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                 p{¨¨ÃQ{¨n¨  
 
zem¢T{l{¨p{¨¨  
çd{ÔzeÕZ¡d{¨=\¢ d}N{¨ p{¨¨ÃQ{¨n=Z· H=_¾ BËzrp{¨¨. B=Z¡o¾ d} @p{¨Ù, @N{Án¨ p{¨¨ÃQ{¨n¨ p¶Ðzt¨=Z· 
T{ªç Ad{=b¢=T¶p}Ï^¡. p{¨¨ÃQ{¨o¾ð T{¨N{Án¨, b}ðð N{öµe øc{p{¨¨, p{¨¨ÃQ{¨f»\¢ T¶î Ûp¶w{äd{¨=\¢  
KN¶ zem¢p{¨|^p{¨¨o¾ W|m{¨_{ª D=\{\{p{¨¨, p{¨¨ÃQ{¨o¾ p{¨c{Úp{¨c{Ú HÛm{p{¨ËZ¡ ze¦n¨p{¨\{p{¨¨ - Bp{ñÔ  
Hze¦Õ\{© N¼Ð_{Q} D=\¶ø, HðÔ u}m{¨n¨ T{ªçd} p{¨m{o| p{¨m{o| T{ª\}nð D=\¶b¢. d¶d{¨ 
øb}Úp{=_{¨\¢¹d² \}ËN{m+zeËZ|ð¹N² m¢ztm+ÆT¶µtZze¦Õ\{¨ p{¨¨ÃQ{¨no¾ð AztÐN¢ B=N} HN{¨Á¹p²d{b¢. b}ðN¢ 
N}m{^p{¨¨ Ip{¨d{Q} - d¶d{¨ @ze¦Õ\{¨ (Bze¦Õ\{¨ N{ª\{) ztÖZ¡N{q}#ztp{¨¨o¾ zem¢q¾c{d{ T¶µt p}\¢ð. 
A q}#ztp{¨¨o¾ u¿Ìzrp}ðN¢, u}p{¨Úm{ªf}ðN¢ KN{ Ûzec}d{ Ñu}d{p{¨¨ D=b¢. @zeÕZ¡d{¨=\¢ p{¨¨ÃQ{¨nd{¨  
q}#£tl{¨ b{¬Ës}Ú zem¢ûö=T{\{p{¨¨ Ûf}m{=ô=T}d{¨. _{m{¨p}_{ U{=b{zt¨âo¾ i=c{N{ø_{ßp{¨¨o¾ð 
çÛ_}nd{¨ Q{p{¨ð=T¶Zze¦Õ\{¨ @=b{¨o¾ N{ª\{ p{¨¨ÃQ{¨p{o² N¼ðÔ @p{¨m¢N{n¨ d{d{¨Ô AN{ám¢_{¨\¢ð 
T¶~td{b¢. C d} çd{Ô p}Úztp{¨¨o¾ p{¨¨ÃQ{¨nd{¨ q}#£tl{¨ m¥_{¨no¾ @Ñm{p{¨¨ T¶~tN¼d¶ øc}ðÔ 
_²n¨ze¦ZN{¨ Ûzel{¨îÔÐu}d{¨. p}Úztp{¨¨ çp{m{ KN{ m²=\{¨ i=c{N{ø_}ßnd{¨ ù¨p{¨¨=b{¨ D=T{¨_}d{̈ . 
p{¨¨ÃQ{¨ KN{ N{w{, p{¨¨ÃQ{¨ KN{ q}#ztp{¨¨, p{¨¨ÃQ{¨ KN{ çÛ_{N{ø_{ßp{¨¨ @ð ðm{ª~e=T{¨Zl¶¨ d} N{¬~r.  
 
