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Geodesia

Normal a la superficie en P

Curvas(6.7.9):

/— Plano normal

Plano tangente

\ Superficie

Fuente: https://commons.wikimedia.org

Curva

v

Curva de seccién normal: es una curva plana creada por la interseccion de un plano
que contiene la normal a la superficie (un plano de secciéon normal) con la superficie.

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.



Geodesia

Normal a la superficie en P
Curvas(679);

Plano tangente

Superficie

Curva de seccién normal: es una curva plana creada por la interseccion de un plano
que contiene la normal a la superficie (un plano de secciéon normal) con la superficie.

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.



Geodesia

= : . 6,7,9).
Secciones principales(6:7-9): ) Circulo paralelo

F,: Normal al elipsoide
Seccion normal a la meridiana (6

primer vertical)
Seccion meridiana

e\ - L4
—\= ¢ /
\ ~/
5 \ /> Seccion que pasa por un punto
Seccion que pasa por X y y es perpendicular a la seccion
un punto y contiene a meridiana.

los polos del elipsoide.

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.



Geodesia

Curvatura(®7.9): tasa de cambio absoluta del 4ngulo de la tangente a la curva ¥ = @
respecto a un elemento de longitud de arco de la curva. ds
PR LR - Tangente ) s: longitud de arco
idd Z a: pendiente de la tangente
Plano tangente p .-
ds
da) dZ
7 dx
>
Curva X
d?z
ds = \/dx? + dz2 a2
dz - X7 dz 2\ 3/2
Lo tga=— 1+ (52
Fuente: https://commons.wikimedia.org dx dx

https://solitaryroad.com/c361.html

Radio de Curvatura: inversa de la curvatura. p =

Curvatura: “es una medida de cuanto se aparta una curva de ser recta”

1

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Radio de curvatura(®7-9);

Seccion Meridiana dx2 g
— a
< X d 2 3/2 X=_2(1—ezsen2(p)3/2
1+ (—Z) b
dx .
P J 5 1 a(l—e?)
Z a-x S =P = 2 conZ.m)3/2
= = _cot X (1 —e%sen‘q)
) dx b’z 9¢ |
M
X = % — i — d_(p — dSmeridiana - Md(p
o ds M |ds
A - X
i : (1 - e?)
"/ A ecuadaor =? —_— - ¢ —° =7
AZ f,r 1 P d Mecuador (1 _ ezsenz(p)g/z .
I 7 2
¥ ! (Ppolo =7 ) M lo — a(l ¢ ) =7
P (1 — eZsen?p)3/?

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.



Geodesia

Radio de curvatura(®7-9); Meusnier: el radio de curvatura de una seccion inclinada es igual
Seccion Normal a la Meridiana al radio de curvatura de una seccion normal multiplicada por el
coseno del angulo entre ambas.

vf: Normal al elipsoide Circulo paralelo

Seccion normal

Fuente: https://encyclopedia2.thefreedictionary.com

Fuente: Jekeli, C. (2006) 1 1
p =Rcosf <mmm) ECOSH =7

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Radio de curvatura(®7-9); Meusnier: el radio de curvatura de una seccion inclinada es igual
Seccion Normal a la Meridiana al radio de curvatura de una seccion normal multiplicada por el
coseno del angulo entre ambas.

&: Normal al elipsoide

Circulo paralelo ; 1 1 1 1

Seccién normal ECOS = B . ECOSCP — N
\P )
p = Ncos
b
1. a cosQ
' X = (1 — e2sen2¢)1/2
e L
L - . .
- A " (1 — e2sen?@)1/2
dA 1 |[dA
X= 75| > as == dS,qrae10 = N COS@ dA

- a

— N = =7
Peocuador S ecuador (1 _ ezsench)l/z

Fuente: Jekeli, C. (2006)

a
_ — = =7
Ppoto =7 Nooto (1 —e?sen?2@)t/2

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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= : . 6,7,9).
Secciones principales(6:7-9): ) Circulo paralelo

§: Normal al elipsoide

Seccién normal \

Secciones Principales

J

Seccion meridiana

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Curvatura y Radio de Curvatura (67.9);

gl

Fuente: http://www.grad.hr

1
K 2] hormal curvature H[[p]z__
R (@]
Tt 3 in
EI“EE

LR R N R R R R N RN Ty ¥

# — principaldirections

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Geodesia

Curvas en el elipsoide(6»7»9): Teorema de Euler: curvatura de una seccion de acimut «a en
funcion de los radio de curvaturas de las secciones principales.

