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z = a + jb

• z = a+ jb b = 0

• z = a+ jb b 6= 0

• a = 0 b 6= 0



z1 = a+ jb z2 = c+ jd.

z1 z2

z1 ± z2 = (a+ jb)± (c+ jd) = (a+ c)± j(c+ d).

j2 = �1
z1 z2

z1z2 = (a+ jb)(c+ jd) = ac+ jad+ jbc� bd = (ac� bd) + j(ad+ bc).

z1z2 = (ac� bd) + j(ad+ bc).

z1 = 3 + j4 z2 = 12� j5 z1z2

z1z2 = (3 + j4)(12� j5) = 36� j15 + j48 + 20 = 56 + j33.

z = a+jb z̄ z̄ = a�jb.

z = 2 + j8 z̄ = 2� j8

z = �j4 z̄ = j4

z = 2 z̄ = 2

Re(z) Im(z)
P (a, b)

z = a+ jb



z = a + jb
N(z)

N(z) = a2 + b2.

z =
a+ jb |z| = ⇢

|z| = ⇢ =
p

N(z) =
p
a2 + b2.

z1 = 3 + j4 z2 = j4

|z1| = ⇢1 =
p

a12 + b1
2 =

p
32 + 42 = 5

|z2| = ⇢2 =
p

a22 + b2
2 =

p
02 + 42 = 4.

z = a+jb
a 6= 0 ✓

✓ =

8
>><

>>:

tan�1

✓
b

a

◆
se a > 0

180� � tan�1

✓
b

a

◆
se a < 0

z = a + jb a 6= 0



cos(✓) =
a

⇢
) a = ⇢cos(✓)

sen(✓) =
b

⇢
) b = ⇢sen(✓)

z = a+ jb

z = a+ jb = ⇢cos✓ + j⇢sen✓ = ⇢(cos✓ + jsen✓)

z = ⇢\✓,

⇢ = |z| =
p
a2 + b2 ✓ =

8
>><

>>:

tan�1

✓
b

a

◆
se a > 0

180� � tan�1

✓
b

a

◆
se a < 0.

z = 4 + j3

⇢ = |z| =
p
a2 + b2 =

p
42 + 32 = 5

✓ = tan�1
⇣3
4

⌘
= 36, 87�.

z = 5\36, 87�.

z = 10\30�

a = ⇢cos✓ = 10cos(30�) = 10 ·
p
3

2
= 5

p
3.

b = ⇢sen✓ = 10sen(30�) = 10 · 1
2
= 5.

z = 10\30�

z = 5
p
3 + j5.



ez

ez = excosy + jexseny

z
z = j✓

ez = ej✓ = cos✓ + jsen✓.



senx cosx ex

⇢
⇢ej✓ = ⇢ (cos✓ + jsen✓) .

z = ⇢ej✓

z = a+ jb = ⇢ej✓ = ⇢\✓

z1 = ⇢2e
j✓1

z2 = ⇢2e
j✓2 .

z1z2 = ⇢1e
j✓1⇢2e

j✓2 = ⇢1⇢2e
j(✓1+✓2).

z1z2 = (⇢1\✓1)(⇢2\✓2) = ⇢1⇢2\(✓1 + ✓2).

z1 z2

z1
z2

=
⇢1e

j✓1

⇢2ej✓2
=

⇣⇢1
⇢2

⌘
ej(✓1�✓2).

z1
z2

=
⇢1\✓1
⇢2\✓2

=
⇣⇢1
⇢2

⌘
\(✓1 � ✓2).

C1 = 5\20� C2 = 10\30�

C1 · C2
C1

C2

C1 · C2 = (5\20�)(10\30�) = 5 · 10\(20� + 30�) = 50\50�.

C1

C2
=

5\20�
10\30� =

5

10
\(20� � 30�) = 0, 5\� 10�.



•

• m/s2



1.000.000.000 109

1.000.000 106

1.000 103

1.000 10�3

µ 1.000.000 10�6

1.000.000.000 10�9



R1 R2

V R1 R2

I

R1 R2



1 1Coulomb = 6, 24 ·1018

Q = It

Q I t

10A 2

I = 10A t = 2minutos = 120s

Q = It = 10 · 120 = 1200C.



