—QwUv=D uQ=kD Tqm

—mvQwB =[QO:tLt

u=QyD x=oWv=O ’QDw˝Bt=m swra w —[=˝ Q xwQo

C=˝[=˝ Q w —Q˙v l˝ R˝i C=k˝kLD RmQt w

E-mail: pournaki@vax.ipm.ac.ir

xO˝mJ —=yxwQo Q˝PB=vp˝wLD —=yV˝=tv OQwt QO —D=ar=]t OwN —QDmO -xr=UQ QO QwW —˝=U˝= —Q˝wYD Q=@ u˝r:w= —=Q@ xm CU= xOw@ =Hv˝= QO Cio u=wD@ O˝=W ”CU= xO=O s=Hv= s=a —]N R= —t˝taD —QwUv=D uQ=kD Tqm ‘k=w QO ”CU= xOW Qy=˙ —QwUv=D uQ=kD Tqm R= —D=tOkt -xar=]t Cio u=wD—t =Pr w Ow@ xOW xDN=vW,qt=m syORwv uQk QN=w= QO xm OW=@—t u=tU=Qo —=[i =yv; —wQ xar=]t Q˝N= —=yr=U QO =:t= ’OQ=O uQk l˝ OwOL —=xk@=U —QwUv=D uQ=kD Tqm —wQ —a˝Uw -xOQ —wQ —O=˝ R u=v=O˝[=˝ Q w CU= xOw@ —]NOvJ Q@H —=y‘w[wt u˝ QDx@P=H QB R= —m˝ =vW; ut[ ’—i˝YwD -xr=kt u˝= QO ”Ov=xOQm Q=m OvQ=O “=@DQ= —QwUv=D uQ=kD Tqm =@ xm p˝=Ut R= ”OQm s˝y=wN KQ]t =Q —=xOWv pL p˝=Ut ’—QwUv=D uQ=kD Tqm =@ “@DQt s˝y=it =@ xOvv=wN uOQm ”CN=U s˝y=wN Q=wty j˝kLD x@ u=Ovtxkqa —=Q@ =Q x=Q ’u=˝=B QO —a@=vt x¨=Q= =@ u˝vJty

xtOkt 1

s˝y=it —UQQ@ QO xm —]NOvJ Q@H w —y=vDt —=yxwQo CWQU -x˝ Q˙v R= swyit OvJ —Qw;O=˝ x@ VN@ u˝= QO ”s˝ R=OQB—t ’s˝ Q=O R=˝v =yv; x@ —QwUv=D uQ=kD Tqm x@ “w@ Qt

—y=vDt —=yxwQo CWQU -x˝ Q˙v

&s=a —]N xwQo =Q GL(V, C ) ”C —wQ —Oa@ m —Q=OQ@ —=[i V w OW=@ —y=vDt xwQo l˝ G s˝vm ZQi l˝ D : G → GL(V, C ) —DN˝ Qty Qy x@ ”s˝ Q˝o—t Q˙v QO &V —wQ Q˝PBvwQ=w —]N —=yQorta xwQo

=Q m —va˝ V —=[i Oa@ w s˝˝wo—t G xwQo R= V˝=tv l˝ Q=YDN= x@ =˝ V —W˝=tv —=[i =@ G xwQo R= V˝=tv =Q V s˝v=wD—t D : G → GL(V, C ) Ovv=t G R= —=xOW xO=O V˝=tv ltm x@ ”s˝t=v—t V˝=tv u˝=_-xHQO —=[i C u=wvax@ V xm s˝ Q˝o—t Q˙v QO —atH u=ty =Q ‘tH Qw˙vt u˝= —=Q@ ”s˝vm p˝O@D pwOt C G l˝ x@ Q@H C —=x˝=B —=[a= —wQ R˝v =Q · : V × C G → V —va˝ ’Qr=mU= QO ?Q[ ”CU= RyHt u; x@ —Q=OQ@ %s˝vm—t h˝ QaD Q˝ R CQwYx@ OvDUy G —=[a= u=ty xm C G v.g = (v)D(g). R˝v Q=m u˝= TmaQ@ xm s˝vm—t xHwD ”CU= xOW p˝O@D pwOt C G l˝ x@ V s˝vm —UQQ@ s˝v=wD—t —DL=Qx@ CUOx@ V —W˝=tv —=[i =@ G xwQo R= V˝=tv l˝ s˝v=wD—t ’OW=@ pwOt C G l˝ V Qo = —va˝ ”CU= QU˝t %s˝vm—t h˝ QaD Q˝ R CQwYx@ =Q D : G → GL(V, C ) Qw˙vt u˝= —=Q@ ”s˝ Qw; (v)D(g) = v.g. ”CU= G xwQo R= V˝=tv l˝ D s˝vm —UQQ@ s˝v=wD—t —DL=Qx@ C G -xar=]t =@ G xwQo —=yV˝=tv -xar=]t s˝˝wo@ s˝v=wD—t ’s˝OQm xQ=W= u; x@ q=@ QO xJv; x@ xHwD =@

C G —va˝ ’OvDUy Q˝PB=vp˝wLD —=ypwOt C G ’=ypwOt C G R= —tyt -xOQ ”OQ=O l˝ORv —]=@DQ= =ypwOt O=Oa= Vkv Ovv=t =ypwOt C G -xar=]t QO C=OwHwt u˝= Vkv ”OvQ=Ov —y˝O@ Q˝e pwOtQ˝ R C G xm —˝=ypwOt —D=OwHwt u˝vJ R= xm G xwQo —=yV˝=tv xm s˝vR@ TOL s˝v=wD—t xH˝Dv QO w CU= K˝LY O=Oa= -xar=]t QO p:w= D : G → GL(V, C ) V˝=tv —va˝ ’CU= R˝v u˝vJ u˝= ”OvW=@ xDW=O —U=U= Vkv O˝=@ Ov˝;—t CUOx@ u˝= ”Ovm p˝O@D Q˝PB=v p˝wLD pwOt C G l˝ x@ =Q V —=[i ’D x=oQy s˝t=v—t Q˝PB=vp˝ wLD =Q G xwQo R= ”Ovvm—t =i˝= —y=vDt —=yxwQo CWQU -x˝ Q˙v QO —=xS˝w Vkv G xwQo —=yV˝=tv χ(g) = trD(g) -x]@=[ =@ χ : G → C ‘@=D G xwQoR= D : G → GL(V, C ) -xOW xO=O V˝=tv —=Q@ —wQ Q˝PBvwQ=w —]N Qorta l˝ D(g) ∈ GL(V, C ) ’g ∈ G Qy —=Q@ xm s˝vm—t xHwD ”s˝vm—t Q˝˙v =Q ’Ow@ Oy=wN V˝=tv -xHQO u=ty R˝v χ(1) ut[ QO ”—]N Qorta u˝= QF= —va˝ ’trD(g) R= Qw˙vt w CU= V ”χ(1) = m —va˝