&: Normal al elipsoide

(04
o A Circulo paralelo 1  sen? a/_l_ cos’a
Xa=p =N M
. Seccion normal
T
I------_---_---'-'-—-——_
Seccién meridiana
Aproximaciones
1 2T 2T da
R, =— Rada=j 5 3 =VvVMN
21 J, 0 Sen a_l_cosa
N M
~ . . 1
mETA 1
2 M
2 4 6

ec e* e
6 24 48

1
R=§(a+a+b)—>R=a 1—

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Coordenadas Cartesianas Rectangulares(®7-) asociadas al elipsoide de referencia

0).4
oY + Sistema de la mano derecha

0z

Ecuaciones de transformaciéon

® | Coordenadas curvilineas en
A | lasuperficie del elipsoide

h:  Altura sobre el elipsoide

X

Fuente: https://gssc.esa.int
ESA: European Space Agency

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.



Geodesia
Coordenadas Cartesianas Rectangulares(®7%) asociadas al elipsoide de referencia

g a cosQ

< =
X (1 — e2sen?¢)1/2

Obtencion de xy z del punto P _
a(1—e?)seng

(1 — e?sen?¢)1/?

x' =x+ hcosp
z' =z + hseng

A x' = (x+ hcosp) cosl
X' Y y' = (y+ hcose) seni

Fuente: Jekeli, C. (2006)

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Coordenadas Cartesianas Rectangulares(®7%) asociadas al elipsoide de referencia

z
4 -
a
N = (1 — e2sen2p)1/2
a cosg -
T A= eZsenZp)z |
, = (1-e*)seng X = (N + h)cose cosA
Loy _ (1 - e?sen?¢)!/? | F Y=(+h)cosp seni
i Y - Z = (N(1—e?) +h)seng
x' = (x+ hcosp) cosd
y' = (y + hcose) send | _
z' =z + hseng

X

Fuente: https://gssc.esa.int
ESA: European Space Agency

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Coordenadas Cartesianas Rectangulares(®7%) asociadas al elipsoide de referencia

X = (N + h)cose cosA 5
Y= (N4 h) 3 Y (N + h)cosp seni rad Y
- —_ - _— = - e —
coSg sen X (N+ h)cosp cosi g X
Z=(N(—e?)+h)seng .
y ] (N + h)sen ¢ 9 A ( Nezsemp)
tgep = - @ =tg I+———
_ VX2 4+ Y2 VX2 4+ Y2 Z
Si-h=0

0 =tg™ Z 1+ e
W S AU

A N(¢p®)e?seng®
Q! = tg‘1< (1 + (7 L )) ,  niteraciones

VX2 + Y2 Z

VX2 +Y2 ,
VX?2+Y2=(N+h)cosp — h= — N, si @ # 90°

cosQ

X Z=(N(1—e®>)+h)senp — h=
Fuente: https://gssc.esa.int seng
ESA: European Space Agency -

—N(1—-e?), sigp+0°

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Relacion de magnitudes(6:7:9)

Elipsoide de revoluciéon

1
Aproximacion — R = 3 (a+a+b)=6371008m

I
3

360° = 2R

T
6  360°= 2716371008 m
1° ~ 111195.066 ... m
3600” ~ 111195.066 m
1” ~ 30.887 ... m

0.1” = 3.0887 m

0.01” = 0.30887 m
0.001"

Q

Q

Q

Q

Q

Fuente: https://civilgeeks.com

(6) Krakiwsky, Edward J., and Donald B. Thomson (1974). Geodetic position computations.. Department of Surveying Engineering, University of New Brunswick.
(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
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Longitudes de arcos(7-19):

Longitud de elemento de Arco de Meridiano

da 1 do
X= % M = E m— dsmeridiana = Md(p
_____________________ N cos@ dA
da 1 |dA
X= |50 > as == dS,qrae10 = N cOS@ dA

e

Fuente: www.thegreenwichmeridian.org

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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Longitudes de arcos(7-19):

da
ds

P2
Sn= |
@

1

1

do
ﬁ_
M

ds

X:

= dSmeridiana — Md(P

P2 q(1-—e?)
Mde = fl (1 — e?sen?@)3/? de

P2
S.=a(l—e?) | (1-e?sen?p)3?dg
P1

Series de Maclaurin f(x)=f(xo) + (x —x0)f'(x0) + ——=— (= )

_ 1 3 15 35
Fuente: Lapaine M. (2017) 1= ezsench)3/2 =1+4+-= > e?sen? @+ ge tsent Q+-—e

] 315

f(xo) + -

693

sen®p + —eB8sen8p + —— 10
16 @ @

128
11 3 1 1
sen?q = S —5C0S2¢ ; sent*p = 5 — 50529 + - cosdg;..

1

1
j cos2@ do = Esen2<p

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service

256

(1= eZsenq)? = A —Bcos2¢ + C cos4p — D cosbp + E cos8¢p — F cos10¢+...

Integral eliptica

sen! g0+...



Geodesia

Longitudes de arcos(7-19):

B C
S, =a(l—e?) [A((pz — Q1) — E(sen2<p2 — sen2@;) + " (send@, — sendq@;) —

%(sen6<p2 — senbp,) + g (sen8¢p, — sen8¢;) — 1—‘2 (senl0¢, — Sen10<p1)]
3 45 175 . 11025 43659
=14 o2 224 —1769 8 10
A=1%te "'256 + 16384° T 66536
3 15 525 2205 72765
- D2 ey 2clo g a0y
B T TR 2048 © T+ 65536 ¢
15 105 22056 10395
- il 8 10
¢ 64 T256% T 7096 ¢ * Te38a & T
35 315 31185
- 29 10 10
D 512+ 2018 © T 31072 °
Fuente: Lapaine M. (2017) -
E - 315 o8+ 3465 £10
16384 65536
693
- 202 el0
F 131072°

Sigp; =0° — Longitud de arco desde el ecuador al polo

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service

Fuente: Jordan, W. (1962).
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Longitudes de arcos(7-19):

Sigp, =0° — Longitud de arco desde el ecuador al polo

Py S Helmert
: a
b Sm = 157 lagp, — azsen2@, + azsend@, — agsenbp, + agsen8¢,]
n*  n* f 1-v/1-¢e?
Ag = 1 +—4+— n = =
4 64 2—f  1+/1-€?
3 n3
a, = E n— ?
15( 2 n4)
Ay = -\ N" ——
16 4
35 3
a6 == En
Fuente: Lapaine M. (2017) - 3_15 4
8 7 512

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.

(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.

(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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Longitudes de arcos(7-19):

da 1 |dA
X= % - ;z g — dSparalelo =N cos® dA
Sparalelo = N €OS@ AL , A=A, — 1

- S

paralelo

paralelo

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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Longitudes de arcos(7-19):

pemmTTT Longitud de Arco de Meridiano

S, =a(l—e?) [A((pz — 1) —g(sen2<p2 — sen2@;) + % (send@, — sendq@;) —
%(sen6<p2 — senbp,) + g (sen8¢p, — sen8¢;) — 1—‘2 (senl0¢, — Sen10<p1)]

e

- Longitud de Arco de Paralelo S, = N cos A4

Fuente: www.thegreenwichmeridian.org

(7) Rapp, Richard H. (1991). Geometric geodesy part I. Department of Geodetic Science and Surveying, Ohio State University.
(9) Jekeli, C. (2006). Geometric reference systems in geodesy. Division of Geodetic Science, School of Earth Sciences. Ohio State University.
(10) Jordan, W. (1962). Handbook of Geodesy (Vol. 3). Corps of Engineers, United States Army, Army Map Service
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