I i

I
V I R

U
I

U = RI

U (V ) R
(⌦)



(R)

R
eq

= R1 +R2 +R3 + ...+R
n

R
eq

= R1 +R2 +R3 = 10k⌦+ 100k⌦+ 5k⌦ = 115k⌦

I =
U

R
eq

=
24V

115k⌦
= 2, 087 · 10�4A.



1

R
eq

=
1

R1
+

1

R2
+

1

R3
+ ...+

1

R
n

1

R
eq

=
1

R1
+

1

R2
) R

eq

=
R1 ·R2

R1 +R2

R
eq

=
4k⌦ · 6k⌦
4k⌦+ 6k⌦

= 2, 4k⌦

I =
U

R
eq

=
24V

2, 4k⌦
= 0, 01A = 10mA



• i1 i2



• i3

i3 = i1 + i2.

NX

n=1

i
n

= 0.

NX

n=1

V
n

= 0.

I
T

I1 I2

1

R
eq1

=
1

R2
+

1

R3
) R

eq1 =
R2 ·R3

R2 +R3
.



R
eq1 =

6k⌦ · 3k⌦
6k⌦+ 3k⌦

= 2k⌦,

R
eq

= R1 +R
eq1 = 3k⌦+ 2k⌦ = 5k⌦.

I
T

=
U

R
eq

=
12V

5k⌦
= 2, 4mA.

R1 R2

�12 + 3 · 2, 4 + 6 · I1 = 0



I1 = 0, 8mA.

I
T

= I1 + I2 ) I2 = I
T

� I1.

I2 = 1, 6mA.

i



v(t) = V
M

sen(wt+ ✓).

I
M

V
M

V
PP

= 2V
P

V
M

= V
P

=
311V V

PP

= 2V
P

V
PP

= 2 · 311 = 622V.

360 ou 2⇡rad T
(s)



Hz

(Hz) = (ciclo/s)

f =
1

T
T =

1

f

T = 0, 1s f =
1

T

f =
1

0, 1
= 10Hz.



50Hz

T =
1

f
=

1

50
= 0, 02s = 20ms.

4ms

f =
1

T
=

1

4 · 10�3
= 250Hz.

⇡

⇡ =
C

D
⇠= 3, 1415.

arcoAB R

2⇡rad = 360� ) 1rad ⇠= 57, 3�.

Radianos =
⇣ ⇡

180�

⌘
· (graus)



Graus =
⇣180�

⇡

⌘
· (radianos)

• 90�

Radianos =
⇣ ⇡

180�

⌘
(90�) =

⇡

2
rad.

• 30�

Radianos =
⇣ ⇡

180�

⌘
(30�) =

⇡

6
rad.

• ⇡

3
rad

Graus =
⇣180�

⇡

⌘⇣⇡
3

⌘
= 60�.

• 3⇡

2
rad

Graus =
⇣180�

⇡

⌘⇣3⇡
2

⌘
= 270�.

w

w

w ↵ t

w =
↵

t
) ↵ = wt.



↵

w f T
T

2⇡rad

w =
2⇡

T
= 2⇡f (rad/s)

•

•

60Hz

w = 2⇡f = 2⇡ · 60 ⇠= 377rad/s.

⇡

2

3⇡

2
0, ⇡ 2⇡ [0, 2⇡]

x(wt) = X
M

sen(wt± ✓),

✓

0�

x(wt) = X
M

sen(wt+ ✓).

✓rad
wt = 0� X

M

sen(0�)
0�



x(wt) = X
M

sen(wt� ✓).

wt = 0� X
M

sen(�✓)
sen(�x) = �senx

wt = 0� �X
M

sen(✓)
✓rad

x1(t) = X
M

sen(wt+ ✓) e x2(t) = X
M

sen(wt).



