
ε



Φ𝐸 =඾𝐸 ∙ 𝑑𝑆 =
σ𝑄𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎𝑠

𝜀0

Φ𝐵 =඾𝐵 ∙ 𝑑𝑆 = 0

𝑓𝑒𝑚𝑖𝑛𝑑 = −
𝑑Φ𝐵

𝑑𝑡
= −

𝑑׭𝐵 ∙ 𝑑𝑆

𝑑𝑡
= ර𝐸𝑁𝐸 ∙ 𝑑𝑙

ර𝐵 ∙ 𝑑𝑙 =𝜇0. ෍𝐼𝑒𝑛𝑙𝑎𝑧𝑎𝑑𝑎𝑠 + 𝜀0.
𝑑׭𝐸 ∙ 𝑑𝑆

𝑑𝑡



Φ𝐸 =඾𝐸 ∙ 𝑑𝑆 =
σ𝑄𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎𝑠

𝜀0
𝐸 =

σ𝑄𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎𝑠
4𝜋𝜀0. 𝑅

2
=
𝐾𝐶𝑜𝑢𝑙𝑜𝑚𝑏 . 𝑄

𝑅2

𝜀0 = 8,854. 10−12
𝑐2

𝑁.𝑚2

𝐾𝑐𝑜𝑢𝑙𝑜𝑚𝑏 = 9. 109
𝑁.𝑚2

𝑐2



Φ𝐵 =඾𝐵 ∙ 𝑑𝑆 = 0

Φ𝐸 =඾𝐸 ∙ 𝑑𝑆 =
σ𝑄𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎𝑠

𝜀0







ර𝐸𝑁𝐸 ∙ 𝑑𝑙 = −
𝑑Φ𝐵

𝑑𝑡
= −

𝑑׭𝐵 ∙ 𝑑𝑆

𝑑𝑡
= 𝑓𝑒𝑚𝑖𝑛𝑑

ර𝐸𝑁𝐸 ∙ 𝑑𝑙 = න

0

2𝜋𝑅

𝐸𝑁𝐸 . 𝑑𝑙. cos 𝜃 = 𝐸𝑁𝐸 . 2𝜋𝑅

ඵ

0

𝑆

𝐵 ∙ 𝑑𝑆 =𝐵. 𝑆. cos 𝜃 = 𝐵. 𝜋𝑅2

𝑓𝑒𝑚𝑖𝑛𝑑 = −
𝑑Φ𝐵

𝑑𝑡
= −

𝑑 𝐵. 𝜋𝑅2

𝑑𝑡

𝑓𝑒𝑚𝑖𝑛𝑑 = −
𝑑Φ𝐵

𝑑𝑡
= −𝜋𝑅2

𝑑𝐵

𝑑𝑡

𝐸𝑁𝐸 . 2𝜋𝑅 = −𝜋𝑅2
𝑑𝐵

𝑑𝑡 𝐸𝑁𝐸 = −
𝑅

2

𝑑𝐵

𝑑𝑡

𝑬

𝒅𝒍

𝐜𝒐𝒔𝜽 = 𝟏

𝒅𝑺

𝐜𝒐𝒔𝜽 = 𝟏



ර𝐵 ∙ 𝑑𝑙 =𝜇0. ෍𝐼𝑒𝑛𝑙𝑎𝑧𝑎𝑑𝑎𝑠 + 𝐼𝑑𝑒𝑠𝑝𝑙𝑎𝑧𝑎𝑚𝑖𝑒𝑛𝑡𝑜

ර𝐵 ∙ 𝑑𝑙 =𝜇0. 𝐼𝑒𝑛𝑙 = 𝜇0. 𝑗𝑒𝑛𝑙𝑆

𝜇0 = 4𝜋. 10−7
𝑇.𝑚

𝐴

𝑖 = 𝑗.ඵ𝑑𝑆

𝑗 =
𝑖

𝑆
= 𝑑𝑒𝑛𝑠𝑖𝑑𝑎𝑑 𝑠𝑢𝑝. 𝑑𝑒 𝑐𝑜𝑟𝑟𝑖𝑒𝑛𝑡𝑒











ර𝐵 ∙ 𝑑𝑙 =𝜇0. 𝐼𝑒𝑛𝑙 + 𝐼𝐷𝑒𝑠𝑝𝑙𝑎𝑧𝑎𝑚𝑖𝑒𝑛𝑡𝑜 = 𝜇0. 𝐼𝑒𝑛𝑙 + 𝜀0.
𝑑Φ𝐸

𝑑𝑡



ර𝐵 ∙ 𝑑𝑙 =𝜇0. 𝐼𝑒𝑛𝑙 + 𝐼𝐷𝑒𝑠𝑝𝑙𝑎𝑧𝑎𝑚𝑖𝑒𝑛𝑡𝑜 = 𝜇0. 𝐼𝑒𝑛𝑙 + 𝜀0.
𝑑Φ𝐸

𝑑𝑡





 Φ𝐸





 



