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1 ÛÊê
�û¥��÷ Ç��

�õÀÖõ.´¨� �õ� ÷ö� þ� � ß þ� ¤¢ � õ ¤� î � þ� � �î Ý þ¥�¢Â �üõ Ý�û�Ôõ ü¡Â � ý¤ø�¢� þ � � ÛÊê ßþ� ¤¢.Ýþ�ªüõ ��ª� üó Â±� ¤¢ Âþ¢�Öõ �� Û�Æ÷�ÂÔþ¢ ý�û�Âê ø ß�ê� é�î ø ý¤�� é�î �� ß��»Þûý�úûøÂð ü¨¤Â� �� Â¡� ´ÞÆì ¤¢ �Áó ´¨� SU(2) ùøÂð ýø¤ �õ üÜ¬� ¤�î �Ø�þ� �� ���� ��.¢�ªüõÉ¿Èõ ü�ªø¤ �� ��÷ SU(2) ùøÂð �µ¨�¤ ßþ� ¤¢ �î Ýþ¥�¢Â�üõ üÆþÂ��õý¤�� é�î 1.1
�¤ (P, π,M,F ) �÷�ð¤�ú� .À�ª�� ÀÜÔ��õ F ø M ø P �î À��î ­Âê 1.1.1 ÓþÂã��� ø Àª�� ö��¨ÂÞ��¨ ø ¤��Þû ø �ª�� ,π : P −→ M ´ª�Ú÷ ù�ðÂû ,Ý�õ�÷ 1ý¤�� é�î ×þÝÆ�ê¤�õ�ÿÔþ¢ ø p ñ�� M ¥� U ¥�� üÚþ�ÆÞû p ∈M Âû ý�¥�

(π, ϕ) : π−1(U) −→ U × F.À�õ�÷üõ �¤�î ßþ� ��õ�¢ �¤ U ø P é�î ý�Â� 2é�î �¤�î ×þ �¤ (ϕ,U) �ø¥ .Àª�� ¢���õ
fiber bundle 1
bundle chart 21



2 ý¤�� é�î 1.1
¢���õ U ��õ�¢ �� é�î �¤�î ×þ �î Àª�� ý��÷�ð �� U ⊆ M ¥�� Âð� 1.1.1 ÂîÁ�.´¨� ùÀ÷�ª üúþÀ� U ýø¤ P ý¤�� é�î Ý�þ�ð Àª��×þ π−1(p) ,p ∈M Âû ý�¥� �� .À�õ�÷üõ Ûî ý�Ìê �¤ P ø �÷�Þ÷ ¤�� �¤ F ø �þ�� ÀÜÔ��õ �¤ M��÷ p �ÎÖ÷ ¤¢ ¤�� ø Ý�û¢üõ ö�È÷ Pp �� �¤ ö� �î ´¨� F �� é¤�õ�ÿÔþ¢ P ùÀ�÷�È÷ ÀÜÔ��õÂþ¥.¢¤�¢
F ù�ðÂû Ý�õ�÷ 3ý¤�¢Â� é�î �¤ F �÷�Þ÷ ¤�� �� (P, π,M) ý¤�� é�î 2.1.1 ÓþÂã��ÎÖ÷ Âû ñ�� ø Àª�� ý¤�¢Â� ý�Ìê π−1(p) = Pp ,p ∈ M Âû ý�¥� �� ø Àª�� ý¤�¢Â� ý�ÌêÝÆ�ê¤�õø� þ� ×þ ,p ∈ U �î Pp Âû ýø¤ ϕ �î Àª� � ¢���õ (ϕ,U) À� ÷�õ üê�î �¤�î M.À�õ�÷üõ P ý�Â� ý¤�¢Â� é�î �¤�î ×þ �¤ (ϕ,U) �ø¥ ,´ó�� ßþ� ¤¢ .Àª�� ý¤�¢Â� ý�ÌêÀÜÔ��õÂþ¥ F ′ Âð� .ÀþÂ�Ú� ÂÑ÷ ¤¢ �¤ F �÷�Þ÷ ¤� � � � (P, π,M) é�î 3.1.1 ÓþÂã�ý��÷�ð �� Ý�ª�� ù¢Âî ��¿µ÷� �¤ Pp ¥� P ′

p ÀÜÔ��õÂþ¥ ×þ p ∈ M Âû ý�¥� �� ø Àª�� F ùÀ�÷�È÷.Àª�� ¢���õ Âþ¥ �¤�¬ �� (ϕ,U) é�î �¤�î ×þ M �ÎÖ÷ Âû ñ�� �î
ϕ : π−1(U) −→ F