CWQU χ x@ ’OW=@ Q˝PB=vp˝wLD D x=oQy ”s˝t=v—t G xwQo R= —DWQU =Q D V˝=tv x@ xOW Q˝˙v —χ

w Ov=xOt; CUOx@ G xwQo Q˝PB=vp˝wLD —=yDWQU ltm x@ —@˝Ha “@=wQ uwvm =D ”s˝˝wo—t G R= Q˝PB=vp˝ wLD xm —˝=H =D ’CU= xOW p˝O@D —y=vDt —=yxwQo —=yxN=W u˝ QDx@P=HQB R= —m˝ x@ —y=vDt —=yxwQo CWQU -x˝ Q˙v s˝v=wD—t ”Ov=xOW —y=vDt —=yxwQo -x˝ Q˙v QO OQHt p˝=Ut x@ xrtL —=Q@ —Q=R@= —DL u; QO OwHwt —=yl˝vmD Q˝PB=vp˝wLD —DWQU χ Qo = ”s˝vm xQ=W= CU= swUwt xDi=˝ s˝taD Ot=aD_-x]@=Q x@ xm —@˝Ha -x]@=Q x@ xvwtv —=Q@ %CU= u˝vJ xDi=˝ s˝taD Ot=aD -x]@=Q CQwY u˝= QO ’OW=@ G —y=vDt xwQo R= ∑ g∈G χ(g^{−1} h)χ(g) = |G| χ(1) χ(h) (1) w[a w CU= |G| u; —=[a= O=OaD xm G —y=vDt xwQo —=[a= —wQ ‘wtHt —va˝ ’^∑_{g∈G} R= Qw˙vt u; QO xm %s˝ Q=O χ Q˝PB=vp˝wLD CWQU —=Q@ u˝vJty ”1 —w=Ut u; QO —FvN

χ(g^{−1}) = χ(g) (2)

x@ =Q xOvv=wN —y=vDt —=yxwQo CWQU -x˝ Q˙v j˝ta —UQQ@ —=Q@ ”CU= χ(g) “rDNt GwORt χ(g) u; QO xm ”OQ=O =Q Q=m Q=R@= Vkv —QwUv=D uQ=kD Tqm -xar=]t QO x˝ Q˙v u˝= ”s˝yO—t ‘=HQ= `7´ w `5´ ‘H=Qt

—]NOvJ Q@H

x@ OwN =@ V —DQ=mO ?Q[rY=L =Q^n×V ”OvW=@ C —wQ Oa@ —y=vDt —Q=OQ@ —=y=[i U w V s˝vm ZQi xir-wt Qy x@ C@Uv ϕ x=oQy s˝t=v—t —]N n ‘@=D l˝ =Q ϕ :^n×V → U ‘@=D ”s˝ Q˝o—t Q˙v QO Q=@ n O=OaD %v_i, v^′_i ∈ V w c, d ∈ C Qy —=Q@ —va˝ ’OW=@ —]N

ϕ(v_1, . . . , cv_i + dv^′_i, . . . , v_n) = cϕ(v_1, . . . , v_i, . . . , v_n) + dϕ(v_1, . . . , v^′_i, . . . , v_n).

l˝ORv —]=@DQ= —]N n ‘@=D swyit =@ w OwW—t xDN=U V ltm x@ xm =Q —Q=OQ@ —=y=[i C R= —m˝ uwvm = O=R; —r@; xwQo F s˝ Q˝o Qw˙vt u˝= —=Q@ ”OQ=O —O˝rm Vkv —]NOvJ Q@H QO =[i u˝= ”s˝vm—t —iQat OQ=O CQwYx@ —˝=[a= -x˝rm R= pmWDt B -xawtHt ”OW=@^n×V -xawtHt —wQ

(v_1, . . . , cv_i + dv^′_i, . . . , v_n) − c(v_1, . . . , v_i, . . . , v_n) − d(v_1, . . . , v^′_i, . . . , v_n)

”OwW—t O˝rwD B “UwD xm s˝vm—t ZQi F R= —ywQoQ˝ R =Q K w s˝ Q˝o—t Q˙v QO =Q ’v_i, v^′_i ∈ V w c, d ∈ C V˝=tv^n⊗V =@ =Qv; w s˝t=v—t Q=@ n O=OaD x@ OwN =@ V —QwUv=D ?Q[rY=L =Q F/K —DtUk GQ=N xwQo v^⊗ =˝ v_1 ⊗ · · · ⊗ v_n =@ =Q (v_1, . . . , v_n) + K ∈^n⊗V w[a ’V R= v_n ’. . . ’v_1 —=[a= —=Q@ ”s˝yO—t CQwYx@^n⊗V —wQ R˝v =Q c ∈ C Qr=mU= QO ?Q[ ”s˝t=v—t Q˝PBx˝ RHD QwUv=D l˝ =Qv; w s˝yO—t V˝=tv c(v_1 ⊗ · · · ⊗ v_n) = cv_1 ⊗ · · · ⊗ v_n = · · · = v_1 ⊗ · · · ⊗ cv_n —=[i C l˝ V Qo = ”s˝vm—t p˝O@D C —wQ —Q=OQ@ —=[i l˝ x@ =Q^n⊗V ?˝DQD u˝O@ w s˝vm—t h˝ QaD R= u; -x˝=B w CU= —Oa@ m^n —Q=OQ@ —=[i C l˝^n⊗V ’OwW ZQi {e_1, . . . , e_m} x˝=B =@ —Oa@ m —Q=OQ@ C˝Y=N u˝= α = (α_1, . . . , α_n) u; QO xm CU= xOW p˝mWD e_{α1} ⊗ · · · ⊗ e_{αn} = e^⊗_α CQwYx@ —˝=[a= —w=UD v_i, v^′_i ∈ V w c, d ∈ C Qy —=Q@ xm s˝vm —UQQ@ s˝v=wD—t —DL=Qx@ ”1 ≤ α_i ≤ m xm OQ=O =Q v_1 ⊗ · · · ⊗ (cv_i + dv^′_i) ⊗ · · · ⊗ v_n = c(v_1 ⊗ · · · ⊗ v_i ⊗ · · · ⊗ v_n) + d(v_1 ⊗ · · · ⊗ v^′_i ⊗ · · · ⊗ v_n) ⊗(v_1, . . . , v_n) = v_1 ⊗ · · · ⊗ v_n -x]@=[ =@ ⊗ :^n×V →^n⊗V ‘@=D xm CU= u; R= —m =L u˝= w CU= Q=QkQ@ n ‘@=D Qy w W Oa@ —y=vDt —Q=OQ@ —=[i C Qy —=Q@ s˝vm C@=F s˝v=wD—t —DL=Qx@ w CU= —]N n ‘@=D l˝

—˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= OwHwt f :^n⊗V → W OQi x@ QYLvt —]N p˝O@D ’ψ :^n×V → W —]N ”f⊗ = ψ —va˝ ’Ovm—t n ×V^⊗−→^n⊗V ψ ↓ ↙ f W Q@H x@ “w@ Qt s˝y=it j˝ta -xar=]t —=Q@ ”s˝t=v—t —QwUv=D ?Q[rY=L —v=yH C˝Y=N =Q C˝Y=N u˝= ‘k=w QO xm =Q —QwUv=D uQ=kD Tqm s˝=xO=t; uwvm = ”s˝yO—t ‘=HQ= `10´ w `8´ ‘H=Qt x@ =Q xOvv=wN —]N OvJ ”s˝vm —iQat OW=@—t^n⊗V R= —˝=[iQ˝ R

—QwUv=D uQ=kD Tqm 2

ZQi u˝vJty ”OW=@ C —wQ —Oa@ m —Q=OQ@ —=[i V s˝vm—t ZQi ’xr=kt u=˝=B =D VN@ u˝= R= ‘@=D w σ ∈ G s˝vm ZQi ”G R= Q˝PB=v p˝wLD —DWQU χ w OW=@ $_n uQ=kDt xwQo R= —ywQoQ˝ R G s˝vm—t ”s˝vm—t h˝ QaD A(σ)(v_1, . . . , v_n) = v_σ−1_{(1)} ⊗ · · · ⊗ v_σ−1_{(n)} -x]@=[ =@ =Q A(σ) :^n×V →^n⊗V %v_i, v^′_i ∈ V w c, d ∈ C Qy —=Q@

A(σ)(v_1, . . . , cv_i+dv^′_i, . . . , v_n) = cA(σ)(v_1, . . . , v_i, . . . , v_n)+dA(σ)(v_1, . . . , v^′_i, . . . , v_n),

OQi x@ QYLvt —]N Qorta —QwUv=D ?Q[rY=L —v=yH C˝Y=N Q@=v@ ”CU= —]N n —a@=D A(σ) —va˝ ”P (σ)⊗ = A(σ) —va˝ ’Ovm—t —˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= OwHwt P (σ) :^n⊗V →^n⊗V n ×V^⊗−→^n⊗V A(σ) ↓ ↙ P (σ) n ⊗V %CU= Q˝ R CQwYx@ Q˝PBx˝ RHD —=yQwUv=D —wQ P (σ) pta xm CU= —vat u˝= x@ R˝v u˝=

P (σ)(v_1 ⊗ · · · ⊗ v_n) = v_σ−1_{(1)} ⊗ · · · ⊗ v_σ−1_{(n)}.

”OvW=@ Q˝oQO u; QO ıq=@ X=N —σ “ki xv wȷ G QY=va s=tD xm s˝ R=U@ —]N —Qorta s˝y=wN—t uwvm = —]N Qorta —va˝ ”OW=@—t =yP (σ) —vRw u˝ov=˝t uDiQo Q˙v QO Qw˙vt u˝= s=Hv= —=Q@ Q=m u˝ QD?U=vt %s˝vm—t h˝ QaD Q˝ R CQwYx@ =Q T (G, χ) :^n⊗V →^n⊗V T (G, χ) = χ(1) |G| ∑ σ∈G χ(σ)P (σ). ”OQ=O —QwUv=D uQ=kD Tqm x@ “w@ Qt -x˝ Q˙v QO —O˝rm Vkv q=@ —]N Qorta

=Q ϕ :^n×V → U —]N n ‘@=D ”OW=@ C —wQ Oa@ —y=vDt —Q=OQ@ —=[i l˝ U s˝vm ZQi ”h˝ QaD V R= v_n ’. . . ’v_1 Qy —=Q@ x=oQy s˝t=v—t χ w G x@ C@Uv uQ=kDt χ(1) |G| ∑ σ∈G χ(σ)ϕ(v_σ−1_{(1)}, . . . , v_σ−1_{(n)}) = ϕ(v_1, . . . , v_n).

ϕ(v_1, . . . , v_n) = T (G, χ)(v_1 ⊗ · · · ⊗ v_n) -x]@=[ =@ ϕ :^n×V →^n⊗V ‘@=D s˝yO—t u=Wv ”1 p=Ft xH˝Dv =Q ϕ uOw@ —]N n Kw[wx@ ’T (G, χ) uOw@ —]N ”CU= χ w G x@ C@Uv uQ=kDt —]N n ‘@=D l˝ %s˝ Q=O V R= v_n ’. . . ’v_1 Qy —=Q@ uwvm = ”OyO—t

χ(1) |G| ∑ σ∈G χ(σ)ϕ(vσ�1(1), . . . , vσ�1(n)) = χ(1) |G| ∑ σ∈G χ(σ)T (G, χ)(vσ�1(1) ⊗ · · · ⊗ vσ�1(n))

= χ(1) |G| ∑ σ∈G χ(σ) ( χ(1) |G| ∑ τ∈G χ(τ )P (τ )(vσ�1(1) ⊗ · · · ⊗ vσ�1(n)) )

= χ(1)2 |G|2 ∑ σ∈G ∑ τ∈G χ(σ)χ(τ )vσ�1(τ�1 (1)) ⊗ · · · ⊗ vσ�1 (τ�1 (n))

= χ(1)2 |G|2 ∑ λ∈G ( ∑ τ∈G χ(τ −1λ)χ(τ ) ) vλ�1_{(1)} ⊗ · · · ⊗ v_λ�1_{(n)} = χ(1)2 |G|2 ∑ λ∈G (_{|G|} χ(1) χ(λ) ) vλ�1_{(1)} ⊗ · · · ⊗ v_λ�1_{(n)} ı1ȷ Q@=v@ = χ(1) |G| ∑ λ∈G χ(λ)vλ�1(1) ⊗ · · · ⊗ vλ�1 (n)

= χ(1) |G| ∑ λ∈G χ(λ)P (λ)(v1 ⊗ · · · ⊗ vn)

= T (G, χ)(v1 ⊗ · · · ⊗ vn) = ϕ(v1, . . . , vn),

”CU= χ w G x@ C@Uv uQ=kDt —]N n ‘@=D l˝ ϕ =Pr w

—QwUv=D uQ=kD Tqm l˝ =Q S ”OW=@ C —wQ Oa@ —y=vDt —Q=OQ@ —=[i l˝ S s˝vm ZQi ”h˝ QaD

OwHwt OW=@—t χ w G x@ C@Uv uQ=kDt xm ϕ :^n×V → S —]N n ‘@=D x=oQy s˝t=v—t χ w G x@ xDU@=w %xm—Qw] OW=@ ’⟨Imϕ⟩ = S ı1 χ w G x@ C@Uv xm ψ :^n×V → U —]N n ‘@=D Qy w U Oa@ —y=vDt —Q=OQ@ —=[i C Qy —=Q@ ı2 ’Ovm —˝=Hx@=H =Q Q˝ R Q=Owtv xm OW=@ OwHwt f : S → U OQi x@ QYLvt —]N p˝O@D ’CU= uQ=kDt ”fϕ = ψ —va˝ n ×V^ϕ−→ S ψ ↓ ↙ f U

