<2] d232 0,= \= \ZZ ,3CDC0\Z =, 
L3CY=,=Z2 <C-Y2ZGB %2^23=<2Z2YY/ ,02 -CD<= Y=CZZ \Ya d<2=<23 =<C0a23Y @C@ 0,=/ 

 

=<2 C->,3=\0[2 ,G d<\= Y<2 [\ZZY per se 0\=132Y G,3 L3CY=,=Z2pY 32f2[=C,0 ,G =<2 ><]YC[\ZCY= >,YCJ
=C,0; R=<2 [,0@C=C,0 G,3 >32@C[\=C0D per se 10C=] ,G \ [,->Z2A 0\=13\Z _2C0D CY C@20=C[\Z dC=< =<2 
[,0@C=C,0 G,3 \>>Z]C0D =2Z2,Z,DC[\Z 2A>Z\0\=C,0 \Y L3CY=,=Z2 10@23Y=\0@Y C=BT Nature, Change, and 
Agency in Aristotle’s �<]YC[Y j"AG,3@; #Z\320@,0 �32YY/ 8FE6�/ HF5�7B M1Y\0 M\1^¶ W2]23 D,2Y 
,02 Y=2> G13=<23 \0@ [Z\C-Y =<\= d<\= CY C0^,Z^2@ C0 =<2 ><]YC[\ZCY= >,YC=C,0 CY 0,= -232Z] \ 
32@1[=C,0 ,G =<2 >3,>23=C2Y ,G \0 ,3D\0CY- =, C=Y 2Z2-20=\3] >\3=Y/ _1= \0 2ZC-C0\=C,0 ,G =<2 ^23] 
0,=C,0 ,G 0\=132; R+<2 3C^\Z =<2YCY \D\C0Y= d<C[< L3CY=,=Z2 @2G20@Y 0\=13\Z =2Z2,Z,D] CY 0,= 
32@1[=C,0CY- _1= \ ^\3C2=] ,G 2ZC-C0\=C^CY-BT M1Y\0 MLUX· W*V*!/ RL3CY=,=Z2/ +2Z2,Z,D]/ \0@ 
!2@1[=C,0/T Philosophical Review 878B4 j8FF6�; E67B  

H M22 Metaphysics X&&B� 87I6\86589; R"G =<C0DY =<\= [,-2 =, _2 Y,-2 [,-2 =, _2 _] 0\=132/ 
Y,-2 _] \3=/ Y,-2 Y>,0=\02,1YZ]B %,d 2^23]=<C0D =<\= [,-2Y =, _2 [,-2Y =, _2 _] =<2 \D20[] ,G 
Y,-2=<C0D \0@ G3,- Y,-2=<C0D \0@ [,-2Y =, _2 Y,-2=<C0DB L0@ =<2 Y,-2=<C0D d<C[< & Y\] C= 
[,-2Y =, _2 -\] _2 G,10@ C0 \0] [\=2D,3]e C= -\] [,-2 =, _2 2C=<23 \ �=<CYp ,3 ,G Y,-2 `1\0=C=] 
,3 ,G Y,-2 `1\ZC=] ,3 Y,-2d<232BT j�¦w o¨ �n�ws��wzw x� �¨w ~|�mn �u�wmxvn x� o¨ x�lw� x� o¨ 
qr� xv�xs��xs�/ r�wxv o¨ x� �n�w �mwv ¡r  x� xnws� �u�wmxvn yv¤ ky xnws� yv¤ xu² x� o¨ x¤ {��z 
yv¢p ¸y��x�w yvx��stuvw² £ ��t x om £ rs��w £ rsn�w £ rs|B�  
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2^20 CG 10dC==C0DZ]/ =3\0YG23 =, 0\=13\Z Y[C20[2 -,@2Y ,G 2A>Z\0\=C,0 =<\= 
d232 1Y2@ =, 10@23Y=\0@ <1-\0 >3,@1[=C^2 \[=C^C=]B  

&0 =<2 >32Y20= >\>23 & dCZZ -\a2 1Y2 ,G =<2 0\=132J[3\G= \0\Z,D] =, \0\Z]c2 
\0@ 32[,0Y=31[= L3CY=,=Z2pY >,YYC_Z2 3\=C,0\Z2 G,3 -\aC0D 1Y2 ,G =<2 G,13 
[\1Y2Y/ Y,-2=<C0D =<\= & d,1Z@ ZCa2 =, [\ZZ =<2 RZ,DC[T ,G =<2 G,13 [\1Y2Y/ 
=<2C3 C0=3C0YC[ C0=2ZZCDC_Z2 Y=31[=132B &0 @,C0D Y, & dCZZ [,--20= ,0 L3CY=,=2J
ZC\0 [\1Y\ZC=]/ Y<,dC0D =<2 3,Z2 ,G =<2 [\1Y2Y/ 2Y>2[C\ZZ] =<2 G,3-/ -,^23/ 
\0@ 20@/ C0 \3=2G\[=1\Z [,-C0DJ=,J_2B +<1Y/ =\aC0D \3=CG\[=Y \Y \ >,C0= ,G @2J
>\3=132/ & d,1Z@ ZCa2 =, >32>\32 =<2 D3,10@ G,3 Y<,dC0D =<2 Y20Y2G1Z02YY ,G 
-\aC0D 1Y2 ,G =<2 G,13 [\1Y2Y C0 =<2 2A>Z\0\=C,0 ,G 0\=13\Z ><20,-20\B  

&0 2A\-C0C0D \3=2G\[=1\Z [,-C0DJ=,J_2/ & =3] =, C@20=CG] =<2 [\1Y\Z Y=31[J
=132Y =<\= <2 \==3C_1=2Y \_,^2 \ZZ =, 0\=13\Z >3,[2YY2YB & GC3Y= @2^2Z,> \ D20J
23\Z [<\3\[=23Cc\=C,0 ,G =<2 G,13 [\1Y2Y \Y =<2] G10[=C,0 C0 \3=2G\[=1\Z [,-J
C0DJ=,J_2B %2A=/ & [\ZZ \==20=C,0 =, =<2 G,3-\Z \Y>2[= ,G \ZZ ,G =<2 [\1Y2YB 
& @2^,=2 >\3=C[1Z\3 \==20=C,0 =, =<2 GC0\Z [\1Y2B +<CY [\1Y2/ \_,^2 \ZZ/ <\Y 
_220 \0 ,_f2[= ,G @CY>1=2 \0@ & _2ZC2^2 =<\= \0 \0\Z]YCY ,G <,d C= G10[=C,0Y C0 
=<2 D202YCY ,G \3=CG\[=Y <2Z>Y =, [Z\3CG] C=Y 0\=132 C0 D2023\Z \0@ <,d C= G10[J
=C,0Y C0 0\=13\Z [,-C0DJ=,J_2B +<CY [\1Y2/ & Y<,d/ CY C0=C-\=2Z] 32Z\=2@ =, =<2 
G,3-\Z [\1Y2/ ,3 YC->Z] =<2 RG,3-T/ C0 \3=2G\[=1\Z [,-C0DJ=,J_2/ Y, -1[< Y, 
=<\= =<2 =d, \32 \= =C-2Y @CGGC[1Z= =, @CY=C0D1CY< G3,- ,02 \0,=<23B  

+<20 & 2A\-C02 =<2 32Z\=C,0Y<C> \-,0D =<2 [\1Y2Y C0 \3=2G\[=1\Z [,-C0DJ
=,J_2/ Y22aC0D \ >,YYC_Z2 >\3\ZZ2Z =, d<\= L3CY=,=Z2 [Z\C-Y 32D\3@C0D =<2 [,J
C0[C@20[2 ,G =<322 ,G =<2 [\1Y2Y C0 0\=13\Z [,-C0DJ=,J_2B L @CY=C0[=C,0 CY >32J
Y20= \-,0D =<2- C0 \3=2G\[=1\Z [,-C0DJ=,J_2 =<\= CY 0,= =, _2 G,10@ C0 0\=1J
3\Z [,-C0DJ=,J_2/ @12 =, =<2 ><]YC[\Z Y2>\3\=C,0 _2=d220 =<2 =<C0D =<\= 
[,-2Y =, _2 \0@ C=Y Y,13[2B M=\3=C0D dC=< =<CY & \==2->= =, @CY[,^23 G13=<23 
@CGG2320[2Y _2=d220 0\=13\Z \0@ \3=2G\[=1\Z [,-C0DJ=,J_2 _] \0\Z]cC0D =<2 
Z\==23 C0 -,32 @2=\CZ/ Z,,aC0D \= <,d =<2 Y=31[=132Y =<\= L3CY=,=Z2 \==3C_1=2Y =, 
0\=13\Z [,-C0DJ=,J_2 \32 >32Y20= C0 \3=2G\[=1\Z [,-C0DJ=,J_2B & _2ZC2^2 =<\= 
C0 Y>C=2 ,G =<2 @CGG2320[2Y _2=d220 =<2Y2 =d, G,3-Y ,G [,-C0DJ=,J_2 =<232 
2ACY=Y \ G10@\-20=\Z YC-CZ\3C=]; C0 _,=< =<232 Y22-Y =, _2 \0 C0=C-\=2 [,0J
02[=C,0 _2=d220 =<322 ,G =<2 [\1Y2YB L3CY=,=Z2 2A>ZC[C=Z] [Z\C-Y =<2 2ACY=20[2 
,G \ [,C0[C@20[2 C0 =<2 [\Y2 ,G 0\=13\Z [,-C0DJ=,J_2B� & \==2->= =, Y<,d =<\= 
 

� Physics &&B� 8FE\6656H; R%,d/ =<2 [\1Y2Y _2C0D G,13/ C= CY =<2 _1YC02YY ,G =<2 Y=1@20= ,G 
0\=132 =, a0,d \_,1= =<2- \ZZ/ \0@ CG <2 32G23Y <CY >3,_Z2-Y _\[a =, \ZZ ,G =<2-/ <2 dCZZ \YYCD0 =<2 
�d<]p C0 =<2 d\] >3,>23 =, <CY Y[C20[2 � =<2 -\==23/ =<2 G,3-/ =<2 -,^23/ =<\= G,3 =<2 Y\a2 ,G 
d<C[<B +<2 Z\Y= =<322 ,G=20 [,C0[C@2e G,3 =<2 d<\= \0@ =<\= G,3 =<2 Y\a2 ,G d<C[< \32 ,02/ d<CZ2 =<2 
>3C-\3] Y,13[2 ,G -,=C,0 CY =<2 Y\-2 C0 Y>2[C2Y \Y =<2Y2BT j�rm¤ op v¯ v¹xuvn x�xxvtm�/ rmt¤ rv�¦w 
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\ YC-CZ\3 [,002[=C,0 CY \ZY, >32Y20= \0@ ^23] C->,3=\0= C0 \3=2G\[=1\Z [,-J
C0DJ=,J_2B  

+, >1= C= -,Y= Y1[[C0[=Z]/ & \==2->= =, C@20=CG] \0@ -\a2 C0=1C=C^2Z] 2^CJ
@20= Y,-2 ,G =<2 Y=31[=132Y \0@ [<\3\[=23CY=C[Y [,002[=2@ dC=< =<2 G,13 
[\1Y2Y =<\= L3CY=,=Z2 GC0@Y C0 0\=13\Z [,-C0DJ=,J_2B & >3,_2 ,02 ,G =<2 -2-J
_23Y ,G =<2 0\=132J[3\G= \0\Z,D] =<\= L3CY=,=Z2 \>>2\3Y =, >32Y1>>,Y2 \0@ =<\= 
>Z\]Y \0 C->,3=\0= 3,Z2 C0 <CY ><CZ,Y,><C[\Z Y]Y=2-B & @, 0,= C0=20@ =, >3,J
>,Y2/ @2G20@/ ,3 \3D12 G,3 \0] >\3=C[1Z\3 =<2YCYB %2C=<23 @, & C0=20@ =, [\33] 
,1= <232 \ =2A=1\Z \0\Z]YCY ,G L3CY=,=Z2pY =<,1D<=B O<\= & >3,>,Y2 CY =, [\33] 
,1= \0 \0\Z]YCY ,G \3=2G\[=1\Z [,-C0DJ=,J_2 G3,- =<2 >23Y>2[=C^2 ,G L3CY=,=2J
ZC\0 [\1Y\Z =<2,3]B +<2 -,=C^\=C,0 G,3 =<CY \0\Z]YCY CY =<2 @2YC32 ,0 =<2 ,02 
<\0@ =, _2==23 10@23Y=\0@ L3CY=,=2ZC\0 [\1Y\Z =<2,3] \0@ ,0 =<2 ,=<23 <\0@ =, 
C0^2Y=CD\=2 =<2 0\=132J[3\G= \0\Z,D] =<\= GCD132Y Y, >3,-C020=Z] C0 <CY ><CJ
Z,Y,><C[\Z Y]Y=2-/ _1= d<C[< C=Y2ZG CY 0,= \3D12@ G,3 ,3 f1Y=CGC2@ _] <C-B  
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+<2 [3C=C[\Z CYY12 ,G =<2 3,Z2 ,G 02[2YYC=] ^23Y1Y =2Z2,Z,D] C0 0\=132 =<\= CY 
[,0YC@232@ C0 Physics &&BE5F \3CY2Y C0 =<2 [,0=2A= ,G \ D2023\Z @CY[1YYC,0 ,G 
=<2 [\1Y2Y ,G 0\=13\Z [<\0D2 C0 =<2 d<,Z2 ,G Physics &&/ \0@ C= CY =<2Y2 [\1Y2Y 
=<\= & dCY< =, [,0YC@23 0,dB #<\0D2 ,G C=Y ^23] 0\=132 [\ZZY G,3 \0 \[[,10= 
\0@ G,3 L3CY=,=Z2 =<CY CY DC^20 C0 =23-Y ,G =<2 G,13 [\1Y2YB &0 =<2 \_,^2 =d, 
[<\>=23Y <2 G,[1Y2Y Y>2[CGC[\ZZ] ,0 =<2 GC0\Z [\1Y2/ [Z\C-C0D =<\= C= CY ,G >\3J
=C[1Z\3 C->,3=\0[2 C0 2A>Z\C0C0D 0\=13\Z [<\0D2B &0 ,3@23 =, 10@23Y=\0@ -,32 
[Z2\3Z] =<2 >2[1ZC\3 \0@ C0@CY>20Y\_Z2 3,Z2 =<\= C=/ =,D2=<23 dC=< =<2 G,3-/ 
>Z\]Y C0 L3CY=,=2ZC\0 =<,1D<=/ & d,1Z@ ZCa2 =, [,0YC@23 <CY D2023\Z =<2,3] ,G 
=<2 [\1Y2Y/ dC=< >\3=C[1Z\3 2-><\YCY ,0 =<2 C@20=CGC[\=C,0 ,G =<2 _\YC[ [<\3J
\[=23 ,G 2\[< ,G =<2- \0@ =<2 32Z\=C,0Y<C> _2=d220 =<2 G,3-\Z \0@ GC0\Z 

 

xs§ ~��nys§ m¹o�wvn/ yv¤ m¹� r��v� qw��zw x� on� xu qrsoµ�mn ~��ny¦�/ x}w �{�w/ x� mªos�/ x� 
ynw­�vw/ x� sº �wmyvB ktlmxvn o¨ x� xtuv m¹� �x�� »w rs{{�yn�² x� �¨w ��t xu ��xn yv¤ x� sº �wmyv 
�w ��xn/ x� o´ �¢mw ° yuw��n� rt¦xsw x¼ m©omn xv�x� xs|xsn��B &0 \@@C=C,0 =, =<2 "AG,3@ =3\0YZ\=C,0 
,G =<2 Physics/ =<232 \32 ,=<23 *0DZCY< =3\0YZ\=C,0Y ,G =<CY d,3a ,3 ,G >\3=Y ,G C= =<\= \32 1Y2G1Z C0 
32[,0Y=31[=C0D L3CY=,=Z2pY =<,1D<= \0@ C0[Z1@2 [,--20=Y \0@ \= =C-2Y Z20D=<] C0=23>32=\=C,0\Z 
2YY\]YB L>,Y=Z2pY =3\0YZ\=C,0 CY 2Y>2[C\ZZ] ^\Z1\_Z2 C0 =<\= C= \==2->=Y =, _2 ZC=23\Z C0Y,G\3 \Y 
>,YYC_Z2; QC>>,[3\=2Y SB L�"M+)*/ =3\0YB/ Aristotle’s Physics. Translated with Commentaries and 
Glossary jS3C002ZZ/ &,d\; �23C>\=2=C[ �32YY/ 8FE7�B #<\3Z=,0pY =3\0YZ\=C,0 ,G =<2 GC3Y= =d, _,,aY 
C0[Z1@2Y \ 1Y2G1Z C0=3,@1[=,3] 2YY\] \0@ [,--20=Y; OCZZC\- #QL!)+"%/ =3\0YB/ Aristotle’s Phy-
sics, Books I and II, with Introduction and Notes. j"AG,3@; #Z\320@,0 �32YY/ 8F�7�B  
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[\1Y2Y/ ,0 =<2 ,02 <\0@/ \0@ =<2 -\=23C\Z \0@ -,^C0D [\1Y2Y/ ,0 =<2 ,=<23B 
Q,d2^23/ & @, 0,= C0=20@ =, [\33] ,1= <232 \ G1ZZJ_Z,d0 >32Y20=\=C,0/ \0@ 
-1[< Z2YY \0 C0J@2>=< \0\Z]YCY ,G L3CY=,=2ZC\0 [\1Y\ZC=]BE  