ϕ(P ′
p) = F ′ (p ∈ U)

P 4 é�îÂþ¥ ×þ �¤ P ′ ø ¢�� Àû��¡ F ′ �÷�Þ÷ ¤�� �� M ýø¤ é�î ×þ P ′ =
⋃

p∈M

P ′
p ù�Ú÷�.Ý�õ�÷üõ

F ý¤�¢Â� ý�ÌêÂþ¥ ×þ F ′ ø ý¤�¢Â� é�î ×þ P Âð� ,��� ÓþÂã� ¤¢ 4.1.1 ÓþÂã�é�îÂþ¥ ×þ �¤ ö� ø ´¨� ý¤�¢Â� é�î ×þ P ′ ù�Ú÷� ,Àª�� ý¤�¢Â� é�î �¤�î (ϕ,U) ø.Ý�õ�÷üõ P 5ý¤�¢Â�
vector bundle 3

sub-bundle 4
vector sub-bundle 5



3 ý¤�� é�î 1.1
�¤ M s

−→ P ¤��Þû ´ª�Ú÷ ×þ ,Àª�� ý¤�� é�î ×þ (P, π,M) Âð� 5.1.1 ÓþÂã�.Ý�õ�÷üõ P 6©Â� ×þ ,π ◦ s = idM �î
Çþ�Þ÷ ΓP �� �¤ (P, π,M) ý¤�� ý�ûé�î ý�û©Â� �ä�Þ¹õ 1.1.1 ý¤�Áð¢�Þ÷Çþ�Þ÷ XM �� ¢¤�¢ ��÷ M ýø¤ ý¤�¢Â� ö�À�õ �î �¤ TM §�Þõ é�î ý�û©Â� ø Ý�û¢üõ.Ý�û¢üõ
,s : U −→ P ¤��Þû ´ª�Ú÷ ×þ ,Àª�� ¥�� U ⊆ M �î Ý��îüõ­Âê 6.1.1 ÓþÂã��ä�Þ¹õ .À � õ� ÷üõ U ýø¤ P é�î üã®�õ ©Â � ×þ ,s(p) ∈ Pp ,p ∈ U Â û ý�Â � � î.Ý�û¢üõ Çþ�Þ÷ ΓUP �� �¤ U ýø¤ üã®�õ ý�û©Â�
�ÎÖ÷ ñ�� ,s Û·õ (P, π,M) é�î üã®�õ ý�û©Â� �ä�Þ¹õ 2.1.1 ý¤�Áð¢�Þ÷.Ý�û¢üõ Çþ�Þ÷ ΓpP ¢�Þ÷ �� �¤ ( ´¨� ¥�� U) p ∈ U ⊆M

Àª� � k Àã � � � ö� ¤� � Â û �î Àª� � ý¤�¢Â � é�î ×þ (P, π,M) Â ð� 7.1.1 ÓþÂã�,p ∈ U � Î Ö ÷ Â û ¤¢ � î ý�� ÷� ð � � À � ª� � M ¥� U ¥� � ýø¤ ü þ� û©Â � Xk, . . . ,X1 ø
U ýø¤ üã®�õ ý�� þ� � ©Â � ×þ �¤ � ú ÷� ù� Ú ÷� ,Àª� � Pp � þ� � ×þ {X1(p), . . . ,Xk(p)}.Ý�õ�÷üõ
ø Âð� ´¨� ¢���õ U ýø¤ üã®�õ ý��þ�� ý�û©Â� ý¤�¢Â� é�î ×þ ¤¢ 2.1.1 ÂîÁ�.Àª�� ùÀ÷�ª üúþÀ� U ýø¤ P Âð� ÍÖê

section 6



4 ý¤�� é�î 1.1
¤�� Þ û ´ª�Ú ÷ ,À � ª� � ý¤� � é�î ø¢ (P ′, π′,M ′) ø (P, π,M) Â ð� 8.1.1 ÓþÂã�:Ý�ª�� �µª�¢ P ¤¢ η ø ξ Âû ý�¥� �� ù�ðÂû ,Ý�õ�÷ 7üê�î ´ª�Ú÷ �¤ f : P −→ P ′