”OvDUy CN˝ Qm˝ —Q=OQ@ —=[i C u=wvax@ χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm wO Qy ”1 -x˝[k

—]N n ‘@=wD TB ”OvW=@ χ w G x@ xDU@=w —QwUv=D uQ=kD —=yTqm wO Qy S^′ w S s˝ Q˝o ”u=yQ@ —2 w 1 “˝=QW =yv; —=Q@ w OvOwHwt OvDUy uQ=kDt χ w G x@ C@Uv xm ϕ^′ :^n×V → S^′ w ϕ :^n×V → S xH˝Dv h˝ QaD —2 “QW ’CU= χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm S xm u˝= R= ”CU= Q=QkQ@ q=@ h˝ QaD —va˝ ’Ovm—t —˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= OwHwt f : S → S^′ OQix@ QYLvt —]N p˝O@D xm OyO—t ”fϕ = ϕ^′ n ×V^ϕ−→ S ϕ^′ ↓ ↙ f S^′ xm OyO—t xH˝Dv h˝ QaD —2 “QW ’CU= χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm S^′ xmv˝= x@ xHwD =@ —iQ] R= ”gϕ^′ = ϕ —va˝ ’Ovm—t —˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= OwHwt g : S^′ → S OQix@ QYLvt —]N p˝O@D n ×V^{ϕ′}−→ S^′ ϕ ↓ ↙ g S 2 ”S^∼= S^′ =Pr w CU= —DN˝ Qm˝ f xH˝Dv QO w gf = 1S w fg = 1S′ =Pr

”CU= OwHwt χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm ”2 -x˝[k

C —wQ Oa@ —y=vDt —Q=OQ@ —=[i l˝ S xm CU= K[=w ”S = ImT (G, χ) s˝yO—t Q=Qk ”u=yQ@

h˝ QaD ϕ(v_1, . . . , v_n) = T (G, χ)(v_1 ⊗ · · · ⊗ v_n) -x]@=[ =@ =Q ϕ :^n×V → S u˝vJty ”CU= T (G, χ) xmv˝= x@ xHwD =@ ”CU= χ w G x@ C@Uv uQ=kDt w —]N n —a@=D ϕ ’1 p=Ft Q@=v@ ”s˝vm—t ”CU= Q=QkQ@ h˝ QaD 1 “QW w ⟨Imϕ⟩ = ⟨ImT (G, χ)⟩ = ImT (G, χ) = S =Pr CU= —]N —Qorta OW=@ —]N n ‘@=D l˝ ψ :^n×V → U w C —wQ Oa@ —y=vDt —Q=OQ@ —=[i U s˝vm—t ZQi uwvm = OQix@ QYLvt —]N p˝O@D —QwUv=D ?Q[rY=L —v=yH C˝Y=N Q@=v@ ”CU= uQ=kDt χ w G x@ C@Uv xm ”h⊗ = ψ —va˝ ’Ovm—t —˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= OwHwt h :^n⊗V → U n ×V^⊗−→^n⊗V ψ ↓ ↙ h U V R= v_n ’. . . ’v_1 Qy —=Q@ w CU= U x@ S R= —]N p˝O@D l˝ f Kw[w x@ ”h|_S = f s˝vm—t ZQi p=L

%s˝ Q=O f ϕ(v1, . . . , vn) = hϕ(v1, . . . , vn) = h(T (G, χ)(v1 ⊗ · · · ⊗ vn)) = h( χ(1) |G| ∑ σ∈G χ(σ)P (σ)(v1 ⊗ · · · ⊗ vn))

= h( χ(1) |G| ∑ σ∈G χ(σ)vσ�1 (1) ⊗ · · · ⊗ vσ�1 (n))

= χ(1) |G| ∑ σ∈G χ(σ)h(vσ�1 (1) ⊗ · · · ⊗ vσ�1 (n))

= χ(1) |G| ∑ σ∈G χ(σ)h ⊗ (vσ�1(1), . . . , vσ�1 (n))

= χ(1) |G| ∑ σ∈G χ(σ)ψ(vσ�1 (1), . . . , vσ�1 (n))

= ψ(v1, . . . , vn),

’s ∈ S Qy —=Q@ x=ov; ’f^′ϕ = ψ xm OW=@ —Qo˝O —]N p˝O@D f^′ : S → U Qo = —iQ] R= ”fϕ = ψ TB %s˝ Q=O ’s = T (G, χ)(v_1 ⊗ · · · ⊗ v_n)

f^′(s) = f^′(T (G, χ)(v_1 ⊗ · · · ⊗ v_n)) = f^′ϕ(v_1, . . . , v_n) = ψ(v_1, . . . , v_n) = fϕ(v_1, . . . , v_n) = f(T (G, χ)(v_1 ⊗ · · · ⊗ v_n)) = f(s). ”Ovm—t —˝=Hx@=H =Q Q˝ R Q=Owtv xm CU= —OQix@ QYLvt —]N p˝O@D f : S → U —va˝ ”f = f^′ =Pr n ×V^ϕ−→ S ψ ↓ ↙ f U 2 ”CU= χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm S =Pr w CU= Q=QkQ@ R˝v h˝ QaD 2 “QW TB

—QwUv=D uQ=kD Tqm =Q 2 -x˝[k QO xOW —iQat S s˝v=wD—t TB u˝= R= 2 w 1 —=yx˝[k x@ xHwD =@ uQ=kD Tqm R= —Qo˝O pO=at h˝ QaD u=wvax@ =Q Q˝ R h˝ QaD s˝v=wD—t =Pr w s˝ Q˝o@ Q˙v QO χ w G x@ xDU@=w ”s˝yO x¨=Q= χ w G x@ xDU@=w —QwUv=D

