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250 - Chapter 4 Caleulus of Residues

y
the residue at zn, Res(g/h; z0) 15 given by

\ AN
Res{g/h;za) = %Mmﬂﬂaﬁ *
(&)
. wmmi 0 0 0 #{z0)
.;;;::N& m{.ﬁﬁwcv o
(ke 3 v 0 9 (=}
R0y RNy B (zp) 0 ) (z0)
(k+ 2)i ik + 1)1 ] BT '
}G._nssﬁmcv }.Srzw;uav _imal.uwﬁumv r.:l :Amﬁ; .Q?,im:mav
2k — 1) Bkt (k-3 7 (k+ 1 (k=1

where the vertical bars denote the deferminant of the enclosed k x & matriz.

‘Fable 4.1.1 Techniqpies for Finding Residues

in this table g and ic at zg and f has an isolated singularity, The most
nzeful and common tests are indicated by an asterisk.

posin4 table o peag 250, fr b b

Type of
Function Test Singularit Residue ad =y
) gularicy
n.u.. 1. f{=z} Hm {z — 2} f(z) =0 removabie 3]
e o g
— M\u -9 gz} g and A have zeros removabie o
ko Tohiz) of same order ? :
m - o lifts {z = 70} f{2) = 0 - _
*3 z 3o simple pole I
W. exists and is # 0 Hmple p ulu._n ol f(s)
3 vy 93 glza) # O, Az} = 0, . 4{za)
< 2 4, R Wifea) £ simple pole (ool
A - afz) q has zero of order &, . N .
IM W) v hiz) s zero of order k4§ sinaple pote kot
glzo} # 0 ‘e 2 gz} s
e “6 Mnmv Rzo) = 0= R/ (20} second-order pole 2 c:mnou — mﬂzww.; "
...um fd.w (z) B{za} # 0 Rzey 3 TRz
...u.~ " ANMWMM,W%M glzg) # 0 second-order pole  g'{zg)
o~ 2lzn) = 0,¢'(z0) # 0, "
8. alz) h{zg) = 0= h'{zg) second-order pole 3 gz) _3g
h{z) = B 20}, W (20} # O M (zg) 2
- k is the smallest intoger
M’ 8. flz) that L #{z0} exists where pole of order &
e Bz} = (z — 20} f(z)
-] Btk Nz
: . giz} g has zero of order {, . PRy
~ ..h.umw 10. Bz} F has zero of order & 41 pole of order ¢ ¥ .
o B where ¢(2) = {2 — zn)
§ a2} gl2) # G, hlap) =
M 11, mﬂM o= R ) pole of order & see Proposition 4.1.7,

= hF(zg) £ 0
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Eecise 3 Uce Extuese 2 anel /o, divect mexﬁmé, o Find

Rgs(‘libo‘{"n-%jk‘), lee N

i > series{exp(z),=z=0,4);
{ i
l+7+- 2 += 7 +0z*
7+ P Oz
> series{exp{z)/sin(z)"2,z=0,4};
AJ,_;_ -1 5 t 0(2
z +7+ T+ 0z
T Ay Er o)
> gseries{exp(z)/sin{z)"10,z=0,10);

#try computing this residue by hand!
o 13 4 _E.l,~7+é.§l e 023 . 25111 , 16973 . 21839
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