π(ξ) = π(η) =⇒ π′(f(ξ)) = π′(f(η))

g ´ª�Ú÷ �¤�¬ ßþ� ¤¢ ,Ý�õ� ÷üõ 8üê�î ÝÆ�ê¤�õø�þ� �¤ ö� Àª�� ÝÆ�ê¤�õ�ÿÔ þ¢ f Âð�.´¨� ÝÆ�ê¤�õ�ÿÔþ¢
M

g
−→ M ′ ¤��Þû ´ª�Ú÷ ,f : P −→ P ′ ý¤�� é�î ´ª�Ú÷ Âû ý�Â� 1.1.1 ùÂÊ±�.π′ ◦ f = g ◦ π �î ,´¨� ÓþÂã� Û��ì

f : P −→ P ′ ü 
ê�î ´ª�Ú÷ ,À�ª��M Â� ý¤�� é�î ø¢ P ′ ø P Âð� 9.1.1 ÓþÂã�.Àª�� üþ�¹��� Âþ¥ ¤�¢�Þ÷ ù�ðÂû Ý�õ�÷ ý�ì üê�î ´ª�Ú÷ �¤
M

π ր տ π′

P −→

f

P ′

.f ◦ π′ = π ÂÚþ¢ �¤�±ä ��
üê�î ´ª�Ú÷ Àª�� M ýø¤ ý¤�¢Â� é�î ø¢ P ′ ø P �î ü�¤�¬ ¤¢ 10.1.1 ÓþÂã��� ù�ðÂû .Àª�� üÎ¡ ¤�� Âû ýø¤ f ù�ðÂû ,Ý�õ�÷üõ 9ý¤�¢Â� üê�î ´ª�Ú÷ ×þ �¤ f ý�ì

bundle homomorphism 7
bundle isomorphism 8

vector bundle homomorphism 9



5 ý¤�� é�î 1.1ùÀ�õ�÷ 10ý¤�¢Â� é�î ÝÆ�ê¤�õø�þ� f ù�Ú÷� Àª�� f ´½� P ′
p �� ö�ÆØþ Pp ,p ∈ M Âû ý�¥�.¢�ªüõ

×þ f : N −→ M ø À Ü Ô � � õ ×þ N ø é�î ×þ (P, π,M) Â ð� 11.1.1 ÓþÂã��î Àª��üõ ,(f∗(P ), pr1, N) é�î f Í¨�� P é�î 11´ÈðÂ� ù�Ú÷� ,Àª�� ¤��Þû ´ª�Ú÷.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� f∗(P ) Ûî ý�Ìê
f∗(P ) = {(n, ξ) ∈ N × P : π(ξ) = f(n)} ⊆ N × P.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� pr1 Âþ�Ê� ´ª�Ú÷ ø

pr1(n, ξ) = n.ø ´¨� P é�î � ÷� Þ ÷ ¤� � ö� Þ û ö� � ÷� Þ ÷ ¤� � ø ´¨� ý¤� � é� î × þ ,é� î ´È ðÂ �.Àª��üõ ��÷ ý¤�� é�î ´ª�Ú÷ pr2 : f∗(P ) −→ P

Ý�û¢üõ ¤�Âì ,À�ª�� ý¤�¢Â� é�î ø¢ (P ′, π′,M) ø (P, π,M) Âð� 12.1.1 ÓþÂã��÷�Þ÷ ¤�� F × F ′ ,À�ª�� P ′ ø P °��Â� �� �÷�Þ÷ ¤�� F ′ ø F Âð� ø P ×M P ′ =
⋃

p∈M

Pp × P ′
p.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� Âþ�Ê� ´ª�Ú÷ ×þ ø ¢�� Àû��¡ P ×M P ′

π0 : P ×M P ′ −→ M

(ξ, η) 7−→ π(ξ)ý�Â� (θ, U) é�î �¤�î ×þ ,À�ª�� P ′ ø P °��Â� �� é�î ý�û�¤�î (ψ,U) ø (ϕ,U) Âð�.¢�ªüõ ÓþÂã� Âþ¥ �¤�¬ �� P ×M P ′