G x@ xDU@=w —QwUv=D uQ=kD Tqm CU=^n⊗V R= —˝=[iQ˝ R xm =Q T (G, χ) CLD^n⊗V Q˝wYD ”h˝ QaD QwUv=D Q˝wYD u˝vJty ”V^n_χ (G) = ImT (G, χ) —va˝ ’s˝yO—t V˝=tv V^n_χ (G) =@ =Qv; w s˝t=v—t χ w R= —w[a xm T (G, χ)(v_1 ⊗ · · · ⊗ v_n) —va˝ ’T (G, χ) CLD^n⊗V R= v^⊗ = v_1 ⊗ · · · ⊗ v_n Q˝PBx˝ RHD w G x@ C@Uv uQ=kDt Q˝PBx˝ RHD QwUv=D l˝ u; x@ w s˝yO—t V˝=tv v^∗ = v_1 ∗ · · · ∗ v_n =@ =Q CU= V^n_χ (G) ”s˝˝wo—t χ =@ ϵ : $_n → C —va˝ ’s˝ Q˝o—t Q˙v QO $_n ?w=vDt CWQU R˝v =Q ϵ ’OW=@ uQ=kDt xwQo $_n s˝vm ZQi -x]@=[ ϵ(σ) = 1 %OW=@ GwR σ Qo = −1 %OW=@ OQi σ Qo = =Qv; ,qwtat w CU= u=tU=Qo —=[i u=ty V^n_ϵ ($_n) —va˝ ϵ w $_n x@ xDU@=w —QwUv=D uQ=kD Tqm CQwY u˝= QO =@ v_1 ∗ · · · ∗ v_n —=H@ =Q ’T ($_n, ϵ) CLD v_1 ⊗ · · · ⊗ v_n Q˝wYD u˝vJty ”s˝yO—t V˝=tv ∧^n_ϵ ($_n) =@ ”s˝yO—t u=Wv v_1 ∧ · · · ∧ v_n ı`8´ x@ O˝vm x=ovȷ TwmQ=t xm =Q χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm Oa@ pwtQi s˝y=wN—t uwvm = O˝it Q˝ R -x˝[k w —Q=PoO=tv x@ xQ=W= ’pwtQi u˝= R= syi p@=k —D=@F= —=Q@ ”s˝vm u=˝@ CU= xOQm x@U=Lt =Qv; =Q CU= xOW p˝mWD m ’ . . . ’2 ’1 O=Oa= R= =yv; —=yxir-wt xm ?DQt —=y—˝=Dn s=tD -xawtHt ”Ow@ Oy=wN —va˝ ’s˝yO—t V˝=tv Γ^n_m =@

Γ^n_m = {α = (α_1, . . . , α_n) | 1 ≤ α_i ≤ m}.

-x ] @= [ = @ =Q · : G × Γ^nm → Γ^nm ‘ @= D ’Γ^nm -x aw t H t w G xwQ o —=Q @ ”3 -x ˝ [ k ”Ovm—t pta Γ^n_m —wQ · =@ G CQwY u˝= QO ”s˝vm—t h˝ QaD σ.α = (α_σ−1_{(1)}, . . . , α_σ−1_{(n)})

%s˝ Q=O σ, τ ∈ G Qy w α = (α_1, . . . , α_n) ∈ Γ^n_m Qy —=Q@ xm s˝vm—t xHwD ”u=yQ@ 1.α = (α_1−1_{(1)}, . . . , α_1−1_{(n)}) = (α_1, . . . , α_n) = α, σ.(τ.α) = σ.(α_τ −1_{(1)}, . . . , α_τ −1_{(n)}) = (α_τ −1_{(σ}−1_{(1))}, . . . , α_τ −1_{(σ}−1_{(n))}) = (α_{(στ )}−1_{(1)}, . . . , α_{(στ )}−1_{(n)}) = στ.α, 2 ”Ovm—t pta Γ^n_m —wQ G =Pr w

”s˝vm C@=F =Q V^n_χ (G) x@ “w@ Qt Oa@ pwtQi s˝=xO=t; uwvm = u; QO xm O˝;—t CUOx@ Q˝ R -x]@=Q R= ’dim V^n_χ (G) ’χ w G x@ xDU@=w —QwUv=D uQ=kD Tqm Oa@ ”4 -x˝[k ”CU= l˝ pw]x@ —=yQwO ?=UDL= =@ ’σ —QwO -x˝ RHD QO OwHwt —=yQwO O=OaD c(σ)

dim V^n_χ (G) = χ(1) |G| ∑ σ∈G χ(σ)m^{c(σ)} —va˝ ’m^{c(σ)} =@ CU= Q@=Q@ P (σ) :^n⊗V →^n⊗V —]N Qorta QF= ’σ ∈ G Qy —=Q@ ”1 sr ”trP (σ) = m^{c(σ)} B^⊗ = {e^⊗_α | α ∈ Γ^n_m} xH˝Dv QO ’OW=@ V —=Q@ —=x˝=B B = {e_i | 1 ≤ i ≤ m} s˝vm—t ZQi ”u=yQ@ —wQ —=yx˝=QO ‘wtHt ”s˝ Q˝o—t Q˙v QO B^⊗ -x˝=B x@ C@Uv =Q P (σ) T˝ QD=t ”Ow@ Oy=wN^n⊗V —=Q@ —=x˝=B Q˝ R CQwYx@ T˝ QD=t u˝= —rY= Q]k —wQ —=yx˝=QO uDi=˝ —=Q@ ”OW=@—t trP (σ) Q@=Q@ T˝ QD=t u˝= —rY= Q]k {h_β | β ∈ Γ^n_m} CQwY u˝= QO ’OW=@ B u=owO -x˝=B {f_i | 1 ≤ i ≤ m} s˝vm—t ZQi ”^1s˝vm—t pta Q˝PBx˝ RHD —=yQwUv=D —wQ u; pta xm OW=@—t —]N la@=D h_β :^n⊗V → C u; QO xm CU= B^⊗ u=owO -x˝=B —rY= Q]k —wQ —=yx˝=QO =Pr ” h_β (v_1 ⊗ · · · ⊗ v_n) = f_{β1} (v_1) . . . f_{βn} (v_n) %CU= CQwY u˝= x@ %Ow@ Oy=wN Q˝ R CQwYx@ B^⊗ -x˝=B x@ C@Uv P (σ) T˝ QD=t

h_α(P (σ)(e^⊗_α )) = h_α(e_{ασ−1(1)} ⊗ · · · ⊗ e_{ασ−1(n)} ) = f_{α1} (e_{ασ−1(1)} ) · · · f_{αn} (e_{ασ−1(n)} ).

trP (σ) TB ”h_α(P (σ)(e^⊗_α )) = 0 CQwY u˝= Q˝e QO w h_α(P (σ)(e^⊗_α )) = 1 x=ov; σ.α = α Qo = —=yQwO ?=UDL= =@ ’=RHt —=yQwO x@ -x˝ RHD QO σ s˝vm ZQi ”σ.α = α xm —˝=yα ∈ Γ^n_m O=OaD =@ CU= Q@=Q@ %OW=@ xOW x˝ RHD QwO c(σ) x@ ’l˝ pw]x@

σ = (t^1 . . . t^1_{l1} ) · · · (t^{c(σ)}_1 . . . t^{c(σ)}_{lc(σ)})