p{¨ Ã̈Q{¨nN{¨ HðÔ µem{¨o¾? 
k}m{_{b¶q{p{¨¨o¾ @ðÔ Ûf}=_}no¾ ~v=b{¨p{¦n Q{¬üno¾, b¶p}nl{¨|no¾, ze=\{¨Q{no¾, 
d}ZÚÛzeb{m{àd{no¾ p{¨¨ÃQ{¨nd{¨ p{¨d{p{¨¨ T{ª\{Q{np{¨¨. p¶m{¨p¶m{¨ Ûf}=_}no¾ p¶m{¨p¶m{¨ 
µem{¨n¨d}Ôl¨ b¥ðN¢. _²n¨Q{¨p}w{§ä p{¨¨ÃQ{¨ (o¶N{ Ûp{¨¨ÃQ{¨) @=Z· _{ø¨w{§n¨ N¾n= @=Z|m{¨. 
N{d{Ô\¢Q{¨n¨ m{=Q¾ö o¶N{ m{=Q{p{Þö @=Z·, N¶m{w{ b¶q{Ñzt¨n¨ ze«N{Áw{= o¶N{ ze«ø\{o+@ð ~en¨Ðu}m{¨.  
p{¨c{ÚÛzeb¶q{p{¨¨o¾ TÀN+ze«Ïm{, p{¨=b{d{ @ð µem{¨ b¥ðN¢. ø¨a¢no¾ @m¢~ed{ @=Z· p{=Q{b¶q{p{¨¨o¾ 
@o¼Õd} @=Z|m{¨. LÛ]{ b¶q{p{¨¨o¾ Ku}â o¶N{ çÐ_} @=Z|m{¨. DÐ_{m{Ûzeb¶q{p{¨¨o¾ öOªÔ u½d} 
@ð, Q{¨Vm}_+o¾ zta¢l{¨| @ð ~en¨Ðu}m{¨. p{¨^¡ze¦m¢o¾ f}N{=k{ @=Z|m{¨. Bo| øøc{d}p{¨|n_¾ 
øm}ëÞn¨_{¨=b¢ p{¨¨ÃQ{¨.  
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p{¨ Ã̈Q{¨nd{¨ Ho| p¶Ðu}m{¨? 
p{¨¨ÃQ{¨d{¨ u}p{¨|d{Úp{¨¨Q} p{¨¨ÃQ{¨f»\¢_¾ p¶Ðu}m{¨. p{¨¨ÃQ{¨f»\¢ ~e=\¢ T¶l{¨i\¢d{ p²̈ Ð_{Z¡ m}l¨. 
~e=\¢p{¨¨ÃQ{¨d{¨ òl{¨Úze¦ ~e=\¢_¾, zezt¨ze¦f»\¢_¾, N{¨=N{¨p{¨_¾ p¶Ðu}m{¨. p{¨¨ÃQ{¨d{¨ m{=Q{¨m{=Q{¨n  
Bzt¨N{_¾ N{ª\{ p¶l{¨p{T{¨Æd{¨. _²ÞnZ¡ o¶N{ m{=Q{¨n zt¨Òb{p{¨¨N{Án_¾ p¶l{¨p{T{¨Æd{¨. ze«nd{¨, 
ze«nm¶N{¨nd{¨, H=\¢d{ AN{¨nd{¨ N{ª\{ p¶~td{ p{¨¨ÃQ{¨no¾ ð=zep{T{¨Æd{¨. p{¨¨ÃQ{¨nd{¨ d¶n¹±ed{ 
p¶l{¨p{T{¨Æ, Q¾\{n¹±e p¶l{¨p{T{¨Æ. p{̈ ¨ÃQ{¨n¨ p¶~td{ úo|zgnN}n¨, ëQ{¨m{¨ N}Q¢_}n¨ N{ª\{ 
Dd}Ôl¨. p{¨¨ÃQ{¨n zew}änd{¨, p{¨¨ÃQ{¨n Q¼ËZ|nd{¨ N{ª\{ @p{¨¨Ù_}m{¨. p{¨¨ÃQ{¨n d{p{¨©d}n_¾ 
iËZn¨, èm{n¨ N{ª\{ Dd}Ôl¨. µe\{, HÛm{p{¨d{¨Ô, Q¾m¢=Z N{ª\{ p{¨¨ÃQ{¨nd{¨ ð=ze\}ðN¢ 
Dzel²©Q¢Ðu}m{¨.  
 
u}~v_{Úp{¨¨o¾ p{¨ Ã̈Q{¨n¨ 
p²¨¨ËZp²¨¨b{Z p{¨¨ÃQ{¨ Ho| ze¦ËZ¡=b{d¶ KN{ N{a{ Dd{Ôb¢. Hp{m¾ m}VN{¨p{¨|m{¨\{¨ KN{\{¨ 
T{ðf½l{¨|\{Z. p}\¢ð Ûiî=T{¨N¾p}nð ÛizvÙb¶p{¦\¢ð @\¢Q¢_¶, p}\¢ çÐ_{m{¨p{¦ D=Z· @=b{¨o¾ 
Ûf}^p{¨¨ p{¨ýä f½l{¨Q{nd{¨ @d}Ô\{Z. A m}VN{¨p{¨|m{¨ð m¶P|çÛ_}ðÔ Q¥T}m{Z. @b¢l¶¨ 
p²¨¨b{Z¡ p{¨¨ÃQ{ð çÛ_{nx{^p{¨¨ @d¶ ÛQ{=a{p{¨¨o¾ µem¼Ád{i\¢d{b{ð d¶d{¨ T{b¢øl{¨¨d}Ôd{¨.  
 
p{¨¨ÃQ{¨d{¨ Q{¨m¢=ç _²n¨Q{¨ u}~v_{Úp{¨¨o¾ N{ª\{ ÛzeztÐN¢ Dd{Ôb¢. ÛN¥\}ôm}p{¨p{¨¨, Ap{¨¨ÐN{p{¨|nÚb{n 
d{¨=\¢ m²=\{¨ zeb{Úp{¨¨n¨-  
 
