
x, y, t w, z

j, k, n,m

R

x2 + 1 = 0 x2 = �1

+ ·

i :=
p
�1

i2 := i · i = �1

x 2 R
(i · x)2 := (i · x) · (i · x) = (i · i) · (x · x) = �(x2) .

i

p > 0 =)
p
�p = i ·pp

p
: R+ ! R+

(�i)2 = [(�1)·i]2 = �1 (�i·pp)2 =

�p �p ±i
p
p

I = {i · x : x 2 R}



z = x+i · y x y x y

z x = Re (z) , y = Im (z)

C = {z = x+ i · y : x, y 2 R} .

C

(x1 + i · y1) + (x2 + i · y2) = (x1 + x2) + i · (y1 + y2)

(x1 + i · y1) · (x2 + i · y2) = (x1 · x2 � y1 · y2) + i(x1 · y2 + x2 · y1) .

az2 + bz + c = 0

a, b, c 2 R z z1,2

a, b, c 2 C

C 0C :=

0 + i · 0 z = (x+ i · y) �z = (�x) + i(�y)

1C := 1+ i · 0
z = (x+ i · y)

z�1 :=
1C
z

=
x

x2 + y2
+ i

�y

x2 + y2
.

C

R := {z = x+ i · 0 : x 2 R} ⇠= R ,

z 7! Re z

R R ⇢ C
I C

c 2 R z 2 C
c z

c · (x+ i · y) = (c+ i · 0) · (x+ i · y) = (c · x) + i(c · y) .

C R2

C ! R2 x+ i · y 7! (x, y)



R2 R

+ : R2 ⇥ R2 ! R2 (x1, y1) + (x2, y2) = (x1 + x2, y1 + y2)

. : R⇥ R2 ! R2 c.(x, y) = (cx, cy) .

C R

C R2

z1 �z2
z2 z1 R {(x, 0) : x 2 R

I
C R2 C

R2

r =
p
x2 + y2 (x, y) 2 R2

z = x + i · y |z| :=
p

Re (z)2 + Im (z)2 2 R+ 0C

(�i) (i)

(�1) C i ! �i

⇤ : C ! C z = x+ i · y 7! z⇤ := x+ (�i) · y = x� i · y

C

z⇤1 + z⇤2 = (z1 + z2)
⇤ , z⇤1 · z⇤2 = (z1 · z2)⇤ .

z⇤ z

z + z⇤ = 2Re z = 2Re z⇤ , z � z⇤ = i · 2 Im (z) = �i · 2 Im (z⇤)

z · z⇤ = Re (z)2 + Im (z)2 = |z|2 = |z⇤|2 =) z�1 =
z⇤

|z|2 .

R⇤ = R ⇤|R = idR
(z⇤)⇤ = z

·
C C

R ⇢ C

R2 (x, y) R2 r 2 R+

� 2 R
8
<

:
x = r cos�

y = r sin�
=) z = x+ iy = r(cos�+ i sin�)

8
<

:
|z| = r

arg(z) = � .

0C 0 0C

sin, cos : R ! R
C



U = {z 2 C : |z| = 1}

cis : R ! U , � 7! cis(�) = cos�+ i sin�

cis(arg z) = z/|z| () z = r cis(�) = |z| cis(arg z) .

z1z2 = r1r2(cos�1 cos�2 � sin�1 sin�2) + i r1r2(cos�1 sin�2 + cos�2 sin�1)

= r1r2[cos(�1 + �2) + i sin(�1 + �2)] = |z1| |z2| cis(�1 + �2) .

|z1z2| = |z1| |z2| , arg(z1z2) = arg(z1) + arg(z2) (mod 2⇡)
����
1

z

���� =
1

|z| , arg
1

z
= � arg(z) (mod 2⇡)

|z⇤| = |z| , arg(z⇤) = � arg(z) (mod 2⇡) .

2⇡

2⇡

2⇡

a = b (mod 2⇡) () 9m 2 Z : a = b+m 2⇡ .

cis

z w

• w |z|

• arg(z)

z |w| arg(w)

z

z |i| = 1 arg(i) = ⇡/2 i

z 6= 0 1/|z|
� arg(z)

m 2 Z m z

z0 := 1 = 1 cis(0)

z1 := z = r cis(�)

(n � 1) zn := z · zn�1 = rn cis(n�)

(n < 0) zn :=
1

z�n
=

1

r�n cis(�n�)
= rn cis(n�) .