X
M

sen(wt + ✓) ✓

X
M

sen(wt) X
M

sen(wt) ✓
X

M

sen(wt+ ✓) X
M

sen(wt+ ✓) ✓
X

M

sen(wt)

v(t) = 15sen(50t+ 10�)V.

x(t) = X
M

sen(wt±
✓)

15V
50rad/s

T =
2⇡

w
=

2⇡

50
= 0, 1257s

f =
1

T
=

1

0, 1257
= 7, 958Hz



v1 v2

v
T

= v1 + v2.

ej✓ = cos✓ + jsen✓.

cos✓ sen✓
ej✓ :

cos✓ = Re(ej✓)



sen✓ = Im(ej✓).

v(t) = V
M

cos(wt+ ✓)

v(t) = V
M

cos(wt+ ✓)

= Re(V
M

ej(wt+✓))

= Re(V
M

ej✓ejwt).

v(t) = Re( ejwt),

= V
M

ej✓ = V
M

\✓

i(t) = 5cos(100t + 30�)A v(t) =
24cos(100t+ 125�)V

= I
M

\� = 5\30�

= I
M

\✓ = 24\125�.



✓

ejwt = V
M

ej(wt+✓)

V
M

w
v(t)

ejwt

ejwt

i1 = 5cos(wt+ 30�)A i2 = 4cos(wt+ 45�)A

1 = 5\30� e 2 = 4\45�

1 + 2 = 5\30� + 4\45�.

1



a1 = ⇢cos✓ = 5cos(30�) = 4, 33

b1 = ⇢sen✓ = 5sen(30�) = 2, 5.

2

a2 = ⇢cos✓ = 4cos(45�) = 2, 83

b2 = ⇢sen✓ = 4sen(45�) = 2, 83.

1 + 2 = (4, 33 + 2, 83) + j(2.5 + 2, 83) = 7, 16 + j5, 33

⇢ =
p
a2 + b2 =

p
7, 162 + 5, 332 = 8, 93

✓ = tan�1
⇣5, 33
7, 16

⌘
= 36, 67�.

1 + 2 = 8, 93\36, 67�A.

i(t) = 8, 93cos(wt+ 36, 67�)A.



i = C
dv

dt

C

C = 1µF
v(t) = 6cos(2000t)V t > 0 v(0) = 0



i = C
dv

dt

i = C
dv

dt

= 10�6 d

dt
(6cos(2000t))

= (10�6)(�12000sen(2000t))

= �12sen(2000t)mA.

v = L
di

dt

L

L = 0, 1H
i(t) = 10te�5tA t > 0 i(0) = 0



v = L
di

dt

v = L
di

dt

= 0, 1
d

dt
(10te�5t)

= Le�5t + t(�5)e�5t

= e�5t(1� 5t)V.

i(t) = I
M

cos(wt+ �) v(t) = V
M

cos(wt+ ✓)

i = Re(I
M

ej(wt+�))
v = Re(V

M

ej(wt+✓))



Re(V
M

e(jwt+✓)) = R ·Re(I
M

e(jwt+�))

ejwt

V
M

ej✓ = RI
M

ej�

V
M

ej✓ I
M

ej�

= R



i = I
M

cos(wt+�)

v = L
di

dt

i = Re(I
M

ej(wt+�)) v = Re(V
M

ej(wt+✓))

V
M

ej(wt+✓) = L
d

dt
[I

M

ej(wt+�)]

= jwLI
M

ej(wt+�).

ejwt

= jwL

j = 1\90�

= (jwL)(I
M

\�)
= wLI

M

\(�+ 90�).



v = wLI
M

cos(wt+ �+ 90�).

90�

L = 2H v =
10cos(100t+50�)V i(t)

= 10\50�.

=
jwL

=
j200

=
10\50�
200\90� = 0, 05\�40�A.

i(t) = 0, 05cos(100t� 40�)A

90�



i = C
dv

dt
v = V

M

cos(wt+�)

I
M

e(jwt+�) = C
d

dt
[V

M

ej(wt+✓)]

= jwCV
M

ej(wt+✓).

ejwt

= jwC =
jwC

= (jwC)( )

= (jwC)(V
M

\✓)
= wCV

M

\(✓ + 90�).

i = wCV
M

cos(wt+ ✓ + 90�).