(,3 L3CY=,=Z2 =<2 [\1Y2Y jaitia� \32 C0=C-\=2Z] [,002[=2@ dC=< =<2 `12Y=C,0 
why jdia ti�BF ½12Y=C,0Y \32 >,Y2@ _] [,0Y[C,1Y C0=2ZZCD20= \D20=Y \0@ C0 D20J
23\Z \32 C->ZC[C= YCD0Y ,G =<2 Z\[a ,G a0,dZ2@D2 \0@ 2A>ZC[C= 2A>32YYC,0Y ,G 
=<2 @2YC32 =, a0,dB +<2 `12Y=C,0 why C0 >\3=C[1Z\3 32G23Y =, \ >2[1ZC\3 =]>2 ,G 
a0,dZ2@D2/ 0,= a0,dZ2@D2 ,G \ G\[= � =<2 G\[= =<\= Y,-2=<C0D YC->Z] CY ,3 
=<\= Y,-2=<C0D ,3 ,=<23 CY =<2 [\Y2 � _1= a0,dZ2@D2 ,G d<\= Y=\0@Y _2<C0@ 
,3 CY 32Y>,0YC_Z2 G,3 \ =<C0D ,3 G\[= � d<\= -\a2Y Y,-2=<C0D _2 \Y C= CYB +<2 
>,YY2YYC,0 ,G \0 \0Yd23 =, =<2 `12Y=C,0 why CY/ G,3 L3CY=,=Z2/ =<2 >,YY2YYC,0 
,G 10@23Y=\0@C0D/ \0@ ,02 d<, =<C0aY <2 >,YY2YY2Y Y1[< \0 \0Yd23 =<C0aY <2 
10@23Y=\0@YB +<2 L3CY=,=2ZC\0 [\1Y2Y \32 \0Yd23Y =, =<2 D2023\Z `12Y=C,0 why 
\0@ C0Y,G\3 \Y \ >Z13\ZC=] ,G G\[=,3Y CY 32Y>,0YC_Z2 G,3 d<] =<C0DY ,3 G\[=Y \32 
\Y =<2] \32/ ZCa2dCY2 =<2 [\1Y2Y \32 -1Z=C>Z2B M]0=<2YCcC0D =<2 <CY=,3C[\Z @2J
^2Z,>-20= ,G ><CZ,Y,><C[\Z \0\Z]YCY 1> =, <CY =C-2/ L3CY=,=Z2 C@20=CGC2Y G,13 
@CY=C0[= =]>2Y ,G Y1[< G\[=,3Y \0@ <20[2 [\1Y2YB  

L3CY=,=Z2 -\a2Y G32`120= 1Y2 ,G =<2 \0\Z,D] _2=d220 \3= \0@ 0\=132 \0@ 
,G=20 1Y2Y \3=CG\[=Y =, CZZ1Y=3\=2 >3C0[C>Z2Y <2 _2ZC2^2Y =, <,Z@ `1C=2 D2023J
\ZZ]B87 "02 Y1[< \>>ZC[\=C,0 ,G =<CY \0\Z,D] CY G,10@ C0 =<2 2A>Z\0\=C,0 ,G 
 

E L [Z\YYC[\Z ,^23^C2d ,G L3CY=,=2ZC\0 [\1Y\ZC=] -\] _2 G,10@ C0 OCZZC\- :B !"MM/ AristotleB 
j),0@,0; !,1=Z2@D2/ 8FF9�/ �45�EB (,3 \ -,32 C0J@2>=< \0\Z]YCY ,G =<2 CYY12Y C0^,Z^2@ Y22/ G,3 
2A\->Z2/ !C[<\3@ M"!L�K&/ Necessity, Cause, and Blame. Perspectives on Aristotle’s Theory 
j&=<\[\/ %BVB; #,302ZZ U0C^23YC=] �32YY/ 8FE7�/ 2Y>2[C\ZZ] �\3= &/ R%2[2YYC=] \0@ [\1Y2/T \0@ �\3= 
&&&/ R%2[2YYC=] \0@ >13>,Y2 C0 0\=132BT  

F L3CY=,=Z2 [,0YC@23Y =<2 [\1Y2Y 2A>ZC[C=Z] C0 \ 01-_23 ,G >Z\[2YB M,-2 ,G =<2 >\YY\D2Y ,GG23 
,0Z] \ ZCY= ,G =<2 [\1Y2Ye ,=<23Y C0[Z1@2 \ -,32 2A=20@2@ @CY[1YYC,0B &0 Posterior Analytics &&B88 
d2 GC0@ \ ZCY= ,G =<2 [\1Y2Y C0 =<2 [,0=2A= ,G =<2C3 1Y2 C0 =<2 @2-,0Y=3\=C,0; RMC0[2 d2 =<C0a d2 
10@23Y=\0@ d<20 d2 a0,d =<2 2A>Z\0\=C,0/ \0@ =<232 \32 G,13 =]>2Y ,G 2A>Z\0\=C,0 j,02/ d<\= C= CY 
=, _2 \ =<C0De ,02/ =<\= CG [23=\C0 =<C0DY <,Z@ C= CY 02[2YY\3] =<\= =<CY @,2Ye \0,=<23/ d<\= C0C=C\=2@ 
=<2 [<\0D2e \0@ G,13=</ =<2 \C-�/ \ZZ =<2Y2 \32 >3,^2@ =<3,1D< =<2 -C@@Z2 =23-BT j¾rm¤ o¨ 
�ru�xv�¢vn s¹ �m¢v �xvw m¹o¦�mw x}w v¹xuvw/ v¹xuvn o¨ x�xxvtm�/ �uv �¨w x� xu ¿w mªwvn/ �uv o¨ x� 
xuwzw Àwxzw qw��y� xs§xp mªwvn/ ¸x�tv o¨ ° xu rt¦xsw �yuw��m/ xmx�tx� o¨ x� xuws� �wmyv/ rÁ�vn 
vºxvn on� xs§ ���s� omuyw�wxvn� �F4\67564�B Physics &&BI 8F4_8H58F9\I C0[Z1@2Y \ ZCY= G,ZZ,d2@ 
_] \ Z20D=<] @CY[1YYC,0 ,G =<2 -,@\ZC=C2Y ,G [\1Y\ZC=]e \= Physics &&B� 8FE\84566 d2 GC0@ \ ZCY= ,G 
=<2 [\1Y2Ye Metaphysics &B856 [,0YC@23Y =<2 32Z\=C,0Y<C> _2=d220 =<2 [\1Y2Y \0@ epistêmê/ a0,dJ
Z2@D2 C0 =<2 Y=3C[= Y20Y2 ,3 10@23Y=\0@C0De Metaphysics &BI DC^2Y \ ZCY= ,G =<2 [\1Y2Ye \0@ C0 
Metaphysics XB6 \ ZCY= ,G =<2 [\1Y2Y CY G,ZZ,d2@ _] \ @CY[1YYC,0B  

87 K,0\=<\0 )2\3 \ZY, >,C0=Y ,1= =<2 C0Y=31[=C^2 3,Z2 ,G =<2 0\=132J[3\G= \0\Z,D] \0@ 32G23Y =, C= 
G32`120=Z] C0 <CY C0=23>32=\=C,0; RL3CY=,=Z2/ & _2ZC2^2/ 32ZC2Y ,0 =<2 \0\Z,D] _2=d220 \3= \0@ 0\=132 
=, DC^2 ,02 Y,-2 C@2\ ,G =<2 G,3- ,G \ 0\=13\Z ,_f2[=BT K,0\=<\0 )*L!/ Aristotle: the desire to 
understand j#\-_3C@D2; #\-_3C@D2 U0C^23YC=] �32YY/ 8FEE�/ 8�B 
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[<\0D2B &0 _,=< ,G =<2Y2 @,-\C0Y/ 0\=132 \0@ \3=/ d2 20[,10=23 [<\0D2/ \0@ 
,02 >\3=C[1Z\3 =]>2 ,G [<\0D2 CY =<2 D202YCY ,G Y20YC_Z2/ ><]YC[\Z ,_f2[=YB &0 
=<2 [,-C0DJ=,J_2 ,G \3=CG\[=Y C= CY -1[< 2\YC23/ & _2ZC2^2/ =, GC0@ \0 \[[,10=/ 
,3 =, GC0@ [,0GC3-\=C,0\Z 2^C@20[2 G,3 L3CY=,=Z2pY \[[,10=B +<CY CY @12 \_,^2 
\ZZ =, =<2 G\[= =<\= d2 ,13Y2Z^2Y \32 =<2 \D20=Y C0 Y1[< >3,[2YY2Y \0@ =<232J
G,32 <\^2 C--2@C\=2 ,_Y23^\=C,0\Z \[[2YY =, =<2 ><]YC[\Z >\3=Y ,G =<2 >3,[2YY 
G,3 d<C[< d2 \32 32Y>,0YC_Z2 \0@ @C32[= C0=3,Y>2[=C^2 \[[2YY =, =<2 0,2=C[ \YJ
>2[=Y ,G =<2 >3,[2YYB +<2 [\1Y\Z [,10=23>\3=Y C0 0\=13\Z [,-C0DJ=,J_2/ ,G 
d<\=2^23 Y,3= =<2] Y<,1Z@ 1Z=C-\=2Z] =130 ,1= =, _288/ \32 _] [,0=3\Y= ,G=20 
0,= @C32[=Z] \[[2YYC_Z2 =, 1YB S2023\ZZ] Y>2\aC0D/ C0 L3CY=,=Z2pY \[[,10= =<2 
[3\G=Y-\0/ d<, <\Y C0 <CY -C0@ ,3 C0 <CY Y,1Z \0 C-\D2 ,G =<2 \3=CG\[= <2 
dCY<2Y =, -\a2/ [<,,Y2Y -\=23C\ZY =<\=/ ,0 \[[,10= ,G =<2C3 0\=13\Z >3,>23J
=C2Y/ \32 Y1C=\_Z2 G,3 <CY >13>,Y2Y/ \0@ G\Y<C,0Y \0@ ,3D\0Cc2Y =<2- C0=, =<2 
>3,@1[= _] C->,YC0D 1>,0 =<2- \0 \3=CGC[C\Z G,3- jC0 =<2 Y20Y2 ,G ><]YC[\Z 
Y=31[=132 \0@ ,3D\0Cc\=C,0�B 
 
 

+Q* (&%L) #LUM* 

 
:12 =, =<2 \G,32-20=C,02@ \[[2YYC_CZC=] ,G Y1[< \ >3,[2YY/ C= CY -1[< 

2\YC23 =, C@20=CG] \0@ [,0YC@23 =<2 G,13 L3CY=,=2ZC\0 [\1Y2Y C0 C=B )2= 1Y _2DC0 
dC=< =<2 final cause ,3 =<2 endB86 +<2 C-\D2 ,3 C@2\ ,G =<2 ,_f2[= =, _2 -\@2 
 

88 (,3 2A\->Z2/ C= -CD<= =130 ,1= =, _2 =<2 >Z\1YC_Z2 \0@ & C0@22@ Y1Y>2[= C= =, _2 =<2 [\Y2/ 
=<,1D< & dCZZ 02C=<23 2A>ZC[C=Z] [Z\C- C= ,3 C0^2Y=CD\=2 C= C0 =<CY >\>23/ =<\= \0 \0\Z,D,1Y 0,2=C[ 
\D20[] � Y,-2=<C0D \Z,0D =<2 ZC02Y ,G L0\A\D,3\Yp nous ,3 L3CY=,=Z2pY 10-,^2@ -,^23 � CY C0 
Y,-2 d\] 32Y>,0YC_Z2 G,3 d<\= =3\0Y>C32Y C0 0\=132B 

86 L3CY=,=Z2 [<\3\[=23Cc2Y =<2 GC0\Z [\1Y2 \Y =<2 20@ ,3 =<\= G,3 =<2 Y\a2 ,G d<C[< jx� x�{s� �to 
telos�, x� sº �wmyv �to hou heneka��e C= CY =<2 \0Yd23 =, =<2 `12Y=C,0 d<\= Y,-2=<C0D CY G,3/ =<\= CY/ 
d<\= =<C0D ,3 Y=\=2 ,G \GG\C3Y C= Z2\@Y =, ,G C=Y2ZG \0@ \Y Y1[<B Physics &&BI 8F4_I658F9\I; RLD\C0/ 
C0 =<2 Y20Y2 ,G 20@ ,3 =<\= G,3 =<2 Y\a2 ,G d<C[< \ =<C0D CY @,02/ 2BDB <2\Z=< CY =<2 [\1Y2 ,G d\ZaC0D 
\_,1=B j�O<] CY <2 d\ZaC0D \_,1=ip O2 Y\]; �+, _2 <2\Z=<]p/ \0@/ <\^C0D Y\C@ =<\=/ d2 =<C0a d2 
<\^2 \YYCD02@ =<2 [\1Y2B� +<2 Y\-2 CY =312 \ZY, ,G \ZZ =<2 C0=23-2@C\=2 Y=2>Y d<C[< \32 _3,1D<= 
\_,1= =<3,1D< =<2 \[=C,0 ,G Y,-2=<C0D 2ZY2 \Y -2\0Y =,d\3@Y =<2 20@/ 2BDB 32@1[=C,0 ,G GZ2Y</ 
>13DC0D/ @31DY/ ,3 Y13DC[\Z C0Y=31-20=Y \32 -2\0Y =,d\3@Y <2\Z=<B LZZ =<2Y2 =<C0DY \32 G,3 =<2 Y\a2 
,G =<2 20@/ =<,1D< =<2] @CGG23 G3,- ,02 \0,=<23 C0 =<\= Y,-2 \32 \[=C^C=C2Y/ ,=<23Y C0Y=31-20=YT 
jkxn ³� x� x�{s�² xs§xs op ��x¤w x� sº �wmyv/ sÂsw xs§ rmtnrvxm�w ° ¡�umnv² on� xu ��t rmtnrvxm�e 
~v��w RÃwv ¡�nvuw�T/ yv¤ m¹r wxm� s�xz� s¹ �m¢v qrsomozy�wvn x� v©xnswB yv¤ ��v o} ynw��vwxs� 
±{{s� �mxv�� �u�wmxvn xs§ x�{s��/ sÂsw x­� ¡�nmuv� ° ¹�lwv�uv £ ° y�¢vt�n� £ x� ~�t�vyv £ x� 
Àt�vwv² r�wxv ��t xv§xv xs§ x�{s�� �wmy� ��xnw/ onv~�tmn o¨ q{{�{zw ³� Àwxv x� �¨w kt�v x� op 
Àt�vwv�e Physics &&B� 8FE\67; R,3 d2 \32 C0`1C3C0D �G,3 =<2 Y\a2 ,G d<\=ip�p=<\= =<2] -\] 31Z2pT 
j£ xuws� �wmyv jÃwv ±t�z�nw��e Metaphysics &BI FEI\I85I6; RC0 \ G,13=< �Y20Y2� =<2 [\1Y2 ,>>,Y2@ 
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=<\= =<2 [3\G=Y-\0 <\Y C0 -C0@ CY =<2 Y=\3=C0D >,C0= ,G =<2 >3,[2YYB8I +<CY C-J
\D2/ ,3 -,32 >32[CY2Z] C=Y [,0=20=/ CY \0 ,_f2[= =<\= CY C0@22@ 2A>23C20[2@ 
2->C3C[\ZZ] \0@ Y20YC_Z] _] <C-/ =<,1D< 0,= C0 =<2 -,@\ZC=] ,G =<2 2A=230\Z 
Y20Y2Y/ _1= =<3,1D< C0=230\Z Y20YC_Z2 2A>23C20[2B +<2 ,_f2[= C0 =<CY [\Y2 CY 
\ G1=132 ,_f2[= \0@ =<2 >3,>23 d\] ,G 2A>23C20[C0D Y1[< ,_f2[=Y CY >32[CY2Z] 
_] -2\0Y ,G =<2 -,@\ZC=] ,G \0=C[C>\=C0D C-\DC0\=C,0B &0Y,G\3 \Y =<2 ,_f2[= CY 
Y,-2=<C0D =<\= =<2 [3\G=Y-\0 C0=20@Y =, -\a2/ C= CY _2ZC2^2@ _] <C- 0,= YC-J
>Z] =, 2ACY= 2ZY2d<232/ \0@ <20[2 C= CY 0,= -232Z] Y,-2=<C0D =<\= <2 dCY<2Y =, 
_3C0D =, 2->C3C[\Z \0@ Y20YC_Z2 >32Y20[2 _] ><]YC[\ZZ] D,C0D =, C=B &= CY 0,= \0 
,_f2[= =<\= 2ACY=Y C0 =<2 ,3@C0\3] Y20Y2 ,G =<2 =23-e C= CY 3\=<23 Y,-2=<C0D =<\= 
<2 C0=20@Y =, _3C0D C0=, 2ACY=20[2 =<3,1D< <CY ,d0 \3=2G\[=1\Z \[=C^C=]B +<2 
G1=132 ,_f2[= CY @2YC32@ _] <C- \0@ C= CY =<CY @2YC32 =<\= C0C=C\=2Y \0@ Y1Y=\C0Y 
=<2 >3,@1[=C^2 \[=C^C=]B +<CY \[=C^C=] =23-C0\=2Y d<20 =<2 ,_f2[= <2 d\0=2@ 
=, -\a2 2ACY=Y C0 G\[= \0@ CY 2A>23C20[2@ _] <C- 0, Z,0D23 ,0Z] C0 =<2 
-,@\ZC=] ,G C-\DC0\=C,0/ _1= \ZY, C0 =<2 -,@\ZC=] ,G 2A=230\Z Y20Y1\Z 2AJ
>23C20[2B +<\= CY/ <2 0, Z,0D23 ,0Z] C-\DC02Y C=e <2 \ZY, \[=1\ZZ] Y22Y \0@ 
=,1[<2Y C= <232 \0@ 0,dB & d,1Z@ [Z\C- =<\= =<CY ,_f2[=/ d<C[< CY GC3Y= @2YC32@ 
\0@ =<20 \[=1\ZZ] -\@2 _] =<2 [3\G=Y-\0/ CY =<2 GC0\Z [\1Y2 ,3 20@ ,G =<2 >3,J
@1[=C^2 >3,[2YY/ =<\= G,3 =<2 Y\a2 ,G d<C[< <2 \[=YB (3,- \ =2->,3\Z >,C0= ,G 
^C2d/ C= CY =<2 GC3Y= [\1Y2 C0Y,G\3 \Y/ _] _2C0D @2YC32@/ C= C0C=C\=2Y =<2 \[=C^C=] 
=<\= Z2\@Y =, =<2 GC0\Z >3,@1[=B (13=<23-,32/ C= -\C0=\C0Y C=Y >3C,3C=] =<3,1D<J
,1= =<2 >3,[2YY ,G [,-C0DJ=,J_2 C0Y,G\3 \Y C= CY [,>32Y20= dC=< =<CY >3,[2YY 
\0@ @2=23-C02Y =<2 \[=C^C=] ,G =<2 [3\G=Y-\0 \= 2\[< >,C0= ,G =<2 >3,[2YYB  