8n 2 Z zn = rn cis(n�) z

n 2 Z n z

n z



z = r cis(�) 2 C⇤ n 2 N n > 0

w = ⇢ cis(✓) wn = z

⇢ ✓

⇢n cis(n✓) = r cis(�) ()

8
<

:
⇢n = r

n✓ = �+ k 2⇡ (k 2 Z)
()

8
<

:
⇢ = r1/n

✓ = �
n + k 2⇡

n (k 2 Z)

z 6= 0

n |z| k = 0 arg(z)/n

2⇡/n

k = 1, · · · , n� 1 k = n

2⇡ k > n k < 0 n

n

k(2⇡/n) : k = 0, 1, · · · , n� 1 k = 0

n n

U

IR

II

IR

II

π/3−i
e

iπ/3e

−i

0 1

i

−i

0 1

i

−1 −1

z = z ·1 n z z

n

z 2 C

P (z) = anz
n + an�1z

n�1 + · · ·+ a2z
2 + a1z + a0 : ai 2 C .

an 6= 0 n

z C[z]

P 2 C[z]
z̄ 2 C 9 z̄ 2 C : P (z̄) = 0

P 2 C[z]
n

z̄ = �a0/a1
Pn(z) n > 1 zn

Pn(z) z� zn
Pn�1 n� 1 zn�1 2 C

Pn(z) = an(z � zn)(z � zn�1) · · · (z � z1)

C



P1
n=0 zn C

R
C ⇠= R ⇥ R C R ⇥ R
C R

X ⇢ R x0 2 R Y ⇢ R y0 2 R Z = {z + iy 2 C : x 2 X, y 2 Y } ⇢ C
x0 + iy0 C R x

]a, b[ x R2 ]a1, a2[⇥ ]b1, b2[ (x, y)

C {z 2 C : a1 < Re (z) < a2 , b1 < Im (z) < b2} z0
a1 < Re (z0) < a2 , b1 < Im (z0) < b2

C

(zn)n2N z̄

U z̄ nU 2 N zn 2 U n � nU limn!1 zn = z

C

C
d : C⇥C ! R+ d(z1, z2) = |z1 � z2| X

d : X ⇥X ! R+

0 d(x, y) � 0 8x, y 2 X

1 d(x, y) = 0 () x = y

2 d(x, y) = d(y, x) 8x, y 2 X

3 d(x, y) + d(y, z) > d(x, z) 8, x, y, z 2 X

(X, d) X d X

d(z1, z2) = |z1 � z2| 1 2 3

(X, d) x 2 X r 2 R+

B(x, r[ := {y 2 X : d(x, y) < r} B(x, r] := {y 2 X :

d(x, y)  r}

B(z, r[ :=

{w 2 C : |w � z| < r} z r > 0 C ⇠= R2

z

z z z

R⇥ R

(xn)n2N
X n

X

(xn)n2N (X, d)

" > 0 n" 2 N d(xn, xm)  " 8n,m � n"

Bp T p 2 T U 2 Bp

p V p U 2 Bp B =
S

p2T
Bp T



(X, d) (X, d)