α xm CU= u˝= σ.α = α xm OW=@ C˝Y=N u˝= —=Q=O α = (α_1, . . . , α_n) xmv˝= —=Q@ —i=m w sRq “QW =:t= ”α_tc(σ)_1 = · · · = α_tc(σ)_{lc(σ)} w . . . w α_t1 = · · · = α_t1_{l1} xm OW=@ xOW h˝ QaD —Qw] w . . . w α_t1 = · · · = α_t1_{l1} R= s=Om Qy h˝ QaD —=Q@ ’xOW QmP C˝Y=N =@ α h˝ QaD QO TB — v a ˝ ’C U= Ow Hw t ?= N D v= m^{c(σ)} ’α —=Q @ =P r w s ˝ Q=O ?= N D v= m ’α_tc(σ)_1 = · · · = α_tc(σ)_{lc(σ)} 2 ”trP (σ) = m^{c(σ)} ”P (σ)P (τ ) = P (στ ) s˝ Q=O σ, τ ∈ G Qy —=Q@ ”2 sr

u˝= x@ C@Uv T T˝ QD=t (i, j) x˝=QO x=ov; ’V —=Q@ —=x˝=B {e_1, . . . , e_m} w OW=@ —]N Qorta l˝ T : V → V Qo = ˇ1 ”CU= V —=Q@ xOW QmP_-x˝=B u=owO_-x˝=B {f_1, . . . , f_m} u; QO xm f_i(T (e_j )) =@ CU= Q@=Q@ x˝=B

V R= v_n ’. . . ’v_1 Qy —=Q@ ”u=yQ@

P (σ)P (τ )(v_1 ⊗ · · · ⊗ v_n) = P (σ)(v_τ −1_{(1)} ⊗ · · · ⊗ v_τ −1_{(n)}) = v_τ −1_{(σ}−1_{(1))} ⊗ · · · ⊗ v_τ −1_{(σ}−1_{(n))} = v_{(στ )}−1_{(1)} ⊗ · · · ⊗ v_{(στ )}−1_{(n)} = P (στ )(v_1 ⊗ · · · ⊗ v_n), 2 ”OwW—t C@=F smL =Pr w

=Q˝ R ’CU= u=wDOwN —Qorta ’T (G, χ) :^n⊗V →^n⊗V —]N Qorta ”4 -x˝[k u=yQ@ T (G, χ)2 = ( χ(1) |G| ∑ σ∈G χ(σ)P (σ) ) ( χ(1) |G| ∑ τ∈G χ(τ )P (τ ) )

= χ(1)2 |G|2 ∑ σ∈G ∑ τ∈G χ(σ)χ(τ )P (σ)P (τ )

= χ(1)2 |G|2 ∑ σ∈G ∑ τ∈G χ(σ)χ(τ )P (στ ) 2 sr Q@=v@

= χ(1)2 |G|2 ∑ λ∈G ( ∑ σ∈G χ(σ−1λ)χ(σ) ) P (λ)

= χ(1)2 |G|2 ∑ λ∈G (_{|G|} χ(1) χ(λ) ) P (λ) ı1ȷ Q@=v@

= χ(1) |G| ∑ λ∈G χ(λ)P (λ)

= T (G, χ).

s˝v=wD—t 1 sr Q@=v@ =Pr w CU= Q@=Q@ u; QF= w x@DQ xm OyO—t xH˝Dv ’T (G, χ) —]N Qorta uOw@ u=wDOwN %s˝U˝wv@ dim V nχ (G) = dim ImT (G, χ) = Rank T (G, χ) = trT (G, χ)

= tr ( χ(1) |G| ∑ σ∈G χ(σ)P (σ) )

= χ(1) |G| ∑ σ∈G χ(σ)trP (σ)

= χ(1) |G| ∑ σ∈G χ(σ)mc(σ). 2

”CU= =[i u; uOWv QiY =˝ w uOW QiY xr-=Ut —Q=OQ@ —=[i l˝ -xar=]t QO —a˝@] ,qt=m p˝=Ut R= —m˝ —˝=yχ xJ w ’=yG xJ —=R=x@ xm CU= xOw@ KQ]t =OD@= u=ty R= xr-=Ut u˝= R˝v —QwUv=D uQ=kD Tqm -xar=]t QO xr-=Ut ‘k=w QO ’^1CU= xOWv pL xr-=Ut u˝= Rwvy s˝vm xQ=W= xm CU= xHwD p@=k ”CU= QiYQ˝e V^n_χ (G) V^n_χ (G) ’—=xOW xO=O —χ w G —=Q@ xm OQm XNWt u=wD—tv —DL C=kw= —r˝N xm CU= CNU QOkv; ’KQ]t ”s˝vm —Ov@xOQ =Q CU= QiYQ˝e V^n_χ (G) =yv; —=Q@ xm =yχ w G s=tD xmv˝= x@ OUQ@ xJ ’xv =˝ w CU= QiYQ˝e —DWQU w u˝at —ywQo —=R=x@ =Q V^n_χ (G) uOWv QiY =˝ w uOW QiY ’xr-=Ut u˝= OQwt QO u=kkLt xH˝Dv QO V^n_χ (G) Oa@ K˝ QY pwtQi uOQm =O˝B xr-=Ut u˝= x@ xrtL —=yx=Q R= —m˝ ”Ovvm—t —UQQ@ u; R= Q˝PB=vp˝wLD ”xv =˝ CU= QiY V^n_χ (G) xm O=O X˝NWD Oa@ pwtQi —wQ R= u=wD@ O˝=W =Q˝ R ’CU= xOW xO=O —χ w G —=Q@ ”s˝ Qw;—t =Q Q˝ R p=Ft ?r]t uOW uWwQ —=Q@

—DWQU 1_Gȷ χ = 1_G w G = ⟨π⟩ s˝yO—t Q=Qk w OW=@ $_n QO n pw]x@ —QwO π s˝vm—t ZQi ”2 p=Ft CQwY u˝= QO ”ı1_G (g) = 1 ’g ∈ G Qy —=Q@ w G —rY= CWQU x@ hwQat CU= G R= Q˝PB=vp˝wLD s˝ Qw;—t CUOx@

dim V nχ (G) = χ(1) |G| ∑ σ∈G χ(σ)mc(σ)

=^1 n ∑ σ∈G mc(σ)

=^1 n n∑ j=1 mc(π^j )

=^1 n n∑ j=1 m(n,j)

=^1 n ∑ d|n ϕ( n d )md,

”CU= Qr˝w=ˇ—i ‘@=D ϕ u; QO xm QO xOW xO=O —χ w G —=Q@ V^n_χ (G) xm OyO—t u=Wv Kw[wx@ dim V^n_χ (G) =^1_n^∑_{d|n} ϕ(^n_d )m^d Oa@ pwtQi =˝ w CU= QiY V^n_χ (G) =˝; —=xOW xO=O χ w G —=R=x@ xmv˝= —UQQ@ —=Q@ VwQ u˝= =:t= ”CU= QiY=v p=Ft u˝= =˝ w OQm XNWt K˝ QY Qw]x@ =Q Oa@ pwtQi u=wD—tv ,qY= =˝ OQ=wt ?re= =Q˝ R ’^2OWv p˝O@D R=UQ=m —WwQ x@ ’xv X˝NWD =Q VvOw@v =˝ w uOw@ QiY u; —wQ R= u=wD—tv xm CU= xO˝J˝B QOkv; xOt; CUOx@ K˝ QY pwtQi xmv˝=