V2= d2 -\] 0,=2 =<\= =<2 =<C0D =, _2 -\@2 j=<2 \3=CG\[= =<\= C0C=C\ZZ] CY 
2->C3C[\ZZ] \0@ Y20Y1\ZZ] \^\CZ\_Z2 =, =<2 -\a23 _] -2\0Y ,G =<2 C-\DC0\J
=C,0� \0@ =<2 ^23] Y\-2 =<C0D ,0[2 C= <\Y _220 -\@2 j=<2 ^23] Y\-2 \3=CG\[= 
><]YC[\ZZ] \0@ Y20YC_Z] >32Y20= =, =<2 -\a23 \= =<2 20@ ,G =<2 >3,@1[=C^2 
>3,[2YY _] -2\0Y ,G 2A=230\Z >23[2>=C,0� \32 ,0Z] 32Z\=C^2Z] GC3Y= \0@ 32Z\J

 

=, =<CY/ =<\= G,3 =<2 Y\a2 ,G d<C[< \0@ =<2 D,,@ jG,3 =<CY CY =<2 20@ ,G \ZZ D2023\=C,0 \0@ [<\0D2�T 
jxmx�tx�w o¨ x}w qwxnymn��w�w v¹xuvw xv|x�/ x� sº �wmyv yv¤ xq�v¢ w jx�{s� ��t �mw��mz� yv¤ 
ynw��mz� r���� xs§xp ��xuw��e Metaphysics XB6 878I\I6J_I; =<2 >\YY\D2 CY \Z-,Y= C@20=C[\Z =, 
Physics &&BI 8F4_I658F9\IB 

8I +<2 =23- RC@2\T CY 0,= C0=20@2@ <232 C0 \ >32[CY2 Y20Y2/ _1= 3\=<23 C0 =<2 Y20Y2 ,G \0] [,0=20= 
,G -C0@B +<2 -,32 >32[CY2 =23- CY RC-\D2TB +<2 =23- RC@2\T [\0 _2 1Y2@ C0 =<2 Y=3C[= Y20Y2 ,G 
C0=2ZZCDC_Z2 [,0=20= CG \0@ C0Y,G\3 \Y =<2 [3\G=Y-\0 2A>ZC[C=Z] \@^23=Y =, d<\= <2 CY @,C0D \0@/ Y\]/ 
^23_\ZZ] \3=C[1Z\=2Y =<2 ,_f2[= =<\= <2 CY G\Y<C,0C0DB +<CY CY 1Y1\ZZ] =<2 [\Y2 C0 ,3@C0\3] [,0=2A=Y/ 
=<,1D< C= CY 0,= \ 02[2YY\3] >\3= ,G =<2 >3,@1[=C^2 >3,[2YY C=Y2ZGB & _2ZC2^2 =<\= =<2 ,>=C-\Z >32[CY2 
G,3-1Z\=C,0/ =<,1D< Y,-2d<\= \dad\3@/ d,1Z@ _2 =<\= =<2 [3\G=Y-\0 CY C-\DC0C0D \0@ \0=C[C>\=C0D 
j\0@ >23<\>Y ,0Z] Y2[,0@\3CZ] \ZY, Y>2\aC0D \_,1=� \ >,YYC_Z2 G1=132 \3=CG\[=B 
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=C^2Z] GC0\ZB +<2 =31Z] GC3Y= \0@ D201C02Z] GC0\Z [\1Y2 ,G =<2 >3,[2YY CY =<2 \[J
=C^C=] ,3 G10[=C,0 =<\= =<2 >3,@1[= CY 2A>2[=2@ =, [\33] ,1=/ \0@ =<\= C= C0 G\[= 
[\33C2Y ,1= CG =<2 >3,@1[=C^2 >3,[2YY d\Y Y1[[2YYG1ZB  

(,3 2A\->Z2/ CG =<2 >3,@1[= CY \0 ,3@C0\3] [<\C3/ =<2 GC3Y= =<C0D @2YC32@ CY 
=<2 \[=C^C=] ,3 G10[=C,0 ,G YC==C0D/ d<C[< =<2 [<\C3 CY 2A>2[=2@ =, -\a2 >,YYCJ
_Z2B +<CY \[=C^C=] ,3 G10[=C,0 CY \ZY, =<2 GC0\Z \[<C2^2@ 32Y1Z= ,G =<2 [<\C3B &=Y 
1Z=C-\=2 \_Y20[2 C0 =<2 GC0CY<2@ >3,@1[= d,1Z@ ,0Z] >3,^2 =<2 20=C32 >3,[2YY 
,G @2YCD0C0D \0@ -\aC0D =, <\^2 _220 >,C0=Z2YY \0@ \ G\CZ132B &= d\Y \G=23 \ZZ 
G,3 =<2 Y\a2 ,G =<CY 32\ZC=] =<\= =<2 [<\C3 d\Y GC3Y= @2YCD02@ \0@ Z\=23 [,0J
Y=31[=2@B +<2 C@2\ ,G =<CY \[=C^C=] CY =<232G,32 _,=< Z,DC[\ZZ] \0@ =2->,3\ZZ] 
>3C,3 =, =<\= ,G =<2 [<\C3 C=Y2ZG \Y \ ><]YC[\Z ,_f2[=/ \0@ =<2 \[=1\Z 2->C3C[\Z 
2ACY=20[2 ,G =<2 ^23] Y\-2 \[=C^C=] <\Y \ GC0\Z \0@ [,->Z2=C^2 [<\3\[=23B  

L Y1[[2YYG1Z >3,@1[=C^2 >3,[2YY/ =<20/ CY ,02 d<232 =<2 >3,@1[= CY C0@22@ 
[\>\_Z2 ,G 2A<C_C=C0D =<2 \[=C^C=] ,3 G10[=C,0 G,3 d<C[< C= d\Y C0=20@2@/ \0@ 
C= 32Y1Z=Y C0 \0 \3=CG\[= d<,Y2 _2C0D CY @2GC02@ _] \0 C0=3C0YC[ 32Z\=C,0Y<C> =, 
=<\= \[=C^C=] ,3 G10[=C,0B +<2 [,0[32=2 \3=CG\[= <\Y _2[,-2 \0@ CY Y,-2=<C0D 
=<\= [\0 [\33] ,1= =<\= G10[=C,0B +<2 [<\C3 CY =<1Y 2YY20=C\ZZ] Y,-2=<C0D =<\= 
[\0 _2 Y\= 1>,0B +<CY \_CZC=] CY 0,= -232Z] \0 C0[C@20=\Z G2\=132/ ,02 <\^C0D 
0,=<C0D =, @, dC=< =<2 =<C0D C=Y2ZGB &= CY 0,= \ -232 \[[C@20= =<\= \ [<\C3 [\0 
_2 Y\= 1>,0e C= is \ [<\C3 >32[CY2Z] _2[\1Y2 C= can _2 Y\= 1>,0B &0@22@/ CG 
Y,-2,02 d232 =, _2 10\d\32 ,G =<CY G\[=/ <2 d,1Z@ _2 C0[\>\_Z2 ,G a0,dC0D 
=<\= C= CY \ [<\C3B  

(13=<23-,32/ =<CY >3,>23=] _2Z,0DY =, =<2 \3=CG\[= C=Y2ZG/ =, =<2 [<\C3 C0 =<CY 
[\Y2e C= CY 0,=/ G,3 2A\->Z2/ \ >3,>23=] ,G =<2 [3\G=Y-\0B &= CY 0,= =<2 [3\G=YJ
-\0 =<\= -\a2Y =<2 [<\C3 [\>\_Z2 ,G _2C0D Y\= 1>,0/ 2^20 CG <2 CY =<2 ,02 
d<, >3,@1[2@ C=B Q2 @C@ C0@22@ -\a2 =<CY >\3=C[1Z\3 \3=CG\[=/ =<CY >\3=C[1Z\3 
[<\C3/ ]2= C= d,1Z@ _2 C0[,332[= =, -\C0=\C0 =<\= <2 -\@2 =<2 [<\C3 [\>\_Z2 ,G 
_2C0D Y\= 1>,0B Q2 CY =<2 Y,13[2 ,G =<2 >32Y20[2 C0 =<2Y2 -\=23C\ZY ,G =<CY 
DC^20 Y=31[=132/ _1= <2 CY 0,= =<2 Y,13[2 ,G =<2 G\[= =<\= =<CY Y=31[=132 C0 =<2Y2 
-\=23C\ZY >,YY2YY2Y =<2 >3,>23=] ,G _2C0D [\>\_Z2 ,G _2C0D Y\= 1>,0B +<CY 
>3,>23=] _2Z,0DY @C32[=Z] \0@ C--2@C\=2Z] =, =<2 Y=31[=132 2-_,@C2@ C0 =<2 
-\=23C\ZYB &= CY =<232G,32 =<2 [<\C3 C=Y2ZG =<\= >,YY2YY2Y =<CY >3,>23=]/ >32J
[CY2Z] _2[\1Y2 C= [,0YCY=Y ,G =<2 \_,^2 Y=31[=132 C0 =<2 \>>3,>3C\=2 -\=23C\ZYB 
LD\C0/ C= d\Y 0,= =<2 [3\G=Y-\0 d<, _2Y=,d2@ =<2 G2\=132 1>,0 C=/ 0,= 2^20 
_] @2YCD0C0D C=B (,3 CG =<CY d232 =<2 [\Y2/ =<20 C0 >3C0[C>Z2 <2 [,1Z@ _2Y=,d 
=<CY G2\=132 1>,0 \0]=<C0DB  
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+Q* WL+*!&L) #LUM* 

 
+<2 C=2-Y =<\= =<2 [3\G=Y-\0 Y2Z2[=Y =, G\Y<C,0 =<2 >3,@1[= \32 =<2 matter 

,3 =<2 material causeB84 & @, 0,= C0=20@ =, [,0YC@23 =<2 0\=132 ,G -\==23 C0 
\0] Y1_Y=\0=C\Z @2=\CZ C0 =<2 >32Y20= >\>23/ >3C-\3CZ] _2[\1Y2 C0 \3=2G\[=1\Z 
>3,@1[=C,0 C= @,2Y 0,= DC^2 3CY2 =, =<2 Y23C,1Y >3,_Z2-Y =<\= \>>2\3 C0 0\=13\Z 
[,-C0DJ=,J_2/ d<232 C= CY 0,= f1Y= \ 32Z\=C^2Z] >\YYC^2 [,0Y=C=120=/ _1= \ZY, 
\>>2\3Y =, >Z\] \0 2GGC[C20= [\1Y\Z 3,Z2B &= -\] _2 _3C2GZ] 0,=2@/ <,d2^23/ 
=<\= -\==23 C0 D2023\Z CY \0 \0Yd23 =, =<2 `12Y=C,0 d<\= Y,-2=<C0D CY -\@2 ,G 
,3 ,1= ,GB +<2 \0Yd23 =<\= dCZZ _2 DC^20/ =<2 \[=1\Z -\==23 C0 \0] DC^20 [\Y2/ 
dCZZ _2 32Z\=C^2 =, =<2 ,_f2[= ,G ,13 C0`1C3]B &= dCZZ _2 =<\= d<C[< Y,-2=<C0D 
CY -\@2 ,G ,3 ,1= ,G d<C[< C= [\-2 =, _2/ ,3 >,YYC_Z] _,=<B )2= C= _2 0,=2@/ 
<,d2^23/ =<\= d<CZ2 =<2 \0Yd23 C0 =<2 [\Y2 ,G \3=CG\[=Y dCZZ _2 @2GC0C=2 
-\=23C\ZY � [,0[32=2 ><]YC[\Z Y1_Y=\0[2Y � =<2C3 _2C0D =<2 -\==23 ,G =<2 
,_f2[= C0 `12Y=C,0 32G23Y 0,= =, =<2C3 [,0[32=202YY/ _1= =, =<2C3 [\>\[C=] =, _2 
G13=<23 G,3-2@ ,3 ,3D\0Cc2@B &0Y,G\3 \Y @2GC0C=2 -\=23C\ZY \32 \ [,0Y=C=1=C^2 
>\3= ,G \0 \3=2G\[=1\Z d<,Z2/ =<CY [\>\[C=] <\Y _220 \[=1\ZCc2@B  
 
 

+Q* W"X&%S #LUM* 

 
+<2 [3\G=Y-\0 <C-Y2ZG CY/ D2023\ZZ] Y>2\aC0D/ =<2 mover/ moving cause/ 

,3 source of motion/ G,3 C= CY <2 d<, d,3aY 1>,0 =<2 -\==23 =, DC^2 C= =<2 @2J
YC32@ Y<\>2 \0@ [,0GCD13\=C,0B89 +<2 [3\G=Y-\0 C0 D2023\Z/ =<\= CY/ \_Y=3\[=C0D 
 

84 (,3 L3CY=,=Z2 =<2 -\==23 j° �{� �hê hylê�� CY D2023\ZZ] =<2 >,=20=C\ZC=] >32Y20= C0 =<C0DY 
Y1Y[2>=C_Z2 =, ><]YC[\Z [<\0D2B Physics &&BI 8F4_6I56H; R&0 ,02 d\]/ =<20/ =<\= ,1= ,G d<C[< \ 
=<C0D [,-2Y =, _2 \0@ d<C[< >23YCY=Y/ CY [\ZZ2@ \ [\1Y2/ 2BDB =<2 _3,0c2 ,G =<2 Y=\=12/ =<2 YCZ^23 ,G 
=<2 _,dZ/ \0@ =<2 D2023\ ,G d<C[< =<2 _3,0c2 \0@ =<2 YCZ^23 \32 Y>2[C2YBT j�wv �¨w sÄw xt rsw 
v©xnsw {��mxvn x� �� sº �u�wmxvu xn �w�r�tlswxs�/ sÂsw � lv{y�� xs§ qwotn�wxs� yv¤ � ±t��ts� 
x­� ~n�{�� yv¤ x� xs|xzw ��w��e Physics &&B� 8FE\67; RC0 =<2 [\Y2 ,G =<C0DY =<\= [,-2 C0=, _2C0D/ 
d2 \32 Z,,aC0D G,3 =<2 -\==23T j�w xs�� �n�ws��wsn� ° �{��e Metaphysics &BI FEI\6F5I7; RC0 \0J
,=<23 �Y20Y2/ [\1Y2 CY� =<2 -\==23 ,3 Y1_Y=3\=1-T j¸x�tvw o¨ x}w �{�w yv¤ x� ¡rsymu�mwsw�e Meta-
physics XB6 878I\6456H; =<2 >\YY\D2 CY \Z-,Y= C@20=C[\Z =, Physics &&BI 8F4_6I56HB 

89 +<2 L3CY=,=2ZC\0 -,^C0D [\1Y2 � =<2 -,^23 jx� ynw­�vw �to kinêsan�� � CY [,002[=2@ dC=< 
=<2 `12Y=C,0 \_,1= =<2 >3,>23 Y,13[2 ,G \ =<C0D/ d<\= CY 32Y>,0YC_Z2 G,3 C=Y <\^C0D [,-2 =, _2B 
Physics &&BI 8F4_6F5I6; RLD\C0/ �=<2 [\1Y2 CY� =<2 >3C-\3] Y,13[2 ,G =<2 [<\0D2 ,3 32Y=e 2BDB =<2 
-\0 d<, @2ZC_23\=2@ CY \ [\1Y2/ =<2 G\=<23 CY [\1Y2 ,G =<2 [<CZ@/ \0@ D2023\ZZ] d<\= -\a2Y ,G d<\= 
CY -\@2 \0@ d<\= [<\0D2Y ,G d<\= CY [<\0D2@T jkxn �¢mw ° qtl} x­� �mxv�s{­� ° rtµx� £ x­� 
Åtm���mz�/ sÂsw � �s�{m|�v� v©xns�/ yv¤ � rvx}t xs§ x�yws�/ yv¤ �{z� x� rsns§w xs§ rsns�J
��ws� yv¤ x� �mxv��{{sw xs§ �mxv�v{{s��ws��e Physics &&B� 8FE\8F567; R�=<2 �d<]p \ZY, 32G23Y 
=,� d<\= C0C=C\=2@ \ -,=C,0/ 2BDB �d<] @C@ =<2] D, =, d\3i � _2[\1Y2 =<232 <\@ _220 \ 3\C@pT j£ m¹� 
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G3,- <CY \[=1\Z \[=C^C=] \= \0] DC^20 -,-20=/ CY =<2 >,=20=C\Z -,^C0D [\1Y2/ 
C0Y,G\3 \Y <2 CY [\>\_Z2 ,G 20D\DC0D C0 >3,@1[=C^2 \[=C^C=]B +<2 [3\G=Y-\0 
[3\G=C0D CY =<2 \[=1\Z -,^C0D [\1Y2B8H W,32 >32[CY2Z]/ =<2 -,^C0D [\1Y2 CY 
=<2 \3= C0 <C-/ <CY \_CZC=] =, d,3a dC=< -\=23C\ZY \0@ C->,Y2 ,3@23 \0@ 
Y=31[=132 1>,0 =<2-B8� +<CY \_CZC=] CY C=Y2ZG C0=3C0YC[\ZZ] C0@2=23-C0\=2 \0@ 
>,=20=C\Z/ G,3 C= CY 0,= =<2 \_CZC=] =, >3,@1[2 ,0Z] ,02 =]>2 ,G ,_f2[=/ ,02 
-,@2Z ,G [<\C3/ G,3 2A\->Z2B +<2 D2023\Z \_CZC=] CY Y>2[CGC2@ \0@ -\@2 @2J
=23-C0\=2 _] =<2 >\3=C[1Z\3 G,3- C0 `12Y=C,0 � =<2 G,3- ,G =<CY Y,3= ,G [<\C3  
� \0@ \[=1\ZCc2@ _] =<2 @2YC32 =, >3,@1[2 \ >\3=C[1Z\3 \3=CG\[=B &0@22@/ L3CJ
Y=,=Z2 2A>ZC[C=Z] [,002[=Y \3= dC=< =<2 G,3- ,G =<2 \3=CG\[= =<\= CY [,-C0D =, 
_28E \0@ 2^20 C0 Y,-2 Y20Y2 C@20=CGC2Y =<2 =d, dC=< ,02 \0,=<23B8F  
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+<2 Y<\>2 ,3 ><]YC[\Z \33\0D2-20= =<\= [,-2Y =, _2 C0 =<2 -\==23 CY ,02 