θ : π−10 (U) −→ F × F ′

(ξ, η) 7−→ (ϕ(ξ), ψ(η))

vector bundle isomorphism 10
pull-back 11



6 ý¤�� é�î 1.1
P 12ýÂ±�ê �Â® �¤ P ×M P ′ ø ¢�ªüõ ¢�¹þ� é�î ¤�µ¡�¨ ×þ P ×M P ′ ýø¤ �¤�î ßþ� ��ÝÆ�ê¤�õø�þ� θ ø ý¤�¢Â� é�î ��÷ P ×M P ′ ,À�ª�� ý¤�¢Â� é�î P ′ ø P Âð� .À�õ�÷üõ P ′ øâÞ� ö� �� ø Ý�û¢üõ ö�È÷ P ⊕ P ′ � � �¤ ý¤�¢Â� é�î ´ó�� ßþ� ¤¢ ,´¨� ý¤�¢Â� ý�Ìê.Ý�þ�ðüõ P ′ ø P 13ü�µþø
¤¢ (x,U) ��Êµ¿õ ù�Úµ¨¢ ,Àª�� ý¤�¢Â� é�î ×þ P Ý��îüõ­Âê 2.1.1 ùÂÊ±�.ÝþÂ�ðüõ ÂÑ÷ ¤¢ Âþ¥ �¤�¬ �� P ý¤�¢Â� é�î ¤¢ �¤ (ϕ,U) é�î �¤�î ø M

x : U −→ x(U) ⊆ R
n

(π, ϕ) : π−1(U) −→ U × R
m.¢�ªüõ ÓþÂã� Âþ¥ ÛØª �� P ýø¤ ��Êµ¿õ ù�Úµ¨¢ ×þ

π−1(U) −→ x(U) × R
m

ξ 7−→ (x ◦ π(ξ), ϕ(ξ)).x1 ◦ π, . . . , xn ◦ π, ϕ1, . . . , ϕm ¥� À ÷��¤� ± ä P ýø¤ ��Ê µ¿ õ ù� Ú µ ¨¢ ß þ� ý� û� Ô ó�b õÂ ��Â � ë� ê ù� Ú µ ¨¢ Í¨� � ùÀ ª ¢�¹ þ� ý�� þ� � ý� ûö�À � õ ñ� � .xi = xi ◦ π Ý � û¢ü õ ¤�Â ì.´¨� ∂

∂x1 , . . . , ∂
∂xn , ∂

∂ϕ1 , . . . , ∂
∂ϕm

ø¢ Y ø X Ý��î ­Âê ,ÝþÂ�ðüõ ÂÑ÷ ¤¢ �¤ f : M −→ N ¤��Þû â��� 1.1.1 ý¤ø�¢�þ,À÷�ªüõ ùÀ�õ�÷ Í±�Âõ−f ,Y ø X �¤�Ê�þ� ¤¢ À�ª�� N ø M ýø¤ °��Â� �� ý¤�¢Â� ö�À�õÝ�ª�� �µª�¢ p ∈M Âû ý�¥� �� ù�ðÂû
f∗p(X) = Yf(p).

fiber product 12
Whitney sum 13



7
∂
∂ϕi ý¤�¢Â� ý�ûö�À�õ ß��»Þû .À�µÆû Í±�Âõ−π , ∂

∂xi ø ∂
∂xi ý�ûö�À�õ 3.1.1 ÂîÁ�.π∗( ∂

∂ϕi ) = 0 ü�ãþ ,À�µÆû Í±�Âõ−π ÂÔ¬ ý¤�¢Â� ö�À�õ ��ß�ê� é�î 2.1
α : A× V −→ A ø Àª�� �ä�Þ¹õ ×þ A ø ý¤�¢Â� ý�Ìê ×þ V Âð� 1.2.1 ÓþÂã�
x Âû ý�¥� �� ù�ðÂû ¢�ªüõ ùÀ�õ�÷ 1ß�ê� ý�Ìê ×þ (A,V, α) üþ�� �¨ ù�Ú÷� ,Àª�� â��� ×þ: Àª�� ¤�ÂìÂ� Âþ¥ ´�¬�¡ �¨ , V ¤¢ v ø w Âû ý�¥� ��ø A ¤¢

