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Theorem: Suppose that a function f(z) is analytic throughout
P a disk |z — a|] < R, centered at a and with radius R. Then

Chapra

f(2) has the power series representation
Tovrs () = Y g au(z — a)" (> - al < R)
where

(n=0,1,2,...).
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LNJPIT, i.e. f( ) =

Chapra f(a) ( ) ( ) ( ) f//( ) ( ) fn( )

Taylors This serles is called Taylor s Series of f( ) about z=a.
Theorem If a =0, then the series

1(2) = £0) + = £(0) + f~<>+...+§fn<o>+...iscaned

Maclaurin’s Serles of f( ) about z = 0.
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Obtain the Taylor's series expansion of the function
LNJPIT,

"apra — N " b t == V.
o 1) 22+ (1+20)z+ 2% about = =0

Taylor's Solution: Here the given function is
Theorem 1

flz) = R T P This function can be written as
B 1 B 1 1 B
J(z) = (z420)(z4+1)  (2i—1)(z+1) + (1—26)(z +2i)
m(z + 1)_1 + (1= 20) (z + 2i)_1
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After simplifying we get the required expansion.
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Theorem: Suppose that a function f(z) is analytic throughout
an annular domain R; < |z —a| < Rz, centered at a, and let
C denote any positively oriented simple closed contour around
a and lying in that domain. Then, at each point in the domain,

f(2) has the series representation

f(2) =20 0an(z —a)" + 3202 bz —a)™"
(R1 < ’Z —a| < RQ)

where
(2)
=5 fC anz (n=0,1,2,...).
and
f(z)
=1,2.3,...).
27rzfc (z—a) ”+1dz (r=123..)
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Laurent’s series: An expansion of the function f(z) in the
form

f(2) =30 0an(z —a)" + 3702 bu(z —a) ™

is called Laurent's series expansion. The part
> o2 1 bp(z —a)~™ is called Principal Part of the function
f(z)atz=0.
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Obtain the Laurent's series expansion of the function

f(Z) = m, which is valid for
@ 1<|z2/<3 ) |2|>3

(c) 0<|z+1| <2

1

(z+1)(z+3)
Resolving this function into partial fractions, we get

Solution: Here the given function is f(z) =

1 1 1 1
1= ermers 2 ()
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Since |z| > 1 and |z| < 3, the above fractions can be written as

Ly
3t
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1
z +3
1

11
23 1+z/3>

(+3)
=
3

1
I oz, 2 2
6 32 33 R
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1 1 1 1 1 1
LNJPIT, f(Z) = — - = — - .
@i 2\z+1 2z+4+3 2\z+1 2z4+1+2

z+1 -1
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z

Pl Expands f(z) = R in

Solution: Here the given function is f(z) = R
ze — z

Laurent’s where 1 < |z] <2or 1< \Z|2 < 4. Resolving this function into
Theorem partial fractions, we get
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AR Since |z|? > 1 and |z|? < 4, the above fractions can be written

Chapra as
z 1 z 1 _
522 \1—1/22 54 \1+4+22/4)
z

Laurent’s 1 1 1 -1 ) 22 -1
Theorem R [ - — R
5z 22 0 + 4
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Lttty ey A2, 2 2
St S-S

Laurent’s _1 l_i_i_i_l_i_i_i_ _i 2_2734_275_{_’_
Theorem - 5 25 27 20 4 42 43 I

Which is the Laurent’s expansion of f(2)in 1 < |z| < 2.
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Expands f(z) = ——————
LNJPIT, (Z + 1)2(2’ - 2)
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Jin 1<|z+1]<3.

Solution: Let z + 1 = u, then the given function is

Tz —2
flz) = 272 Can be written as
(z4+1)z(z—2)
aurent’s 7 —1 —2 7 —9
'Ii'heoretm f(u) = (u ) = v , where

Cufu—1)(u—1-2)  u(u—1)(u—3)
1 < |u| < 3. Resolving this function into partial fractions, we
get
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LNJPIT _ 2 1 1 1 2 1 u u2 u3
Chapra __a‘{'?‘Fﬁ‘FE—F...—g —|—§—|—§+373_|_m
__.2 o 1 .t
ozl (2412 (2413 (24147
Laurent’s 2 P + 1 (Z + 1)2 (Z + 1)3
Theorem = 1 '
3< L R T

Which is the Laurent's expansion of f(z)in 1 < |z + 1] < 3.
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