T{=b{d{=i¨d{ Q{nl{¨=~e T{Þöd}m{¨ 
Ûp{¨¨ÃQ{¨ ö\¢d}m{¨ N}ûÙm{ ztp{¨¨T{l{¨p{¨¨d{ 
Ûp}~td} m¢=b{¨ m{Vp{¨¨d{ m{=Q{p{Þö  
N{=Vp{¨¨n b¾m{^=i¨n¨ Q{ËZ¡d}m{¨  - ød{¨N¼=\{ p{Þnk{m}l{¨\{¨, ÛN¥\}ôm}p{¨p{¨¨, 178 
 
j¾Z¡ Q{ËZ¡d{ T²=Q{nßze«p{¦Z³Ð_{¨  
b{m{¨ zem¢^ _¾m{¨ N{b{ý p{¨=Vm¢l{¨¨ Q¼d{¨T{¨  
j¾l¨ Q{¨\¢ d{=ò øVd{=i¨ W·l{¨ W¼çÆ  
Ûp²¨¨N¢Á p¶b¢N{ in¨p{d²Ô Ûp{¨¨ÃQ{¨ j²ËZ¡  - ÛûN{¬Ïzrb¶p{m}l{¨n¨, Ap{¨¨ÐN{p{¨|nÚb{, 5.91 
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p{¨ Ã̈Q{¨ T{¨N{Án¨  
u}p{¨|d{Úp{¨¨Q} p{¨d{ Bw{äÞo¾ A\{¨p}m{¨ p{¨¨ÃQ{¨nd{¨ p¶µtZze¦Õ\{¨ p²¨¨b{Z T{¨N{Án¨ p¶~t, A 
T{¨N{Ánd{¨ N{ö~e KN{ AN{¬îð N{öÕÐu}m{¨. KN¼ÁN{Á p{¨¨ÃQ{¨N{¨ KN¼ÁN{Á øc{p{¨¨Q} T{¨N{Án¨  
±eËZ|ö. @ðÔ p{¨¨ÃQ{¨nN{¨ C T{¨N{Án¨ m²=\{¨ øc}n¨Q} D=Z|l¨- (1) T{¨N{Án¨ T{_{¨m{Ûztp{¨¨Q} 
D=Z|l¨ (square grid) (2) T{¨N{Án¨ Ûîztp{¨p{¨¨Q} D=Z|l¨ (isometric grid). @p²¨m¢N} 
zt=l{¨¨ÐN{ m}ËÜs}n W|ïl{¨ ze_}N{p{¨¨o¾ H\{p{¨¹p²ze¦ ¹±e k}Q{p{¨¨o¾ d{x{Û_}n¨ Dd}Ôl¨. b}ð 
zt=OÚ b¶q{p{¨¨o¾ð m}ËÜzrp{¨¨n zt=OÚ, KN¼ÁN{Á m}ËÜs}ðN¢ KN{ d{x{Û_{p{¨¨ @d{Ô p{¨|Z. 1956N{¨ 
p{¨¨=b{¨ (b¢ßïl{¨ Ûzeze=T{ zt=ÛQ}p{¨ N}np{¨¨o¾) 48 d{x{Û_}n¨ D=\¶ø. @zeÕZ¡ d{x{Û_}n @p{¨m¢N{ 
KN{ b¥Äm{T{_{¨m{Ûu}N{¬îo¾ @Í\{p{¨¨Q}, ðn¨p{¦Q} D=\¶ d{x{Û_}n¨. C @p{¨m¢N{d{¨ ù¨m{¨ KN{Zp{ 
çÛ_{p{¨¨o¾ H\{p{¨¹p²ze¦ T{ª\{Q{nm{¨. Bze¦Õ\{¨ C b¶q{p{¨¨o¾ 50 m}ËÜs}n¨ Dd}Ôl¨. p}Z¡ @p{¨m¢N{  
Ûîztp{¨|N{¬îo¾ @d{Q} @Í\{p{¨¨Q} KN{ Ûq¶^¡o¾ N¼ðÔ d{x{Û_}n¨=Z· _{m{¨p}î Ûq¶^¡o¾ð d{x{Û_}n¨ ¹±e 
d{x{Û_}nN{¨ p{¨c{ÚQ} D=Z|l¨. ùZ¡ð ù¨m{¨ 1p{ çÛ_{p{¨¨o¾ N{¨\¢¹p²ze¦ T{ª\{Q{nm{¨. p{¨¨ÃQ{¨ T{¨N{Án 
@p{¨m¢N{ Bo|Q¶ D=Z|l¨.  
 