 

𝒅𝟐𝑬

𝒅𝒙𝟐
+
𝒅𝟐𝑬

𝒅𝒚𝟐
+
𝒅𝟐𝑬

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑬

𝒅𝒕𝟐

𝒅𝟐𝑩

𝒅𝒙𝟐
+
𝒅𝟐𝑩

𝒅𝒚𝟐
+
𝒅𝟐𝑩

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑩

𝒅𝒕𝟐

඾𝐸 ∙ 𝑑𝑆 =
σ𝑄𝑒𝑛𝑐𝑒𝑟𝑟𝑎𝑑𝑎𝑠

𝜀0

඾𝐵 ∙ 𝑑𝑆 = 0

ර𝐸 ∙ 𝑑𝑙 = −
𝑑Φ𝐵

𝑑𝑡
= −

𝑑׭𝐵 ∙ 𝑑𝑆

𝑑𝑡

ර𝐵 ∙ 𝑑𝑙 =𝜇0.෍𝐼𝑒𝑛𝑙𝑎𝑧𝑎𝑑𝑎𝑠 + 𝜇0. 𝜀0.
𝑑׭𝐸 ∙ 𝑑𝑆

𝑑𝑡



𝜕2𝑦

𝜕𝑥2
=

1

𝑣2
𝜕2𝑦

𝜕𝑡2 𝛻2𝑦 =
1

𝑣2
𝑑2𝑦

𝑑𝑡2

𝛻2 =
𝑑2

𝑑𝑥2
+

𝑑2

𝑑𝑦2
+

𝑑2

𝑑𝑧2

Ondas electromagneticas:
SON ONDAS VIAJERAS!