,G =<2 -,Y= _\YC[ d\]Y ,G 10@23Y=\0@C0D =<2 form ,3 =<2 formal cause ,G =<2 

 

x� ynw­�vw rt¦xsw jsÂsw on� xu �rs{����vwe �xn ��|{��vw��B Metaphysics &BI FEI\I7; RC0 \ =<C3@ 
=<2 Y,13[2 ,G =<2 [<\0D2T jxtux�w o¨ �¢mw ° qtl} x­� ynw��mz��e Metaphysics XB6 878I\6F5I6; 
=<2 >\YY\D2 CY \Z-,Y= C@20=C[\Z =, Physics &&BI 8F4_6F5I6B 

8H M22 Physics &&BI 8F9_I5H; RLZZ [\1Y2Y/ _,=< >3,>23 \0@ \[[C@20=\Z/ -\] _2 Y>,a20 ,G 2C=<23 
\Y >,=20=C\Z ,3 \Y \[=1\Ze 2BDB =<2 [\1Y2 ,G \ <,1Y2 _2C0D _1CZ= CY 2C=<23 \ <,1Y2J_1CZ@23 ,3 \ <,1Y2J
_1CZ@23 _1CZ@C0DBT jr�wxv o¨ yv¤ x� s¹ymuz� {m� �mwv yv¤ x� yvx� ����m��y�� x� �¨w ³� o�w�J
�mwv {��mxvn x� o´ ³� �wmt�s§wxv/ sÂsw xs§ s¹ysos�m��¢vn s¹yuvw s¹yso �s� £ s¹ysos�¦w s¹ysJ
o �s�B� #,--20=C0D ,0 =<CY >\YY\D2 )2\3 2A>Z\C0Y =<\= RL3CY=,=Z2 @,2Y @CY=C0D1CY< _2=d220 the 
potential \0@ the actual [\1Y2B +<2 _1CZ@23 CY =<2 potential [\1Y2 ,G =<2 <,1Y2/ =<2 _1CZ@23 _1CZ@J
C0D CY =<2 actual [\1Y2BT )*L!/ Aristotle: the desire to understand/ I7B  

8� Physics &&BI 8F9_68569; R&0 C0^2Y=CD\=C0D =<2 [\1Y2 ,G 2\[< =<C0D C= CY \Zd\]Y 02[2YY\3] =, 
Y22a d<\= CY -,Y= >32[CY2 j\Y \ZY, C0 ,=<23 =<C0DY�; =<1Y \ -\0 _1CZ@Y _2[\1Y2 <2 CY \ _1CZ@23/ \0@ 
\ _1CZ@23 _1CZ@Y C0 ^C3=12 ,G <CY \3= ,G _1CZ@C0DB +<CY Z\Y= [\1Y2 =<20 CY >3C,3e \0@ Y, D2023\ZZ]BT 
jom� o´ qm¤ x� v©xnsw ¸y��xs� x� qyt xvxsw ®�xm�w/ ��rmt yv¤ �r¤ x¦w ±{{zw jsÂsw Æw¢tzrs� 
s¹ysos�m� �xn s¹yso �s�/ � o´ s¹yso �s� yvx� x}w s¹ysos�ny�w² xs§xs xsuw�w rt xmtsw x� v©xnsw/ 
yv¤ s�xz� �r¤ r�wxzw��B  

8E Metaphysics X&&B� 87I6\I6J_6; R�(�3,- \3= >3,[22@ =<2 =<C0DY ,G d<C[< =<2 G,3- CY C0 =<2 
Y,1ZB j�] G,3- & -2\0 =<2 2YY20[2 ,G 2\[< =<C0D \0@ C=Y >3C-\3] Y1_Y=\0[2B�T jqr� x�lw�� o¨ �u�wmxvn 
��zw x� mªos� �w x« Ç�l« jmªos� o¨ {��z x� xu ¿w mªwvn ¸y��xs� yv¤ x}w rtµx�w s��uvw��B  

8F Metaphysics X&&BF 87I4\68564; RL0@ C= CY [Z2\3 \ZY, G3,- d<\= <\Y _220 Y\C@ =<\= C0 \ Y20Y2 
2^23]=<C0D CY >3,@1[2@ G3,- \0,=<23 C0@C^C@1\Z d<C[< Y<\32Y C=Y 0\-2 j0\=13\Z >3,@1[=Y \32 Y, 
>3,@1[2@�/ ,3 \ >\3= ,G C=Y2ZG d<C[< Y<\32Y C=Y 0\-2 j2BDB =<2 <,1Y2 >3,@1[2@ _] 32\Y,0 CY >3,@1[J
2@ G3,- \ <,1Y2e G,3 =<2 \3= ,G _1CZ@C0D CY =<2 G,3- ,G =<2 <,1Y2�T jo­{sw op �y x¦w m¹t���wzw yv¤ 
�xn xt rsw xnw� r�wxv �u�wmxvn �� ��zw|�s�/ ��rmt x� ~|�mn/ £ �y ��ts�� ��zw|�s� jsÂsw ° s¹ 
yuv �� s¹yuv�/ È ¡r� ws§² ° ��t x�lw� x� mªos���B  
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>3,@1[=B67 Q,d2^23/ ZCa2 \ZZ ,G =<2 ,=<23 [\1Y2Y \0@ 0,=,3C,1YZ] 2^20 -,32 
Y,/ =<2 G,3-\Z [\1Y2 CY \0\Z,D,1Ye C= C0[Z1@2Y \0] -\0CG2Y=\=C,0 ,G ,3@23 ,3 
Y=31[=132 d<\=Y,2^23B %1-_23 \0@ Y<\>2 \32 \-,0D =<2 YC->Z2Y= aC0@Y ,G 
G,3-/ \0@ YC->Z2 01-23C[\Z -1Z=C>ZC[C=C2Y \0@ D2,-2=3C[\Z ,_f2[=Y \32 =<2 
-,Y= _\YC[ Y,3=Y ,G Y=31[=132@ ,_f2[=YB &0 =<2 \G,32-20=C,02@ 2A\->Z2 ,G 
\ [<\C3 d2 <\^2 \ 32Z\=C^2Z] YC->Z2 ><]YC[\Z G,3-/ \ Y=\=C[ Y=31[=132B LY Y1[< 
C= @,2Y 0,= C0^,Z^2 \0] 32Z\=C^2 -,=C,0 ,G =<2 -\=23C\Z >\3=Y; =<2 G1ZZ 32\ZC=] 
[,002[=2@ dC=< =<2 [<\C3/ =<\= ,G _2C0D Y\= 1>,0/ CY G10@\-20=\ZZ] \ Y=\=C[ 32J
\ZC=]B +<CY [\0 _2 [,0=3\Y=2@ dC=</ Y\]/ \ _C[][Z2/ \0 \3=CG\[= =<\= >,YY2YY2Y 
\ @]0\-C[ G,3-; C=Y [,332Y>,0@C0D 32\ZC=]/ =<\= ,G _2C0D 1Y2@ \Y \ -2\0Y ,G 
Z,[,-,=C,0/ @,2Y C0@22@ C0^,Z^2 =<2 32Z\=C^2 -,=C,0 ,G C=Y ><]YC[\Z >\3=Y \0@ 
,G =<2 _,@CZ] >\3=Y ,G =<2 ,02 d<, 3C@2Y C=B �,=< ,_f2[=Y C0^,Z^2 G,3-Y C0 =<2 
Y20Y2 ,G ,3@23C0DY ,G ><]YC[\Z >\3=Y/ \0@ =<2Y2 G,3-Y \32 Y1GGC[C20= =, [,0J
Y=31[= =<2 [,332Y>,0@C0D ,_f2[=YB V2= C0 =<2 G,3-23 [\Y2 =<2 ,3@23C0D CY 2YJ
Y20=C\ZZ] Y=\=C[ \0@ \=2->,3\Z/ d<CZ2 C0 =<2 Z\==23 [\Y2 C= CY 2YY20=C\ZZ] @]J
0\-C[ \0@ =2->,3\ZB L >132Z] ><]YC[\Z \33\0D2-20= d,1Z@ _2 Y1GGC[C20= =, 
[<\3\[=23Cc2 =<2 G,3-23e C0 =<2 [\Y2 ,G =<2 Z\==23 Y1[< \ [<\3\[=23Cc\=C,0 
d,1Z@ _2 C0\@2`1\=2 =, @2Y[3C_2 =<2 G1ZZ 32\ZC=] ,G =<2 \3=CG\[=B +<2 2A>ZC[C= 
=2->,3\Z G\[=,3 -1Y= _2 \@@2@ \0@ CY C0@CY>20Y\_Z2B  

Q,d2^23/ Z2= 1Y 0,=2 =<\= 2^20 C0 =<CY ZC-C=2@ [,0=2A= G,3- ,G C=Y ^23] 
0\=132 >,YY2YY2Y \0 C0=2ZZCDC_Z2 [<\3\[=23B O<CZ2 ,02 [\0 Y>2\a ,G \ -232Z] 
Y20YC_Z2 G,3-/ \Y =<2 Y=31[=132 ,3 ,3@23 =<\= CY \^\CZ\_Z2/ Y\]/ =, ^CY1\Z Y20Y2/ 
=<2 -232 Y20YC_Z2 >,YY2YYC,0 ,G Y1[< \ Y20YC_Z2 G,3- _] \ a0,dC0D Y1_f2[= 
@,2Y 0,= >3,@1[2 10@23Y=\0@C0D/ G,3 C= @,2Y 0,= >3,^C@2 \0 \0Yd23 =, =<2 
`12Y=C,0 d<]/ ,3 C0@22@ =, \0] ,=<23 `12Y=C,0B U0@23Y=\0@C0D CY 2YY20=C\ZZ] 

 

67 +<2 L3CY=,=2ZC\0 G,3-\Z [\1Y2 � =<2 G,3- jx� mªos� �to eidos�� � [,332Y>,0@Y =, =<2 `12YJ
=C,0 d<\= \ =<C0D CYB &0 D2023\Z C= 32G23Y =, =<2 >3C0[C>Z2 C0 =<C0DY =<\= \[[,10=Y G,3 \0@ 32GZ2[=Y 
=<2C3 >\3=C[1Z\3 d\] ,G _2C0DB Physics &&BI 8F4_6H56F; R&0 \0,=<23 d\]/ =<2 G,3- ,3 =<2 \3[<2=]>2/ 
CB2B =<2 @2GC0C=C,0 ,G =<2 2YY20[2/ \0@ C=Y D2023\/ \32 [\ZZ2@ [\1Y2Y j2BDB ,G =<2 ,[=\^2 =<2 32Z\=C,0 
,G 6;8/ \0@ D2023\ZZ] 01-_23�/ \0@ =<2 >\3=Y C0 =<2 @2GC0C=C,0T j±{{sw o¨ x� mªos� yv¤ x� rvt�J
omn��v/ xs§xs op ��x¤w � { �s� � xs§ xu ¿w mªwvn yv¤ x� xs|xs� ��w� jsÂsw xs§ on� rv�¦w x� o|s 
rt�� �w/ yv¤ �{z� � qtn¢� �� yv¤ x� ��t� x� �w x¼ { �É�e Physics &&B� 8FE\8H58E; R+<2 �d<]p CY 
32G2332@ 1Z=C-\=2Z] 2C=<23/ C0 =<C0DY d<C[< @, 0,= C0^,Z^2 -,=C,0/ 2BDB C0 -\=<2-\=C[Y/ =, =<2 
�d<\=p j=, =<2 @2GC0C=C,0 ,G Y=3\CD<= ZC02 ,3 [,--20Y13\_Z2 ,3 =<2 ZCa2�T j£ ��t m¹� x� xu ��xnw 
qw��mxvn x� on� xu k�lvxsw/ �w xs�� qynw�xsn� jsÂsw �w xs�� �v¢��v�nw² m¹� �tn���w ��t xs§ m�J
¢�s� £ �����xts� £ ±{{s� xnw�� qw��mxvn k�lvxsw��e Metaphysics &BI FEI\6�56F; R&0 ,02 ,G 
=<2Y2 d2 -2\0 =<2 Y1_Y=\0[2/ CB2B =<2 2YY20[2 jG,3 =<2 �d<]p CY 32G2332@ GC0\ZZ] =, =<2 G,3-1Z\/ \0@ 
=<2 1Z=C-\=2 �d<]p CY \ [\1Y2 \0@ >3C0[C>Z2�T j�uvw �¨w v¹xuvw ~v�¨w mªwvn x}w s��uvw yv¤ x� xu ¿w 
mªwvn jqw��mxvn ��t x� on� xu m¹� x�w { �sw k�lvxsw/ v©xnsw o¨ yv¤ qtl} x� on� xu rt¦xsw��e 
Metaphysics XB6 878I\6H56F; =<2 >\YY\D2 CY \Z-,Y= C@20=C[\Z =, Physics &&BI 8F4_6H56FB 
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=<2 D3\Y>C0D _] =<2 -C0@ \0@ =<2 2A>32YYC,0 C0 Z\0D1\D2 ,G ,3@23 ,G \0] 
aC0@/ 2^20 ,G \ YC->Z2 Y=\=C[ ,3@23C0D >32Y20= \Y \ Y20YC_Z2 Y<\>2B &0 =<2 
\_,^2 2A\->Z2Y =<2 Y20YC_Z2 G,3-Y ,G \ [<\C3 ,3 ,G \ _C[][Z2 \32 \Z32\@] 
-,32 =<\0 -232Z] Y20YC_Z2B O<20 d2 1Y2 =<2 =23-Y R[<\C3T ,3 R_C[][Z2T C0 
ZC0D1CY=C[ @CY[,13Y2/ =<2 Y20YC_Z2 G,3-Y \32 \Z32\@] Y1_Y1-2@ _] \[=Y ,G 0\-J
C0D \0@ <20[2 ,G 10@23Y=\0@C0DB  
 
 

+Q* ("!WL) #QL!L#+*! "( L)) +Q* #LUM*M 

 
(3,- =<2 \_,^2 C= [\0 _2 Y220 =<\= \ZZ ,G =<2 [\1Y2Y 1Z=C-\=2Z] <\^2 \ G,3J

-\Z [<\3\[=23/68 2^20/ & d,1Z@ \3D12/ =<2 \>>\320=Z] Z2\Y= G,3-\Z ,G =<2-/ =<2 
-\==23B LZZ ,G =<2- \32 =<2 [,D0C=C^2 \0@ D2023\Z D3\Y>C0D ,G Y,-2=<C0D 
@2GC0C=2B +<2 @CGG2320[2Y \-,0D =<2 C0@C^C@1\Z aC0@Y ,G [\1Y2Y \32 @12 =, =<2 
@CY=C0[= [<\3\[=23Y ,G =<2 [,332Y>,0@C0D `12Y=C,0Y \Ya2@ \0@ =<2 32Y>,0Y2Y 
DC^20B  

&0 =<2 [\Y2 ,G -\==23/ G,3 2A\->Z2/ C=Y D2023\Z [<\3\[=23 � =<\= CY/ C=Y 
RG,3-T � CY ,0 =<2 ,02 <\0@ =<\= ,G _2C0D \0 \0Yd23 =, =<2 `12Y=C,0 d<\= 
Y,-2=<C0D CY -\@2 ,G/ \0@ ,0 =<2 ,=<23 =<\= ,G _2C0D \ [,0Y=C=120= ,G d<\= CY 
C0`1C32@ \_,1=B L0] >\3=C[1Z\3 \0Yd23 =, \ `12Y=C,0 \_,1= =<2 -\==23 ,G 
\ [,0[32=2 =<C0D dCZZ \Zd\]Y _2 Y,-2=<C0D =<\= <\Y =<2 G,3- ,G \ >\3=C[1Z\3 
=]>2 ,G [,0Y=C=120=; d,,@/ -\3_Z2/ _3,0c2/ 2=[B M1[< \ @2GC0C=2 [,0Y=C=120= =, 
_2 Y132 >,YY2YY2Y \ >\3=C[1Z\3 G,3-/ ]2= C= CY 0,= =<CY G,3- =<\= -\a2Y C= _2 
-\=23C\ZB �2C0D -\=23C\Z 32G23Y =, \ D2023\Z G2\=132 ,G \0] [,0[32=2 [,0Y=C=1J
20=B L >\3=C[1Z\3 [,0Y=C=120= � =<2 d,,@/ =<2 -\3_Z2/ ,3 =<2 _3,0c2 � CY 
-\=23C\Z _2[\1Y2 C= CY =<\= out of which =<2 =<C0D CY -\@2B +<\= CY/ _2[\1Y2 ,G 
C=Y 32Z\=C^2 \0@ [,0Y=C=1=C^2 [<\3\[=23 dC=< 32Y>2[= =, =<2 ,3CDC0\Z ,_f2[= ,G 
C0`1C3]/ C= \ZY, >,YY2YY2Y =<2 -,32 D2023\Z [<\3\[=23 \0@ <20[2 =<2 RG,3-T ,G 
-\==23; =<2 G,3- ,G _2C0D \ [,0Y=C=120= ,G =<2 d<,Z2 >3,@1[=B  

+, _2 -\==23 ,3 -\=23C\Z/ =<20/ CY =, >,YY2YY \ @2GC0C=2 G2\=132 � \0@ @2GCJ
0C=202YY CY =<2 2YY20=C\Z [<\3\[=23CY=C[ ,G \0]=<C0D =<\= CY G,3-\ZB +<CY @2GCJ
 