çÛ_{p{¨¨ 1 
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T{_{¨m{Ûzt (square), b¥Äm{T{_{¨m{Ûztp{¨¨n (rectanglular) u}p{¨Úm{ªzep{¨¨nd{¨ ðn¨p{¦ @Í\{ 
T{¨N{Án_¾ (square grid) çÛî=T{ ùnQ{¨d{¨. Ûîk{¨V, zr\{¨ØVp{¨¨n u}p{¨Úm{ªzep{¨¨nd{¨ 
Ûîztp{¨|N{¬îo¾ Q{n T{¨N{Án_¾ (isometric grid) p¶l{¨p{T{¨Æd{¨.  
 
u}p{¨Úm{ªzep{¨¨, u¿Ìzrp{p{¨¨ 
A=ÞQ{p{¨¨o¾ð ~tp²¨ÛZ¤ (symmetry) zeb}ðN¢ u¿Ìzrp{p{¨¨ o¶N{ u}p{¨Úm{ªzep{¨¨ @d{¨ zeb{p{¨¨nd{¨ 
Dzel²©Q¢=T{p{T{¨Æd{¨. u}p{¨|d{Úp{¨¨Q} u¿Ìzrp{p{¨¨ @d¶ zeb}ðÔ Dzel²©Q¢=çd}, d}N¶p²© A 
zeb{p{¨¨ @=_{Q} m{¨ç=T{o¶b{¨. H=b{¨N{=Z· u¿Ìzrp{p{¨¨ u¿=b{m}ÚðÔ T{ª~eÐzt¨=b¶ Q}ð ztp{¨m{ªze 
ðm}Ù^}ðÔ d¼N¢Á T²zeÕb{¨.  
 
C u}p{¨Úm{ªzep{¨d¶b¢ p{¨©\{¨ øc}n¨-  
(1) ztp{¨|=_{m{ zem¢p{Ðm{d{ (translation) - KN{ b}ð ÛzeN{Á KN{Z¡ p{m{¨ztQ} _{=î Ðzt=k}n¨ 
Dd}Ôl{¨d{¨N¼=\¢, @ø ztp{¨|=_{m{ o¶N{ Ñu}d}=_{m{ zem¢p{Ðm{d{d{¨ _²öl{¨W·Ðzt¨=b¢. m²=\{¨ Ðzt=k}n 
p{¨c{Ú Dd{Ô b{ªm{p{¨¨ KN{ p{=b{ Q{W| nd{¨N¼=Z·, KN{ Ðzt=k{p{¨¨d{¨=\¢ KN{ p{=b{ Q{W|n¨ d{\¢Ðµt 
p{¨d{N{¨ p{¨m¼N{ Ðzt=k{p{¨¨ p{Ðzt¨=b¢. C m²=\{¨ Ðzt=k}n p{¨c{Ú _¶\} Iø¨l{¨¨ o¶b{¨. Bb¢l¶¨ ztp{¨|=_{m{ 
zem¢p{Ðm{d} u}p{¨Úm{ªzep{¨¨.  
 
(2) zem¢Ûk{p{¨^p{¨¨ (rotation) - KN{ T{_{¨m{Ûztp{¨¨ D=b{d{¨N¼=\¢. @ðÔ k{¨W|n¨ KN¶ øc{p{¨¨Q} 
D=Z|l¨ b}ðN¢. KN{ 90 \¢ÛQ¥n¨ o¶N{ @=N}n¨ b}ðð Ûî~eÕ_¶ p{¨d{N{¨ nô=T¶ AN}m{p{¨¨ 
p{¨¨=b{¨d{Ô AN}m}ðN{d{Ô øôd{Ôp{¨¨ N}b{¨. C Db}zvm{^o¾ð 90 \¢ÛQ¥nd{¨ zem¢Ûk{p{¨^  
N¾^p{¨¨ (angle of rotation) @ð @=Z|m{¨. zem¢Ûk{p{¨^p{¨¨d{N{¨ HÞnp¶w{no¾ KN{ @x{p{¨¨ 
D=\}ö, b}ðN¢ zem¢Ûk{p{¨^}x{p{¨¨ (axis of rotation) @ð µem{¨.  
 
(3) b{m{Õ^p{¨¨ (reflection) - m²=\{¨ KN¶ øc{¹p²¨d{ m{ªf}n¨ KN{ b}ðN¢ Hb{¨m{¨Q} B=N¼N{Z¡ 
D=Z· p{¨d{N{¨ nô=T¶b¢ b{m{Õ^ u}b{¬q{Úp{¨¨. p{¨d{p{¨¨ @Òb{p{¨¨ p{¨¨=b{¨ ðöÐµt p{¨d{N{¨ N{ð~e=T¶  
p{¨d{ Ûzeîò=ip{¨¨ p{=Z¡b¢ Bb¢. p{¨d{p{¨¨ p}\¶ @Òb{p{¨¨o¾ð Ûzeîò=ip{¨¨ p}Ðztp{p{¨¨ N}b{¨, ø¨a}Ú 
Ûzeîò=ip{¨¨. b{m{Õ^ u}b{¬q{Úp{¨¨o¾ð ò=iÛzeîò=j}n¨ m²=\{¨ N{ª\{ p}Ðztp{p¶¨ (real images). 
m²=\{¨ m{ªf}no¾ KN{ b}ðN¢ p{¨m¼N{Z¡ _{nÛN¢=b{¨n¨Q} D=b{d{¨N¼d{=\¢, b¥ðN¢ øo¾p{¨u}b{¬q{Úp{¨¨ 
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(inversion symmetry) @ð µem{¨. Bb¢ b{m{Õ^ u}b{¬q{Úp{¨¨l²¨¨N{Á p{¨m¼N{ m{ªzep{¨¨.  
 