;α(x,0) = x (1
;α(α(x, v), w) = α(x, v + w) (2

.α(x, v) = y �î ´¨� ¢���õ v ∈ V Û·õ ý¢Âê �� ÂÊ½�õ �Ìä ,y ∈ A Âû ý�Â� (3
x+ v �� �¤ α(x, v) ¤�ÀÖõ �f �Þãõ .Ý�þ�ðüõ V 2ý¢�û ý¤�¢Â� ý�Ìê �� ß�ê� ý�Ìê ×þ �¤ A.À�û¢üõ Çþ�Þ÷
â �� � .À � ª� � ß � ê� ý� Ì ê ø¢ (B,W, β) ø (A,V, α) Ý � � î ­Â ê 2.2.1 ÓþÂã�¢���õ T : V −→ W üÎ¡ ´ª�Ú÷ ù�ðÂû ¢�ªüõ ùÀ�õ�÷ 3ß�ê� ´ª�Ú÷ ×þ T : A −→ B:Ý�ª�� �µª�¢ ,v ∈ V ø x ∈ A Âû ý�¥� �� �î Àª��

T (x+ v) = T (x) + T (v).¢�ªüõ ùÀ�õ�÷ T üÎ¡ ´ÞÆì ø ´¨� ¢Âê �� ÂÊ½�õ T
affine space 1

modelled 2
affine morphism 3



8 ß�ê� é�î 2.1
��÷ 4ß�ê� ÝÆ�ê¤�õø�þ� ×þ Àª�� ÂþÁ�§�Øãõ �î ß�ê� ´ª�Ú÷ ×þ 3.2.1 ÓþÂã�Âð� ´¨� ß�ê� ÝÆ�ê¤�õø�þ� T ¢Âî ´��� ö���üõ ;Àª��üõ ß�ê� ´ª�Ú÷ ��÷ ö� §�Øãõ �Âþ¥ ¢¤�¢.T−1 = T −1 �¤�¬ ßþ� ¤¢ ø Àª�� üÎ¡ ÝÆ�ê¤�õø�þ� ×þ ,T üÎ¡ ´ÞÆì ,T Âð� ÍÖê ø
üú �� ÷ �b ä� Þ¹õÂ þ¥ ,Àª� � ß � ê� ý�Ìê ×þ (A,V, α) Ý � � î ­Â ê 4.2.1 ÓþÂã�¢���õ W ⊆ V ý¤�¢Â� ý�ÌêÂþ¥ ×þ ù�ðÂû Ý�õ�÷ A 5ß�ê� ý�ÌêÂþ¥ ×þ ×þ �¤ A′ ⊆ A.À�ª�� ¤�ÂìÂ� Âþ¥ Íþ�Âª �î Àª��.x+ w ∈ A′ ,Ý�ª�� �µª�¢ x ∈ A′ Âû ø w ∈W Âû ý�Â� (1.x+ w = y �î Àª�� ¢���õ w ∈W ¢Âê �� ÂÊ½�õ �Ìä x, y ∈ A′ Âû ý�¥� �� (2
6ß�ê� é�î ×þ Àª�� ý¤�¢Â� é�î (E, π,M,Rm) Ý��îüõ ­Âê 5.2.1 ÓþÂã�:´¨� Âþ¥ ý�ûüðÄþø ý�¤�¢ �î (A,π′,M,α) üþ��¤�ú� ¥� ´¨� �¤�±ä E ý¢�û é�î��.´¨� ý¤�� é�î ×þ (A,π′,M,Rm) (1.´¨� ý�ì üê�î ´ª�Ú÷ ×þ α : A×M E −→ A (2.´¨� ß�ê� ý�Ìê ×þ (Ap, Ep, α |Ap×Ep) ,p ∈MÂû ý�¥� �� (3Âû ý�¥� � � �î ´¨� ¢���õ ,(ϕ,U) é�î �¤�î ,p ∈ M Âû ý�¥� � � �î ¢Âî ´�� � ö�� � üõ�÷�ð ßþ� .´¨� ß�ê� ÝÆ�ê¤�õø�þ� ×þ π−1(q) Âû ýø¤ ϕ : π−1(U) −→ R