68 )2\3 -\a2Y \ YC-CZ\3 >,C0=; R+<2 Y,J[\ZZ2@ G,3-\Z/ 2GGC[C20=/ \0@ GC0\Z [\1Y2Y \32 j\= Z2\Y= C0 
=<2 dC@2 ^\3C2=] ,G 2^20=Y =<\= ,[[13 dC=<C0 =<2 0\=13\Z d,3Z@� =<322 @CGG2320= \Y>2[=Y ,G G,3- 
C=Y2ZGB L3CY=,=Z2 Y\]Y =<\= =<2Y2 =<322 [\1Y2Y �,G=20 [,0^23D2 ,0 ,02 =<C0DBp +<2 ,02 =<C0D CY G,3-/ 
\0@ �,G=20p [,^23Y all [\Y2Y ,G 0\=13\Z D2023\=C,0 \0@ [32\=C,0 ,G \3=2G\[=YB M, \Z=<,1D< L3CY=,=Z2 
[\0 =\Za \_,1= =<2 =<322 [\1Y2Y d<C[< [,C0[C@2/ <2 [\0 \ZY, =\Za \_,1= =<2 primary [\1Y2B Q2 CY 0,= 
=<20 >C[aC0D ,1= ,02 ,G G,13 [\1Y2Y G,3 Y>2[C\Z <,0,3; <2 CY [C=C0D =<2 ,02 C=2-/ G,3-/ d<C[< [\0 
_2 [,0YC@232@ 2C=<23 \Y =<2 G,3- C= CY ,3 \Y =<2 2GGC[C20= [\1Y2 ,3 \Y =<2 GC0\Z [\1Y2B +<2 G,3- 
32\ZZ] CY =<2 d<] ,G \ =<C0DBT )*L!/ Aristotle: the desire to understand/ 6�B  
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0C=202YY CY d<\= DC^2Y =<2 G2\=132 \ G,3-\Z [<\3\[=23/ 2^20 CG =<2 G2\=132 C=Y2ZG 
C0^,Z^2Y G13=<23 C0@2GC0C=202YY/ =<\= ,G =<2 \@@C=C,0\Z >\3=C[1Z\3 G,3-Y =<\= =<2 
-\==23 [\0 =\a2 ,0B &0 Y>C=2 ,G =<CY C0@2GC0C=202YY/ <,d2^23/ d<\= CY 0,= C0@2GC0CJ
=2 CY =<2 G\[= =<\= =<CY =<C0D can indeed =\a2 ,0 =<2 ^\3C,1Y G13=<23 -,@CGC[\=C,0Y 
\0@ 20=23 C0=, =<2 [,0Y=C=1=C,0 ,G G13=<23 32\ZC=C2Y ,3 -,32 [,->Z2A ,_f2[=YB 

M,-2=<C0D YC-CZ\3 CY =312 ,G =<2 ,=<23 [\1Y2YB +<2 [<\3\[=23CY=C[ G1ZGCZZJ
-20= ,G \ DC^20 \3=CG\[=/ C=Y 20@/ CY 02[2YY\3CZ] 2A>32YY2@ C0 D2023\Z =23-Y 
\0@ <\Y \ G,3-\Z [<\3\[=23; YC==C0D/ 3C@C0D/ 2=[B )Ca2dCY2/ =<2 -,^23 ,3 Y,13[2 
,G =<2 \3=CG\[=/ =<2 D2023\Z \3=CY=C[ \_CZC=] Y>2[CGC2@ _] =<2 >\3=C[1Z\3 G,3- ,G 
=<CY \3=CG\[=/ CY ,G \ G,3-\Z 0\=132B LY 32D\3@Y =<2 G,3-\Z [\1Y2 C=Y2ZG/ C=Y D20J
23\Z [<\3\[=23 � =<2 G,3- ,G \ G,3-/ Y, =, Y>2\a � CY =<\= ,G _2C0D =<2 ,3@23 
,3 Y=31[=132 ,G =<2 =<C0D C=Y2ZGB &= C@20=CGC2Y/ G,3 2A\->Z2/ =<2 d\] C0 d<C[< 
=<2 >3,AC-\=2 -\=23C\ZY \32 ,3D\0Cc2@ =, ]C2Z@ =<2 =<C0D C0 `12Y=C,0B  

*\[< ,G =<2 [\1Y2Y <\Y \ G,3-\Z [<\3\[=23 \0@ 2\[< ,G =<2-/ >32[CY2Z] _2J
[\1Y2 ,G =<CY [<\3\[=23/ CY [\>\_Z2 ,G >3,@1[C0D 10@23Y=\0@C0D C0 \ [,D0C=C^2 
Y1_f2[=B V2= \= =<2 Y\-2 =C-2 2\[< [\1Y2 <\Y \ >\3=C\Z [<\3\[=23 C0Y,G\3 \Y C= 
10^2CZY ,02 \Y>2[= ,G =<2 =<C0D C0 `12Y=C,0 \-,0D -\0]B *\[< [\1Y2 [,0=3C_J
1=2Y d<\= CY Y>2[CGC[ \_,1= C= =, =<2 ,^23\ZZ 10@23Y=\0@C0D ,G =<2 =<C0D C0 
`12Y=C,0B Q,d2^23/ \ZZ ,G =<2 [\1Y2Y =\a20 =,D2=<23 >,YY2YY =<2 Y\-2 [<\3J
\[=23 \Y 2\[< =\a20 YC0D1Z\3Z]B +<2] <\^2 \ G,3-\Z \0@ D2023\Z [<\3\[=23 \0@ 
\32 [\>\_Z2 ,G >3,@1[C0D 10@23Y=\0@C0D; =<2 C0`1C323 _2ZC2^2Y =<\= <2 10@23J
Y=\0@Y/ CB2B <2 =<C0aY <2 a0,dY d<] =<2 =<C0D CY \Y C= CY/ G3,- =<2 ^\3C,1Y 
>,C0=Y ,G ^C2d DC^20 _] =<2 @CGG2320= [\1Y2YB &G =<2 ZCY= ,G `12Y=C,0Y >,Y2@ _] 
=<2 C0`1C323 CY 2A<\1Y=C^2 C0 aC0@/ =<20 =<2 >,YY2YYC,0 ,G \@2`1\=2 \0Yd23Y =, 
=<2- \ZZ dCZZ >3,@1[2 G,3-\ZZ] [,->Z2=2 10@23Y=\0@C0DB L0@ L3CY=,=Z2 [Z\C-Y 
=<\= =<2Y2 `12Y=C,0Y \0@ =<2C3 \0Yd23Y 1Z=C-\=2Z] \32 G,13 C0 aC0@B 
 
 

#LUML) :&M+&%#+&"% L%: #"&%#&:*%#* 
 
L3CY=,=Z2 [Z2\3Z] -\C0=\C0Y =<\= C0 =<2 [\Y2 ,G 0\=13\Z =<C0DY =<322 ,G =<2 

[\1Y2Y/ =<2 G,3-/ =<2 -,^23/ \0@ =<2 20@/ [,C0[C@2 dC=< ,02 \0,=<23 \Y 32J
D\3@Y [,0=20=B66 +<CY -CD<= Y22- =, Y1DD2Y= =<\= Y1[< \ [,C0[C@20[2 CY 0,= \ZJ
d\]Y =<2 [\Y2/ >\3=C[1Z\3Z] dC=< 32D\3@Y =, \3=CG\[=YB &0@22@/ \0 C0C=C\Z 2A\-CJ
 

66 Physics &&B� 8FE\6456H; R+<2 Z\Y= =<322 ,G=20 [,C0[C@2e G,3 =<2 d<\= \0@ =<\= G,3 =<2 Y\a2 ,G 
d<C[< \32 ,02/ d<CZ2 =<2 >3C-\3] Y,13[2 ,G -,=C,0 CY =<2 Y\-2 C0 Y>2[C2Y \Y =<2Y2BT jktlmxvn o¨ x� 
xtuv m¹� �x�� »w rs{{�yn�² x� �¨w ��t xu ��xn yv¤ x� sº �wmyv �w ��xn/ x� op �¢mw ° yuw��n� rt¦xsw 
x¼ m©omn xv�x� xs|xsn��B  
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0\=C,0 ,G \3=2G\[=1\Z [,-C0DJ=,J_2 d,1Z@ Y22- =, [,0GC3- =<CYB &0 =<2 2A\-J
>Z2 [,0YC@232@ \_,^2/ G,3 C0Y=\0[2/ \0@ C0 =<2 [,-C0DJ=,J_2 ,G \3=CG\[=Y C0 
D2023\Z/ C= d,1Z@ \>>2\3 =<\= =<2 G,13 [\1Y2Y/ \0@ C0 >\3=C[1Z\3 =<2 \_,^2 
=<322/ \32 @CY=C0[= C0 \ d\] =<\= CY 0,= =<2 [\Y2 C0 >3,@1[=Y ,G 0\=132B %2^23J
=<2Z2YY/ \ [Z,Y23 2A\-C0\=C,0 dCZZ Y<,d =<\= C0 Y>C=2 ,G =<2 @CY=C0[=C,0/ \ G10J
@\-20=\Z [,C0[C@20[2 -\] _2 G,10@B  

&0 0\=13\Z [,-C0DJ=,J_2 d2 GC0@ \ -\0CG2Y= ,0202YYB %, ,_^C,1Y 2A=230\Z 
G\[=,3 CY C0^,Z^2@ C0 =<2 >3,[2YY; 2^23]=<C0D =<\= CY =\aC0D >Z\[2 Y22-Y =, _2 
Y>\=C\ZZ] 32Y=3C[=2@ =, =<2 ,02 Y20YC_Z2 0\=13\Z ,_f2[=B &0 \@@C=C,0 =, =<CY 
><]YC[\Z [,C0[C@20[2/ d2 \ZY, <\^2 =<2 \G,32-20=C,02@ 10C=] ,3 [,C0[C@20[2 
,G [\1Y\Z [,0=20= [Z\C-2@ _] L3CY=,=Z2B &0 \3=2G\[=1\Z [,-C0DJ=,J_2/ <,d2^23/ 
d2 GC0@ \ >\=20= =d,02YY/ =<\= ,G =<2 [3\G=Y-\0 \0@ =<2 \3=CG\[=/ \0@ C= CY =<CY 
=d,02YY =<\= CY =<2 _\YCY G,3 =<2 Y>\=C\Z @CGG2320=C\=C,0 ,G =<2 [\1Y2YB  

+<2 Y,13[2 ,G [,-C0DJ=,J_2 CY/ D2023\ZZ] Y>2\aC0D/ Z,[\=2@ C0 =<2 [3\G=YJ
-\0/ d<CZ2 =<2 D202YCY ,G =<2 >3,@1[= CY Z,[\=2@ C0 =<2 ><]YC[\ZZ] @CY=C0[= \3J
=CG\[= =<\= CY [,-C0D =, _2B +<2 [3\G=Y-\0 \[=Y 1>,0 -\=23C\ZY =<\= \32 ><]YCJ
[\ZZ] @CY=C0[= G3,- <C-/ G\Y<C,0C0D =<2- _] -2\0Y ,G <CY _,@CZ] -,^2-20=Y/ 
\0@ =<2Y2 C0 =130 <\^2 \ Y,13[2 dC=<C0 <C-B &0 =<CY d\] <2 C->,Y2Y ,0 =<2- 
=<2 @2YC32@ G,3-/ C0 =<2 YC->Z2 Y20Y2 ,G \ Y<\>2/ [,0GCD13\=C,0/ ,3 \33\0D2J
-20=B +<CY =\a2Y >Z\[2 C0 \ >3,[2YY =<\= CY =2->,3\ZZ] 2A=20@2@/ \0@ =<1Y =<2 
@2YC32@ GC0\Z G,3- D3\@1\ZZ] 2-23D2YB  

Q,d2^23/ CG =<CY Y,13[2 CY =, _2 =<2 ,3CDC0 ,G =<2 [,0[32=2 \3=CG\[= C= -1Y= 
_2 ,0=,Z,DC[\ZZ] >3,>,3=C,0\=2 =, C=/ =<\= CY/ C= -1Y= C0[Z1@2 dC=<C0 C=Y2ZG =<2 
_2C0D ,G =<2 \3=CG\[=; C0 =<CY [\Y2/ C=Y _\YC[ 2->C3C[\Z \0@ ><]YC[\Z Y=31[=132B 
+<2 C@2\ ,G \ =\_Z2/ G,3 2A\->Z2/ dCZZ 02^23 _2 =<2 Y,13[2 ,G =<2 [,-C0DJ=,J
_2 ,G \ [<\C3B +<2 _\YC[ Y=31[=132 ,G =<2 \3=CG\[= CY >32[CY2Z] C=Y G,3-/ d<C[< CY 
>32Y20= C0 =<2 C@2\ ,3 C-\D2 >,YY2YY2@ _] =<2 [3\G=Y-\0 \0@ >3,D32YYC^2Z] 
[,-2Y =, _2 >32Y20= C0 =<2 -\=23C\ZYB  

+<2 >3,@1[=C^2 >3,[2YY @C32[=2@ _] =<2 [3\G=Y-\0 CY =<2 [,-C0D =, _2 ,G \ 
>\3=C[1Z\3 \3=CG\[= \0@ C=Y C@20=C=] CY @2=23-C02@ _] =<\= G\[=B O<\= CY >32Y20= 
\= \0] =2->,3\Z ><\Y2 ,G =<\= >3,[2YY CY 0,= f1Y= \0] [<\0[2 =<C0De C= CY =<2 
\3=CG\[= C0 `12Y=C,0 C0 =<2 [,13Y2 ,G [,-C0D =, _2B L0@ Y,/ G,3 2A\->Z2/ d<CZ2 
d2 -\] Y\] =<\= d<\= d2 <\^2 _2G,32 1Y CY -232Z] \ Y`1\32 >C2[2 ,G d,,@ 
dC=< =d, Z2DY \==\[<2@/ =<CY CY 0,= \ [,->Z2=2 \[[,10=B O<\= d2 <\^2/ C0 G\[=/ 
CY \ [<\C3 RC0 =<2 -\aC0DTB &0 ,3@23 =, _2 >3,>23Z] 10@23Y=,,@/ =<2 >32Y20= 
><\Y2 ,G =<2 >3,[2YY/ \0@ \0] ,=<23 C0=23-2@C\=2 ><\Y2/ -1Y= _2 =\a20 \Y \ 
=2->,3\Z >\3= ,G \ Z\3D23 d<,Z2B &=Y [<\3\[=23 \0@ C@20=C=] CY 32Z\=C^2 =, =<\= 
,G =<2 GC0\Z >3,@1[=/ =<2 GC0CY<2@ \3=CG\[=B  
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+<2 C0=23-2@C\=2 >3,@1[= CY 0,= \ [<\C3 >3,>23Z] Y>2\aC0D \0@ <20[2 =<2 
=23- [<\C3 [\00,= _2 \>>ZC2@ =, C= C0 \0 10`1\ZCGC2@ Y20Y2B Q,d2^23/ C= d,1Z@ 
ZCa2dCY2 _2 -CYZ2\@C0D =, Y\] =<\= C= CY 0,= \ [<\C3 C0 \0] d\]B &= d,1Z@ _2 
-,32 \>>3,>3C\=2 =, Y\] =<\= C= CY R0,= ]2=T \ [<\C3 ,3 =<\= C= CY Y,-2=<C0D R,0 
=<2 d\]T =, _2[,-C0D \ [<\C3B &= dCZZ _2[,-2 \ [<\C3B +<\= CY/ \ =312 [<\C3 
dCZZ [,-2 =, _2 C0 =<2 ><]YC[\Z Y>\[2 =<\= C= ,[[1>C2YB6I V2= 10ZCa2 d<\= =\a2Y 
>Z\[2 C0 =<2 [\Y2 ,G 0\=13\Z =<C0DY/ =<CY dCZZ 0,= <\>>20 _] C=Y2ZG/ _1= @12 =, 
=<2 \[=C^C=] ,G =<2 [3\G=Y-\0B  
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+<2 ,_f2[= >32Y20= <232 \0@ 0,d CY >\3= ,G d<\= -\] _2 [\ZZ2@ \ =3\0YJ

=2->,3\Z d<,Z2B +<CY d<,Z2 C0[Z1@2Y =<2 20=C32 >3,[2YY ,G =<2 [,-C0DJ=,J_2 
,G \ [<\C3/ \ >3,[2YY =<\= CY C@20=CGC2@ C0 =23-Y ,G C=Y =23-C0\Z Y=\D2/ \==\C02@ 
d<20 =<2 >3,@1[=C^2 >3,[2YY <\Y [,-2 =, \0 20@B *^23] =2->,3\Z >\3= ,G =<2 
>3,[2YY -\] _2 =32\=2@ \Y \0 C0@2>20@20= ><]YC[\Z ,_f2[=/ =<,1D< 2\[< CY @2J
>20@20= C0 \ G1ZZ23 Y20Y2 ,0 =<2 d<,Z2 ,G d<C[< C= CY \ >\3=B +<2 0\=132 \0@ 
C@20=C=] ,G =<2 ,_f2[= >32Y20= \= 2^23] >\3= ,G =<2 >3,[2YY/ =<2 Rd<\= C= CYT ,G 
d<\= CY _2G,32 1Y <232 \0@ 0,d/ CY =<\= ,G =<2 GC0\Z >3,@1[= ,G =<2 >3,[2YYB  

+<2 [3C=C[\Z >,C0= <232 CY =<\= =<2 [,0=20=J=23- R[<\C3T CY C0 G\[= =<2 ,02 
=<\= -,Y= \>>3,>3C\=2Z] @2Y[3C_2Y \0] ,G =<2 ,_f2[=Y >32Y20= \= \0] C0=23C- 
=2->,3\Z ><\Y2 ,G =<2 >3,[2YYB +<CY CY 0,= _2[\1Y2 =<2 ><]YC[\Z \0@ Y20YC_Z2 
G,3- ,G \ [<\C3 CY \[=1\ZZ] >32Y20= C0 =<,Y2 ><\Y2YB &0 G\[=/ C= CY 0,= >32Y20=B 
O<\= CY \[=1\ZZ] >32Y20=/ d<CZ2 C= CY Y,-2=<C0D [,0[32=2/ @,2Y 0,= >,YY2YY C=Y 
,d0 C@20=C=] ,3 C=Y ,d0 0\-2B V2= =<2 C@20=C=] =<\= -,Y= \>>3,>3C\=2Z] \0@ 
=31Z] _2Z,0DY =, C= \0@ =<2 0\-2 =<\= -,Y= [,332[=Z] @2Y[3C_2Y C= CY =<\= ,G =<2 
=23-C0\Z >3,@1[=/ ,G =<2 [<\C3 C0 =<CY [\Y2B  

