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Capitulo XII. Métodos astrogeodésicos
y geodesia tridimensional

¢=-%
A=A-nseco
h=H+N (XIL1)

H H
¢’Hclmcrt - ¢Pi7.zcrﬁ + EE 33 }\Hclmcrt - )\Pi?zcui * Ensec‘i’ (X11.2)

X =py COSP COSA

Yy =pnCOS sen (X11.3(a))
2
Z=—-pysen 1)
a

2
a

PN — >
\/a2 cos’ ¢ +b’sen’ ¢

i =(cos¢ cosh,cose sen,sen¢) (XIL3(b) y(c))

X =x+hcos¢ cosA X:(PN+11)COS<;‘> COSA
Y=y+hcos¢ senA Y= (pN + h)cosqb sen A (XIL4(a) y (b))
Z=z+hsen¢ b2
Z=(~2—pN +h}senqs
a

=
tan:;bz—z—{l - ezﬂ_n] . p=VvX*+Y? (X11.5)
p pyt+ h



Aa=ntan¢g + (£sencw - ncosa)cotz (X11.6)

¢=P-%
A=A-nseco
h=H+N
(XIL.7)
a=A - ntang
z=7 + &=27 + fcosa + ysena (XI1.8)
T hm
S =4 * SB(hB - hm) = SA(hA = hm) - T{_SO (XIL.9)
12 =(hy-hy) + 4R2(I + %L][l | hiz]senz% (XI1.10)
2 2
I = [1 - ; s, =Ry — JRsen! Lo (XIL11(a) y (b))
5D .
R R
oH 1 aW dH 1 W
op=—— + —— oA =— + ——— (XIL12 b
¢ x 2 0% cos¢ 3y - ( (@) y (b))
bp=-98 . B Biang  ohcosp=-of + B Epg,
g ox g g dy g

(XI1.13(a) y (b))

B
Np =N, - J.eds ,, €=£%cosax + ysena (XI1.14(a) y (b))

B B _ _
Np-N, = -Iads-j 8% 4n + MHB_ gA‘%HA
A By Yo Yo Yo
(XIL15)



0X =0x, +

X=x, + (py+h)cos¢ cos\
Y=y, + (oy +h)cos¢ sen\

bZ
Z=2z, + (a—sz +h

X

axaa + a—Xﬁf + —0¢p + —0ON + —6h

da af d¢
aY oY %g 355 1

oY =éy, + —oba + —of +
L 0a

0Z = oz, +

X=x, + (a + afsen’ ¢ + h)cosqb CosA
Y=y, + (a + afsen®¢ + h)cos¢ sen A

Z=1z, + (a - 2af + afsel12¢;+h)sen<f)

of

da of do

s 4 gy o 0hgy . Py 5

(XIL16)
(XIL.17)
X
dh
a—Yﬁh
oh  (xi18)
Eﬁh
oh
(XIL19)

60X = 0x, - a seng cosA 6¢ - a cos¢ senh 6N + cos¢ cos)\(éh + da + asen’¢ 6f)

8Y = 0y, - a sen¢ sen\ 6¢ + a cos¢ cosA ON + cos¢ senh (6h + da + asen2d>6f)

0Z = bz, + a cosp dp + sen:b(&h + da + asen’ ¢ 5f) - 2asen¢ of

(XI1.20)

adp=sen¢ cosA 0x, + send¢ senA dy, - cos¢ 6z, + 2asen¢ cos¢ of

acos¢ O =sen A 6x, - cosA dy,

6h =- cos¢ cosA dx, - cos¢ senh dy, - sen¢ oz, - da + a’sen’ ¢ &f

(XI1.21)



0x, = asendg, cosA; 0¢; + a cose, senh, 0N, - cos¢, COsA, (6h| + 6a + asen’ ¢, 6f)
Oy, =a seng, senk\, 6¢, - a cos¢, cosA; OA; - COS¢, senh, (5h1 + 6a + asen’ ¢ 6f)
0z, =-a cos, 6¢; - sen¢, (6h, + da + asen’ ¢, 6f) + 2asend¢, 6f

(X11.22)
66=(cos¢, cosp + send, send cosAN)dP - sen¢ sen AN cosdy O\,
+ (send, cosp - cosd, sen¢ cosA)\)[% + % + sen’ 61")
+ 2cosd(sen¢ - sen ¢ )of
cospdN = sen ¢ sen AN 8y + cosdy cosAN SN, - cosdy senA}\[% + % + sen’ ¢, 6f]
—aaﬁ=(cos¢, sen¢ - send, cos¢o cosA)\)fScbl + cos¢ sen AN cosdy O\,
+ (sen¢y sen¢ + cosdy cose cosA)\)[%l‘ + % + sen’ ¢ 6f) - %
+ (senqu - 2sen ¢, senqb)&f
(X11.23)
8¢ =(cos¢y cos¢p + send, sen¢ cosA)\)ﬁsl - sen¢ sen A\ o7,
- (sen ¢, cos¢ - cos¢, seno ccasA)\)(%‘11 + %a + sen’ ¢, Bf]
- 2cosd(sen¢ - senq’),)éf
on =send¢, sen AN 6¢, + cosANOn, + cosd, senA)\[% + % + senqulﬁf]
%=— (cos, sen¢ - sendy cos¢ cosAN)SE, - cosd sen AN by,
+ (senqbl sen¢g + cos¢, cos¢ cosA)\)[afI:' + %a + sen’ ¢, 6f] - %a

+ (861]2 ¢ - 2send, sen é)ﬁf
(XI1.24)