m ´ª�Ú÷ ,q ∈ U.À�õ�÷üõ A ß�ê� é�î ý�û�¤�î �¤ �û�¤�î
affine isomorphism 4

affine sub-bundle 5
affine bundle 6



9 ß�ê� é�î 2.1ÂÑ÷ ¤¢ �¤ Y ∈ XM ý¤�¢Â� ö�À�õ ×þ ø E π
−→ M ý¤�¢Â� é�î ×þ 1.2.1 ñ�·õÂû ý�Â� .Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ Y �� Í±�Âõ−π ,TE ¥� üþ�û¤�¢Â� �ä�Þ¹õ .ÝþÂ�ðüõÝ�û¢üõ ¤�Âì ξ ∈ E

Aξ = {v ∈ TξE | π∗(v) = Yπ(ξ)}ý¢� û ý¤�¢Â � é� î � � E ýø¤ ß � ê� é� î × þ A = A
⋃

ξ∈E

Aξ �¤� Ê � þ� ¤¢.´¨� V E = { Y ∈ TE | π∗(Y ) = 0 }

´¨À� (E, π,M,α) ß�ê� é�î ×þ ,(E, π,M) ý¤�¢Â� é�î Âû ý�Â� 2.2.1 ñ�·õ.´¨� E é�î ý�û¤�� ýø¤ âÞ� ÛÞä α : E ×M E −→ E �î Àþ�üõ
(E, π,M) ý¢�û ý¤�¢Â� é�î �� ß�ê� é�î ×þ (A,π′,M,α) Ý��î ­Âê 1.2.1 Ýó.À�îüõ �Öó� (A,π′,M) ýø¤ ý¤�¢Â� é�î ¤�µ¡�¨ ×þ s©Â� �¤�¬ßþ� ¤¢ ,Àª�� s ∈ ΓA ø¢Âê �� ÂÊ½�õ ¤�¢Â� �¤�Ê�þ� ¤¢ À�ª�� x, y ∈ Ap ø p ∈ M ,λ ∈ R Ý��î ­Âê :��±���� .λx := s(p) + λv ø y + x := y + v Ý��îüõ ÓþÂã� .s(p) + v = x �î ¢¤�¢ ¢��ø ,v ∈ Ep,(ϕ,U) ß�ê� é�î �¤�î ×þ ×Þî �� ;Àª Àû��¡ ý¤�¢Â� ý�Ìê ×þ Ap ¤�� Âû ÛÞä ßþ�.Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤ (ϕ̂, U) ý¤�¢Â� é�î �¤�î

ϕ̂(ξ) = ϕ(ξ) − ϕ(sπ′(ξ))

Ný¢�û ý¤�¢Â� é�î �� ß�ê� é�î ×þ (A,π′,M,α) Ý��îüõ­Âê 6.2.1 ÓþÂã�ý�ÌêÂþ¥ ×þ A′
p ,p ∈ M �ÎÖ÷ Âû ¤¢ �î Àª�� ý¤�� é�îÂþ¥ A′ ⊆ A Âð� ,Àª�� (E, π,M)×þ �¤ A′ ,Àª� � E ý¤�¢Â � é�îÂ þ¥ ×þ �ûA′

p ý¢�û ý�û�ÌêÂ þ¥ �b ä�Þ¹õ ø Àª� � ß� ê�.Ý�õ�÷üõ A 7ß�ê� é�îÂþ¥
affine sub-bundle 7
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,À�ª�� ß�ê� ý�ûé�î (B,π′, N, β) ø (A,π,M,α) Ý��îüõ­Âê 7.2.1 ÓþÂã�,p ∈M Âû ý�¥� �� ù�ðÂû Ý�õ�÷ 8ß�ê� üê�î ´ª�Ú÷ ×þ f : A −→ B üê�î ´ª�Ú÷

f |Ap : Ap −→ Bg(p).(´¨� é�î ´ª�Ú÷ ¥� üþ�Öó� ´ª�Ú÷ g : N −→M) Àª�� ß�ê� ´ª�Ú÷ ×þ
g üó Â±� ¤¢ Âþ¢�Öõ �� Û�Æ÷�ÂÔþ¢ ý�û�Âê 3.1