z @x{p{¨¨_¾ 180 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨o¾ ðm{ªzeN}¹o²d{ (coordinates) x, y, z n¨ -x, -y, z Q} 
p{¨|m{¨_}l¨. yz zgnN{p{¨¨ @Òb{¹p²¨_¶ x, y, z n¨ -x, y, z @p{¦_{¨=b¢. øo¾p{¨ò=b{¨p{¦ (inversion 

centre) x, y, z d{¨ -x, -y, -z Q} p{¨|m{¨Æd{¨.  
 
ztp{¨|=_{m{ zem¢p{Ðm{d{_¾ zem¢Ûk{p{¨^p{¨¨ N{ª\{ D=\}n=Z· p{¨d{N{¨ nô=T¶ zem¢Ûk{p{¨^ N¾^}n¨ Jb{¨ 
p{¨|Û_{p¶¨, @ø - 60, 90, 120, 180, 360 \¢ÛQ¥n¨. ùZ¡ u}p{¨Úm{ªf}n¨ zr\}p{¬Ð_{p{¨¨ 
(six-fold), T{_{¨m}p{¬Ð_{p{¨¨ (four-fold), Ûîm}p{¬Ð_{p{¨¨ (three-fold), b¢ßm}p{¬Ð_{p{¨¨ 
(two-fold), IN}p{¬Ð_{p{¨¨ (uni-fold). B=b{¨o¾ ze=T}p{¬Ð_{ u}p{¨Úm{ªzep{¨¨  
(five-fold symmetry) o¶b{d{Ôb¢ Q{p{¨ñl{¨|ãm{p{¨¨. ÛzeN{¬îo¾ BËZ¡ u¿Ìzrp{p{¨¨ Dd{Ôb¢, 
Db}zvm{^N{¨ T}n ze«no¾ Jb{¨ m¶N{¨n¨ D=Z|l¨. N}ð ztp{¨|=_{m{ zem¢p{Ðm{d{ Dd{Ôze¦Õ\{¨ C  
72 \¢ÛQ¥n Ûk{p{¨^}x{p{¨¨ o¾~eÐzt¨=b¢.  
 
p{Ãm{p{¨¨n¨ 
zem¢Ûk{p{¨^, b{m{Õ^, øo¾p{¨ u}b{¬q}Ún N{nl¨N{_¾ d{¨d{Ô u}p{¨|Úm{ªf}nN{¨ ò=b{¨p{Ãm}n¨ 
(point groups) @ð µem{¨. Bø Ûîø¨ïl{¨ zem¢p{¨|^p{¨¨o¾ 32, ztp{¨_{np{¨¨o¾ 17. BN{Á\{ 
p{Ãm{p{¨¨ @=Z· Iø¨? N¼ðÔ p{¨©nN{p{¨¨n¨ (elements) ÛN¢=b{ BçÆd{ ðl{¨p{¨p{¨¨nd{¨ 
@d{¨ztm¢=çd{l²¨\{n @ø KN{ p{Ãm{p{¨¨d{N{¨ T²=b{¨d{¨.  
 
(1) Ûzeî p{Ãm{p{¨¨o¾ m²=\{¨ p{¨©nN}n Ûzel²©Q{p{¨¨ b}ßm{ p{T{¨Æ p{¨©\{p{ p{¨©nN{p{¨¨ p{Ãm{p{¨¨o¾ð 
p{¨m¼N{ p{¨©nN{p{¨¨Q} D=\}ö. (a . b = c, where c is another element belonging to the  

group.). C Ûzel²©Q{p{¨¨d{¨ Q{¨^N}m{p{¨¨ @d{¨Z p}\{¨N{.  
(2) Ûzeî p{Ãm{p{¨¨o¾ KN{ p{¨©nN{p{¨¨d{¨ m²=\{p{ p{¨©nN{p{¨¨¹±e Ûzel²©Q¢=T{Q} p{çÆd{ zgö_{p{¨¨ A 
m²=\{p{ p{¨©nN{p{¨¨d{¨ p²¨¨b{Z¡ p{¨©nN{p{¨¨¹±e Ûzel²©Q¢=T{Q} p{çÆd{ zgö_{p{¨¨d{N{¨ N¼ðÔ 
zt=b{m{Øp{¨¨no¾ _{zeÕ ø¨Q¢öd{ ztp{¨l{¨p{¨¨no¾ ôd{Ôp{¨¨Q} d{¨=\{¨d{¨. (a . b is generally not 

equal to b . a) 
(3) Ûzeî p{Ãm{p{¨¨d{N{¨ KN{ ztm{ßztp{¨_{p{¨©nN{p{¨¨ D=\{¨d{¨. (identity element) 
(4) Ûzeî p{¨©nN{p{¨¨d{N{¨ KN{ øo¾p{¨ (inverse) p{¨©nN{p{¨¨ D=\{¨d{¨.  p{¨©nN{ 
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øo¾p{¨p{¨©nN{p{¨¨n Ûzel²©Q{p{¨¨p{nd{ ztm{ßztp{¨_{p{¨©nN{p{¨¨ nô=T{¨d{¨. (a . inverse of a = 

identity element) 
 