90�



C = 1mF v =
100cos(1000t)V i(t)

= 100\0�.

= jwC = j · 1000 · (10�3) · (100\0�) = 100\90�.

i(t) = 100cos(1000t+ 90�)A.

90�



=

⌦

= \✓ �!
= ej✓ �!
= R + jX �! ,

R
X

⌦

| | =
p
R2 +X2 ✓ = tan�1

⇣X
R

⌘
.

R = | |cos✓ X = | |sen✓.

1 2 3

1 2mF

2 3⌦ 10mF



3 0, 2H 8⌦

Z1 =
1

jwC
=

1

j50 · 2 · 10�3
= �j10⌦

Z2 = 3 +
1

jwC
= 3 +

1

j50 · 10 · 10�3
= (3� j2)⌦

Z3 = 8 + jwL = 8 + j50 · 0, 2 = (8 + j10)⌦.

Z1 3|| 3

Z
eq

Z
eq

= Z1 + (Z2||Z3)

= �j10 +
(3� j2)(8 + j10)

11 + j8
⌦

= �j10 +
(44 + j14)(11� j8)

112 + 82
⌦

= �j10 + 3, 22� j1, 07⌦.

Z
eq

= 3, 22� j11, 07⌦.



= R = jwL =
I

jwC
.

= = R = = jwL = =
1

jwC
.

=

ZR = R

ZL = jwL = wL\90�

ZC =
1

jwC
=

�j

wC
=

1

wC
\� 90�.

v1 + v2 + v3 + ...+ v
n

= 0.

V
M1cos(wt+ ✓1) + V

M2cos(wt+ ✓2) + V
M3cos(wt+ ✓3) + ...+ V

M

n

cos(wt+ ✓1) = 0

v
n

V
M

n

✓
n

Re(V
M1e

j✓1ejwt) +Re(V
M2e

j✓2ejwt) + ...+Re(V
M

n

ej✓nejwt) = 0



Re(V
M1e

j✓1ejwt + V
M2e

j✓2ejwt + ...+ V
M

n

ej✓nejwt) = 0.

ejwt V
M

p

ej✓p VP

Re((V1 +V2 +V3 + ...+Vn)e
jwt) = 0.

ejwt

V1 +V2 +V3 + ...+Vn = 0.

v = 10cos(8t) w = 8rad/s = 10\0�V.

ZR = 5⌦ ZL = jwL = j · 8 · 0, 2 = j1, 6⌦.

Zeq = ZR + ZL = 5 + j1, 6⌦.

Zeq

Zeq =
p

52 + 1, 66\tan�1
⇣1, 6

5

⌘

= 5, 25\17, 74�⌦.



=
Zeq

=
10\0�

5, 25\17, 74� = 1, 9\� 17, 74�A.

= ZL = jwL = j1, 6 · 1, 9\� 17, 74�

= (1, 6\90�)(1, 9\� 17, 74�)

= 3, 04\72, 26�V.

i(t) = 1, 9cos(8t� 17, 74�)A
v(t) = 3, 04cos(8t+ 72, 26�)V.

i(t)

v = 10cos(8t) w = 8rad/s = 10\0�.

ZR = 4⌦
ZL = jwL = j · 8 · 1 = j8⌦

ZC =
1

jwc
=

1

j · 8 · 1

40

= �j5⌦

Zeq = ZR + ZL + ZC = 4 + j8� j5 = 4 + j3⌦.

Zeq

Zeq =
p
42 + 36\tan�1

⇣3
4

⌘

= 5\36, 9�⌦.



=
Zeq

=
10\0�
5\36, 9� = 2\� 36, 9�A.

i(t) = 2cos(8t� 36, 9�)A.