T˝ Qt ”CU= xOQm =O˝B V^n_χ (G) uOw@ QiYQ˝e —=Q@ —i=m w sRq “QW ı`9´ x@ O˝vm x=ovȷ —=xr=kt QO T˝ Qt 1976 p=U QO ˇ1 “QW ltm x@ um˝rw ’CU= xOQm xO=iDU= GL(V, C ) —=xrtHOvJ —=yV˝=tv w $_n —=yV˝=tv u˝@ —v=owO R= Qw˙vt u˝= —=Q@ ”Ovvm =O˝B CU= QiYQ˝e V^n_χ (G) =yv; —=R= x@ xm =Q —˝=yχ w G s=tD Ov=xDUv=wDv R˝v xOt; CUOx@ pO=at ’O=Oa=_-x˝ Q˙v x@ “w@ Qt ?r=]t x@ u; “=@DQ= w xOW xO=O —χ w G —=R=x@ K˝ QY Qw]x@ Oa@ pwtQi_-x@U=Lt —oO˝J˝B Cra x@ ˇ2 =˝ w uOW QiY u=wD—t u; ltm x@ =˝; xmv˝= R= Q˙viQYȷ CU= xOW p˝O@D u=H˝y QB_-xr^-=Ut l˝ x@ ’K˝ QY Qw]x@ Oa@ pwtQi_-x@U=Lt —=xLiY 5_-xr=kt ‘w[wt Qo˝O Oa@ pwtQi l˝ x=Qty x@ 2 p=Ft ”ıxv =˝ OQw; CUOx@ =Q xDU@=w —QwUv=D uQ=kD Tqm uOWv QiY x@ xDU@=w —QwUv=D uQ=kD Tqm —=Q@ Oa@ K˝ QY pwtQi R˝v `12´ w `6´ ’`4´ ’`3´ ’`2´ Cq=kt QO u˝vJty ”Ov=xO=O p˝mWD =Q `1´ ”Ov=xOW x@U=Lt u˝at —˝=yxwQo

”O˝; CUOx@ xr-=Ut u˝= x@ xrtL —=Q@ QD?U=vt —˝=yQ=R@= =D OW ‘wQW C=ar=]t R= —Qo˝O -xOQ xH˝Dv QO ”O=O ”OW=@—t KQ]t xr-=Ut x@ xrtL —=yQ=R@= u˝= R= —m˝ OQwt QO K˝[wD s˝vm—t xQ=W= u; x@ Q˝ R QO xJv;

”s ˝ Q ˝ o— t Q ˙ v QO s ˝OQ m xQ= W= u; x @ ,q @ k x m =Q Γ^n_m -x aw t H t —wQ G xwQ o p t a l ˝ —=Q @ ”s ˝ Q ˝ o— t Q ˙ v QO p t a u ˝= C L D α R= UQ=O ˝= B R ˝ v =Q G_α = {σ ∈ G | σ.α = α} CQw Yx @^n⊗V —wQ — r N=O ?Q [ l ˝ =P r w s ˝ v m— t R y H t — r N=O ?Q [ l ˝ x @ =Q V x ˙ L r uQ=kD Tqm ’V^n_χ (G) x@ u; O˝OLD xm OwW—t ¡=kr= ⟨u_1 ⊗ · · · ⊗ u_n | v_1 ⊗ · · · ⊗ v_n⟩ =^{n∏}_{i=1}⟨u_i|v_i⟩ —=x˝=B {e_1, . . . , e_m} s˝ Q˝o uwvm = ”Ovm—t pO@ —rN=O ?Q[ —=[i l˝ x@ =Q χ w G x@ xDU@=w —QwUv=D ’CU=^∑_{σ∈Gα} χ(σ) ≠ 0 C˝Y=N —=Q=O xm α = (α_1 , . . . , α_n) ∈ Γ^n_m —=Q@ ”OW=@ V —=Q@ x:m˝ w Ot=aDt ”s˝ Q=O R=˝v Q˝ R sr wO x@ Qw˙vt u˝= —=Q@ w e^∗_α = T (G, χ)(e^⊗_α ) ≠ o s˝vm—t C@=F

”CU= j=Lr=OwN —]N Qorta l˝ T (G, χ) ”3 sr

σ ∈ G Qy w V R= v_n ’. . . ’v_1 w u_n ’. . . ’u_1 Qy —=Q@ xm s˝vm—t xHwD ”u=yQ@ ⟨P (σ)(u1 ⊗ · · · ⊗ un) | v1 ⊗ · · · ⊗ vn⟩ = ⟨uσ�1(1) ⊗ · · · ⊗ uσ�1 (n) | v1 ⊗ · · · ⊗ vn⟩ = n∏ i=1 ⟨uσ�1_{(i)} | vi⟩ = n∏ i=1 ⟨ui | vσ(i)⟩

= ⟨u1 ⊗ · · · ⊗ un | vσ(1) ⊗ · · · ⊗ vσ(n)⟩ = ⟨u1 ⊗ · · · ⊗ un | P (σ−1)(v1 ⊗ · · · ⊗ vn)⟩

xH˝Dv QO P (σ)^∗ = P (σ^{−1}) =Pr w T (G, χ)∗ = χ(1) |G| ∑ σ∈G χ(σ)P (σ)∗

= χ(1) |G| ∑ σ∈G χ(σ)P (σ−1)

= χ(1) |G| ∑ σ∈G χ(σ−1)P (σ−1) ı2ȷ Q@=v@

= χ(1) |G| ∑ σ∈G χ(σ)P (σ)

= T (G, χ). 2 ”CU= j=Lr=OwN —Qorta T (G, χ) Qorta —va˝

u; x@ =Q V xm CU= —rN=O ?Q[ R= xOW ¡=kr= sQv ‖ ‖ u; QO xm ‖e^∗_α‖^2 =^{χ(1)}_{|G|}^∑_{σ∈Gα} χ(σ) ”4 sr ”s˝=xOQm RyHt

”u=yQ@ ‖e∗α‖2 = ⟨e∗α | e∗α⟩ = ⟨T (G, χ)(e⊗α ) | T (G, χ)(e⊗α )⟩ = ⟨T (G, χ)∗T (G, χ)(e⊗α ) | e⊗α ⟩ = ⟨T (G, χ)(e⊗α ) | e⊗α ⟩ 4_-x˝[k u=yQ@ w 3 sr Q@=v@ = ⟨ χ(1) |G| ∑ σ∈G χ(σ)P (σ)(e⊗α ) | e⊗α ⟩

= ⟨ χ(1) |G| ∑ σ∈G χ(σ)eα_σ�_{1(1)} ⊗ · · · ⊗ eα_σ�_{1 (n)} | eα_1 ⊗ · · · ⊗ eα_n ⟩