Ûzeî p{Ãm}ðN¢ KN{ p{Ãm{ Q{¨^N}m{ zeËZ¡N{ (group multiplication table) Q{nb{¨. KN{ p{¨©nN{p{¨¨d{¨ 
p{¨m¼N{ p{¨©nN{p{¨¨¹±e Ûzel²©Q¢=T{Q} p{T¶Æ zgö_{p{¨¨d{¨ Bb¢ _²n z̈e¦_{¨=b¢. 120 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨ Dd{Ôb{=Z·, @=b{¨o¾ð p{¨©nN}n¨ 120, 240, 360 \¢ÛQ¥n zem¢Ûk{p{¨^}n¨. ùðð 
N{, T{,Z @ð @d{¨N¼=b}p{¨¨. @ze¦Õ\{¨ C p{Ãm}ðN¢ Q{¨^N}m{ zeËZ¡N{ ÛN¢=b¢ øc{p{¨¨Q} D=Z¨=b¢-  
 
                                           N{   T{   Z 
                                   N{      T{   Z   N{ 
                                   T{      Z   N{   T{ 
                                   Z      N{   T{   Z  
 
b¥ðð zem¢ûö=çd{l²¨\{n, @Í\{p{¨¨Q} Q}ð, ðn¨p{¦Q} Q}ð @ðÔ p{¨©nN}n¨ KN¶ p{¨|m{¨ 
N{ð~eÐzt¨=b¢. N{, T{ n Q{¨^N}m{p{¨¨ T{, N{ n Q{¨^N}m{p{¨¨ KN{Z·. N}ð Bo| HÞn p¶w{o| D=\{b{̈ .  
 
¹±ed{ zem¢T{l{¨p{¨¨ T¶~td{ Q{^¡_{ øzrl{¨|n_¾ N¼ðÔ p{¨¨ÃQ{¨nd{¨ zem¢ûöÒb}p{¨|?  
 
ztp{¨_{n zem¢Ûk{p{¨^p{Ãm{p{¨¨n¨  
ztp{¨_{np{¨¨o¾ (plane) m²=\{¨ zem¢p{¨|^p{¨¨n¨ (two dimensions) p{¨|Û_{p¶¨ D=\{¨d{¨. BËZ¡ 
ztp{¨_{np{¨¨o¾ ztp{¨|=_{m{ zem¢p{Ðm{d{ (translation) o¶ðT¾ p{¨d{N{¨ zeb¢ p{Ãm{p{¨¨n¨ nô=T{¨d{¨.  
@ø- 1 (360 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨, @d{Q} B=b{¨o¾ HËZ¡ u¿Ìzrp{p{¨¨ D=\{b{¨), 2 (180 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨), m (b{m{Õ^ u}b{¬q{Úp{¨¨, m @d{Q} mirror), 2mm (180 \¢ÛQ¥n  
zem¢Ûk{p{¨^p{¨¨_¾j}Z¨ 2 b{m{Õ^p{¨¨n¨ N{ª\{ B=b{¨o¾ Q{np{¦), 3 (120 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨), 
3m (120 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨_¾ p{¨©\{¨ b{m{Õ^p{¨¨n¨ N{ª\{ B=b{¨o¾ Q{np{¦), 4 (90 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨), 4mm (90 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨_¾j}Z¨ 4 b{m{Õ^p{¨¨n¨), 6 (60 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨), 6mm (60 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨_¾j}Z¨ 6 b{m{Õ^p{¨¨n¨). B=b{¨o¾ 
zem¢Ûk{p{¨^}x{p{¨¨ N}Q¢_{p{¨¨d{N{¨ n=ip{¨¨Q} d{¨=\{¨d{¨ (The axis of rotation is perpendicular 

to the plane of the paper). b{m{Õ^_{np{¨¨n¨ N{ª\{ N}Q¢_{p{¨¨d{N{¨ n=ip{¨¨Q} d{¨=\{¨d{¨ (The 
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mirror planes are pendicular to the horizontal plane of the paper.)  
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 1 u¿Ìzrp{ m{~v_{p{¨¨, d} µem¢ð _²n¨Q{¨o¾ Ûp}~td}d{¨ Db}zvm{^Q} 
(çÛ_{p{¨¨ 2).  
 