é�î ý�û©Â � .Àª� � ü ó Â ±� g ø À Ü Ô � � õ ×þ N � î Ý � � î ­Âê 1.3.1 ÓþÂã�.Ý�õ�÷üõ g ¤¢ Âþ¢�Öõ �� N ýø¤ Û�Æ÷�ÂÔþ¢ ý�û�Âê−n �¤ ΛnT ∗N ⊗ g.Ý�û¢üõ Çþ�Þ÷ Λk(N, g) �� �¤ g üó Â±� ¤¢ Âþ¢�Öõ �� ý�û�Âê−k üõ�Þ� �ä�Þ¹õ
[ϕ,ψ] ∈ Λi+j(N, g) ;ψ ∈ Λj(N, g) ø ϕ ∈ Λi(N, g) Ý��îüõ ­Âê 2.3.1 ÓþÂã�.Ý��îüõ ÓþÂã� Âþ¥ �¤�¬ �� �¤
[ϕ,ψ](X1, . . . ,Xi+j) =

1
i!j!

∑

σ

(−1)σ[ϕ(Xσ(1), . . . ,Xσ(i)), ψ(Xσ(i+1), . . . ,Xσ(i+j))]ø �ø¥�� �î (−1)σ = ±1 ø À�îüõ Â��ç� {1,2, . . . , i + j} ý�û´ÈÚþ�� �ä�Þ¹õ ¤¢ σ �îø ´¨� g üó Â±� ¤¢�ªøÂî ,´¨�¤ ´Þ¨ ¤¢ [ , ] ÛÞä ;¢¤�¢ üÚµÆ� σ ´ÈÚþ�� ö¢�� ¢Âêü�¤�¡ �Â® üä�÷ ÛÞä ßþ� .À�ª��üõ M ýø¤ ù��¿ó¢ ý¤�¢Â� ý�ûö�À�õ Xi+j, . . . ,X1.´¨� üÎ¡ø¢ ψ ø ϕ �� ´±Æ÷ ø ´¨�
affine bundle morphism 8



11 g ¤¢ Âþ¢�Öõ �� Û�Æ÷�ÂÔþ¢ ý�û�Âê 3.1ü ó Â ± � � �) À ª� � � ûÅ þÂ �� õ ü ó ùøÂ ð × þ G � î Ý � � î ­Â ê 1.3.1 ��ÌìÝ þ¤�¢ ψ ∈ Λj(P, g) Â û ø ϕ ∈ Λi(P, g) Â û ý�¥� � � �¤� ¬ ß þ� ¤¢ ,( g ý� ûÅ þÂ �� õ.[ϕ,ψ] = ϕ ∧ ψ − (−1)ijψ ∧ ϕ

ϕ ∧ ψ ø ,À�µÆû üÖ�Ö� ¢�Àä� ¤¢ Âþ¢�Öõ � � ý�û�Âê ý�ûÅþÂ��õ ö���ä �� ψ ø ϕ�¹�þ� ¤¢.À÷�ªüõ �Â® Ýû ¤¢ ü�¤�¡ �Â® �� �û�Ôó�õ �î ´¨� �Â® Û¬�� ÅþÂ��õ
N .40 �b½Ô¬ ℄2[ â�Âõ �� ¢�ª á��¤ :��±��
N ýø¤ ( üÖ�Ö� Â þ¢� Ö õ � �) �Â ê−k ×þ ϕ ø A ∈ g �î Ý� � î ­Âê 1.3.1 ùÂÊ±�Â û ý�¥� � � .Ý � � îü õ Ó þÂ ã � Â þ¥ �¤�¬ � � �¤ ϕ ⊗ A ∈ Λk(N, g) �¤�¬ ß þ� ¤¢ À ª� �Ýþ¤�¢ ,X1, . . . ,Xk ∈ TyN

(ϕ⊗A)(X1, . . . ,Xk) = ϕ(X1, . . . ,Xk)AÝþ¤�¢ B ∈ g ø N ¤¢ ψ ÂÚþ¢ �Âê ×þ ý�Â�
[ϕ⊗A,ψ ⊗B] = (ϕ ∧ ψ) ⊗ [A,B].�¤� ¬ � � cγαβ ý¤� µ ¡� ¨ ý� û´ �� � ø g ý�Â � � þ� � × þ En . . . , E1 � Ø � þ� ­Â ê � �ý�û�Âê ,ψ ∈ Λj(N, g) ø ϕ ∈ Λi(N, g) Âû ý�¥� �� ,Àª�� ùÀª ÓþÂã� [Eα, Eβ ] =