)2= 1Y G13=<23 0,=2 =<\= =<2 \>>ZC[\=C,0 ,G =<2 =23- R[<\C3T =, =<CY C0=23C- 
,_f2[= \0@ <20[2 =<2 \==3C_1=C,0 =, C= ,G =<2 G,3- ,G =<2 GC0\Z >3,@1[=/ [<\C3/ 
CY 0, Z,0D23 \ >132Z] Y20YC_Z2 [<\3\[=23Cc\=C,0/ YC0[2 =<2 Y20YC_Z2 G,3- CY C0 
G\[= 0,= >32Y20= C0 C=B +<2 \==3C_1=C,0 CY C0=2ZZCDC_Z2 \0@ =<2 \==3C_1=2@ G,3- CY 
\0 C0=2ZZCDC_Z2 G,3-B &= 32G23Y 0,= Y, -1[< =, d<\= d2 [\0 >23[2C^2/ _1= =, 
Y,-2=<C0D =<\= d2 a0,d about d<\= d2 >23[2C^2B +<2 ,_f2[= =<\= CY \[=1\ZZ] 
>32Y20= _2G,32 1Y <232 \0@ 0,d/ d<CZ2 C= @,2Y >,YY2YY \ @2GC0C=2 G,3- C0 =<2 
Y20Y2 ,G \ Y<\>2/ Y=31[=132/ ,3 [,0GCD13\=C,0/ @,2Y 0,= >,YY2YY =<2 Y20YC_Z2 

 

6I "0 =<2 [,0@C=C,0/ =, _2 Y132/ =<\= =<2 >3,[2YY G,ZZ,dY C=Y ,3@C0\3] [,13Y2B 
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G,3- ,G \ [<\C3B V2= C= [\0 _2 Y\C@ =, =31Z] >,YY2YY =<2 C0=2ZZCDC_Z2 G,3- ,G 
\ [<\C3 C0Y,G\3 \Y 10@23Y=\0@C0D d<\= C= CY C0^,Z^2Y a0,dC0D =<\= C= CY >\3= ,G 
=<2 >3,[2YY ,G =<2 [,-C0DJ=,J_2 ,G \ [<\C3 � ,G =<2 -\aC0D ,G \ [<\C3/ =, _2 
-,32 >32[CY2B +<232G,32/ d2 [\0 =31Z] [\ZZ C= \ [<\C3/ \@@C0D =<2 02[2YY\3] 
`1\ZCGC[\=C,0 ,G RC0 =<2 -\aC0DT ,3 =<2 ZCa2B U0\d\3202YY ,G =<2 32Z\=C,0Y<C> 
_2=d220 =<CY C0=23C- ,_f2[= \0@ \ [<\C3/ 32D\3@Z2YY ,G =<2 @2D322 ,G \[=1\Z 
><]YC[\Z 32Y2-_Z\0[2 =, \ [<\C3/ d,1Z@ C->Z] \ Z\[a ,G 10@23Y=\0@C0D ,G 
d<\= C0 G\[= CY =\aC0D >Z\[2 \0@ ,G =<2 \[=1\Z [<\3\[=23 ,G =<CY ,_f2[= <232 \0@ 
0,d >32[CY2Z] \Y C0=23C- \0@ \Y \ >\3= ,G \ D32\=23 d<,Z2B  
 
 

:*M&!* L%: W"+&"% 

 
+<2 Y,13[2 ,G -,=C,0/ =<2 >\3=C[1Z\3 \3=CG\[= C-\DC02@ ,3 \0=C[C>\=2@ _] 

=<2 [3\G=Y-\0/ CY >32Y20= C0 <C- \0@ d2 [\0 [\ZZ =<CY \0 C@2\B +<2 ,0=,Z,DC[\Z 
32`1C32-20= ,G \ >3,>,3=C,0\=2 G,3- C0 =<2 [3\G=Y-\0 CY @C[=\=2@ _] =<2 [<\3J
\[=23 ,G =<2 \3=CG\[=/ d<C[< 32`1C32Y \ >3,>23 Y,13[2 ,G _2C0DB Q,d2^23/ 
\ -232 C@2\ C0 =<2 -C0@ ,G \ [3\G=Y-\0/ =<\= CY/ =<2 -232 =<,1D<= ,3 C-\D2 ,G 
=<2 \3=CG\[=/ CY C0Y1GGC[C20= =, >3,@1[2 C=/ YC0[2 C= CY ,0Z] \0 ,_f2[= ,G [,D0CJ
=C,0B W232 C@2\Y C0 =<CY Y20Y2 \32 0,= -,=C^2 G,3[2YB :2YC32Y \32 Y1[< G,3[2YB 
O<CZ2 \0 C@2\ CY \ 02[2YY\3] [,0@C=C,0 G,3 =<2 2ACY=20[2 ,G =<2 -,=C,0/ C= CY 
C0Y1GGC[C20= _] C=Y2ZG =, >3,@1[2 \0@ Y1Y=\C0 C=B W,=C,0 [,--20[2Y \0@ 20@132Y 
,0Z] C0Y,G\3 \Y =<2 [3\G=Y-\0 _2DC0Y \0@ [,0=C012Y =, @2YC32 =, _3C0D =<2 
C-\DC02@ ,_f2[= C0=, \[=1\Z 2->C3C[\Z 2ACY=20[2B +<2 Y,13[2 ,G =<2 -,=C,0 C0 
=<2 [3\G=Y-\0 CY =<232G,32 =<2 @2YC32 G,3 =<2 \3=CG\[=B +<2 G,3-J[,0=\C0C0D C@2\ 
-1Y= _2 Y1_Y1-2@ _] \ @2YC32/ _2[,-C0D C=Y ,_f2[=/ CG C= CY =, _2[,-2 \ -,=C^2 
G,3[2 G,3 =<2 [,-C0D =, _2 ,G \0 \[=1\Z ><]YC[\Z \3=CG\[=/ \0 ,_f2[= ,G 2A=230\Z 
Y20Y1\Z >23[2>=C,0B +<1Y/ d<CZ2 =<2 [3\G=Y-\0 CY 1Y1\ZZ] [,0YC@232@ =, _2 =<2 
-,^23 C0 \ D2023\Z Y20Y2/ _2[\1Y2 <2 CY =<2 >,YY2YY,3 ,G =<2 @2YC32/ C= CY =<2 
@2YC32 C=Y2ZG =<\= CY =<2 Y,13[2 ,G -,=C,0 C0 \ -,32 >32[CY2 Y20Y2B  

O<\= CY @2YC32@/ =<2 ,_f2[=/ CY \ -,-20= ,G =<2 @2YC32B +<\= CY/ C= CY \0 C0J
Y2>\3\_Z2 \0@ 0,0JC0@2>20@20= >\3= ,G =<2 32\ZC=] ,G \ @2YC32B &= CY [Z2\3 =<\= 
\0] @2YC32 02[2YY\3CZ] CY \ @2YC32 G,3 Y,-2=<C0DB L @2YC32/ C0 =130/ CY =<2 Y,3= 
,G =<C0D =<\= ,G C=Y ^23] 0\=132 >3,@1[2Y -,=C,0 =,d\3@ d<\= CY @2YC32@B K1Y= 
\Y @2YC32 [\00,= =31Z] _2 @2YC32 CG C= @,2Y 0,= <\^2 \0 ,_f2[=/ Y, =,, C= G\CZY =, 
_2 \ D201C02 @2YC32 CG C= @,2Y 0,= >3,@1[2 -,=C,0B +<CY -,=C,0 � C0C=C\=2@/ 
Y1Y=\C02@/ \0@ @C32[=2@ _] =<2 @2YC32 � CY @2GC02@ _] =<2 ,_f2[= ,G =<2 @2YC32/ 
@2YC32 C0 C=Y2ZG _2C0D ,_f2[=Z2YY \0@ <20[2 C0@2GC0C=2B  



+Q* R)"S&#T "( L!&M+"+*)&L% #LUML)&+V 69 

+, 32[\>C=1Z\=2/ =<20/ d2 <\^2 Y220 =<2 022@ G,3 \ >3,>,3=C,0\=2 Y,13[2 ,G 
=<2 G,3- ,3 Y=31[=132 =<\= CY [,-C0D =, _2 C0 =<2 \3=CG\[= @13C0D C=Y >3,[2YY ,G 
[,-C0D =, _2B +<CY G,3- -1Y= \Z32\@] 2ACY= Y,-2<,d CG C= CY =, [,-2 =, _2 
<232 \0@ 0,d 2->C3C[\ZZ]/ Y20YC_Z]/ \0@ ><]YC[\ZZ]B L0@ YC0[2 C= CY =<2 
[3\G=Y-\0 d<, CY 32Y>,0YC_Z2 G,3 =<2 >3,[2YY/ C= CY <2 d<, -1Y= <\^2 =<CY 
G,3- >32Y20= C0 <C-B +<CY >32Y20[2 =\a2Y =<2 G,3- ,G \0 C@2\/ d<C[< CY =<2 
[,D0C=C^2 >32Y20[2 ,G \0 ,_f2[= ,G d<\=2^23 aC0@B V2= YC0[2 \0 C@2\ _] C=Y2ZG 
CY 0,= [\>\_Z2 ,G _3C0DC0D \0]=<C0D C0=, 2ACY=20[2/ =<2 \[=C^C=] ,G =<2 \D20= 
32`1C32Y 0,= ,0Z] =<2 [,D0C=C^2 >32Y20[2 ,G =<2 ,_f2[=/ _1= \ZY, C=Y ^,ZC=C^2 
>32Y20[2; =<2 a0,d0 ,3 C-\DC02@ ,_f2[= -1Y= \ZY, _2 \0 ,_f2[= ,G @2YC32B  
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MU�K*#+&X* L%: "�K*#+&X* �*!M�*#+&X*M; 

&%+*%:*: L%: &%+!&%M&# *%:M 

 
L >3,>23 10@23Y=\0@C0D ,G \0] ><20,-20,0 32`1C32Y \0 C@20=CGC[\=C,0 ,G 

=<2 \>>3,>3C\=2 \0@ G1ZZ d<,Z2 =, d<C[< C= _2Z,0DYB +<2 \>>3,>3C\=2 d<,Z2 C0 
=<2 [\Y2 ,G >3,@1[=C^2 \[=C^C=] C0[Z1@2Y =<2 \D20=/ <CY @2YC32/ =<2 ,_f2[= ,G 
=<\= @2YC32/ \0@ =<2 =2->,3\Z >3,[2YY C0C=C\=2@/ @C32[=2@/ \0@ _3,1D<= =, \ =23J
-C0\=C,0 \0@ [,->Z2=C,0 _] =<2 \D20=B  

+<CY d<,Z2 [\0 _2 ^C2d2@ G3,- =d, >23Y>2[=C^2Y/ ,3 \0\Z,D,1YZ]/ =<2 
>3,@1[= ,G =<2 >3,[2YY [\0 _2 Y220 C0 =d, d\]YB (C3Y= ,G \ZZ/ C= [\0 _2 Y220 
G3,- =<2 Y1_f2[=C^2 >23Y>2[=C^2 ,G =<2 \D20=/ =<2 [3\G=Y-\0B +<2 >3,@1[= CY 
d<\= CY 1Z=C-\=2Z] @2YC32@ \Y =<2 =23-C01Y ,G =<2 20=C32 >3,@1[=C^2 \[=C^C=]B &0 
=<CY Y20Y2 =<2 >3,@1[= CY \0 intended ,3 desired 20@/ Y,-2=<C0D 32Z\=C^2 =, =<2 
\D20= \0@ >32Y20= =, <C-B +<CY C0=20@2@ 20@ 2ACY=Y \Y \0 ,_f2[= ,G =<2 
[3\G=Y-\0pY @2YC32B +<2 G\[1Z=] _] -2\0Y ,G d<C[< C= CY >32Y20= =, <C- CY =<2 
\0=C[C>\=C0D C-\DC0\=C,0B +<2 ,_f2[= ,G =<2 @2YC32 CY =<2 \3=CG\[= \Y \0 C-\DJ
C02@ >,YYC_Z2 G1=132 ,_f2[= =, _2 _3,1D<= C0=, \[=1\Z ><]YC[\Z 2ACY=20[2 
=<3,1D< =<2 [3\G=Y-\0pY \[=C^C=]B +<2 C0=20@2@ 20@/ C0Y,G\3 \Y C= CY =<2 ,_f2[= 
,G <CY @2YC32/ CY 32\ZZ] \0 \Y>2[= ,G =<2 \D20= \Y \ -,^23B V2= C= CY C->,3=\0= 
=, 0,=2 =<\= d<\= CY [,D0C=C^2Z] >32Y20= =, <C- CY 0,= f1Y= \0 \3=CG\[= Y,-2J
d<232 \0@ 0,d<232B Q2 C-\DC02Y \ 32\Z \3=CG\[=/ =<\= CY/ \ -\=23C\Z ,_f2[= C0 
=<2 d,3Z@B +, _2 Y132/ C= CY 0,= \[=1\ZZ] >32Y20= <232 \0@ 0,dB &= CY \ >,YYC_Z2 
G1=132 =<C0D/ \ [,0[32=2 ><]YC[\Z ,_f2[=B L Y1[</ C= <\Y =<2 -,@\ZC=] ,G _2C0D 
=<\= CY [<\3\[=23CY=C[ ,G G1=132 =<C0DY \0@ Y=\=2Y ,G \GG\C3Y; =<\= ,G _2C0D 
C-\DC0\=C^2Z] \0=C[C>\=2@B L0@ =<CY >,YYC_Z2 G1=132 ,_f2[= � >\3=C[1Z\3 \0@ 
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2->C3C[\Z � CY \0 20@ C0 =<2 01-23C[\Z ,3 Y2`120=C\Z Y20Y2 ,G _2C0D \ Z\Y= 
2Z2-20=/ G,3 C= CY =<2 GC0\Z 2Z2-20= C0 =<2 \[=C^C=] =<\= CY @C32[=2@ _] =<2 @2J
YC32B &= CY \ZY, \0 20@ C0 \ [,->Z2=C^2 Y20Y2 C0 =<\= C= CY =<2 G1ZGCZZ-20= ,G 
\ @2YC32 \0@ ,G =<2 \[=C^C=] =<\= [,332Y>,0@Y =, =<\= @2YC32B  

M2[,0@Z]/ <,d2^23/ =<2 >3,@1[= [\0 \ZY, _2 ^C2d2@ \Y >\3= ,G =<2 >3,[2YY 
C=Y2ZGB +<2 >3,[2YY [\0 _2 =\a20 C0 \_Y=3\[=C,0 G3,- =<2 \[=C^C=] ,G =<2 \D20=B 
O2 [\0 =<1Y [,0YC@23 ,0Z] =<2 =3\0YJ=2->,3\Z 32Y1Z= ,G =<2 [3\G=Y-\0pY >3,J
@1[=C^2 \[=C^C=]B +<CY CY =<2 >23Y>2[=C^2 ,G =<2 ,_f2[= =<\= CY [,-C0D =, _2B 
O<20 32D\3@2@ C0 =<CY d\]/ =<2 >3,[2YY CY =\a20 \Y \ [,->Z2A =3\0YJ=2->,3\Z 
,_f2[= =<\= <\Y =d, @2GC0C=2 \0@ C@20=CGC\_Z2 =2->,3\Z 20@>,C0=YB L= ,02 2AJ
=32-2 d2 <\^2 =<2 -\=23C\ZY =<\= dCZZ _2 1Y2@ =, -\a2 =<2 \3=CG\[=/ @2>3C^2@ 
,G =<2C3 GC0\Z Y=31[=132 ,3 G,3-B L= =<2 ,=<23 2A=32-2 d2 <\^2 =<2 GC0CY<2@ 
\3=CG\[=/ G1ZZ] G,3-2@ \0@ Y=31[=132@B +<2 >3,[2YY CY =<2 C0=23-2@C\=2 Y2J
`120[2 ,G Y=\=2Y ,G \GG\C3Y ZC0aC0D =<2Y2 =d, 20@>,C0=YB LY d2 <\^2 Y220/ 
2\[< ,G =<2Y2 Y=\=2Y ,G \GG\C3Y/ 2\[< 2Z2-20= C0 =<2 Y2= � C0 =<2 =3\0YJ=2->,3\Z 
[,0=C011- � CY \ 32\Z =<C0D/ \0 C0=23-2@C\=2 ,3 C0=23C- ><]YC[\Z ,_f2[=B  

OC=< 32Y>2[= =, =<CY ,_f2[=C^2 >3,[2YY =<2 GC0\Z >3,@1[= \ZY, <\Y =<2 [<\3J
\[=23 ,G \0 20@B &= CY 0,= \0 C0=20@2@ 20@/ <,d2^23/ G,3 d2 <\^2 \_Y=3\[=2@ 
G3,- =<2 [3\G=Y-\0 \0@ <CY @2YC32B &= CY d<\= -\] _2 [\ZZ2@ \0 intrinsic ,3 
quasi-natural 20@B &= CY C0=3C0YC[ C0 =<\= C=Y GC0\Z [<\3\[=23 CY @12 =, C=Y >,YCJ
=C,0 dC=<C0 =<2 >3,[2YY C=Y2ZG/ C332Y>2[=C^2 ,G =<2 \[=C^C=] ,G =<2 \D20=B &= CY 
\ >\3= ,G =<2 C0=230\Z Y=31[=132 ,G =<2 >3,[2YYB &= CY `1\YCJ0\=13\Z C0 =<\= C= CY 
>\3= ,G =<2 R0\=132T/ \Y C= d232/ ,G =<2 >3,[2YY; =<2 >3,[2YY CY C0@22@ \ Y2J
`120[2 ,G Y=\=2Y ,G \GG\C3Y =<\= Z2\@Y =, \ [,0[32=2 \3=CG\[=/ \0@ =<CY/ \Y d2 
<\^2 Y220/ @2GC02Y =<2 Y,3= ,G =<C0D C= CYB +<CY R0\=132T ,3 R`1\YCJ0\=132T CY 
=\a20 C0 \_Y=3\[=C,0 G3,- =<2 @2YC@23\=C^2 \0@ @C32[=C^2 \[=C^C=] ,G =<2 
[3\G=Y-\0 \0@ \D20=B +<2 >3,@1[=/ \Y =<2 =2->,3\ZZ] Z\Y= Y=\=2 ,G \GG\C3Y/ CY 
\ >3C^CZ2D2@ \0@ >2[1ZC\3 -2-_23 ,G \0 ,3@232@ [,0=C011-/ =<2 Y2= ,G Y=\=2Y 
,G \GG\C3Y =<\= [,->3CY2 =<2 >3,[2YYB  