çÛ_{p{¨¨ 2                                       çÛ_{p{¨¨ 3 

                
 
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 2 d{¨ 3p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. B=b{¨o¾ 180 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨p{nd{ ¹±ed{ Dd{Ô zv=zt ÛN¢=b¢N¢, ÛN¢=b{ Dd{Ô zv=zt ¹±eN¢ p²w{§äd{¨.  
d¶d{¨ C zem¢Ûk{p{¨^p{¨¨ T¶l{¨\}ðN¢ p{¨¨=b{¨ ø¨p{¨Ùöð il{¨ZN{¨ ze=~e C 180 \¢ÛQ¥nN{¨ 
N}Q¢_{p{¨¨d{¨ Ûî~eÕ ø¨p{¨¨Ùnd{¨ o¾ðN¢ m{~eÕ=çd{ze¦Õ\{¨ ù¨m{¨ B=b{¨o¾ð _¶\}d{¨ N{d{¨Q¼d{o¶m{¨. 
@d{Q} çÛ_{p{¨¨ _{nÛN¢=b{¨¹o²d{b¢ C u¿Ìzrp{p{¨¨o¾.  
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ m d{¨ 4p{ çÛ_{p{¨¨o¾ T{ªzei\¢d{b¢. B=b{¨o¾ð @Òb{p{¨¨ ðn¨p{¦Q} 
d{¨d{Ôb¢. ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 2mm d{¨ 5p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. B=b{¨o¾ m²=\{¨ 
@Òb{p{¨¨n¨ Dd{Ôø. @ø KN{b}ðN¢ p{¨m¼N{Z¡ n=ip{¨¨Q} d{¨d{Ôb¢. KN{Z¡ ðn¨p{¦Q} p{¨m¼N{Z¡ 
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@Ò\{p{¨¨Q} d{¨d{Ôb¢.  
 
 
çÛ_{p{¨¨ 4                               çÛ_{p{¨¨ 5 
 

          
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 3 d{¨ 6p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. B=b{¨o¾ 120 \¢ÛQ¥n zem¢Ûk{p{¨^p{¨¨ 
Dd{Ôb¢. N{¨\¢¹p²ze¦ çÛ_{p{¨¨ H\{p{¨ d{¨d{Ô çÛ_}ðN¢ Ûzeîò=ip{¨¨. BËZ¡ p{Ãm{p{¨¨nN{¨ ztp}Úzeztp{Ú 
Q{¨^p{¨¨ (handedness) Q{nb{¨. p{¨|=ztN{¬Ð_{¨no¾, DNAo¾ Q{n m{u}l{¨d{p{¨¨nN{¨ BËZ¡ 
ztp}Úzeztp}Ú Q{¨^p{¨¨ Q{nb{¨, N}p{¦d{ Bø b{m{Õ^ Q{¨^p{¨¨ Q{n p{Ãm{p{¨¨no¾ ztÖZ¡N¥N{m¢=T{p{¦.  
 
çÛ_{p{¨¨ 6 



                                                            McõGS ¥{MLjjÁ 
 

¥{MLjjÁ                www.koumudi.net                         ¾eF| 2007 
 

     10 

  
 
 
 
 
çÛ_{p{¨¨ 7 
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ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 3m d{¨ 7p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. B=b{¨o¾ 120 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨_¾j}Z¨ p{¨©\{¨ b{m{Õ^p{¨¨n¨ N{ª\{ Dd{Ôø. C çÛ_{p{¨¨d{¨ Ûp}l{¨¨d{ze¦Õ\{¨ d¶d{¨ 
\{l{¨p{¨=\+d{¨ ze«Ðm¢Q} Q¥çd}d{¨. Am{p{ çÛ_{p{¨¨o¾ @b¢ @zt=ze«Ïm{p{¨¨.  
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 4 d{¨ 8p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. b¥ðN¢ N{ª\{ ztp}Úzeztp{Ú Q{¨^p{¨¨ 
Q{nb{¨. C çÛ_{p{¨¨o¾ p{¨m¼N{ øq¶zrp{¨¨d{¨ Q{p{¨ð=T{p{o²d{¨. d}n¨Q{¨ f}p{¨¨nN{¨ T{_{¨m}p{¬Ð_{  
u}p{¨Úm{ªzep{¨¨ Dd{Ôb¢. Ûzeî f}p{¨¨N{¨ N{ª\{ zt¨p{¨|¹m²d{ T{_{¨m}p{¬Ð_{ u¿Ìzrp{p{¨¨ Dd{Ôb¢. BËZ¡ 
u}p{¨Úm{ªzep{¨¨d{¨ @zt=ze«Ïm{ u}p{¨Úm{ªzep{¨¨ (pseudo-symmetry) @=Z|m{¨.  
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 4mm d{¨ 9p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. B=b{¨o¾ 90 \¢ÛQ¥n 
zem¢Ûk{p{¨^p{¨¨_¾ ztü d}n¨Q{¨ b{m{Õ^p{¨¨n¨ N{ª\{ Dd{Ôø. m²=\{¨ b{m{Õ^p{¨¨n¨ ðn¨p{¦Q}, 
@Í\{p{¨¨Q}, p{¨m¢ m²=\{¨ øN{Ïm{p{¨¨Q} (diagonal)Q{np{¦. 
 