∑

cγαβEγ�î ý¤�Ï �� À÷¢���õ (α, β = 1, . . . , n) ψβ ø ϕα ¢Âê ��ÂÊ½�õ
ϕ =

∑

ϕα ⊗ Eα ø ψ =
∑

ψβ ⊗ Eβ Ýþ¤�¢ ßþ�Â����
[ϕ,ψ] =

∑

α,β

(ϕα ∧ ψβ) ⊗ [Eα, Eβ] =
∑

α,β,γ

cγαβ(ϕ
α ∧ ψβ) ⊗ Eγ .

Ýþ¤�¢ ρ ∈ Λk(N, g) ø ψ ∈ Λj(N, g) ø ϕ ∈ Λi(N, g) Âû ý�¥� �� 2.3.1 ��Ìì
[ψ,ϕ] = −(−1)ij [ϕ,ψ] (1



12 g ¤¢ Âþ¢�Öõ �� Û�Æ÷�ÂÔþ¢ ý�û�Âê 3.1
(−1)ik[[ϕ,ψ], ρ] + (−1)kj[[ρ, ϕ], ψ] + (−1)ji[[ψ, ρ], ϕ] = 0 (2�¤Àõ üó Â±� ×þ g üó Â±� ¤¢ Âþ¢�Öõ�� N ¤¢ Û�Æ÷�ÂÔþ¢ ý�û�Âê �ä�Þ¹õ ÂÚþ¢ �¤�±ä ��℄2[.´¨�
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SU(2) ùøÂð 4.1

�î Àª��üõ üó ùøÂð ×þ üÖ�Ö� ¢�Àä� ¥� n× n ý�ûÅþÂ��õ �ä�Þ¹õ 1.4.1 ÓþÂã�.Ý�û¢üõ Çþ�Þ÷ Mn×n(R) ¢�Þ÷ ��
ø ´¨� üó ùøÂð ×þ ÍÜµ¿õ ý�û�þ�¤¢ �� n× n ý�ûÅþÂ��õ �ä�Þ¹õ 2.4.1 ÓþÂã�.Ý�û¢üõ Çþ�Þ÷ Mn×n(C) ¢�Þ÷�� �¤ ö�
�Â® �� üÖ�Ö� ¢�Àä� ¥� n × n ¢ÂÔ�õ�÷ ý�ûÅþÂ��õ ùøÂð,GL(n,R) 3.4.1 ÓþÂã�.Ý�õ�÷üõ 1üõ�Þä üÎ¡ ùøÂð �¤ ö� .´¨� üó ùøÂð ×þ üÆþÂ��õ
Ý � û¢ü õ ¤�Â ì ,det : Mn×n(R) −→ R ¤�� Þ û â �� � � � � �� � � � 1.4.1 ÂîÁ�¥� ¥� � À Ü Ô � � õÂ þ¥ ø ¥� � � ä� Þ¹ õÂ þ¥ GL(n,R) ß þ�Â �� � � .GL(n,R) = det−1(R − {0}).´¨� Mn×n(R)

ÍÜµ¿õ üõ�Þä üÎ¡ ùøÂð ,ÂþÁ�öø¤�ø ÍÜµ¿õ n×n ý�ûÅþÂ��õ ùøÂð 4.4.1 ÓþÂã�.¢�ªüõ ù¢�¢ Çþ�Þ÷ GL(n,C) ¢�Þ÷ �� ø ¢¤�¢ ��÷.´¨� üó ùøÂð ×þ üÆþÂ��õ �Â® �� ø Àª��üõ Mn×n(C) ¥�� ÀÜÔ��õÂþ¥ ×þ GL(n,C)×þ ö���ä �� ù�ðÂû ,¢�ªüõ ùÀ�õ�÷ Àõ�ãµõ A ∈ GL(n,R) ÅþÂ��õ ×þ 5.4.1 ÓþÂã�.Àª�� R
n ×�÷�÷�î üÜ¡�¢ �Â® �ê�� ,A : R

n −→ R
n ,üÎ¡ ´ª�Ú÷

∀ x, y ∈ R
n < Ax,Ay >=< x, y > .

general linear group 1