= χ(1) |G| ∑ σ∈G χ(σ) n∏ i=1 ⟨eα_σ�_{1(i)} | eα_i ⟩

= χ(1) |G| ∑ σ∈G_α χ(σ). 2

= :t= ”e^∗_α ≠ o =P r w ‖e^∗_α‖ ≠ 0 x= o v; ’^∑_{σ∈Gα} χ(σ) ≠ 0 Q o = ’4 s r Q @= v @ ”V^n_χ (G) ≠ o xH˝Dv QO w e^∗_α = T (G, χ)(e^⊗_α ) ∈ V^n_χ (G) V^n_χ (G) ≠ o x=ov; ’ ∑ σ∈Gα χ(σ) ≠ 0 xm s˝vm =O˝B α ∈ Γ^n_m s˝v=wD@ Qo = ’xOW xO=O —χ w G —=Q@ —va˝ ”s˝ Qw;—t =Q Q˝ R p=Ft ’?r]t uOW uWwQ —=Q@ ”KQ]t xr-=Ut pL —=Q@ CU= —Qo˝O Q=R@= u˝= w

Q˙v QO $_n R= x=wNrO —ywQoQ˝ R =Q G ”m ≥ n xm OW=@ —Qw] &m &V —=[i Oa@ s˝vm ZQi ”3 p=Ft R= —w[a α = (1, 2, . . . , n) ’m ≥ n “QW x@ xHwD =@ ”G R= Q˝PB=vp˝wLD —DWQU =Q χ w s˝ Q˝o—t s˝ Qw;—t CUOx@ Kw[wx@ Γ^n_m —wQ G pta x@ xHwD =@ ’OvDUy R˝=tDt α —=yxir-wt s=tD uwJ ”CU= Γ^n_m 1”V^n_χ (G) ≠ o —va˝ ’^∑_{σ∈Gα} χ(σ) = χ(1) ≠ 0 xH˝Dv QO w G_α = {1}

—D=k˝kLD p˝=Ut 3

OvJ =@ ’—iQat u˝= pL=Qt s=tD QO w s˝vm —iQat =Q —QwUv=D uQ=kD Tqm xm Ow@ u˝= Q@ =t —aU p@k VN@ QO uQ=kD Tqm uOWv QiY =˝ w uOW QiY ’xr-=Ut u˝= ”s˝OQm EL@ —D=k˝kLD xr-=Ut l˝ OQwt QO xO=U p=Ft ”s˝vm—t —iQat =Q Qo˝O —D=k˝kLD xr-=Ut xU uwvm = ”CU= xOw@ —v˝at —χ w G —=Q@ χ w G x@ xDU@=w —QwUv=D

#v_1 ∗ . . . ∗ v_n = o —]˝=QW xJ CLD V R= v_n ’. . . ’v_1 —=Q@ ı1

#u_1 ∗ . . . ∗ u_n = v_1 ∗ . . . ∗ v_n —]˝=QW xJ CLD V R= v_n ’. . . ’v_1 w u_n ’. . . ’u_1 —=Q@ ı2

Tqm uOWv QiY Qo˝O —=yQ=R@= w Q=R@= u˝= ltm x@ `11´ w `4´ Cq=kt QO ”OW=@—t `10´ ‘HQt QO —=x˝[k p=Ft u˝= ˇ1 ”CU= xOW —UQQ@ u˝at —=yxwQo R= —[a@ x@ xDU@=w —QwUv=D uQ=kD

—=[i l˝ x@^n⊗V CQwY u˝= QO ”s˝ Q˝o—t Q˙v QO C —wQ Oa@ —y=vDt —rN=O ?Q[ —=[i =Q V ı3 ”Ovm—t p˝O@D —rN=O ?Q[ —=[i x@ =Q =[i u˝= ’V^n_χ (G) x@ u; O˝OLD xm OwW—t p˝O@D —rN=O ?Q[ —=Q@ Ot=aDt -x˝=B l˝ x@ {e^∗_α | α ∈ S} xm CU= OwHwt Γ^n_m R= S -xawtHtQ˝ R ’—]˝=QW xJ CLD #OwW—t p˝O@D V^n_χ (G) CU= —@=Dm `10´ ‘HQt u˝vJty ”CU= xOW QmP —@r=]t ’q=@ p˝=Ut OQwt QO R˝v `6´ w `3´ Cq=kt QO R= —m˝ xm T˝ Qt “UwD w OW=@—t —QwUv=D uQ=kD Tqm x@ “w@ Qt syt Cq=kt —Qw;‘tH ‘k=w QO xm “wU@t —v˝kkLt —t=tD x@ =Q ?=Dm u˝= uOv=wN ”CU= xOt; QO Q˝ QLD -xDWQ x@ CU= —[=˝ Q R= xN=W u˝= u=Q=Pov=˝v@ ”s˝vm—t x˝YwD OvQ=O —QwUv=D uQ=kD Tqm QO —D=k˝kLD Q=m s=Hv= OYk xm

‘H=Qt

[1] L. J. Cummings, Cyclic Symmetry Classes, J. Algebra 40 (1976), 401-405. [2] M. R. Darafsheh, M. R. Pournaki, On the Dimensions of Cyclic Symmetry Classes of Tensors, J. Algebra 205 (1998), no. 1, 317-325.

[3] M. R. Darafsheh, M. R. Pournaki, On the Orthogonal Basis of the Symmetry Classes of Tensors Associated with the Dicyclic Group, Linear and Multilinear Algebra 47 (2000), no. 2, 137-149.

[4] M. R. Darafsheh, M. R. Pournaki, Computation of the Dimensions of Symmetry Classes of Tensors Associated with the Finite two Dimensional Projective Special Linear Group, Appl. Algebra Engrg. Comm. Comput. 10 (2000), no. 3, 237-250.

[5] L. Dornhoff, “Group Representation Theory”, Part I, Marcel Dekker, Inc., 1972. [6] R. R. Holmes, T. Y. Tam, Symmetry Classes of Tensors Associated with Certain Groups, Linear and Multilinear Algebra 32 (1992), 21-31.

[7] I. M. Isaacs, “Character Theory of Finite Groups”, Academic Press, New York, 1976.

[8] M. Marcus, “Finite Dimensional Multilinear Algebra”, Part 1, Marcel Dekker, New York, 1973.

[9] R. Merris, The Dimension of Certain Symmetry Classes of Tensors II, Linear and Multilinear Algebra 4 (1976), 205-207.

[10] R. Merris, “Multilinear Algebra”, Gordon and Breach Science Publishers, 1997. [11] R. Merris, M. A. Rashid, The Dimension of Certain Symmetry Classes of Tensors, Linear and Multilinear Algebra 2 (1974), 245-248.

[12] T. Y. Tam, On the Cyclic Symmetry Classes, J. Algebra 182 (1996), 557-560.