Q,d2^23/ <\^C0D C0=3,@1[2@ =<CY @CY=C0[=C,0 \ >3,_Z2- Y22-Y =, \3CY2B 
O<\= CY =<2 32Z\=C,0Y<C> _2=d220 =<2 C0=20@2@ 20@ \0@ =<2 Y,J[\ZZ2@ C0=3C0YC[ 
,3 `1\YCJ0\=13\Z 20@i &= d,1Z@ \>>2\3 =<\= d2 <\^2 C@20=CGC2@ =d, @CY=C0[= 
,_f2[=Y =<\= <\^2 =<2 [<\3\[=23 ,G \0 20@B O<\= C0 G\[= CY =<2 @CGG2320[2 _2J
=d220 =<2- \0@ <,d \32 =<2] 32Z\=2@ =, ,02 \0,=<23i +<2 GC3Y= ,G =<2Y2/ =<2 
C0=20@2@ 20@/ Y22-Y =, _2 \ >\3= ,3 \Y>2[= ,G =<2 -,^23B &= 32GZ2[=Y =<2 G\[= 
=<\= \0] @2YC32/ d<C[< C0=3C0YC[\ZZ] CY \ Y,13[2 ,G -,=C,0 C0 \ [,D0C=C^2 \D20=/ 
CY \Zd\]Y \ @2YC32 for Y,-2=<C0D \0@ =<2 -,=C,0 =<\= C= >3,@1[2Y CY \Zd\]Y \ 
-,=C,0 toward Y,-2=<C0DB +<2 C0=20@2@ 20@ CY \0 \==3C_1=2 ,G \ -,^23/ 
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_2[\1Y2 =<2 @2YC32 ,G d<C[< C= CY \ >\3= CY =31Z] \0@ \[=1\ZZ] >32Y20= C0 <C-B &G 
C= _2\3Y \ 32G2320[2 =, =<2 -,=C,0/ C= @,2Y Y, C0Y,G\3 \Y C= \0@ C=Y 2Z2-20=Y \32 
@2YC32@/ \0@ =<CY =\a2Y >Z\[2 G,3 =<2 Y\a2 ,G =<2 GC0\Z >3,@1[= =<\= CY @2YC32@ 
=<3,1D< =<2 -,=C,0B 

L0 C0=3C0YC[ ,3 `1\YCJ0\=13\Z 20@/ <,d2^23/ CY \_,^2 \ZZ \0 \==3C_1=2 ,G =<2 
,_f2[=C^2 >3,[2YYB M2[,0@\3CZ]/ C= CY \ G2\=132 ,G =<2 =<C0D =<\= CY [,-C0D =, 
_2 \= \0] -,-20= C0 =<2 >3,[2YYB +<CY =<C0D CY \0 ,_f2[=C^2 >\3= ,G =<2 [,0J
=C011- ,G Y=\=2Y ,G \GG\C3Y =<\= [,0Y=C=1=2Y =<2 >3,[2YYB *\[< Y1[< =<C0D/ 2\[< 
2Z2-20= ,G =<2 >3,[2YY/ >32[CY2Z] \Y Y1[< \0 2Z2-20=/ CY Y,-2=<C0D ,0 =<2 
d\] =, _2[,-C0D Y,-2=<C0DB "0 =<2 ,02 <\0@/ =<2 >3,[2YY \Y \ d<,Z2 [\0 _2 
Y\C@ =, _2 G,3 =<2 Y\a2 ,G Y,-2=<C0DB "0 =<2 ,=<23 <\0@/ \0] C0=23C- >3,@1[= 
[\0 \ZY, _2 Y\C@ =, _2 G,3 =<2 Y\a2 ,G Y,-2=<C0D/ >32[CY2Z] C0Y,G\3 \Y C= CY C0J
=23-2@C\=2/ =3\0YC20=/ \0@ C0 =<2 [,13Y2 ,G [<\0DC0D \0@ @2^2Z,>C0D =,d\3@ 
Y,-2=<C0D @2GC0C=2B &=Y 20@ \0@ C=Y G1ZGCZZ-20= CY =<2 GC0\Z >3,@1[=B +<1Y/ =<CY 
GC0\Z >3,@1[= CY 0,= >32Y20= ><]YC[\ZZ] ,3 Y20YC_Z] \0]d<232 C0 =<2 C0=23C- 
,_f2[=B Q,d2^23/ =<2 GC0\Z >3,@1[= [\0 Z2DC=C-\=2Z] _2 \==3C_1=2@ =, =<2 C0J
=23C- ,_f2[= C0 ^C3=12 ,G =<2 G\[= =<\= =<2 Z\==23 CY \ >\3= ,G \ >3,[2YY =<\= @,2Y 
C0[Z1@2 =<2 GC0\Z >3,@1[=B Q232 =,, d2 <\^2 \ 0,2=C[ \==3C_1=C,0/ f1Y= \Y d2 
Y\d C0 =<2 [\Y2 ,G =<2 C0=2ZZCDC_Z2 G,3-B O2 \32 \==3C_1=C0D =, =<2 C0=23C- ,_J
f2[= \ G2\=132 =<\= CY 0,= ><]YC[\ZZ] \0@ 2->C3C[\ZZ] >32Y20= C0 C=/ _1= CY 32J
Z\=2@ =, C= 2YY20=C\ZZ]B  

+<2 d,3a ,G \ [3\G=Y-\0 [\0 G\CZ G,3 \0] ,G \ 01-_23 ,G 32\Y,0YB (C3Y= ,G 
\ZZ/ =<2 >Z\0 -CD<= >3,^2 =, _2 @2G2[=C^2; \0 \3=CG\[= [,0Y=31[=2@ \[[,3@C0D =, 
>Z\0 -CD<= 0,= >23G,3- =<2 G10[=C,0 G,3 d<C[< C= d\Y C0=20@2@B M2[,0@Z]/ =<2 
>3,@1[=C^2 \[=C^C=] C=Y2ZG -CD<= _2 GZ\d2@/ @12 =, C0\@2`1\=2 -\=23C\ZY/ G\1Z=] 
C0Y=31-20=Y/ ,3 C0Y1GGC[C20= \_CZC=] ,0 =<2 >\3= ,G =<2 [3\G=Y-\0B (,3 ,13 
>32Y20= >13>,Y2Y/ Z2= 1Y \YY1-2 =<\= =<2 [3\G=Y-\0 Y1[[22@Y C0 >3,@1[C0D =<2 
\3=CG\[= <2 C0=20@2@ =, -\a2B &0 =<CY ,3@C0\3] \0@ =]>C[\Z [\Y2/ dC=<C0 =<2 
Y1>23C,3 d<,Z2 =<\= C0[Z1@2Y =<2 >3,[2YY \0@ =<2 [3\G=Y-\0 \Z,0D dC=< <CY 
\[=C^C=]/ =<2 C0=20@2@ 20@ [,C0[C@2Y -\=23C\ZZ]/ \Y 32D\3@Y [,0=20=/ dC=< =<2 
C0=3C0YC[ ,3 `1\YCJ0\=13\Z 20@/ =<,1D< G,3-\ZZ] =<2] \32 =d, @CY=C0[= ,_f2[=YB 
+<2 GC3Y= CY d<\= =<2 [3\G=Y-\0 @2YC32Y \0@ _2Z,0DY =, =<2 @,-\C0 ,G =<2 \0J
=C[C>\=C0D C-\DC0\=C,0B &= CY d<\= =<2 <2 CY Y22aC0D =, _3C0D C0=, \[=1\Z ><]YCJ
[\Z 2ACY=20[2 C0 =<2 G1=132 =<3,1D< <CY >3,@1[=C^2 \[=C^C=]B +<2 Y2[,0@ CY 
d<\= <2 \[=1\ZZ] Y1[[22@Y C0 _3C0DC0D C0=, 2ACY=20[2 \0@ _2Z,0DY =, =<2 @,J
-\C0 ,G =<2 32\Z/ ,G Y20Y2 >23[2>=C,0B &= CY \0 2Z2-20=/ \Z_2C= \ >2[1ZC\3 \0@ 
>3C^CZ2D2@ ,02/ ,G =<2 >3,@1[=C^2 \[=C^C=] ^C2d2@ \Y \ @CY=C0[= \0@ C0=2D3\Z 
d<,Z2B +<2 C0=20@2@ 20@ =31Z] <\Y =<2 [<\3\[=23 ,G \0 20@/ YC0[2 C= CY _,=< =<2 



KL!"MNLO ")*M&L' 6E

01-23C[\ZZ] Z\Y= 2Z2-20=/ =<\= \= d<C[< =<2 \D20= \C-Y/ \0@ \ [1Z-C0\=C,0 ,3 
[,->Z2=C,0B V2= \= =<2 Y\-2 =C-2 C= CY \0 \Y>2[= \0@ \ >\3= ,G =<2 Y,13[2 ,G 
=<2 -,=C,0B &0@22@/ \Y \ 02[2YY\3] 2Z2-20= ,G @2YC32/ C= CY C0 G\[= C0Y2>\3\_Z2 
G3,- C=/ =<,1D< C= [\0 _2 [,0YC@232@ Y2>\3\=2Z] =<3,1D< =<2 \_Y=3\[=C,0 [<\3J
\[=23CY=C[ ,G =<,1D<= \0@ ,G Y>22[<B +<2 C0=3C0YC[ ,3 `1\YCJ0\=13\Z 20@ \ZY, 
<\Y =<2 [<\3\[=23 ,G \0 20@/ _1= C= CY \0 2Z2-20= ,G =<2 32\Z \0@ 2->C3C[\Z 
>3,@1[=C^2 >3,[2YY \0@ C= CY D202=C[\ZZ] C0Y2>\3\_Z2 G3,- C=B &= CY 32Z\=2@ =, 
=<2 C0=20@2@ 20@ \Y C=Y 32\ZCc\=C,0 ,3 \[=1\ZCc\=C,0B &0@22@/ =<2 d<,Z2 >23J
[2>=C_Z2 >3,[2YY CY \0 \[=1\ZCc\=C,0 ,G =<2 20=C32 C-\DC02@ \0@ \0=C[C>\=2@ 
>3,[2YYB  
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+<2 \_,^2 32-\3aY [\ZZ \==20=C,0 =, \0 C0=C-\=2 32Z\=C,0Y<C> � \ [,->Z2J

-20=\3C=]/ C0 G\[= � _2=d220 =<2 -,^C0D [\1Y2 \0@ =<2 GC0\Z [\1Y2 C0 \3=2J
G\[=1\Z >3,@1[=C,0B &0 Y1[< \[=C^C=]/ d<CZ2 =<2 =d, [\1Y2Y \32 @CY=C0[= C0 0\J
=132 =<2] \32 C@20=C[\Z C0 [,0=20=/ G,3 =<2 ,_f2[= ,G =<2 @2YC32 CY C@20=C[\Z dC=< 
=<2 =23-C01Y ,G =<2 -,=C,0 >3,@1[2@ _] =<\= @2YC32B +<2 32Z\=C,0Y<C> _2=d220 
=<2- CY \0\Z,D,1Y =, =<2 [Z\YYC[\Z 32Z\=C,0Y<C> _2=d220 -\==23 \0@ G,3-B K1Y= 
\Y -\==23 \0@ G,3- \32 [,332Z\=C^2 [,0Y=C=1=C^2 >3C0[C>Z2Y C0 \0 \3=CG\[=/ =,J
D2=<23 -\aC0D 1> =<2 d<,Z2 ,_f2[=/ Y, =,, =<2 -,^23 \0@ =<2 20@ \32 \ZY, 
[,332Z\=C^2 D202=C[ >3C0[C>Z2Y/ G,3 =<2 -,^23 C0 =<2 >32[CY2 Y20Y2 CY =<2 [3\G=YJ
-\0pY @2YC32/ \0@ @2YC32 CY ,G C=Y ^23] 0\=132 [,332Z\=C^2 =, =<2 ,_f2[= @2YC32@/ 
d<C[< C0 =<CY [\Y2 CY -\=23C\ZZ] C@20=C[\Z dC=< =<2 2->C3C[\Z 20@/ =<\= \= 
d<C[< <CY @2YC32J@3C^20 \[=C^C=] \C-Y \0@ G,3 =<2 Y\a2 ,G d<C[< C= 2ACY=YB 
UZ=C-\=2Z]/ =<2 Y,13[2 ,G =<CY [,->Z2-20=\3C=] CY =<2 [,332Z\=C^2 [<\3\[=23 ,G 
\[=C^C=] \0@ >\YYC^C=]/ ,G -\aC0D \0@ _2C0D -\@2B  

(13=<23-,32/ & d,1Z@ [Z\C- =<\= =<2 \_,^2 @CY=C0[=C,0 ,G =<2 GC0\Z [\1Y2 
C0=, =d, 2Z2-20=Y/ \0 C0=20=C,0\Z ,3 [,D0C=C^2 2Z2-20= =<\= CY >\3= ,G =<2 
-,^23 \0@ \0 2->C3C[\Z \0@ Y20YC_Z] >23[2>=C_Z2 2Z2-20= =<\= CY >\3= ,G =<2 
\[=1\Z >3,@1[=C^2 >3,[2YY/ CY \ 02[2YY\3] \Y>2[= ,G \0] >3,[2YY ,G [,-C0DJ=,J
_2B &= 32Y1Z=Y G3,- =<2 ,0=,Z,DC[\Z 32`1C32-20=Y ,G [,-C0D =, _2 C0 D2023\Z; 
\ 02[2YY\3] [,0@C=C,0 G,3 [,-C0DJ=,J_2 CY =<2 >32J2ACY=20[2 C0 Y,-2 ,=<23 
-,@\ZC=] ,G =<\= d<C[< CY =, [,-2 =, _2B �2C0D [\00,= [,-2 =, _2 G3,- 0,0J
_2C0DB +<CY 32`1C32-20= CY >\3=C[1Z\3Z] ,_^C,1Y C0 =<2 [\Y2 ,G \3=2G\[=1\Z 
[,-C0DJ=,J_2 _2[\1Y2 ,G =<2 D2023\Z [\1Y\Z Y2>\3\=C,0 =<\= CY [<\3\[=23CY=C[ 
,G C=; =<2 [3\G=Y-\0 \0@ =<2 \3=CG\[= \32 =d, @CY=C0[= ><]YC[\Z 20=C=C2YB &= CY 
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_2[\1Y2 ,G =<CY 2A>ZC[C=Z] Y20YC_Z2 Y2>\3\=C,0 \0@ =<2 2->C3C[\ZZ] 2^C@20= 
>32Y20[2 ,G =<2Y2 =d, 2Z2-20=Y =<\= \0 \0\Z]YCY ,G \3=2G\[=1\Z [,-C0DJ=,J_2 
CY ,G Y1[< C0=232Y=B  

&0 \@@C=C,0 =, =<2 \_,^2 [\1Y\Z [,->Z2-20=\3C=] \Y 32D\3@Y =<2 -,^C0D 
\0@ GC0\Z [\1Y2Y/ =<232 CY \ZY, \0 10@23Z]C0D [\1Y\Z [,C0[C@20[2 C0 \3=2G\[=1\Z 
D202YCY =<\= CY YC-CZ\3 =, d<\= L3CY=,=Z2 \==3C_1=2Y =, 0\=13\Z [,-C0DJ=,J_2B &= 
[,0YCY=Y ,G =<2 1_C`1C=] \0@ C@20=C=] ,G G,3-/ 2^20 C0 =<2 -,Y= _\YC[ Y20Y2 ,G 
G,3- \Y Y<\>2/ \0@ C= [\0 _2 G,10@ 2^20 C0 \0 \3=CG\[= \Y YC->Z2 \Y \ [<\C3B &0 
Y>C=2 ,G =<2 Y>\=C\Z Y2>\3\=C,0 ,G =<2 [\1Y2Y/ Z,[\=2@ 2C=<23 C0 =<2 [3\G=Y-\0 ,3 
C0 =<2 \3=CG\[=/ d2 0,02=<2Z2YY GC0@ \ G10@\-20=\Z 10C=] \0@ C@20=C=] ,G 
-,^23/ 20@/ \0@ G,3-B &0 Y1[< [,-C0DJ=,J_2 =<2 Y,13[2 ,G -,=C,0/ =<2 20@ ,G 
=<2 -,=C,0/ \0@ d<\= CY C0 =<2 >3,[2YY ,G [,-C0D =, _2 \ZZ C0^,Z^2 ,02 \0@ 
=<2 Y\-2 ,_f2[=/ >,YY2YYC0D =<2 Y\-2 G,3- � _,=< C0 =<2 YC->Z2 -,3><,Z,DCJ
[\Z Y20Y2 ,G =<2 Y<\>2 \0@ C0 =<2 G1ZZ23 0,2=C[ Y20Y2 ,G =<2 C0=2ZZCDC_Z2 Y=31[J
=132 � \0@ <20[2 =<2 Y\-2 0\-2B +<2 G,3- CY =<2 >3C0[C>Z2 ,G =<2 C@20=C=] ,G 
=<2 =<C0D \0@ d<\= C=Y 0\-2 YCD0CGC2YB  