R
Q

C d(w, z) = |w � z|

(zn)n2N C (xn)n2N
xn := Re (zn) R |xn � xm| 

p
|xn � xm|2 + |yn � ym|2 = |zn � zm|

R x 2 R
(yn)n2N y 2 R

(zn) z = x+iy (xn) ⌘ > 0 n1 2 N |xn�x|  ⌘ 8n � n1

n2 2 N |yn � y|  ⌘ 8n � n2 n̄ = max{n1, n2} 8n � n̄

|zn� z|2 = |xn�x|2+ |yn� y|2  2⌘2 ⌘ = "/
p
2 n" = n̄

C R

�(z1+z2) = �z1+�z2 �

C

R C K
R C

X K X

|| · || : X ! R+

0 ||x|| � 0 8x 2 X

1 ||x|| = 0 () x = 0X

2 ||�x|| = |�| ||x|| 8� 2 K , 8x 2 X

3 ||x+ y||  ||x||+ ||y|| 8x, y 2 X

(X, || · ||) X || · ||

(C, | · |)
R C

R C Rn Cn



R R

R

•

•

•

• R = R⇤
� [ {0} [ R⇤

+

x  y =) x+ a  y + a a 2 R

x  y =) ax  ay a � 0

C C
C

(zn)n2N C N N

SN :=
PN

n=0 zn C

(zn)n2N limN!1 SNP1
n=0 zn

P1
n=0 zn zn

limn!1 zn = 0 limn!1 |zn| = 0

zn = 1/n

P1
n=0 zn

p 2 R+ 0 < p < 1 n̄ 2 N
��� zn+1

zn

���  p 8n � n̄

P1
n=0 zn

p 2 R+ 0 < p < 1 n̄ 2 N n
p
|zn|  p 8n � n̄

l = limn!1

��� zn+1

zn

��� l < 1 l > 1

l0 = limn!1
n
p

|zn| l l0 l = l0

P1
n=0 zn R

P1
n=0 |zn| < +1 .

(zn)n2N
(an)n2N |zn|  an

P
n2N an < +1

P
n2N zn



(an)n2N z0 2 C
z0 (an)

1X

n=0

an(z � z0)
n

z = z0 n = 0 00 = 1

n

z

z0 = 0

1X

n=0

anz
n .

Ca z 2 C
a Ca (an)n2N

0 2 Ca

w 2 C anwn

z 2 C |z| < |w|

9M 2 R+ |anwn|  M n

|anzn| = |anwn(zn/wn)| = |anwn||z/w|n  M |z/w|n .

M |z/w|n |z/w| < 1

|anzn|
anzn

w 2 Ca B(0, |w|[ 0 |w| Ca

w 2 Ca anwn

z 2 C |z| < |w|

Ra = sup
eR
{|z| : z 2 Ca} ,

z Ra +1

Ca Ra

B(0, Ra[ ⇢ Ca ⇢ B(0, Ra] B(0, Ra[

z 2 B(0, Ra[ |z| < Ra w 2 Ca |z| < |w|  Ra

w Ra sup
P1

n=0 anw
n

P1
n=0 anz

n z

B(0, Ra] |z| > Ra
P1

n=0 anz
n

Ra anzn

w 2 C : Ra < |w| < |z|
P1

n=0 anw
n Ra < |w|



z = r

Ra = sup
eR
{r � 0 : anr

n }

= sup
eR
{r � 0 :

1X

n=0

anr
n }

= sup
eR
{r � 0 :

1X

n=0

|an|rn }

• Ra = 0 Ca = {0}

• Ra = +1 Ca = C

• Ra 0 Ra

{z 2 C : |z| = Ra}

P1
n=0 anz

n

Ra =
1

lim supn!1
n
p
|an|

1/0 = +1 1/(+1) = 0

P1
n=0 anz

n

s > 0 |an| < sn n n � ns

1/↵ ↵ s

1X

n=0

zn .

zN+1 � 1 = (z� 1)(1+ z+ z2 + · · ·+ zN ) N 2 N z 2 C N

SN (z) :=
NX

n=0

zn =
1� zN+1

1� z
(z 6= 1) , SN (1) = N + 1 .

|z| > 1 limN!1 |zN+1| = +1 |z| < 1 limN!1 |zN+1| = 0

1/(1� z) l = |z|
l0 = |z| z = 1 SN (1) = N + 1

N ! 1 |z| = 1 z 6= 1 zN+1 zN

� 2 C |�| = 1 limn!1 zN+1/zN = �/� = 1

limn!1 zN+1/zN = z 6= 1

1X

n=1

(�1)n�1

n
zn .



|an+1/an| = |z|n/(n + 1)
n!1����! |z|

limn!1 n
p
n = 1

U
�1

1X

n=1

zn

n2
.

|zn/n2|  1/n2 z : |z|  1
P

n=1 1/n
2 = ⇣(2)

1X

n=0

zn

n!
.

|an+1/an| = |z|/(n + 1) ! 0

z 2 C

P1
n=0 n! z

n z 6= 0

P1
n=0 anz

n

fa : Ca ! C fa(z) = limN!1
PN

n=0 anz
n Ca

z 2 C

z0 6= z

f0(z) = a0 , f1(z) = a1z , · · · , fn(z) = anzn , · · ·
z 2 Ca

f(z) =
P1

n=0 fn(z) Ca

f : X ! K X

||f ||1 := sup{|f(x)| : x 2 X}

f f

||f ||1 = +1

(fn)n2N X K f : X ! K (fn)n2N
f " > 0 n" 2 N

||f � fn||1  " 8n � n" .



