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|z2�z20 | = |z+z0||z�z0|  (|z|+|z0|)|z�z0|  (1+2|z0|)|z�z0| |z�z0| < 1.

✏ > 0 � = min{1, ✏

1+2|z0|}

|z � z0| < � ) |z � z0| <
✏

1 + 2|z0|

|f(z)� L| = |z2 � z20 |  (1 + 2|z0|)|z � z0| < ✏

z0 n

lim
z!z0

zn = zn0 .

f(z) = zn L = zn0

|f(z)�L| = |zn�zn0 | = |z�z0||zn�1+zn�2z0+ · · ·+zn�2z0+zn�1
0 | z 2 C.

|z � z0| < 1

|z � z0| < 1 , |z|� |z0| < 1 ) |z| < 1 + |z0|

|zn � zn0 | = |zn�1 + zn�2z0 + · · ·+ zan�2 + zn�1
0 ||z � z0|
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 [(1 + |z0|)n�1 + (1 + |z0|)n�1 + · · ·+ (1 + |z0|)n�1 + (1 + |z0|)n�1]|z � z0|
 n(1 + |z0|)n�1|z � z0|



z 2 C
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n(1+|z0|)n�1}

|z � z0| < � ) |z � z0| <
✏

n(1 + |z0|)n�1

|f(z)� L| = |zn � zn0 |  n(1 + |z0|)n�1|z � p| < ✏

z0
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1
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z0

|f(z)� L| =
����
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z
� 1

z0

���� =
|z � z0|
|zz0|
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2
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2
✏
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<
2
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f(x) x0

f(x0 +�x)� f(x0)

�x
�x

f(x) x0 f 0(x0)

f 0(x0) = lim
�x!0

f(x0 +�x)� f(x0)

�x
f 0(x0) = lim

x!x

o

f(x)� f(x0)

x� x0
.

f(x) = x2 + x x0 = 2

f 0(x0) = lim
�x!0

f(2 +�x)� f(2)

�x

= lim
�x!0

[(2 +�x)2 + (2 +�x)]� (22 + 2)

�x
= lim

�x!0
�x+ 5 = 5.

f(x) = c c 2 R f 0(x) = 0
x

f 0(x) = lim
�x!0

f(x+�x)� f(x)

�x
.

f(x) = c x f(x + �x) = c x �x

f 0(x) = lim
�x!0

c� c

�x
= lim

�x!0
0 = 0.

f(x) = c

f(x) = c ) f 0(x) = 0



f(x) = xn n 2 N⇤ f 0(x) =
n · xn�1 x

f 0(x) = lim
�x!0

(x+�x)n � xn

�x
.

t = x+�x t ! x �x ! 0

f 0(x) = lim
t!x

tn � xn

t� x
= lim

t!x

(tn�1 + tn�2x+ tn�3x2 + ...+ xn�1)| {z }

= xn�1 + xn�2x+ xn�3x2 + ...+ xn�1
| {z }

f(x) = xn ) f 0(x) = n · xn�1

f(x) = senx f 0(x) = cosx

lim
t!0

sent

t
= 1

f 0(x) = sen0(x) = lim
�x!0

sen(x+�x)� senx

�x

= lim
�x!0

2sen
⇣�x

2

⌘
cos

⇣2x+�x

2

⌘

�x

= lim
�x!0

sen
⇣�x

2

⌘

�x

2

cos
⇣2x+�x

2

⌘

= cosx.

f(x) = senx ) f 0(x) = cosx



f(x) = cosx f 0(x) = �senx

f 0(x) = cos0(x) = lim
�x!0

cos(x+�x)� cosx

�x

= lim
�x!0

�2sen
⇣�x

2

⌘
sen
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2

⌘

�x
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�
sen

⇣�x

2

⌘

�x

2

sen
⇣2x+�x

2

⌘

= �senx.

f(x) = cosx ) f 0(x) = �senx

f(x) = ax a 2 R
0 < a 6= 1

f(x) = ax ) f 0(x) = ax · lna

e f(x) = ex

f 0(x) = ex · lne = ex

f(x) = ex ) f 0(x) = ex

f(x) g(x)
p

h(x) = f(x) + g(x), h0(p) = f 0(p) + g0(p).



h0(p) = lim
x!p

[f(x) + g(x)]� [f(p) + g(p)]

x� p

= lim
x!p

hf(x)� f(p)

x� p
+

g(x)� g(p)

x� p

i

= f 0(p) + g0(p).

h(x) = f(x) · g(x), h0(p) = f 0(p).g(p) + f(p).g0(p).

h0(p) = lim
x!p

f(x)g(x)� f(p)g(p)

x� p

= lim
x!p

f(p)g(p)� f(p)g(x) + f(p)g(x)� f(p)g(p)

x� p

= lim
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hf(x)� f(p)

x� p
· g(x) + f(p) · g(x)� g(p)

x� p
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= f 0(p).g(p) + f(p).g0(p).

h(x) =
f(x)

g(x)
, g(p) 6= 0, h0(p) =

f 0(p).g(p)� f(p).g0(p)

[g(p)]2
.

h0(p) = lim
x!p

f(x)

g(x)
� f(p)

g(p)
x� p

= lim
x!p

f(x)g(p)� f(p)g(x)

x� p
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.