(C3Y= ,G \ZZ/ =<2 Y,13[2 CY =<2 @2YC32 ,G =<2 [3\G=Y-\0/ d<C[< CY \ @2YC32 G,3 
\ [,0[32=2 \3=CG\[=B +<2 ,_f2[=C^2 [,0=20= ,G =<CY @2YC32 CY =<2 \3=CG\[= \Y 
C-\DC02@ \0@ \0=C[C>\=2@B +<CY CY \ Y20YC_Z2 ,_f2[=/ D3\Y>2@ _] =<2 \0=C[C>\=J
C0D C-\DC0\=C,0/ \0@ ,G 02[2YYC=] C= <\Y \ G,3-/ [,0Y=312@ \Y \ Y<\>2B M2[,0@J
Z]/ =<2 20@ ,G =<2 -,=C,0 CY >32[CY2Z] =<2 Y\-2/ =<2 [,0[32=2 \3=CG\[= �
\ ><]YC[\ZZ] C0Y=\0=C\=2@ G,3- � _1= ^C2d2@ \Y =<\= =,d\3@ d<C[< =<2 -,=C,0 
CY @C32[=2@B Q20[2 C=Y G,3- CY =<2 Y\-2 \Y =<\= ,G =<2 @2YC32@ ,_f2[=B (C0\ZZ]/ 
=<2 \[=1\Z 2->C3C[\Z ,_f2[= =<\= CY [,-C0D =, _2 \ZY, <\Y =<2 Y\-2 G,3-/ >3,J
^C@2@ =<\= =<2 32Y1Z=C0D \3=CG\[= CY C0@22@ d<\= =<2 [3\G=Y-\0 C0=20@2@ =, -\a2B  

O2 -\] G,3-1Z\=2 =<2 \_,^2 C0 =23-Y ,G `12Y=C,0Y/ =<2 \0Yd23Y =, d<C[< 
C0 G\[= \32 =<2 [\1Y2YB O<\= CY C= =<\= =<2 [3\G=Y-\0 CY -\aC0Di +<2 \0Yd23 CY 
\ [<\C3B O<\= @,2Y <CY \[=C^C=] Z2\@ =,i &= CY \ZY, \ [<\C3B O<\= CY =<2 Y,13[2 
,G <CY \[=C^C=]/ =<2 Y,13[2 ,G =<2 ,_f2[= =<\= CY [,-C0D =, _2/ \0@ =<2 Y,13[2 
,G =<2 \3=CG\[= ,0[2 C= <\Y _220 [,->Z2=2@i +<2Y2 \32 \ZZ =<2 [<\C3 =<\= <2 @2J
YC32Y =, _3C0D C0=, 2ACY=20[2B O<\= @,2Y =<2 \[=1\Z >3,@1[=C^2 >3,[2YY Z2\@ 
=,d\3@i "0[2 \D\C0/ C= CY \ [<\C3B &0 \ZZ ,G =<2Y2 [\Y2Y =<2 \0Yd23 =, =<2 
`12Y=C,0 CY =<2 Y\-2/ =<2 [,0[32=2 \3=CG\[=B  

L0@ Y, =<2 [3\G=Y-\0 GC3Y= C-\DC02Y \ >\3=C[1Z\3 Y20YC_Z2 =<C0DB Q2 @2YC32Y 
=, G\Y<C,0 =<2 Y\-2 >\3=C[1Z\3 Y20YC_Z2 ,_f2[=B +<2 =<C0D =<\= [,-2Y =, _2 
=<3,1D< <CY >3,@1[=C^2 \[=C^C=] CY ZCa2dCY2 Y20YC_Z2 \0@ >\3=C[1Z\3B (C0\ZZ]/ 
=<2 20@ ,3 D,\Z ,G =<2 \[=C^C=] ,G -\aC0D CY =<2 Y20YC_Z2 \0@ >\3=C[1Z\3 ,_f2[=/ 
\0@ =<2 [,332Y>,0@C0D 20@ ,G =<2 >\YYC^C=] ,G _2C0D -\@2 CY =<2 Y20YC_Z2 \0@ 
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>\3=C[1Z\3 >3,@1[=B +<2 20=C32 >3,[2YY ,G -\aC0D \0@ 2\[< ,G C=Y >\3=Y/ G3,- 
=<2 C0C=C\Z Y=\D2Y ,G >Z\00C0D =, =<2 GC0\Z 32\ZCc\=C,0 ,G =<2 \3=CG\[=/ 32^,Z^2Y 
\3,10@ =<2 >\3=C[1Z\3 Y20YC_Z2 ,_f2[=B  

O<\= =<20 @,2Y =<2 [,C0[C@20[2 32\ZZ] [,0YCY= ,Gi :, d2 C0 G\[= <\^2 =<2 
Y\-2 >\3=C[1Z\3 C0 2\[< [\Y2i &0 ,=<23 d,3@Y/ CY =<2 [,0=20= ,G 2\[< [\1Y2 C0 
Y1[< [,-C0D =, _2/ \>\3= G3,- =<2 -\=23C\Z [\1Y2/ C0@22@ ,02 \0@ =<2 Y\-2 
>\3=C[1Z\3i O<\= CY =<2 [,--,0 ,3 [,C0[C@C0D 2Z2-20=i &Y C= \ Y20YC_Z2 >\3J
=C[1Z\3 ,3 \0 C0=2ZZCDC_Z2 ,_f2[=i & d,1Z@ [Z\C- =<\= C= CY =<2 G,3-23B O<20 d2 
Y>2\a \_,1= C=/ =, _2 Y132/ =<2 C0=2ZZCDC_Z2 @C-20YC,0 02[2YY\3CZ] [,-2Y =, =<2 
G,32B V2= _2G,32 =130C0D =, =<2 C0=2ZZCDC_Z2 Y=31[=132 ,G d<\= CY =\aC0D >Z\[2 
_] =<C0aC0D \0@ Y>2\aC0D \_,1= C=/ d2 \32 C0 =<2 2->C3C[\Z 32\Z- ,G Y20YC_CZJ
C=]B +<CY/ <,d2^23/ CY 20=C32Z] Y1GGC[C20= G,3 =<2 \[=C^C=] ,G >3,@1[=C,0B �2J
G,32 20D\DC0D C0 >3,@1[=C^2 \[=C^C=] d2 C-\DC02 =<2 =<C0D =, _2 -\@2B %2A=/ 
d2 @2YC32 =, -\a2 C= � >32[CY2Z] =<2 Y\-2 =<C0DB +<20 d2 20D\D2 C0 \[=1\ZZ] 
G\Y<C,0C0D C=B (C0\ZZ]/ d2 <\^2 =<2 \3=CG\[= Y20YC_Z] >32Y20= _2G,32 1Y \0@ 
32[,D0Cc2 C= \Y d<\= d2 C-\DC02@ \0@ \0=C[C>\=2@ \= =<2 _2DC00C0DB LZZ =<2 
=C-2 d2 <\^2 ,02 \0@ =<2 Y\-2 ,_f2[=/ =<,1D< C0 @CY=C0[= ^C2dY/ \Y C= d232/ 
,3 =<3,1D< @CGG2320= -,@\ZC=C2YB  

&= d,1Z@ \>>2\3/ =<232G,32/ =<\= 2^20 C0 \3=2G\[=1\Z [,-C0DJ=,J_2 \ >2[1J
ZC\3 [,C0[C@20[2 ,G =<322 ,G =<2 L3CY=,=2ZC\0 [\1Y2Y =\a2Y >Z\[2B O<\= =<2Y2 
[\1Y2Y <\^2 C0 [,--,0 CY =<2 >\3=C[1Z\3 \0@ [,0[32=2 =<C0D =<\= CY [,-C0D =, 
_2B &= CY >32Y20= C0 ^\3C,1Y d\]Y C0 2\[< ,G =<2 [\1Y2Y/ ]2= C0 2\[< [\Y2 C= 1ZJ
=C-\=2Z] 32G23Y =, =<2 Y=31[=132 ,G =<2 =<C0D � G,3- C0 2C=<23 =<2 -,3><,Z,DCJ
[\Z Y20Y2 ,3 =<2 G1ZZ 0,2=C[ Y20Y2B 
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+<2 -\=23C\ZCY= \[[,10= ,G 0\=13\Z [,-C0DJ=,J_2/ \Y L3CY=,=Z2 10@23Y=\0@Y 

\0@ >32Y20=Y C= C0 Physics &&BE5F/ [,0YCY=Y ,G \ 32@1[=C,0 ,G =<2 G2\=132Y \0@ 
\[=C^C=] ,G 0\=13\Z =<C0DY =, =<,Y2 ,G =<2C3 -\=23C\Z [,0Y=C=120=Y/ dC=< =<2 [,0J
Y2`120= ZC-C=\=C,0 ,G 2A>Z\0\=C,0 \0@ 10@23Y=\0@C0D =, =d, ,G =<2 G,13 L3CYJ
=,=2ZC\0 [\1Y2Y/ -\=23C\Z \0@ -,^C0DB L3CY=,=Z2 [Z\C-Y =<\= \ZZ G,13 [\1Y2Y 
-1Y= _2 DC^20 d<232^23 >,YYC_Z2/ \0@ =<\= d<CZ2 =<2 \_,^2 =d, [\1Y2Y @, =2ZZ 
1Y Y,-2=<C0D \_,1= d<\= <\Y =\a20 >Z\[2/ =<2] @, 0,= ,GG23 \ G1ZZ \[[,10=B 
M1[< \0 \[[,10= 32`1C32Y \_,^2 \ZZ =<\= =<2 G,3-\Z \0@ GC0\Z [\1Y2Y _2 DC^20B 
+<2 G,13 [\1Y2Y =<232G,32 >3,^C@2 =<2 L3CY=,=2ZC\0 [,0=2A= G,3 [,0YC@23C0D 
\0@ [3C=C[CcC0D =<2 -\=23C\ZCY= \[[,10= ,G 0\=13\Z D202YCY \0@ _2<\^C,3B O<20 
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=<2Y2 [\1Y2Y \32 Y220 \Y [,->Z2-20=\3] \0@ 0,= [,->2=C0D/ C= _2[,-2Y >,YJ
YC_Z2 _,=< =, \>>32[C\=2 =<2 \0[C20= -\=23C\ZCY= \[[,10=/ \0@ C0@22@ \0] -\=2J
3C\ZCY= \[[,10=/ \Y Y\]C0D Y,-2=<C0D =312 \_,1= 0\=132 \0@ \= =<2 Y\-2 =C-2 =, 
Y22 C= \Y C0[,->Z2=2/ \Y 0,= ]C2Z@C0D G1ZZ 10@23Y=\0@C0D ,G d<\= C0 G\[= <\Y 
,[[1332@B 

Q,d =<2Y2 [\1Y2Y ,>23\=2 [\0 _2 Y220 C0 =<2 \0\Z]YCY ,G \3=2G\[=1\Z [,-J
C0DJ=,J_2/ d<C[< CY >\3\@CD-\=C[ C0 L3CY=,=Z2pY =<,1D<=B Q232 -,Y= ,G =<2 2YJ
Y20=C\Z 2Z2-20=Y ,G d<\= <2 =\a2Y =, _2 \ G1ZZ 2A>Z\0\=C,0 ,G [,-C0DJ=,J_2 
[\0 _2 C@20=CGC2@B &0 >\3=C[1Z\3/ 2^20 \G=23 \ [13Y,3] 2A\-C0\=C,0 d2 [\0 Y22 
=<2 >3C-\[] ,G G,3-/ `1C=2 2^C@20=Z] >32Y20=/ _,=< C0 ,02 ,G C=Y \0\Z,D,1Y 
Y20Y2Y � =<2 -,3><,Z,DC[\Z Y20Y2 ,G G,3- \Y Y<\>2 � \0@ C0 Y,-2=<C0D ZCa2 
C=Y G1ZZ Y20Y2 � =<2 G,3- ,G \0 \3=CG\[= \Y C=Y G1ZZ C0=2ZZCDC_Z2 32\ZC=]B  

+<2 \_,^2 \0\Z]YCY/ _] 2A\-C0C0D \3=2G\[=1\Z [,-C0DJ=,J_2/ <\Y >3,^C@2@ 
\ DZC->Y2 ,G d<\= & <\^2 [\ZZ2@ =<2 RZ,DC[T ,G =<2 [\1Y2Y/ CB2B =<2 C0=230\Z 
Y=31[=132/ Y20Y2/ \0@ ^\ZC@C=] ,G =<2 G,13 L3CY=,=2ZC\0 [\1Y2YB &0 D2023\Z L3J
CY=,=Z2 -\a2Y \ 01-_23 ,G [Z\C-Y 32D\3@C0D [,-C0DJ=,J_2/ >\3=C[1Z\3Z] 0\=1J
3\Z [,-C0DJ=,J_2B W,32,^23/ <2 \YY1-2Y \0 \0\Z,D] _2=d220 0\=132 \0@ 
[3\G=/ ,02 =<\= <2 @,2Y 0,= \>>2\3 =, f1Y=CG] 2A>ZC[C=Z]B & <\^2 2A\-C02@ Y,-2 
,G =<2Y2 [Z\C-Y \Y =<2] \>>Z] =, \3=2G\[=1\Z [,-C0DJ=,J_2B & <\^2 Z,,a2@ \= 
=<2 D202YCY ,G \3=CG\[=Y G3,- =<2 >23Y>2[=C^2 ,G d<\= L3CY=,=Z2 >13>,3=Y =, _2 
=<2 [\Y2 C0 0\=13\Z [,-C0DJ=,J_2 C0 ,3@23 =, C@20=CG] \0@ @2Y[3C_2 =<,Y2 
Y=31[=132Y _2==23 \0@ -,32 [Z2\3Z]B  

O<\= & <\^2 ,GG232@ CY 0,= Y, -1[< \0 \3D1-20= G,3 \ DC^20 =<2YCY \Y 
\ @2Y[3C>=C^2 \0\Z]YCY ,G \ DC^20 ><20,-20,0 j\3=2G\[=1\Z D202YCY� G3,- 
\ >\3=C[1Z\3 >23Y>2[=C^2 jL3CY=,=2ZC\0 [\1Y\Z =<2,3]�B +<CY \0\Z]YCY <\Y 
_3,1D<= =, =<2 G,32 ^\3C,1Y \Y>2[=Y \0@ Y=31[=132Y ,G =<2 ><20,-20,0 C0 
`12Y=C,0B O<\= <\Y 2-23D2@ CY/ & <,>2/ \0 C0=232Y=C0D >C[=132 ,G =<2 >3,[2YY 
C0 d<C[< \0 \3=CG\[= [,-2 =, _2B "02 CG C=Y C->,3=\0= 2Z2-20=Y CY =<2 >2[1ZC\3 
[,C0[C@20[2 \0@ C0=3C0YC[ 32Z\=C,0Y<C> \-,0D =<322 ,G =<2 [\1Y2YB 

O<\= \32 =<2 >3C0[C>\Z 32Y1Z=Y ,G =<2 \_,^2 \0\Z]YCYi +<232 \32 Y2^23\ZB 
(C3Y= ,G \ZZ/ C= <\Y >3,^C@2@ C0G,3-\=C,0 \_,1= =<2 Y=31[=132 ,G \3=2G\[=1\Z 
[,-C0DJ=,J_2/ -\aC0D 1Y2 ,G L3CY=,=Z2pY ><CZ,Y,><C[\Z \>>\3\=1Y/ ]2= >3,_C0D 
@22>23 =<\0 L3CY=,=Z2 <C-Y2ZG @,2Y \0@ =<1Y 32^2\ZC0D Y2^23\Z \@@C=C,0\Z \YJ
>2[=Y ,G Y1[< [,-C0DJ=,J_2B M2[,0@Z]/ C= <\Y Y<2@ ZCD<= 1>,0 =<2 \>>\3\=1Y 
C=Y2ZG _] Y<,dC0D Y,-2 G\[2=Y ,G L3CY=,=2ZC\0 [\1Y\Z =<2,3]B +<C3@Z]/ C= <\Y 
\ZY, <2Z>2@ =, [Z\3CG] Y,-2d<\= =<2 0\=132J[3\G= \0\Z,D] � =<3,1D< \ [Z,Y23 
2A\-C0\=C,0 ,G ,02 ,G C=Y -2-_23YB & d,1Z@ Y1DD2Y= \Y \ >,YYC_Z2 ,^23\ZZ 
[,0[Z1YC,0 =<\= =<2 0\=132J[3\G= \0\Z,D] CY ><CZ,Y,><C[\ZZ] -,32 YCD0CGC[\0= 
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\0@ G\3J32\[<C0D =<\0 d,1Z@ \>>2\3 =, _2 =<2 [\Y2 \= GC3Y= DZ\0[2B O<\= & _2J
ZC2^2 <\Y Y13G\[2@/ =<,1D< & \@-C= =<\= & <\^2 0,= f1Y=CGC2@ C= G1ZZ]/ CY =<\= =<2 
Y=31[=132Y G,10@ C0 =<2 \0\Z]YCY ,G =<2 D202YCY ,G \3=CG\[=Y [\0 _2 D2023\ZCc2@/ 
mutatis mutandis/ =, [,-C0DJ=,J_2 ,G \0] Y,3= d<\=Y,2^23/ C0[Z1@C0D \_,^2 
\ZZ 0\=13\Z [,-C0DJ=,J_2B 

O<CZ2 =<2 Y=1@] CY 0,= G1ZZ] [,0[Z1YC^2/ & _2ZC2^2 C= Y<,dY =<\= \3=2G\[=1\Z 
[,-C0DJ=,J_2 CY C0@22@ \ D,,@ -,@2Z G,3 0\=13\Z [,-C0DJ=,J_2 \0@ 0,= 
-232Z] \ >2@\D,DC[\Z @2^C[2B O<\= d,1Z@ 2^20=1\ZZ] _2 32`1C32@ \Y \ Y1>J
>Z2-20= CY \ -,32 [\32G1Z C0^2Y=CD\=C,0 ,G =<2 3,Z2 ,G =<2 :2-C13D2 ,3 :C^C02 
#3\G=Y-\0 C0 _,=< L3CY=,=2ZC\0 \0@ �Z\=,0C[ =<,1D<= \0@ \0 \0\Z]YCY ,G 
[,-C0DJ=,J_2 G3,- =<2 >23Y>2[=C^2 ,G Y1[< \ #3\G=Y-\0B 
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