f

f-ϵ

f+ϵ

B1(f, "[ f : R ! R

n" " x n � n"

fn f " x 2 X fn f

"

x 2 X |f(x)� fn(x)|  ||f � fn||1

(fn)n2N f X

f

KX X K B(X,K)

X K KX = {f : X ! K} B(X,K) = {f 2 KX : ||f ||1 < 1}
K B(X)

X B(X)

B(X) d(f, g) := ||f � g||1

||f ||1 = 0 f

||f + g||1  ||f ||1 + ||g||1 |(f + g)(x)| = |f(x) + g(x)|  |f(x)|+ |g(x)|  ||f ||1 + ||g||1
x

||cf ||1 = |c| ||f ||1 c 2 C |(cf)(x)| = |c f(x)| = |c| |f(x)| x

(fn)n2N X

X

x 2 X |fn(x) � fm(x)|  ||fn � fm||1 x�
fn(x)

�
n2N K K

K f(x)

(fn)n2N f " > 0 n" 2 N
m,n � n" ||fn � fm||1  " x |fn(x) � fm(x)|  "

m x n ! 1 |f(x) � fm(x)|  " x m � n"

||f � fm||1  " m � n"

B(X)

f

fn |f(x)�fm(x)|  " |f(x)|  |fm(x)|+" 
||fm||1 + " x ||f ||1  ||fm||1 + " f

X

f : X ! K C(X,K) C(X) X K
Cb(X) = C(X) \B(X)

A B a, b 2 N
f : A ! B ba



C(X)

C(X)

X D ⇢ X x0 2 X

D (fn)n2N D

f : D ! K n 2 N K

lim
D3x!x0

fn(x) = ln ,

l := limn!1 ln K f x ! x0 l

P
n2N fn fn 2 B(X) n 2 N

X
P

n2N ||fn||1 R+

P
n2N fn f 2 B(X)

SN =
PN

n=0 fn 2 B(X)

N �N =
PN

n=0 ||fn||1 2 R

||SN+p � SN ||1 = ||
N+pX

n=N+1

fn||1 
N+pX

n=N+1

||fn||1 = |�N+p � �N | ,

P1
n=0 ||fn||1 �N

" > 0 n" 2 N |�N+p � �N |  " p 2 N
(SN )N2N

fn
|fn(x)| cn  0

P
n2N fn B(X) (cn)n2NP

n2N cn |fn(x)| < cn n 2 N x 2 X
P

n2N fn
X

|fn(x)| < cn x ||fn||1  cn
P

n2N cnP
n2N ||fn||1

1X

n=1

sinnx

n2

R | sinnx
n2 |  1

n2 n 2 N⇤ x 2 R
P1

n=1 1/n
2



P
n2N anzn Ra B(0, r]

r < Ra fn z 7! anzn B(0, r]
P

n2N fn f fn z

|z|  r |anzn|  |an|rn ||fn||1  |an|rnP1
n=0 |an|rn

B(0, r[
P1

n=0 z
n R = 1 f(z) = 1/(1� z)

B(0, 1[

[�fa](z) := � · fa(z) (� 2 C , z 2 Ca)

[fa + fb](z) := fa(z) + fb(z) (z 2 Ca \ Cb)

[fa · fb](z) := fa(z) · fb(z) (z 2 Ca \ Cb)

fa fb �fa fa + fb
fa · fb

P1
n=0 anz

n
P1

n=0 bnz
n fa fb

• �fa
P1

n=0(�an)z
n

Ca

• fa + fb Ca \Cb
P1

n=0(an + bn)zn

Ra+b � min{Ra, Rb}

• fa · fb Ca \ Cb
P1

n=0 cnz
n

cn =
Pn

k=0 akbn�k Ra⇤b � min{Ra, Rb} c := a ⇤ b
a b

⇣ 1X

l=0

alz
l
⌘
·
⇣ 1X

m=0

bmzm
⌘
=

X

(l,m)2N⇥N
al bm zl+m

l +m = n N ⇥ N l = k , m = n � k

n 2 N , 0  k  n

a b

D ⇢ C f : D ! C z 2 D D f z

f 0(z) := lim
D3w!z

f(w)� f(z)

w � z

C



f : D ! C z 2 D ⇢ C z

p(z) =
PN

n=0 anz
n

p0(z) =
PN

n=1 nanz
n�1 p p0 C

f 0
a(z) fa(z) =

P1
n=0 anz

n

f 0
a(z)