𝛻2𝐸 =
𝑑2𝐸

𝑑𝑥2
+
𝑑2𝐸

𝑑𝑦2
+
𝑑2𝐸

𝑑𝑧2
𝛻2𝐵 =

𝑑2𝐵

𝑑𝑥2
+
𝑑2𝐵

𝑑𝑦2
+
𝑑2𝐵

𝑑𝑧2



𝒅𝟐𝑬

𝒅𝒙𝟐
+
𝒅𝟐𝑬

𝒅𝒚𝟐
+
𝒅𝟐𝑬

𝒅𝒛𝟐
=

𝟏

𝒗𝟐
𝒅𝟐𝑬

𝒅𝒕𝟐

𝒅𝟐𝑩

𝒅𝒙𝟐
+
𝒅𝟐𝑩

𝒅𝒚𝟐
+
𝒅𝟐𝑩

𝒅𝒛𝟐
=

𝟏

𝒗𝟐
𝒅𝟐𝑩

𝒅𝒕𝟐



𝑣 =
1

𝜇0. 𝜀0

1

𝜇0. 𝜀0
= 3. 108

𝑚

𝑠

𝒅𝟐𝑬

𝒅𝒙𝟐
+
𝒅𝟐𝑬

𝒅𝒚𝟐
+
𝒅𝟐𝑬

𝒅𝒛𝟐
=

𝟏

𝒗𝟐
.
𝒅𝟐𝑬

𝒅𝒕𝟐
𝒅𝟐𝑩

𝒅𝒙𝟐
+
𝒅𝟐𝑩

𝒅𝒚𝟐
+
𝒅𝟐𝑩

𝒅𝒛𝟐
=

𝟏

𝒗𝟐
.
𝒅𝟐𝑩

𝒅𝒕𝟐

𝒅𝟐𝑬

𝒅𝒙𝟐
+
𝒅𝟐𝑬

𝒅𝒚𝟐
+
𝒅𝟐𝑬

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑬

𝒅𝒕𝟐
𝒅𝟐𝑩

𝒅𝒙𝟐
+
𝒅𝟐𝑩

𝒅𝒚𝟐
+
𝒅𝟐𝑩

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑩

𝒅𝒕𝟐

1 =
𝜇0. 𝜀0
𝑣2

1 =
𝜇0. 𝜀0
𝑣2

𝟏

𝝁𝟎. 𝜺𝟎
= 𝟑. 𝟏𝟎𝟖

𝒎

𝒔
= 𝒄

 ε







 𝑬 𝑩

 𝑬 𝑩

 𝑬 𝑩

 𝑬 𝑩









𝒅𝟐𝑬

𝒅𝒙𝟐
+
𝒅𝟐𝑬

𝒅𝒚𝟐
+
𝒅𝟐𝑬

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑬

𝒅𝒕𝟐

𝒅𝟐𝑩

𝒅𝒙𝟐
+
𝒅𝟐𝑩

𝒅𝒚𝟐
+
𝒅𝟐𝑩

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑩

𝒅𝒕𝟐



𝒅𝟐𝑬

𝒅𝒚𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑬

𝒅𝒕𝟐

𝒅𝟐𝑩

𝒅𝒛𝟐
= 𝝁𝟎. 𝜺𝟎.

𝒅𝟐𝑩

𝒅𝒕𝟐

𝑌 𝑥, 𝑡 = 𝐴. sen 𝑘. 𝑥 − 𝜔. 𝑡

𝐸 𝑥, 𝑡 = 𝐸𝑀𝑎𝑥 . sen 𝑘. 𝑥 − 𝜔. 𝑡

𝐵 𝑥, 𝑡 = 𝐵𝑀𝑎𝑥 . sen 𝑘. 𝑥 − 𝜔. 𝑡



 𝟏

𝝁𝟎. 𝜺𝟎
= 𝟑. 𝟏𝟎𝟖

𝒎

𝒔
= 𝒄

 𝝁𝒓 ≅ 𝟏,mientras que 𝜺𝒓 ≠ 𝟏

𝒗𝒊 =
𝟏

𝝁𝒊. 𝜺𝒊
< 𝒄 𝜀𝑖 = 𝜀𝑟 . 𝜀0

𝜇𝑖 = 𝜇𝑟 . 𝜇0
𝒗𝒊 =

𝟏

𝝁𝒓. 𝝁𝟎. 𝜺𝒓. 𝜺𝟎
=

𝟏

𝝁𝟎. 𝜺𝟎 𝝁𝒓. 𝜺𝒓

𝒗𝒊 =
𝒄

𝝁𝒓. 𝜺𝒓



𝒄

𝒗𝒊
= 𝝁𝒓. 𝜺𝒓 = 𝜺𝒓 = 𝒏 

𝝁𝒓 ≠ 𝟏



𝐿𝑒𝑦 𝑑𝑒 𝑆𝑛𝑒𝑙𝑙
𝑛1 sin 𝜃1 = 𝑛2 sin 𝜃2

S





εr



εr ~ 

𝒄

𝒗𝒊
= 𝝁𝒓. 𝜺𝒓 = 𝜺𝒓 = 𝒏

𝜺𝒓

𝒇 =
𝒄

𝝀

𝒇𝒓𝒐𝒋𝒐 = 𝑯𝒛

𝒇𝒗𝒊𝒐𝒍 = 𝑯𝒛

𝒏𝒊

𝒏𝒓𝒐𝒋𝒐 ≠ 𝒏𝒗𝒊𝒐𝒍



 𝝁 𝑬 𝑩

𝝁𝑬 =
𝟏

𝟐
𝜺𝟎 𝑬(𝒙, 𝒕)

𝟐

𝝁𝑩 =
𝟏

𝟐𝝁𝟎
𝑩(𝒙, 𝒕)

𝟐

 𝝁𝑬 = 𝝁𝑩 =
𝟏

𝟐
𝜺𝟎 𝑬(𝒙, 𝒕)

𝟐
=

𝟏

𝟐𝝁𝟎
𝑩(𝒙, 𝒕)