§=§¢ + (c(:ssgt‘:»I cos¢ + sen¢, sen¢ cc;tsm\)ﬁf1 - sen¢ sen AX 0n,
E (senqﬁ, CoS¢ - cos¢, sen¢ cosA)\)% - 2cosdlsen¢ - senqb,)&f
a

n=mn"+ seng sen AN 6§, + cosAANdn, + cos¢, sen A)\aﬁ
a
(XI1.25)



E[(Ea . Eg)z + (n* - ng)z} = minimo (XI1.26)

No=N'| + N, - Ii—G«” AgS(y)do (X11.27(a))
a

N=N'- (cos¢, sen¢ - sen ¢, cos¢ cos AN)adg, - cos¢ sen AN aon,;

+ (sen¢y send + cosd cos¢ cosAN)ON,
(XIL.27(b))

E(Na - Ng)2 = minimo (X11.28)

N'=N, + Ng, + cos¢ cosAox, + cos¢ senX dy, + sen¢ 6z,
N

B
Ng, = ZE” AgS(y)do (XI1.29(a) y (b))
[

e=k & % (sen¢ cosh dx, + send senk 8y, - coso dz,)

1
n'=n + R (sen)\ 0X, - COSA 6y(,) (X11.30)

A Y -% (sen¢ cosA 0x, + sen¢ senk dy, - cos¢ 520)

a

7 - 98=19" -9 - % (sen X &x, - cos dy,)

N? - N8 =N" - Ng, - cos¢ cosh dx, - cos¢ senh dy, - sen¢ 6z, - N,
(XIL.31)

” N2do = minimo (X11.32)

)



J‘J‘(E2 + 'qz)dor = minimo (X11.33)

E(éz + 1%)do = minimo (XI1.34)
”(Ag)zda = minimo (XIL.35)
KM\ \
=M Y Y BanRan®N) + DS @N]
m:
kM oW 1 x o
M=t == E E [anmRnln(6>>\) + bnmsnm(gs)\)]

(X11.37)

n
Y [(0-Dag,Ruym(8,8) + (n-1)bySp (6,0)]
Fioge

2
R n=1 0
(XIL38)
2, 4w 2+41rm 1 E(n+m(2 2)
N dJ_EZ_(SW G2 ]2 n+1 nt) 2(1‘1 )l nm bnm
g
(XI1.39)

2n+l

n
2 (i) PR n-1 n+m)!
”(A fdo == T oW E 0= [ sy + 2 ﬁ(aﬁm + bﬁm)]
s =
(XI1.40)
cos® cosA -sen® cosA -sen A
n=|cos® sen A e'=|-sen®d sen A €'=| cosA

sen ® cosP

(XIL.41(a)) (XIL.41(b)) (XIL41(c))



-AXsenA + AYcosA
-AXsen® cosA - AYsen® sen A + AZcosP

A = tan’!

.1 AXcos® cosA + AYcos®P senA + AZsend
S

Z'= cos

s=+vAX? + AY? + AZ? (X11.42)

BA =k8Xp + kydYp + kdZp + k80X + ksdYq + kedZg + kyd®, + kgdA,

A A
= s g k8 e ——
X IA;

1

(XI1.43(a) y (b))

0X =-R sen¢ cosA 6¢ - R cos¢ sen\ 6N + cos¢ cosA 6h
0Y =- R sen¢ sen\ ¢ + R cos¢ cosA O + cos¢ senA oh

0Z =R cos¢ ¢ + sene oh
(XI1.44)

OA =a;6¢p + a0hp + azéhp + a0, + asdhg t agdhg + a;0P, + agdA,
0z' = blﬁqﬁp =3 bzahp + b35hp =+ b46¢Q =+ b55KQ T bsﬁhQ + b75‘1’ p + bsaAp
0s = 016¢p + 025?\[; + 036111:) + C45¢Q + 055)\Q -+ 06511Q

(XI1.45)
(ecuaciones XI1.46 en pagina siguiente)
a=A - {sena cotz - 9 (tan¢ - cosa cotz)
=A - ntan¢ - (£sena - ncosa)cotz (XI1.47)

z=7 + Ecosa + ysenw



ay =

ay

ar

b,

by

It

Rsen a R cos «

3 Ay = — COS " a, =

ssenz i s senz ¢ =0,
m sen «
< Sen z ———— [cos (po — ¢) + sen o sen AX cot a],

R cos a cos
v % (cos AN — sen ¢ sen A\ tan «),

§S€n z

COS a COS ¢q [sen AN 4 (sen ¢ cos AN — cOs ¢ tan ¢q) tan «],

s§SENn 2

sen a« cot z, ag = S€n ¢ — COS o COS ¢ cot z;

1

R R l

~5 COSzCcoSa, by, = = coszsena cos ¢, by = -senz,
5

R
a AOOw ¢ sen ¢g cOos AN — sen ¢ Ccos ¢qg — COS z Sen zq COS Qov.
R cos ¢q ( m
———=(Cc0S & SN — COS zZSen Zp sen «

ssenz Q sen aq),

ssen z (cos z cos zg + sen ¢ sen ¢g + COS ¢ COS pg COS AN),

—cosa, bg = —cos¢ sena;

—Rsenzcosa, C

— R sen zg cOS ayg,

—Rcos¢psenzsena, €3 = —cCOS Z,

s = — R cOS ¢gsen zg sen Q% Cg = —COS Zg.



Superficie
de la Tierra

— Geoide

Proyecciones de Helmert y de Pizzetti

Coordenadas peodésicay y rectangulares

» Plano x, y




Desviacién de la vertical explicada por medio de una esfera
unitaria con centro en P
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Esfera unitaria que ilustra la desviacién de la vertical, vista desde arriba, y una vista ampliada de la parte central de
la figura
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Observed polar motion.
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