çÛ_{p{¨¨ 8                                 çÛ_{p{¨¨ 9 
 

 
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 6 d{¨ 10p{çÛ_{p{¨¨no¾ T{ª\{Q{nm{¨. C p{Ãm{p{¨¨d{N{¨ N{ª\{ 
ztp}Úzeztp{Ú Q{¨^p{¨¨ Q{nb{¨. m²=\{¨ çÛ_{p{¨¨n¨ KN{b}ð N¢=N¼N{Z¡ Ûzeîò=ip{¨¨. A=ÞQ{ @x{m{p{¨¨ S 
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p{=Z¡b¢ N{¨\¢ çÛ_{p{¨¨o¾ çd{Ô ~eÞnn¨ @x{m}n¨ d¶m{¨ÆN¼d¶Zze¦Õ\{¨ Ûp}µtZÞZ¨ Dd{Ôb¢!  
 
ztp{¨_{n u}p{¨Úm{ªze p{Ãm{p{¨¨ 6mm d{¨ 11p{ çÛ_{p{¨¨o¾ T{ª\{Q{nm{¨. 10p{ çÛ_{p{¨¨o¾ð S 
B=b{¨o¾ 8 @=N² p{o² d{¨d{Ôb¢. B=\{¨o¾ 60 \¢ÛQ¥n Ûk{p{¨^p{¨¨_¾j}Z¨ 6 b{m{Õ^p{¨¨n¨ N{ª\{ 
Dd{Ôø.  
                                                                      çÛ_{p{¨¨ 10 

 
çÛ_{p{¨¨ 11 

 
 
ù¨m{¨ T{b¢ød{ ¹±e øzrl{¨|n_¾ 12, 13 çÛ_{p{¨¨no¾ Q{n p{¨¨ÃQ{¨nd{¨ q}#£tl{¨ m¥_}Ú zem¢ûö=T{=\¢ 
T{ªÒb}p{¨¨.  
 
çÛ_{p{¨¨ 12 
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çÛ_{p{¨¨ 13 
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i=c{N{ø_{ßp{¨¨_¾ Ûf}Ñm{d} çÛ_}n¨ 
p{¨¨ÃQ{¨n b}ßm{ p{¨d{p{¨¨ H=_{l²© q}#£tl{¨ øÊW|d{p{¨¨d{¨ d¶m{¨ÆN¼d{ ùnQ{¨d{ð ù¨N{¨ 
_²öl{¨im{T}d{¨. p{¨¨ÃQ{¨nd{¨Q{¨y¡=ç Painted Prayers @ð KN{ ze¦ÐztN{p{¨¨ Dd{Ôb¢. p{¨¨ÃQ{¨n¨ 
Ûf}Ñm{d} çÛ_}nð m{T{l¨_{ @ôÛf}l{¨p{¨¨. çÛ_{N{ø_{ßp{¨¨o¾ d}N{¨ AztÐN¢ HN{¨Áp{.  
çÛ_{N{ø_{ßp{¨¨o¾ KN{Z¡ i=c{N{ø_{ßp{¨¨. B=b{¨o¾ KN{ p{¬Ð_{p{¨¨d{¨ KN{ çÛ_{p{¨¨o¾ Bø¨\¶ÆZÞZ¨ 
Ûp}l{¨|ö. N¼ðÔ @x{m}n¨ KN{ u}m¢ N{d{Ô HN{¨Áp{Q} p}\{i\{¨_}l¨. f}p{¨¨o| çÛ_{p{¨¨ D=Z· 
@b¢ d}Q{i=c{p{¨¨, T{ÛN{p{¨¨o| çÛ_{p{¨¨ D=Z· @b¢ T{ÛN{i=c{p{¨¨. d¶d{¨ p{¨d{p{¨¨ p¶µt p{¨¨ÃQ{¨o| Dd{Ô 
m²=\{¨ çÛ_}no¾ Ûp}~td{ i=c{N{ø_{ßp{¨¨d{¨ 14p{, 15p{ çÛ_}no¾ T{ª\{p{T{¨Æd{¨.  
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p{¨¨Q¢=ze¦ 
p{¨¨ÃQ{¨no¾ H=_¾ øÊW|d{q}#£tl{¨ øzrl{¨|n¨ Dd}Ôl¨. N}ð @=_{Q} T{b{¨p{¦m}ðp}m{¨ N{ª\{ 
k}m{_{b¶q{p{¨¨o¾ @î zt¨=b{m{p{¨¨Q} p{¨¨ÃQ{¨nd{¨ Q¥l{¨\{p{¨¨ KN{ @b{¨Ø_{¹p²¨d{ øzrl{¨p¶¨. izv§q}  
@ÊW|_{p{¨¨Q} p}m¢ p¶¨c{zt¨âo¾ C q}#£tl{¨ ~tÓb}=_}n¨ @p{Q}zvd{ @l¨ Dd{Ôp¶p²©? p{¨¨ÃQ{¨ 
ðVp{¨¨Q} çÛ_{o¶Od{, øÊW|d{q}#zt, u}~v_}Ún Ûîp¶^¤zt=Q{p{¨p¶¨! 

                                                            F 