𝟐



𝝁𝑬 =
𝑼𝑪

𝑽𝒐𝒍
=
𝟏

𝟐

𝑪𝑽𝟐

𝑽𝒐𝒍

𝝁𝑩 =
𝑼𝑳

𝑽𝒐𝒍
=
𝟏

𝟐

𝑳𝑰𝟐

𝑽𝒐𝒍

𝑼𝑪

𝑽𝒐𝒍
=
𝟏

𝟐

𝜺𝟎. 𝑨. 𝑬
𝟐. 𝒅𝟐

𝒅. 𝑽𝒐𝒍

𝑪 =
𝜺𝟎. 𝑨

𝒅

𝑽 = 𝑬. 𝒅

𝑳 = 𝝁𝟎.
𝑵𝟐

𝒍
. 𝑺

𝑩 = 𝝁𝟎
𝑵

𝒍
𝑰

𝑼𝑪

𝑽𝒐𝒍
=
𝟏

𝟐
𝜺𝟎. 𝑬

𝟐

𝑼𝑳

𝑽𝒐𝒍
=

𝟏

𝟐𝑽𝒐𝒍

𝝁𝟎. 𝑵
𝟐. 𝑺

𝒍
.
𝑩𝟐. 𝒍𝟐

𝝁𝟎
𝟐. 𝑵𝟐

𝑼𝑳

𝑽𝒐𝒍
=

𝟏

𝟐𝑽𝒐𝒍
.
𝑺. 𝑩𝟐. 𝒍

𝝁𝟎

𝑼𝑳

𝑽𝒐𝒍
=
𝟏

𝟐

𝑩𝟐

𝝁𝟎

𝝁 𝒙, 𝒕 = 𝝁𝑬 𝒙, 𝒕 + 𝝁𝑩 𝒙, 𝒕 = 𝟐𝝁𝑬 = 𝟐𝝁𝑩 𝝁 𝒙, 𝒕 = 𝜺𝟎 𝑬(𝒙, 𝒕)
𝟐
=

𝟏

𝝁𝟎
𝑩(𝒙, 𝒕)

𝟐
=

𝟏

𝒄. 𝝁𝟎
𝑬(𝒙, 𝒕) . 𝑩(𝒙, 𝒕)





𝑺 =
𝟏

𝝁𝟎
𝑬 × 𝑩

𝑺 =
𝟏

𝝁𝟎
𝑬 . 𝑩 . sen𝜽 = 𝑰𝒏𝒕𝒆𝒏𝒔𝒊𝒅𝒂𝒅 𝒅𝒆 𝒍𝒂 𝒐𝒏𝒅𝒂 𝑬𝑴 𝑰 =

𝟏

𝝁𝟎. 𝒄
𝑬

𝟐
=

𝒄

𝝁𝟎
𝑩

𝟐





¿Como es la intensidad de luz en un punto a 20 m? πR2 // Efoton=h.f=h.c/λ

(𝑒𝑛𝑒𝑟𝑔𝑖𝑎)

(𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑒). (𝑡𝑖𝑒𝑚𝑝𝑜)
=

𝐽

𝑚2 𝑠
=

𝑊𝑎𝑡𝑡

𝑚2



𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑑𝑎𝑑 =
(𝑃𝑜𝑡𝑒𝑛𝑐𝑖𝑎)

(𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑒)
=

𝑊𝑎𝑡𝑡

𝑚2

𝝁 𝒙, 𝒕 =
𝟏

𝒄. 𝝁𝟎
𝑬 . 𝑩

 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑑𝑎𝑑 =
(𝑒𝑛𝑒𝑟𝑔𝑖𝑎)

(𝑠𝑢𝑝𝑒𝑟𝑓𝑖𝑐𝑖𝑒). (𝑡𝑖𝑒𝑚𝑝𝑜)
=

𝟏
𝒄. 𝝁𝟎

𝑬 . 𝑩 . 𝒅𝑽

𝑑𝑆. 𝑑𝑡

𝑐. 𝑑𝑡 = 𝑑𝑥

𝑑𝑥. 𝑑𝑆 = 𝑑𝑉
𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑑𝑎𝑑 =

𝟏

𝝁𝟎
𝑬 . 𝑩



+



𝒑 = 𝒎. 𝒗 = 𝒌𝒈.
𝒎

𝒔







𝑬 = 𝒎. 𝒄𝟐

𝑬𝒇𝒐𝒕ó𝒏 = 𝒉.
𝒄

𝝀

𝒎. 𝒄𝟐 = 𝒉.
𝒄

𝝀 𝒎. 𝒄𝟐 = 𝒉.
𝒄

𝝀
𝒎. 𝒄 = 𝒑𝒇𝒐𝒕ó𝒏 =

𝒉

𝝀