P1
n=1 nanz

n�1

Ra R0
a

R0
a  Ra |z| < R0

a

P1
n=1 nanz

n�1

|anzn| = |z| |anzn�1|  |nanzn�1| n � |z|
P1

n=0 anz
n

Ra  R0
a |z| < Ra z w 2 C

|z| < |w| < Ra

|nanzn�1| = n|an||w|n�1
���
z

w

���
n�1

=

✓
n

|w|

���
z

w

���
n�1
◆

|anwn| .

n limn!+1
n

Ln�1 = 0 L = |w/z| > 1

n � n̄
⇣

n
|w|
�� z
w

��n�1
⌘
< 1 |nanzn�1| < |anwn| n � n̄

P1
n=0 anw

n |w| < Ra
P1

n=0 nanz
n�1

Ra
P

n2N anznP
n2N⇤ nanzn�1 z |z| < Ra

" > 0 � > 0 0 < |w � z|  �

�����
fa(w)� fa(z)

w � z
�

1X

n=1

nanz
n�1

�����  " .

fa(w)� fa(z) =
P1

n�1 an(w
n � zn)

wn � zn = (w � z)(wn�1 + zwn�2 + · · ·+ wzn�2 + zn�1) = (w � z)
nX

k=1

wn�kzk�1

�����
fa(w)� fa(z)

w � z
�

1X

n=1

nanz
n�1

����� =

�����

1X

n=1

 
an

nX

k=1

wn�kzk�1

!
�

1X

n=1

nanz
n�1

�����

=

�����

1X

n=1

an

 
nX

k=1

⇥
wn�kzk�1

⇤
� nzn�1

!�����

=

�����

NX

n=1

+
1X

n=N+1

����� 

�����

NX

n=1

�����+

�����

1X

n=N+1

����� .



"/2 N �

r 2 R+ |z| < r < Ra |w|  r

�����

1X

n=N+1

����� 
1X

n=N+1

|an|

�����

nX

k=1

wn�kzk�1

�����+
1X

n=N+1

|nanzn�1|


1X

n=N+1

|an|
nX

k=1

|w|n�k|z|k�1 +
1X

n=N+1

n|an|rn�1  2
1X

n=N+1

n|an|rn�1

P
n2N⇤ n|an|rn�1 N "/2

N = N"

N = N"

N"X

n=1

anIn(w, z) , In(w, z) :=
nX

k=1

[wn�kzk�1]� nzn�1 .

In(w, z) w n z w ! z

w ! z "/2

|w � z|  � �  r � |z| �

m

f (m)
a (z) =

1X

n=m

n(n� 1) · · · (n�m+ 1)anz
n�m , f (m)

a (0) = m! am .

m a m

fa(z) =
1X

n=0

f (n)
a (0)

n!
zn ,

P
n2N anzn

P
n2N bnzn fa(z) = fb(z)

a = b an = bn 8n 2 N

f (n)
a (0) = f (n)

b (0) an = f (n)
a (0) bn = f (n)

b (0)

a 7! fa a 2 CN fa

Ca

Ca

c
P1

n=0 anz
n fa

[0, c] = {tc : t 2 [0, 1]} c



Ca

(cj)j2N
c limj!1 cj = c limj!1 f(cj)

P
n2N anzn 0 < Ra 

+1

c0 +
1X

n=0

an
n+ 1

zn+1 ,

c0 Ra

g fa
g0(z) = fa(z) |z| < Ra

|z| < 1

1

1 + z
=

1

1� (�z)
=

1X

n=0

(�1)nzn = 1� z + z2 � z3 + · · · .

Z
1

1 + z
dz =

Z 1X

n=0

(�1)nzn dz =
1X

n=0

(�1)n
Z

zn dz = c+
1X

n=0

(�1)n
zn+1

n+ 1
= c+

1X

m=1

(�1)m�1 z
m

m

c z

�1 < z < 1 log(1+ z)



exp(x) =
1X

n=0

1

n!
xn

cos(x) =
1X

m=0

(�1)m

(2m)!
x2m =

X

n

(�1)n/2

n!
xn

sin(x) =
1X

m=0

(�1)m

(2m+ 1)!
x2m+1 =

X

n

(�1)(n�1)/2

n!
xn .

x = i↵ : ↵ 2 R i2 = �1 i3 = �i

exp(i↵) = cos(↵) + i sin(↵)

exp : R ! R⇤
+

(R,+)

(R⇤
+, ·) exp(a + b) = exp(a) · exp(b) exp

exp

R R⇤
+

a > 0 fa(x) = ax

e = limn!1
�
1 + 1

n

�n
= 2, 718 . . . f

f(1) = e

exp0(x) = exp(x)

exp

(C,+) (C⇤, ·) C⇤ := C \ {0}

exp(0) = 1 .