h0(p) = lim
x!p

hf(x)� f(p)

x� p
· g(p)� f(p) · g(x)� g(p)

x� p

i
· 1

g(x)g(p)
.

h0(p) =
f 0(p)g(p)� f(p)g0(p)

[g(p)]2
.



f(x) g(x)
g

f f g h(x) = f(g(x))

h0(x) = f 0(g(x)) · g0(x)

v(t) = 3cos(5t+ 30�)

y = g(t) = 5t+ 30� z = f(y) = 3cosy

y0 = g0(t) = 5 e z0 = f 0(y) = �3seny.

v0(t) = f 0(g(t)) · g0(t) = f 0(y) · g0(t) = (�3seny) · 5 = �15sen(5t+ 30�).

f(x)
I f x0 2 I

x1 2 I x0 6= x1 = x0 + �x r
P0(x0, f(x0)) P (x1, f(x1)) = P (x0 +�x, f(x0 +�x))



r f

tan � =
f(x0 +�x)� f(x0)

�x
=

�y

�x
.

tan � x0

�x P
P0 P0P

t f P0

f x0

f x0

f x0

f x0

y x y = f(x) x x0

x1 x
x �x = x1 � x0 y

�y = f(x1)� f(x0)
�y

�x
=

f(x1)� f(x0)

x1 � x0
[x0, x1]

�x ! 0
x = x0

= lim
x1!x0

f(x1)� f(x0)

x1 � x0

= lim
�x!0

f(x0 +�x)� f(x0)

�x
.



lim
�x!0

f(x0 +�x)� f(x0)

�x
= f 0(x0).
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o

z0 f 0(z0)

f 0(z0) = lim
�z!0

f(z0 +�z)� f(z0)

�z

f 0(x) f 0(z) f 0(x)

f(z) = z2 � 5z

f 0(z) = lim
�z!0

f(z +�z)� f(z)

�z
.



f(z +�z)

f(z +�z) = (z +�z)2 � 5(z +�z) = z2 + 2z�z + (�z)2 � 5z � 5�z.

f(z +�z)� f(z)

f(z +�z)� f(z) = z2 + 2z�z + (�z)2 � 5z � 5�z � (z2 � 5z)

= 2z�z + (�z)2 � 5�z.

f 0(z) = lim
�z!0

2z�z + (�z)2 � 5�z

�z
= 2z � 5.

f g z c

d

dz
c = 0.

d

dz
[f(z)± g(z)] = f 0(z)± g0(z).

d

dz
[f(z)g(z)] = f 0(z)g(z) + f(z)g0(z).

d

dz

hf(z)
g(z)

i
=

f 0(z)g(z)� f(z)g0(z)

[g(z)]2
g(z) 6=

0

d

dz
f(g(z)) = f 0(g(z))g0(z).



v(t) = V
M

cos(wt)
i(t) i(t) = Acos(wt + �)

L
d

dt
i(t) +Ri(t) = V

M

cos(wt)

i(t)

i(t) = Acos(�)cos(wt)� Asen(�)sen(wt) = A1cos(wt) + A2sen(wt)

A1 = Acos(�) A2 = �Asen(�)

i(t)

L
d

dt
(A1cos(wt) + A2sen(wt)) +R(A1cos(wt) + A2sen(wt)) = V

M

cos(wt).



V
M

cos(wt) = �A1wLsen(wt) + A2wLcos(wt) +RA1cos(wt) +RA2sen(wt)

= (�A1wL+RA2)sen(wt) + (A2wL+RA1)cos(wt).

⇢
�A1wL+RA2 = 0
A2wL+RA1 = V

M

A1 =
RV

M

R2 + w2L2
A2 =

wLV
M

R2 + w2L2
.

i (t) =
RV

M

R2 + w2L2
cos(wt) +

wLV
M

R2 + w2L2
sen(wt),

i (t) = Acos (wt+ �)

8
><
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Acos(�) =
RV

M

R2 + w2L2

Asen(�) =
�wLV

M

R2 + w2L2

Asen(�)

Acos(�)
= tan(�) =

�wL

R
=) � = �tan�1

⇣wL
R

⌘

(Acos�)2 + (Asen�)2 = A2
�
cos2(�) + sen2(�)

�
= A2

A2 =
R2V

M

2

(R2 + w2L2)2
+

(�wLV
M

)2

(R2 + w2L2)2
=

V
M

2

R2 + w2L2
.



A =
V
Mp

R2 + w2L2

i(t)

i (t) =
V
Mp

R2 + w2L2
cos

⇣
wt� tan�1

⇣wL
R

⌘⌘
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et = 1 + t+
t2

2!
+

t3
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+

t4

4!
+ ...

t jy y

ejy = 1 + jy � y2

2!
� j

y3

3!
+

y4

4!
+ ...

=
⇣
1� y2

2!
+

y4

4!
� y6

6!
...
⌘
+ j

⇣
y � y3

3!
+

y5

5!
� y7

7!
...
⌘
.

cosy seny

cosy =
⇣
1� y2

2!
+

y4

4!
� y6

6!
...
⌘

seny =
⇣
y � y3

3!
+

y5

5!
� y7

7!
...
⌘
.

ejy = cosy + jseny

es+t = eset s t
ex+jy = exejy

z = x + jy
z

ez = ex(cosy + jseny).