2 + j2
j3
2� j2

2(cos⇡ + jsen⇡)

4
⇣
cos

3⇡

2
+ jsen

3⇡

2

⌘

z = 10
z = j3
z = 4 + j4
z = �3 + j2

20\30�
25\� 30�

10\180�
5\90�



Z
t

Z
t

=
Z1Z2

Z1 + Z2
+ Z3.

Z
t

(a + jb) Z1 = 5 � j3
Z1 = 4 + j7 Z3 = 13, 9� j6, 7

I
T

I1 I2

=
(5\36, 9�)(10\� 53, 1�)

(4 + j3)(6� j8)

i(t) = 311cos(377t� 20�)A v(t) = 12cos(100t+
60�)V



= 3 + j7 = 6\15� = 5ej2,3
�

·

= (75 + j90)V
= 5 + j12

i(t) (v)



i(t) (v)

i(t)



x 2 � {a} f(x)
lim
x!a

f(x) = L ✏ > 0

� > 0 x 2 � {a} 0 < |x� a| < � |f(x)� L| < ✏

x = a,

a p

lim
x!p

a = a.



f(x) = a L = a

|f(x)� L| = |a� a| = 0 x 2 R.

✏ > 0 � = 1

|x� p| < � ) |f(x)� L| = 0 < ✏

p

lim
x!p

x = p.

f(x) = x L = p

|f(x)� L| = |x� p| x 2 R.

✏ > 0 � = ✏

|x� p| < � ) |f(x)� L| < ✏

b p a

lim
x!p

ax+ b = ap+ b.

f(x) = ax+ b L = ap+ b

|f(x)� L| = |ax� ap| = |a||x� p| x 2 R.

✏ > 0 � = ✏

|a|

|x� p| < � ) |x� p| < ✏

|a| ) |a||x� p| < ✏

|f(x)� L| = |ax� ap| < ✏



p

lim
x!p

p
x =

p
p.

f(x) =
p
x L =

p
p

|f(x)� L| = |
p
x�p

p| = |x� p|p
x+

p
p
 |x� p|

p
p

x � 0.

✏ > 0 � = ✏
p
p

|x� p| < � , |x� p| < ✏
p
p , |x� p|

p
p

< ✏

|f(x)� L|  |x� p|p
x+

p
p
< ✏

f
z0 L f z z0

L lim
z!z0

f(z) = L ✏ > 0

� > 0 |f(Z)� L| < ✏ 0 < |z � z0| < �

x x0

z z0
z

z0



z0

lim
z!z0

z2 = z20 .

f(z) = z2 L = z20

|f(z)� L| = |z2 � z20 | = |z + z0||z � z0| z 2 R.

|z � z0| < 1

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

|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|

 [(1 + |z0|)n�1 + (1 + |z0|)n�2|z0|+ · · ·+ (1 + |z0|)|z0|n�2 + |z0|n�1]|z � z0|
 [(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
✏ > 0 � = min{1, ✏

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

lim
z!z0

1

z
=

1

z0
.

f(z) =
1

z
L =

1

z0

|f(z)� L| =
����
1

z
� 1

z0

���� =
|z � z0|
|zz0|

z 6= 0.

|z0 � z| < |z0|
2

|z0 � z| < |z0|
2

, |z0|� |z| < |z0|
2

, |z0|
2

< |z| ) |z0|2

2
< |z0z| ,

1

|zz0|
<

2

|z0|2

����
1

z
� 1

z0

���� =
|z � z0|
|zz0|

<
2

|z0|2
|z � z0| z 6= 0.

✏ > 0 � = min{ |z0|
2 , |z0|

2

2 ✏}

|z � z0| < � , |z � z0| <
|z0|2

2
✏

|f(z)� L| = |z � z0|
|zz0|

<
2

|z0|2
|z � z0| < ✏



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

⇣2x+�x

2

⌘

�x

= lim
�x!0

�
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
x!p

hf(x)� f(p)

x� p
· g(x) + f(p) · g(x)� g(p)

x� p

i

= 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
· 1

g(x)g(p)
.

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).

z
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
><

>:

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

⌘⌘



et t

et = 1 + t+
t2

2!
+

t3

3!
+

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).