" 2 U n

"n = 1 " 6= 1 " = i n = 4 z 2 C exp(z) = " z 6= 0

exp(nz) = exp(z + · · ·+ z) = exp(z) · exp(z) = " · " = "n = 1 = exp(0) 0 nz

C C⇤

exp

(C,+) (C⇤, ·)
exp(z) =

P1
n=0 anz

n

exp0(z) = exp(z)



a0 = 1

exp(z) =
1X

n=0

anz
n = 1 + a1z + a2z

2 + · · ·+ an�1z
n�1 + anz

n + · · ·

exp0(z) =
1X

n=1

nanz
n�1 = a1 + 2a2z + · · · + nan z

n�1 + · · ·

an�1 = nan n � 1 a0 = 1

an = 1/n!

z 2 C

exp(z) :=
1X

n=0

zn

n!
.

z 2 C

exp(1)

ez := exp(z) (z 2 C) .

w, z 2 C

ew+z = ew ez

D z

D(ezec�z) = ezec�z + ez(�ec�z) = 0 .

z 7! ezec�z z = 0 ec

ezec�z = ec z, c 2 C c = w + z

z 2 C ez 6= 0 (ez)�1 = e�z

1 = e0 = ez�z = eze�z

exp : (C,+) ! (C⇤, ·)

z 2 C e(z
⇤) = (ez)⇤

(z⇤)n = (zn)⇤
PN

n=0
zn

n!

PN
n=0

(z⇤)n

n!

z 7! z⇤ C N ! 1 (ez)⇤ = e(z
⇤)

z 2 C |ez| = eRe z x, y 2 R |ex+iy| = ex

|ez|2 = ez ez
⇤
= ez+z⇤

= e2Re z = (eRe z)2

eRe z > 0



exp exp(x+iy) = exp(x) exp(iy)

exp(x) x

iy 2 I
|eiy| = e0 = 1

exp(I) ⇢ U ez 2 U () z 2 I I C U
C⇤ exp

I U

I = iR
cis : R ! U t 7! cis(t) := eit

(R,+) (U, ·)

t R eit U |deit/dt| = |ieit| = 1

cis R cis

t = 0 =) cis(0) = ei0 = 1 t > 0 cis(t) = eit

cis0(0) = i �1 t

⇡

⇡ t cis(⇡) = ei⇡ = �1

E = {t 2 R : eit = �1 cis E

�E = E t 2 E �t 2 E

ei(�t) = e�it = (eit)⇤ = �1 E

cis {�1} E \ [0,+1[

cis(0) = 1

⇡

2⇡

eit = 1 cis 2⇡

ez = 1 () z 2 i 2⇡ Z
ez = �1 () z = i(2k + 1)⇡ (k 2 Z)
ez+i2⇡ = ez i2⇡

ez = ew () ez�w = 1 () w = z + i 2⇡ k (k 2 Z) .

cis

cos(t) := Re ( cis t) = Re (eit) =
eit + e�it

2

sin(t) := Im ( cis t) = Im (eit) =
eit � e�it

2i

eit = cos(t) + i sin(t) .



eit =
P1

n=0
(it)n

n! n = 2k

n = 2k + 1

eit =
1X

k=0

(�1)k
t2k

(2k)!
+ i

1X

k=0

(�1)k
t2k+1

(2k + 1)!

cos(t) =
1X

n=0

(�1)n
t2n

(2n)!
= 1� t2

2!
+

t4

4!
· · ·

sin(t) =
1X

n=0

(�1)n
t2n+1

(2n+ 1)!
= t� t3

3!
+

t5

5!
+ · · · .

t 2 R
t 2 C

cos sin : C ! C

D cos = � sin , D sin = cos

t 2 C

i2⇡ sin cos 2⇡

cos(↵± �) = cos↵ cos� ⌥ sin↵ sin�

sin(↵± �) = sin↵ cos� ± cos↵ sin�

ei(↵±�) = ei↵e±i�




