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afloramiento de 
las Rías Baixas y 
de la plataforma 
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Últimas publicacions na colección

La Oceanografía Física es una disciplina 
crucial para la comprensión del papel de 
los océanos en la regulación y mitigación 
climática. Forma parte del Grado en Cien-
cias del Mar y está orientada al conoci-
miento de los procesos físicos del océano, 
así como de los patrones climatológicos 
que tienen especial relevancia en aquellos 
(circulación superficial, profunda, etc.), a 
través del estudio de los intercambios de 
masa y energía entre la superficie del mar 
y la atmósfera. Este manual pretende asistir 
al estudiante a cubrir cuantitativamente el 
funcionamiento de la circulación del océa-
no, sus forzamientos y sus implicaciones 
climáticas, analizar e interpretar las pro-
piedades físicas del océano de acuerdo con 
las teorías actuales, así como formular las 

ecuaciones básicas de conservación de la 
masa, la energía y el momento para fluidos 
geofísicos y resolverlas en procesos oceáni-
cos sencillos. Cuenta con 183 problemas, 
con una estructura en tres partes, de cre-
ciente autonomía del estudiante: 1) pro-
blemas resueltos, para familiarizarse con 
estrategias de resolución; 2) problemas en 
los que se dará solo la solución numérica 
separadamente; y 3) problemas sin que se 
aporte siquiera dicha solución numérica, 
destinados a la consolidación de la infor-
mación acumulada. Los problemas resuel-
tos están ordenados bajo siete epígrafes: 
dinámica atmosférica, dinámica climáti-
ca, ecuaciones de conservación, dinámica 
ageostrófica, dinámica geostrófica, masas 
de agua y vorticidad.
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−
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=
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⎜
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⎟ =1000 km· 1

0, 009
1−1010
1013

⎛

⎝
⎜

⎞

⎠
⎟ = 574 km

∇P·Vg =
∂ p
∂x
·ug +

∂ p
∂y
·vg =

= −
2P0k
R2

x
⎛

⎝
⎜

⎞

⎠
⎟·
2p0k
ρ0 fR

2 y
⎛

⎝
⎜

⎞

⎠
⎟+ −

2p0k
R2

y
⎛

⎝
⎜
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⎢
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⎠
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⎠
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r = 3,2·10−5s−1; f = 2ωsen43,5º=1,0·10−4 s−1

V = u2 + v2 =
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⎠
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⎜
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⎜
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u1 ≅
−1
ρ f

ΔP
Δy

=
−1

1,2kgm−3·10−4 s−1
−1200Pa
106m

= +10m / s

Δun−1
n

Δz
≅ +

g
f T

ΔT
Δy

→ un = un−1 +
g
f
· Tn −Tn−1
(Tn +Tn−1) / 2

· zn − zn−1
yn − yn−1

δQ =
7
2
p0RdΔT

g

Ep = ρgzdz
0

∞

∫ = −
∂p
∂z
zdz

0

∞

∫ = − zdp
p0

0

∫ = zdp
0

p0

∫

p(z = 0) = p0
p(z→∞) = 0

z(p) = − RdT
g
ln p

p0

⎛

⎝
⎜

⎞

⎠
⎟

Ep = − RdT
g

ln p
p0

⎛

⎝
⎜

⎞

⎠
⎟dp

0

p0

∫ = −
RdT
g

p ln p
p0

⎛

⎝
⎜

⎞

⎠
⎟− p

⎡

⎣
⎢

⎤

⎦
⎥
0

p0

= −
RdT
g

p0 ln
p0
p0

⎛

⎝
⎜

⎞

⎠
⎟− p0 − 0 ln0+ 0

⎡

⎣
⎢

⎤

⎦
⎥=

RdTp0
g

0·(−∞)

lim p→0 p ln p = lim p→0
ln p
(1 / p)

= lim p→0
1 / p
−1/ p2

= lim p→0 −p( ) = 0

ρ = ρ0e
−
gz
RdT → Ep = ρ0g ze

−
gz
RdT dz

0

∞

∫ = −ρ0RdT e
−
gz
RdT z+ RdT

g
⎛

⎝
⎜

⎞

⎠
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⎡

⎣
⎢
⎢

⎤

⎦
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⎥
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δQ

=
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⎝
⎜

⎞

⎠
⎟

7
2
p0RdΔT

g
⎛

⎝
⎜

⎞

⎠
⎟

=
2
7
= 29%

Ttierra = E2 /σ4 =19,3ºC

Tatm = (T3 + 0,36·E1) /σ4 = −21,6ºC
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yn − yn−1

δQ =
7
2
p0RdΔT

g

Ep = ρgzdz
0

∞

∫ = −
∂p
∂z
zdz

0

∞

∫ = − zdp
p0

0

∫ = zdp
0

p0

∫

p(z = 0) = p0
p(z→∞) = 0

z(p) = − RdT
g
ln p

p0

⎛

⎝
⎜

⎞

⎠
⎟

Ep = − RdT
g

ln p
p0

⎛

⎝
⎜

⎞

⎠
⎟dp

0

p0

∫ = −
RdT
g

p ln p
p0

⎛

⎝
⎜

⎞

⎠
⎟− p

⎡

⎣
⎢

⎤

⎦
⎥
0

p0

= −
RdT
g

p0 ln
p0
p0

⎛

⎝
⎜

⎞

⎠
⎟− p0 − 0 ln0+ 0

⎡

⎣
⎢

⎤

⎦
⎥=

RdTp0
g

0·(−∞)

lim p→0 p ln p = lim p→0
ln p
(1 / p)

= lim p→0
1 / p
−1/ p2

= lim p→0 −p( ) = 0

ρ = ρ0e
−
gz
RdT → Ep = ρ0g ze

−
gz
RdT dz

0

∞

∫ = −ρ0RdT e
−
gz
RdT z+ RdT

g
⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
0

∞

= p0
RdT
g

δEp = Rd p0ΔT
g

δEp
δQ

=

p0RdΔT
g

⎛

⎝
⎜

⎞

⎠
⎟

7
2
p0RdΔT

g
⎛

⎝
⎜

⎞

⎠
⎟

=
2
7
= 29%

Ttierra = E2 /σ4 =19,3ºC

Tatm = (T3 + 0,36·E1) /σ4 = −21,6ºC
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≤ α

≤ α

R2 = 0;T2 = 0;A2 =168,6Wm
−2 T3 = 0

0,36·E1 = 344−113,5= 230,5Wm
−2

0,64·E1 = 0,64
230,5
0,36

= 409,8Wm−2

Ttierra
futuro = E2

futuro /σ4 = 27, 7ºC

I(1−α) =σTeq
4 ⇒ Teq = I(1−α) /σ4 = 234,68ºK

Teq = I(1−α) /σ4 = 271,83ºK

I · 1−
275−Teq
50

⎛

⎝
⎜

⎞

⎠
⎟=σTeq

4

−I 225
50

+ I
Teq
50

=σTeq
4 →

50σ
I
Teq
4 −Teq + 225= 0

≤ ≤

x ≡ Teq; a ≡ 50σ / I = 8,241·10−9K −4; b = 225K

Teq = 8,241·10
−9Teq

4 + 225

Teq = 266,67K

250 < 266,67 < 270
α(Teq ) = (275− 266,67) / 50 = 0,17

E =
R TS

RTS

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=1+ 0,033⋅ cos
2π⋅ (152 − 2)

360
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 0,971

46 47



≤ α

≤ α

R2 = 0;T2 = 0;A2 =168,6Wm
−2 T3 = 0

0,36·E1 = 344−113,5= 230,5Wm
−2

0,64·E1 = 0,64
230,5
0,36

= 409,8Wm−2

Ttierra
futuro = E2

futuro /σ4 = 27, 7ºC

I(1−α) =σTeq
4 ⇒ Teq = I(1−α) /σ4 = 234,68ºK

Teq = I(1−α) /σ4 = 271,83ºK

I · 1−
275−Teq
50

⎛

⎝
⎜

⎞

⎠
⎟=σTeq

4

−I 225
50

+ I
Teq
50

=σTeq
4 →

50σ
I
Teq
4 −Teq + 225= 0

≤ ≤

x ≡ Teq; a ≡ 50σ / I = 8,241·10−9K −4; b = 225K

Teq = 8,241·10
−9Teq

4 + 225

Teq = 266,67K

250 < 266,67 < 270
α(Teq ) = (275− 266,67) / 50 = 0,17

E =
R TS

RTS

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

=1+ 0,033⋅ cos
2π⋅ (152 − 2)

360
⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = 0,971

46 47



λ

δS = 23, 45º ⋅cos
2π ⋅ (152−173)

365
⎛

⎝
⎜

⎞

⎠
⎟= 21,93º= 0,383rad

h0 = arccos(−tanδS ⋅ tanλ) =1,942rad

F =
1
π
S⋅ E ⋅ senλ⋅ senδS ⋅ h0 − tanh0( ) = 477W /m2

Text =
I
σ

4

Esuelo = 2I =σTint
4 →Tint =

2I
σ

4

Tint
Text

= 24 =1,19 >1

Esuelo+agua = 2I −Q =σTint
4 →Tint =

2I −Q
σ

4

Tint
Text

=
2I −Q
I

4 = 2−Q
I

4 < 24
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B = L + R−E = 320+ 230−350 = 200km3 / año

ρ1Q1 = ρ2Q2 + ρBB; ρ1Q1S1 = ρ2Q2S2 + ρBBSB

ρB ρ1 ≅ ρ2 ≈ ρB

SB = 0

Q1 =Q2 +B; Q1S1 =Q2S2

Q1 = B
S2

S2 − S1
; Q2 = B

S1
S2 − S1

Q1 = 200
36

36−18
= 400km3 / año; Q2 = 200

18
36−18

= 200km3 / año

τ =
V
Q1

=
5, 4·105km3

400km3 / año
=1350años

∂u
∂z

=
g
ρ0 f

∂ρ
∂y

⇒
Δu
Δz

=
g
ρ0 f

Δρ
Δy

⇒Δu = g
f
Δρ
ρ0

Δz
Δy

f = 2ωsen35º= 8,34·10−5s−1 Δu = us −ui
Δρ / ρ0 = 0,15%

Δz /Δy = (−170+ 230)m /12000m = 0,005

Δu = 9,81ms−2

8,34·10−5s−1
·0,15%·0, 005= 0,88m / s

usAs +uiAi +B = 0 us −ui = Δu
(us,ui )

us =

Δu −1
−B Ai

1 −1
As Ai

=
AiΔu−B
Ai + As

; ui =

1 Δu
As −B

Ai + As
=
−B− AsΔu
Ai + As

As = 200m·12000m = 2, 4·106m2;Ai = 0,5·(700− 200)m·12000m = 3,0·106m2

us = +0,50m / s; ui = −0,38m / s
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Qs = usAs =1,20Sv; Qi = uiAi = −1,15Sv

τ =V /Qs ≅100años

Pot
A

⎛

⎝
⎜

⎞

⎠
⎟
s

=
ρsQsCpTs

A
; Pot

A
⎛

⎝
⎜

⎞

⎠
⎟
i

=
ρiQiCpTi

A

ρs ≅ ρi ≅ ρ0 =1025kg /m
3

Qs ≅ −Qi ≅1,2Sv

Pot
A

⎛

⎝
⎜

⎞

⎠
⎟
s

+
Pot
A

⎛

⎝
⎜

⎞

⎠
⎟
i

≅
ρ0Cp

A
(QsTs +QiTi ) =

=
1025kgm−3·4180Jkg−1ºC−1

2, 51·1012m2 1, 20·106 ·15, 5−1,15·106 ·13, 0( )m3s−1·ºC = 6,2W /m2

Pot
A

=
1
A
ΔE
Δt

=
ρ0ADCp

A
(Tmes+2 −Tmes )
(tmes+2 − tmes )

=
ρ0Cp

t
(DTmes+2 −DTmes )

DTmes

DTmes = T (z)dz ≅
(Tj +Tj+1)

2
Δz

1

5

∑
0

D

∫

Δz = 20m

DTmes
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CswρswQ1T1 = H +CswρswQ2T2 H = ρswCswQ2 (T1 −T2 )

H =1025kg·m−3·4180J ·kg−1·K −1·20·106m3s−1·(10−3)K = 6·1014W

H = ρswCswQ2 (T1 −T2 ) = ρaCa4πRt
2 ·h·ΔTtrop Δ t→ΔTtrop =

ρsw
ρa

Csw

Ca

Q2Δt
4πRT

2 ·h
T1 −T2( ) ≅1,2K

Δt = 3meses·86400s / día·365días / año
12meses / año

= 7,9·106 s

ΔTatm

dS
dD
⎛

⎝
⎜

⎞

⎠
⎟
D

≅
ΔS
ΔD
⎛

⎝
⎜

⎞

⎠
⎟
D

=
S(D+1)− S(D−1)
(D+1)− (D−1)

=
S(D+1)− S(D−1)

2

ΔD = 2m

ΔS /ΔD ΔS /ΔD

< S >=
S dD

0

30
∫

dD
0

30
∫

=
1
30

ΔD
2

SD + SD+1( )
D=0

29

∑ = 34,301

ΔD =1m

D<S> =12+
(13−12)

(34, 689−34,025)
·(34,301−34,025) =12, 41m

< Ssup >=
S dD

0

12,41
∫

dD
0

12,41
∫

=
1

12, 41
ΔD
2

SD + SD+1( )+
D=0

11

∑ (12, 41−12)
2

S(12)+ S(12, 41)( )
⎡

⎣
⎢

⎤

⎦
⎥= 32,549

< Sinf >=
S dD

12,41

30
∫

dD
12,41

30
∫

=
1

30−12, 41( )
(13−12, 41)

2
S(12, 41)+ S(13)( )+ ΔD

2
SD + SD+1( )

D=13

29

∑
⎡

⎣
⎢

⎤

⎦
⎥= 35,537

Qsup = R
< Sinf >

< Sinf > − < Ssup >
=100m3 / s 35,537

35,537−32,549
=1189m3 / s

Qinf = R
< Ssup >

< Sinf > − < Ssup >
=100m3 / s 32,549

35,537−32,549
=1089m3 / s
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QA1 = ρwAhwCpΔTw =1000kg /m
3 ⋅ 1m2 ⋅ 0,01m⋅ 4,18kJ /(kg⋅ K)⋅ 3K =125kJ

QA 2 = ρhwAhhwCh = 917kg /m
3 ⋅ 1m2 ⋅ 0,01m⋅ 334kJ /kg = 3063kJ

QB1 = ρswAhswCpΔTsw =1025kg /m
3 ⋅1m2 ⋅1m ⋅ 4,18kJ / (kg ⋅K ) ⋅ 4,9K = 20994kJ

QB 2 = ρhswAhswCh = 924kg /m
3 ⋅ 1m2 ⋅ 0,01m⋅ 334kJ /kg = 3086kJ

Δ

Δ

E
At
⎛

⎝
⎜

⎞

⎠
⎟
oce

=
Moce ·Cpoce ·ΔToce

Aoce ·t
=
ρoce ·z·Cpoce ·ΔToce

t
=
1025kgm−3·100m·4180Jkg−1K −1·5K
3meses·30días·mes−1·86400s·día−1

= 275Wm−2

E
At
⎛

⎝
⎜

⎞

⎠
⎟
atm

=
Matm ·Cpatm ·ΔTatm

Aatm ·t
=
p0 ·Cpatm ·ΔTatm

gt
=
101300kg·m−1·s−21005m2 ·s−2K −1·20K

9,81ms−2 ·90días·86400s·día−1
= 26Wm−2
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ΔP /Δy = 0
ΔP /Δx > 0

f = 2ωsen35º= 8,34·10−5s−1

Wy1 ≈
1
ρa f

ΔP
Δx

=
1

1,2kgm−3·8,34·10−5s−1
1008−1000( )hPa·100kgm

−2s−2

hPa
−20º+28º( ) π

180º
·cos(35º )6,371·106m

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

=11,0m / s

Wy2 ≈
1
ρa f

ΔP
Δx

=
1

1,2kgm−3·8,34·10−5s−1
1012−1004( )hPa·1kgm

−2s−2

100hPa
−18º+24º( ) π

180º
·cos(35º )6371·103m

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

=14,6m / s

u1 = u1 = 0⇒ τ x1 = τ x2 = 0

τ y1 =Cdρa W1 Wy1 = 0,0014·1, 2kg /m
3·112m2 / s2 = 0,20Pa

τ y2 =Cdρa W2 Wy2 = 0,0014·1, 2kg /m
3·14, 62m2 / s2 = 0,36Pa

u01 =
τ y1

ρ0 Kf
cos π / 4( ) = 0,20kgm−1s−2

1022kgm−3 0, 02m2s−1·8,34·10−5s−1
2
2
= 0,11m / s

v01 =
τ y1

ρ0 Kf
sen π / 4( ) =10, 7cm / s

u02 =
τ y2

ρ0 Kf
cos π / 4( ) = 0,36kgm−1s−2

1022kgm−3 0, 02m2s−1·8,34·10−5s−1
2
2
= 0,19cm / s

v02 =
τ y2

ρ0 Kf
sen π / 4( ) = 0,19m / s

Mx1 = +
τ y1
ρ0 f

=
0,20kgm−1s−2

1022kgm−3·8,34·10−5s−1
= 2,35m2 / s

Mx2 = +
τ y2
ρ0 f

=
0,36kgm−1s−2

1022kgm−3·8,34·10−5s−1
= 4,22m2 / s

Mx2 >Mx1

wEkman =
∂Mx

∂x
+
∂My

∂y
=
∂Mx

∂x
≅
ΔMx

Δx
=
Mx2 −Mx1

x2 − x1
=

=
4,22− 2,35( )m2 / s

−20º+24º( ) π
180º

·cos(35º )6,371·106m
= 5,13·10−6m / s = 0, 44m / día

wEkman > 0
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=11,0m / s

Wy2 ≈
1
ρa f

ΔP
Δx

=
1

1,2kgm−3·8,34·10−5s−1
1012−1004( )hPa·1kgm

−2s−2

100hPa
−18º+24º( ) π

180º
·cos(35º )6371·103m

⎡

⎣

⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥

=14,6m / s

u1 = u1 = 0⇒ τ x1 = τ x2 = 0

τ y1 =Cdρa W1 Wy1 = 0,0014·1, 2kg /m
3·112m2 / s2 = 0,20Pa

τ y2 =Cdρa W2 Wy2 = 0,0014·1, 2kg /m
3·14, 62m2 / s2 = 0,36Pa

u01 =
τ y1

ρ0 Kf
cos π / 4( ) = 0,20kgm−1s−2

1022kgm−3 0, 02m2s−1·8,34·10−5s−1
2
2
= 0,11m / s

v01 =
τ y1

ρ0 Kf
sen π / 4( ) =10, 7cm / s

u02 =
τ y2

ρ0 Kf
cos π / 4( ) = 0,36kgm−1s−2

1022kgm−3 0, 02m2s−1·8,34·10−5s−1
2
2
= 0,19cm / s

v02 =
τ y2

ρ0 Kf
sen π / 4( ) = 0,19m / s

Mx1 = +
τ y1
ρ0 f

=
0,20kgm−1s−2

1022kgm−3·8,34·10−5s−1
= 2,35m2 / s

Mx2 = +
τ y2
ρ0 f

=
0,36kgm−1s−2

1022kgm−3·8,34·10−5s−1
= 4,22m2 / s

Mx2 >Mx1

wEkman =
∂Mx

∂x
+
∂My

∂y
=
∂Mx

∂x
≅
ΔMx

Δx
=
Mx2 −Mx1

x2 − x1
=

=
4,22− 2,35( )m2 / s

−20º+24º( ) π
180º

·cos(35º )6,371·106m
= 5,13·10−6m / s = 0, 44m / día

wEkman > 0

58 59



≡

Wx = 0; Wy = −8,5m / s

τ x = 0;τ y =Cdρa W Wy = 0,0014 ⋅1,2kg /m
3 ⋅ −8,5m / s ⋅ (−8,5m / s) = −0,12Pa

Mx = +
τ y
ρ0 f

=
−0,12kgm−1s−2

1025kg /m3·2·7, 27·10−5s−1sen(39º )
= −1,31m2 / s ; My = −

τ x
ρ0 f

= 0

Δλ = 43º−35º= 8º

Mx (Sv) =Mx (m
2 / s)· Δλ π

180
R

⎡

⎣⎢
⎤

⎦⎥
= −1,31m

2

s
·890km = −1,17Sv

τ x,37
27 =Cd ·ρaire ·W Wx,37

27 = 0,0014·1, 2kgm−3·5ms−1·(−5)ms−1 = −0,042Pa

τ x,47
37 =Cd ·ρaire ·W Wx,47

37 = 0,0014·1, 2kgm−3·5ms−1·(+5)ms−1 = +0,042Pa

f37
27 = 2ωsen(−32º ) = −7, 71·10−5s−1; f47

37 = 2ωsen(−42º ) = −9, 73·10−5s−1

My,37
27 (m2 / s) = − τ x,37

27

ρagua f37
27 = −

−0,042kgm−1s−2

1025kgm−3·(−7, 71·10−5s−1)
= −0,53m2 / s

My,37
27 (Sv) =My,37

27 (m2 / s)·Lx,37
27 = 0,53m2 / s·8·106m·10−6Sv / (m3 / s) = −4,25Sv

My,47
37 (m2 / s) = − τ x,47

37

ρagua f47
37 = −

+0,042kgm−1s−2

1025kgm−3·(−9, 73·10−5s−1)
= +0, 42m2 / s

My,47
37 (Sv) =My,47

37 .(m2 / s)·Lx,47
37 = +1,685m2 / s·10·106m·10−6Sv / (m3 / s) = +4,20Sv

Δy = y32 − y42 = (−32º+42º )πR /180 =1110km

wEkman =
dMy

dy
≅
ΔMy

Δy
=
My,37

27 −My,47
37

y32 − y42
=
(−0,53− 0, 42)m2 / s

1,11·106m
= −8,55·10−6m / s = −27,0m / año

wEkman < 0
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τ0 y =Cd ·ρaire ·W Wx = 0,0015·1, 22kgm
−3·10ms−1·(+10)ms−1 = +0,183Pa

f =ω = 7,27·10−5s−1 DE = π
2K
f
= π

2·0, 022m2s−1

7, 27·10−5s−1
= 77m

u(z) =V0 e
π z
DE cos π z

DE

+
π
4

⎛

⎝
⎜

⎞

⎠
⎟ ; v(z) =V0 e

π z
DE sen π z

DE

+
π
4

⎛

⎝
⎜

⎞

⎠
⎟

V (z) = u(z)2 + v(z)2 =V0 e
π z
DE

V0 =
τ0 y

ρ0 Kf
=

0,183kgm−1s−2

1025kgm−3 0, 022m2s−1·7, 27·10−5s−1
= 0,140m / s =14,0cm / s

θ(z) = a tan v(z)
u(z)
⎡

⎣
⎢

⎤

⎦
⎥= a tan

V0 e
π z
DE sen π z

DE

+
π
4

⎛

⎝
⎜

⎞

⎠
⎟

V0 e
π z
DE cos π z

DE

+
π
4

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣

⎢
⎢
⎢
⎢
⎢

⎤

⎦

⎥
⎥
⎥
⎥
⎥

= a tan tan π z
DE

+
π
4

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥=

π z
DE

+
π
4

π z /DE θ(z) θ(z)

π / 4
−π / 4
−π / 2 −π / 4
−3π / 4 −π / 2
−π −3π / 4

Mx =
uj +uj+1( )
2j=0

4

∑ zj − zj+1( ) = DE

8
uj +uj+1( )

j=0

4

∑ = 2,54m2 / s; My =
DE

8
vj + vj+1( )

j=0

4

∑ = 0,26m2 / s

zj − zj+1( ) = DE / 4

θ = a tan(My /Mx ) = 6º

Mx =
τ0 y
ρ0 f

= 2, 46m2 / s; My = −
τ0 x
ρ0 f

= 0; θ = 0º

u =
u(z)dz

−DE

0

∫

dz
−DE

0

∫
≈
Mx

DE

=
2, 46m2 / s
77m

= 3,2cm / s
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θ = a tan(My /Mx ) = 6º

Mx =
τ0 y
ρ0 f

= 2, 46m2 / s; My = −
τ0 x
ρ0 f

= 0; θ = 0º

u =
u(z)dz

−DE

0

∫

dz
−DE

0

∫
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77m

= 3,2cm / s
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u =V0e
πz
DE cos πz

DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

∂u
∂z

=
π
DE

V0e
πz
DE cos πz

DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

∂ 2u
∂z2

=
π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

V0e
πz
DE cos πz

DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − cos

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

∂ 2u
∂z2

= −2
π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

2

V0e
πz
DE sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

∂ 3u
∂z3

= −2
π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

3

V0e
πz
DE sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + cos

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

∂ 4u
∂z4

= −2 π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

4

V0e
πz
DE sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + cos

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ + cos

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ − sen

πz
DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

⎡ 

⎣ 
⎢ 

⎤ 

⎦ 
⎥ 

∂ 4u
∂z4

= −4 π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

4

V0e
πz
DE cos πz

DE

+
π
4

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = −4

π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

4

u⇒
∂ 4u
∂z4

+ 4 π
DE

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ 

4

u = 0

τ x =Cd ·ρaire ·Wx ·Wx

My = ∓
τ x

f (5ºN )

wEkman =
dMy

dy
≅
ΔMy

Δy

Δy = R·Δλ(rad) = R·Δλºπ /180º

Wx τ x My ΔMy Δy wEkman

θθ

u =V ·senθ; v =V ·cosθ

u ≡ dx
dt
; v ≡ dy

dt

dx
xj

x j+1

∫ = udt;
t j

t j+1

∫ dy
yj

yj+1

∫ = vdt
t j

t j+1

∫

dx
xj

x j+1

∫ = u dt;
t j

t j+1

∫ dy
yj

yj+1

∫ = v dt
t j

t j+1

∫ ⇒ x j+1 = x j +
uj+1 +uj
2

(t j+1 − t j ); yj+1 = yj +
vj+1 + vj
2

(t j+1 − t j )

t j+1 − t j =10min = 600s
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π
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∂z

=
π
DE

V0e
πz
DE cos πz

DE

+
π
4

⎛ 

⎝ 
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+
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0,0 0,2 0,4 0,6 0,8 1,0 

y (km) 

x (km) 

Vector Progresivo 100 m 

D = x33
2 + y33

2 = 2,32km

Lj+1 − Lj = (x j+1 − x j )
2 + (yj+1 − yj )

2 ⇒ Lj+1 = Lj + (x j+1 − x j )
2 + (yj+1 − yj )

2

L ≈ D
L > D

τ =CdρaW
2 τ

ρa

Cd[ ] = τ
ρaW

2

⎡

⎣
⎢

⎤

⎦
⎥=

ML−1T −2

ML−3·(LT −1)2
=
ML−1T −2

ML−1T −2 =1

u*[ ] = LT −1 = τ a ·ρ0
b⎡⎣ ⎤⎦= (ML

−1T −2 )a ·(ML−3)b =Ma+b ·L−a−3b ·T −2a

M : 0 = a+ b
L :1= −a−3b
T :−1= −2a

a =1/ 2;b = −1/ 2 u*= k τ
ρ0

τ =CdρaW
2 = 0,0014·1, 2kg /m3·64m2 / s2 ≅ 0,1kgm−1s−2

u*= τ
ρ0

=
0,1kgm−1s−2

1000kgm−3 = 10−4m2s−2 =10−2ms−1 =1cm / s

u*= CdρaW
2

ρ0
=W Cdρa

ρ0
→

u*
W

=
Cdρa
ρ0

=
0,0014·1, 2
1000

=1,3·10−3
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Δz Δρ

V (z) = g
f ρ0L

hB (z) σ A (z)−σ B (z)[ ]

L = πRtierra
180º

(35, 5º−35,2º )2 + (75, 0º−74,6º )2 (cos35,35º )2 = 49,3km

f = 2· 2π
86400

sen(35,35º ) = 8, 4·10−5s−1

V (0) = g
f ρ0L

hB (0) σ A (0)−σ B (0)[ ] = g(hB − hA )
fL

⇒ hB − hA =
1
ρ0
hB (0) σ A (0)−σ B (0)[ ] = 49cm

T = L 1
2j=1

4

∑ Vj +Vj+1( ) zj+1 − zj( )

zj+1 − zj( )

T =
L·(zj+1 − zj )

2
· Vj +Vj+1( )
j=1

4

∑ =
L·(zj+1 − zj )

2
V0 + 2V250 + 2V500 + 2V750( ) =

= 49,3·103m·125m·(1,15+ 2·0, 65+ 2·0, 29+ 2·0, 07)m / s =19,5Sv

Vg = Δφ ( fD) Δφ

Vg = Δφ ( fD)
Δφ4000 = 0

Δφ D

Δλ = 5º
D = RπΔλº /180º= 556km

f = 2ωsenλ = 2· 2π
86400s

sen48,5º=1,09·10−4 s−1

Δφ0 = 28−18( )m2s−2 =10m2s−2

Δφ500 = 20−14( )m2s−2 = 6m2s−2

Δφ1000 = 15−11( )m2s−2 = 4m2s−2
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Vg0 =
Δφ0
fD

=
10m2s−2

1, 09·10−4 ·556·103m
100cm
m

=16,5cm / s

Vg500 =
Δφ500
fD

=
6m2s−2

1, 09·10−4 ·556·103m
100cm
m

= 9,9cm / s

Vg1000 =
Δφ1000
fD

=
4m2s−2

1, 09·10−4 ·556·103m
100cm
m

= 6,6cm / s

ζ =
∂v
∂x
−
∂u
∂y

= −
∂u
∂y

= −
Δu
Δy

ζ = −
Δu
Δy

= −
ug
41−46 −ug

46−51

y43,5 − y48,5
= −

0−Vg0
RπΔλ /180

= +
16,5cm / s
55,6·106cm

= 3·10−7s−1

f ≈10−5s−1 ζ << f

z24
A = 0+ 24− 23,949

26,828− 23,949
200− 0( ) = 4m ; z24

B = 0+ 24− 23,646
26,343− 23,646

200− 0( ) = 26m

z25
A = 0+ 25− 23,949

26,828− 23,949
200− 0( ) = 73m ; z25

B = 0+ 25− 23,646
26,343− 23,646

200− 0( ) =100m

z26
A = 0+ 26− 23,949

26,828− 23,949
200− 0( ) =143m ; z26

B = 0+ 26− 23,646
26,343− 23,646

200− 0( ) =175m

z27
A = 200+ 27− 26,828

27,292− 26,828
400− 200( ) = 274m ; z27

B = 400+ 27− 26, 460
27,077− 26, 460

600− 400( ) = 575m

E = −(Δσ Δz) ρ0
ρ0 = cte

Δz = −200m = cte
Δσ

Δσ A
0−200 = 26,828− 23,949 = 2,879kg /m3

Δσ B
0−200 = 26,343− 23,646 = 2,697kg /m3

Δσ A
800−1000 = 0,061kg /m3

Vg(z) =
ghB (z)
ρ0 fD

σ A (z)−σ B (z)[ ]

g = 9,81m / s2;ρ0 =1025kg /m
3; f = 2ωsen(36,3º ) = 8,61·10−5s−1

L = (73, 75º−73, 48º )πRcos(36,3º ) /180º= 24,2·103m
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hB (0)− hA (0) =
hB (0)
ρ0

σ A (0)−σ B (0)[ ] = 46cm

Δϕ = 0,13º

D = 0,13º π
180º

Rcos42, 4 =10, 7km f = 2ωsen42, 4º= 9,81·10−5s−1

Δφ = 3, 74−3, 46 = 0,28m2s−2

VgA1
A2 =

Δφ
fD

=
0,28m2s−2

9,81·10−5s−1·10, 7·103m
= 0,26m / s = 26cm / s

λ78 = 43,84º;λ68 = 43,39º⇒Δλ = 0, 45º
ϕ68 = 9,08º;ϕ78 = 9, 43º⇒Δϕ = 0,35º
λ = 43,63º⇒ f = 2·7, 27·10−5s−1·sen(43, 63º ) =1,0·10−4 s−1

D =
π ·6,37·106m

180º
(0, 45)2 + (0,35·cos43, 63)2 = 57, 4·103m

Vg = Δφ
fD

=
78− 68( )cmdin· 1mdin

100cmdin
·10m

2s−2

mdin
1,0·10−4 s−1·57, 4·103m

= 0,174m / s =17, 4cm / s
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h(0) = 0 h(R) = h0 1−1/ e( ) > h(0)

hiso = cte 0 ≤ hiso ≤1m

hiso = h0 (1− e
−r2 /R2 ) = cte

1− hiso / h0 = e
−r2 /R2

ln 1− hiso
h0

⎛

⎝
⎜

⎞

⎠
⎟=

−r2

R2
→ r2 = −R2 ln 1− hiso

h0

⎛

⎝
⎜

⎞

⎠
⎟= cte

r = R − ln 1− hiso
h0

⎛

⎝
⎜

⎞

⎠
⎟ = cte

Vgeo(r) =
g
f
dh(r)
dr

=
g(−h0 )
f

−2r
R2

⎛

⎝
⎜

⎞

⎠
⎟⋅e−r

2 /R2 =
2gh0
fR2

re−r
2 /R2

f = 2ωsen32º=

Vgeo(0) = 0

Vgeo(R) =
2gh0
fR

⋅
1
e

dVgeo(r)
dr

= 0 ⇒ 0 = 2gh0
fR2

e−r
2 /R2 + re−r

2 /R2 ⋅
−2r
R2

⎛

⎝
⎜

⎞

⎠
⎟

⎡

⎣
⎢

⎤

⎦
⎥=
2gh0
fR2

e−r
2 /R2 1− 2r

2

R2
⎛

⎝
⎜

⎞

⎠
⎟

1− 2r
2

R2
= 0→ r2 = R

2

2
→ r = 2

2
R ≈ 0, 71R

Vgmax =Vg(r = R 2 / 2) = 2gh0
fR2

⋅
2
2
R ⋅e−1/2 = 2gh0

fR2
e−1/2

ζ = ∂vg /∂x −∂ug /∂y

ug = −
g
f
∂h
∂y

= −
g
f
∂
∂y

h0 1− e
−
x2+y2

R2
⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= −

2gh0
fR2

ye
−
x2+y2

R2

vg = +
g
f
∂h
∂x

= +
g
f
∂
∂x

h0 1− e
−
x2+y2

R2
⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
= +

2gh0
fR2

xe
−
x2+y2

R2

ζ (x, y) =
∂vg
∂x

−
∂ug
∂y

=
2gh0
fR2

e
−
x2+y2

R2 1− 2x
2

R2
+1− 2y

2

R2
⎛

⎝
⎜

⎞

⎠
⎟=
4gh0
fR2

e
−
x2+y2

R2 1− x
2 + y2

R2
⎛

⎝
⎜

⎞

⎠
⎟

ζ (r) = + 4gh0
fR2

e
−
r2

R2 1− r
22

R2
⎛

⎝
⎜

⎞

⎠
⎟

≥ 0

ζ (0) = 4gh0
fR2

= 3,58·10−5s−1;ζ (R) = 0

∂ug
∂z

=
g
ρ0 f

∂ρ
∂y

=
g
ρ0 f

∂ρ
∂y
⎛

⎝
⎜

⎞

⎠
⎟
0

1− z
zref

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟

f
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∂ug
∂z

dz
0

ug (0)

∫ =
g
ρ0 f

∂ρ
∂y
⎛

⎝
⎜

⎞

⎠
⎟
0

1− z
zref

⎛

⎝
⎜⎜

⎞

⎠
⎟⎟dz

zref

0

∫ ⇒ ug(0) =
g
ρ0 f

∂ρ
∂y
⎛

⎝
⎜

⎞

⎠
⎟
0

z− z2

2zref

⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥
zref

0

=
g
ρ0 f

∂ρ
∂y
⎛

⎝
⎜

⎞

⎠
⎟
0

0− 0− zref +
zref
2

⎡

⎣
⎢

⎤

⎦
⎥

ug(0) = −
1
2

g
ρ0 f

Δρ
Δy
⎛

⎝
⎜

⎞

⎠
⎟
0

zref = −
1
2

g
ρ0 f

(Δρ)0
Δy

zref

f = 2ωsen50º=1,11·10−4 s−1;Δρ0 = 26− 25,5= 0,5kgm
−3

Δy = Δλ(rad)·R = (55º−45º ) π
180º

6,37·106m =1,11·106m

ug(0) = −
9,81ms−2

2·1025kgm−3·1,11·10−4 s−1
·0, 5kgm

−3

1,11·106m
(−1000m)100cm

m
=1,9cm / s

ρoc ρdulce

∂v
∂z
= −

g
ρoc f

∂ρ
∂x

⇒
Δv
Δz

= −
g

ρoc f
Δρ
Δx

⇒
v0 − v−H
0− (−H )

= −
g

ρoc f
ρoc − ρdulce

Δx

v−H = 0

v0 = −
gH
ρoc f

σ t,oc

Δx

H = 20m; f = 2ωsen57º=1,22·10−4 s−1;ρoc =1025kg·m
−3;σ t,oc = 25kg·m

−3;Δx = 2,5·104m

v0 = −1,6m / s

V (D) = g
f ρ0L

hB (D) σ A (D)−σ B (D)[ ]

hB (D) = Dref −D

σ (D) =
σ (D)dD

D

Dref

∫

dD
D

Dref

∫
=

1
Dref −D( )

σ (Dj )+σ (Dj+1)
2Dj=0

Dref

∑ Dj+1 −Dj( )

TDj
Dj+1 =

V (Dj )+V (Dj+1)
2

Dj+1 −Dj( ); Tacum = TDj
Dj+1

Dj=0

Dref

∑

σ A σ B
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zref

f = 2ωsen50º=1,11·10−4 s−1;Δρ0 = 26− 25,5= 0,5kgm
−3

Δy = Δλ(rad)·R = (55º−45º ) π
180º

6,37·106m =1,11·106m

ug(0) = −
9,81ms−2

2·1025kgm−3·1,11·10−4 s−1
·0, 5kgm

−3

1,11·106m
(−1000m)100cm

m
=1,9cm / s

ρoc ρdulce

∂v
∂z
= −

g
ρoc f

∂ρ
∂x

⇒
Δv
Δz

= −
g

ρoc f
Δρ
Δx

⇒
v0 − v−H
0− (−H )

= −
g

ρoc f
ρoc − ρdulce

Δx

v−H = 0

v0 = −
gH
ρoc f

σ t,oc

Δx

H = 20m; f = 2ωsen57º=1,22·10−4 s−1;ρoc =1025kg·m
−3;σ t,oc = 25kg·m

−3;Δx = 2,5·104m

v0 = −1,6m / s

V (D) = g
f ρ0L

hB (D) σ A (D)−σ B (D)[ ]

hB (D) = Dref −D

σ (D) =
σ (D)dD

D

Dref

∫

dD
D

Dref

∫
=

1
Dref −D( )

σ (Dj )+σ (Dj+1)
2Dj=0

Dref

∑ Dj+1 −Dj( )

TDj
Dj+1 =

V (Dj )+V (Dj+1)
2

Dj+1 −Dj( ); Tacum = TDj
Dj+1

Dj=0

Dref

∑

σ A σ B
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V1500(D) =V2500(D) −V2500(1500) =V2500(D) − 0,01m /s
Tacum1500(D) = Tacum2500(D) −Tacum2500(1500) = Tacum2500(D) − 0,13Sv

V1500 (0) =1,30− 0,01=1,29m / s;Tacum1500 (0) =16, 73− 0,13=16,60Sv

hB − hA = hB (D) σ A (D)−σ B (D)[ ]

∪
∩

η
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a+ b+ c =1
aTA + bTB + cTC = T
aSA + bSB + cSC = S

c =

1 1 1
TA TA T
SA SB S

1 1 1
TA TA TC
SA SB SC

=

0 0 1
TA −T TA −T T
SA − S SB − S S

0 0 1
TA −TC TA −TC TC
SA − SC SB − SC SC

=
TA −T( ) SB − S − SA + S( )
TA −TC( ) SB − S − SA + S( )

=
TA −T
TA −TC

ΔT =1K

Pot
A

=
E
At

=
M ·Cp ·ΔT

At
=
ρ ·V ·Cp ·ΔT

At
=
ρ ·z·Cp ·ΔT

t

ρ ≅1026,5kgm−3

Pot
A

=
1026,5kg·m−3·1000m·4180W ·s·kg−1K −1

3,15·109 s
=1,36Wm−2

ρA −1026,5
1027,1−1026,5

=
0, 75
1

⇒ ρA =1026,95;
ρF −1025,9

1026,5−1025,9
=
0,17
1

⇒ ρF =1026,04

C =MASA = ρAVASA = ρAAzASA = ρFA(zA +Δz)SF ⇒Δz = zA
ρASA
ρFSF

−1
⎛

⎝
⎜

⎞

⎠
⎟= 30m
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ΔT (t) = ΔT0 ⋅e
−t/τ ΔT (t) /ΔT0 = 0,5K /1K =1/ 2

τ =
MCp

4AσTe
3 =

ρzCp

4σTe
3

t = −τ ·ln ΔT (t)
ΔT0

⎛

⎝
⎜

⎞

⎠
⎟=

ρzCp

4σTe
3 ln2 =

1026,5kgm−31000m·4180Jkg−1K −1

4·5, 67·10−8 Js−1m−2K −4 ·2933K 3 ln2 = 5,21·108s =16,5años

aSA + bSB = S;a+ b =1

a = SB − S
SB − SA

;b = S − SA
SB − SA

T =mrecta ·S + nrecta mrecta nrecta

mrecta =
TB −TA
SB − SA

T = TB −TA
SB − SA

·S + nrecta

TA =
TB −TA
SB − SA

·SA + nrecta ⇒ nrecta = TA −
TB −TA
SB − SA

·SA

T =mrecta ·S + nrecta

T = TB −TA
SB − SA

·S +TA −
TB −TA
SB − SA

·SA = TA +
TB −TA
SB − SA

S − SA( )

(S − SA ) SB − SA( ) = b

T = TA + TB −TA( )b = 1− b( )TA + bTB = aTA + bTB

mrecta = TB −TA( ) SB − SA( )
misop = dT / dS
misop

misop =

misop dS
SA

SB

∫

dS
SA

SB

∫
=

1
SB − SA

dT
dS

dS =
SA

SB

∫ 1
SB − SA

dT =
TA

TB

∫ TB −TA
SB − SA

=mrecta

T = t + 273,15

ΔT =
1 1 1
TA TB TC
SA SB SC

; Δt =
1 1 1
tA tB tC
SA SB SC

ΔT =
1 1 1
TA TB TC
SA SB SC

=
1 1 1

tA + 273,15 tB + 273,15 tC + 273,15
SA SB SC

=

1 1 1
tA tB tC
SA SB SC

+
1 1 1

273,15 273,15 273,15
SA SB SC

=

1 1 1
tA tB tC
SA SB SC

+ 273,15·
1 1 1
1 1 1
SA SB SC

=
1 1 1
tA tB tC
SA SB SC

= Δt

1 1 1
1 1 1
SA SB SC

= 0
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a+ b+ c =1
aSA + b·0+ c·0 = SA / 3
a·0+ b·TB + c·0 = TB / 3

Scdm =
SA ·(1 / 3)+ 0·(1 / 3)+ 0·(1 / 3)[ ]

i=1

3

∑

1/ 3+1/ 3+1/ 3[ ]
i=1

3

∑
= SA / 3 ; Tcdm =

0·(1 / 3)+TB ·(1 / 3)+ 0·(1 / 3)[ ]
i=1

3

∑

1/ 3+1/ 3+1/ 3[ ]
i=1

3

∑
= TB / 3

a+ b =1
aSA + b·0 = SA / 2

σ P − 27, 7
27,8− 27, 7

=
0,8
1
⇒σ P = 27, 78;

σ I − 27,8
27, 9− 27,8

=
0,2
1

⇒σ I = 27,82
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b(I ) =

1 1 1
33,80 34,80 34, 70
2, 2 2, 0 −1,0

1 1 1
33,80 34,90 34, 70
2, 2 2, 2 −1,0

=
3,02
3, 52

= 86% ; b(P) =

1 1 1
33,80 34, 70 34, 70
2,2 1, 5 −1,0

3, 52
=
2,25
3, 52

= 64%

aSA + bSB = S;a+ b =1

a = SB − S
SB − SA

;b = S − SA
SB − SA

b = a
b
⇒ b = 1− b

b

b2 + b−1= 0

b = −1+ 5
2

= 0,618; a =1− b = 0,382

Δ =
1 1 1
TA TB TC
SA SB SC

= TCSA −TASC( )+ SC − SA( )TB + TA −TC( )SB = 6, 471ºC·USP

γ
β

b =

1 1 1
TA T TC
SA S SC

Δ
=
TCSA −TASC

Δ
+
SC − SA
Δ

T + TA −TC
Δ

S =α +βT +γS

α =
TCSA −TASC

Δ
=
−266,606ºC·USP
6, 471ºC·USP

= −41,200

β =
SC − SA
Δ

=
−0,670USP
6, 471ºC·USP

= −0,104ºC−1

γ =
TA −TC
Δ

=
7, 70ºC

6, 471ºC·USP
=1,190USP−1

b = −41,200− 0,104ºC−1·7, 0ºC +1,190USP−1·36,1=1,03=103%
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ρA = c+ dTA + eTA
2 + fSA; ρB = c+ dTB + eTB

2 + fSB

T = aTA + bTB;S = aSA + bSB;1= a+ b

ρ(T,S) = ca+ cb+ d·(aTA + bTB )+ e·(aTA + bTB )
2 + f ·(aSA + bSB )

1= a+ b⇒ c = ca+ cb
(aTA + bTB )

2 = a2TA
2 + b2TB

2 + 2abTATB

ρ(T,S) = a· c+ dTA + e(1− b)TA
2 + fSA( )+ b· c+ dTB + e(1− a)TB2 + fSB( )+ 2eabTATB

a =1− b b =1− a
(TA −TB )

2 = TA
2 +TB

2 − 2TATB

ρ(T,S) = aρA + bρB − eab(TA −TB )
2

ρA = ρB

ρ(T,S) = aρA + (1− a)ρA − eab(TA −TB )
2 = ρA − eab(TA −TB )

2 ≡ ρA +Δρ

Δρ
(TA −TB )

2

ρ(T,S)> ρA

Δρ = −eab(TA −TB )
2 = 0

e = 0

TA = TB SA ≠ SB

b = 0→ a =1 a = 0→ b =1

Δρ = −eab(TA −TB )
2

∂Δρ
∂a

= 0⇒−e(TA −TB )
2 ∂
∂a

a·(1− a)[ ] = 0⇒1− 2a = 0⇒ a = 1
2
= b
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ρ

dS / dt ≈ ΔS /ΔT ≅ (36, 5−35,5) / (16−8) =1/ 8 = 0,125 USP /K

ρ(D) = a0 + a1·D+ a2 ·D
2 a0,a1,a2

1022 = a0 + a1·0+ a2 ·0
2

1028 = a0 + a1·500+ a2 ·500
2

1030 = a0 + a1·1000+ a2 ·1000
2

a0 =1022kgm
−3

6 = a1·500+ a2 ·500
2

8 = a1·1000+ a2 ·1000
2

a1 =

6 5002

8 10002

500 5002

1000 10002

(kg·m−3m2 )
(m3)

=1,6·10−2kgm−4; a2 =

500 6
1000 8

500 5002

1000 10002

(kg·m−3m)
(m3)

= −8,0·10−6kgm−5

ρ(D) =1022+1,6·10−2 ·D−8,0·10−6 ·D2

ρ(100) =1022+1,6·10−2 ·100−8,0·10−6 ·1002 =1023,52kgm−3

ρ(600) =1022+1,6·10−2 ·600−8,0·10−6 ·6002 =1028, 72kgm−3

ρ =
(a0 + a1·D+ a2 ·D

2 )dD
0

1000
∫

dD
0

1000
∫

=
1

1000
a0 ·D+

1
2
a1·D

2 +
1
3
a2 ·D

3⎡

⎣⎢
⎤

⎦⎥0

1000

=
1

1000
a0 ·1000+

1
2
a1·1000

2 +
1
3
a2 ·1000

3⎡

⎣⎢
⎤

⎦⎥
= a0 +

1
2
a1·1000+

1
3
a2 ·1000

2 =1027,33kgm−3

1027,33=1022+1,6·10−2 ·D−8,0·10−6 ·D2 →−8,0·10−6 ·D2 +1,6·10−2 ·D− 5,33= 0

D(ρ) = 422,6m

E(z) = − 1
ρ0

dρ
dz

E(D) = + 1
ρ
dρ
dD

=
1
ρ

d
dD

a0 + a1·D+ a2 ·D
2⎡⎣ ⎤⎦=

a1 + 2a2D
ρ

E(100) = 1,6·10
−2 − 2·8, 0·10−6 ·100
1027,33

=1, 40·10−5m−1

E(600) = 1,6·10
−2 − 2·8, 0·10−6 ·600
1027,33

= 6,23·10−6m−1
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ρ

ρ =m /V

α = −
1
ρ0

∂ρ
∂T
⎛

⎝
⎜

⎞

⎠
⎟
S

= −
V
m

∂(m /V )
∂T

⎛

⎝
⎜

⎞

⎠
⎟
S

= −V ∂(1 /V )
∂T

⎛

⎝
⎜

⎞

⎠
⎟
S

= −V ·−1
V 2

∂V
∂T
⎛

⎝
⎜

⎞

⎠
⎟
S

= +
1
V

∂V
∂T
⎛

⎝
⎜

⎞

⎠
⎟
S

> 0

β = +
1
ρ0

∂ρ
∂S
⎛

⎝
⎜

⎞

⎠
⎟
T

= ... = − 1
V

∂V
∂S
⎛

⎝
⎜

⎞

⎠
⎟
T

> 0

dρ = ∂ρ
∂T
⎛

⎝
⎜

⎞

⎠
⎟
S

dT + ∂ρ
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∂y

∂p
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f
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2π
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Δz /Δy > 0
Socéano − Srío > 0→Δρ = ρocéano − ρrío > 0

Δu = upluma −uocéano = upluma
upluma > 0

f0 +ζ0
H0

=
f1 +ζ1
H1

f0 = f1 = f
ζ0 = 0

ζ1 = f
H1

H0

−1
⎛

⎝
⎜

⎞

⎠
⎟

H1 < H0 →ζ1 < 0

ζ1 = −
∂u
∂y

< 0→ ∂u
∂y

> 0

upluma > 0

upluma =
g
f
Δρ
ρ0

Δz
Δy

=
10ms−2

10−4 s−1
25kgm−3

1025kgm−3
5m

20000m
= 0,6m / s
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Δρ

2(S − SA )
2 = (SB − S)·(SB − SA )
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ρ

ρcong(S) = a·S + b; a = 0,81515kg /m3 /USP; b = 999,655kg /m3
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ρcong(S) = a·S + b; a = 0,81515kg /m3 /USP; b = 999,655kg /m3
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λ

ρ ρ

eaz cos(az+ b) = e
az

2a∫ sen(az+ b)+ cos(az+ b)[ ]+ cte

eazsen(az+ b) = e
az

2a∫ sen(az+ b)− cos(az+ b)[ ]+ cte

V0 =
0,0127
senλ

W

DE =
k
senλ

W
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TQ = ρ0Cp Θ(z)T (z)
0

6125m

∑

Θ =
Θ(z)T (z)
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T (z)
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h(r) = ar2 + c
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ρ

α(S) = − 1
ρ

∂ρ
∂T
⎛

⎝
⎜

⎞

⎠
⎟
S

β(T ) = + 1
ρ

∂ρ
∂S
⎛

⎝
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⎟
T

ρ ρ ρ

ρ ρ

Δ δ Δ

δ
Γ

δ δ

Ep(J /m2 ) = ρgzdz
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ρ0 =1025

126 127



ρ0 =1025

126 127



Δρ Δρ Δρ

Δ Δ Δ Δ

ζ = f H
H0
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⎝
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⎠
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f ≅ cte
ζ < 0

v2 (x) = v2max · 1−
x
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⎝
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⎞

⎠
⎟
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(ax + b)n∫ dx = (ax + b)
n+1

a·(n+1)
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τ

τ

τ

La velocidad de la luz en el vacío es una constante física universal, con el valor 
actualmente aceptado de 299792 km/s. De las siguientes formas alternativas de 
expresarla: A) 3·105 km/s y B) 299500 km/s. 
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La velocidad de la luz en el vacío es una constante física universal, con el valor 
actualmente aceptado de 299792 km/s. De las siguientes formas alternativas de 
expresarla: A) 3·105 km/s y B) 299500 km/s. 
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La Oceanografía Física es una disciplina 
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climática. Forma parte del Grado en Cien-
cias del Mar y está orientada al conoci-
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que tienen especial relevancia en aquellos 
(circulación superficial, profunda, etc.), a 
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no, sus forzamientos y sus implicaciones 
climáticas, analizar e interpretar las pro-
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las teorías actuales, así como formular las 

ecuaciones básicas de conservación de la 
masa, la energía y el momento para fluidos 
geofísicos y resolverlas en procesos oceáni-
cos sencillos. Cuenta con 183 problemas, 
con una estructura en tres partes, de cre-
ciente autonomía del estudiante: 1) pro-
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los que se dará solo la solución numérica 
separadamente; y 3) problemas sin que se 
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destinados a la consolidación de la infor-
mación acumulada. Los problemas resuel-
tos están ordenados bajo siete epígrafes: 
dinámica atmosférica, dinámica climáti-
ca, ecuaciones de conservación, dinámica 
ageostrófica, dinámica geostrófica, masas 
de agua y vorticidad.
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