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STRUCNY PREHI'AD TEORIE VYSOK

A BRIEF OVERVIEW TO THEORY OF HEIGHTS

V minulosti bolo v roznych castiach sveta formulovanych a prak-
ticky pouzitych mnoho typov vyskovych systémov. V sucasnosti si pre-
vazne pouZivané ortometrické a normdlne vysky. Ortometrické vysky
su prirodzené vysky nad hladinou mora, teda nad geoidom. Definicia
ortometrickych vysok vyZaduje aspoi teoretickii znalost rozloZenia
hustoty topografickych mds medzi zemskym povichom a geoidom.
Z tohto dovodu Molodensky v roku 1945 sformuloval teériu normal-
nych vysok zaloZenii na principe, Ze vysky mozZu byt pocitané bez hypo-
tézy o rozloZeni hustoty topografickej hmoty. Tento clanok sa zaoberd
teoretickymi aspektmi definicie vysok.

1. Uvod

V klasickom zmysle, podla Gaussa a Listinga, je geoid defino-
vany ako ekvipotencialna (hladinova) plocha, ktorej geopotencialna
hodnota je W,.

C. F. Gauss (1828) stanovil ako hrani¢nu plochu Zeme hladi-
novu plochu [4]. Neskor F. W. Bessel (1837) definoval hraniény
povrch Zeme ako ekvipotencialnu plochu aproximujicu strednu
pokojni hladinu oceanov [2]. Nakoniec J. B. Listing (1873) nazval
tento povrch geoidom [7]. Geoid je tak zakladnou ekvipotencialnou
plochou pouzitou na definiciu prirodzenych ortometrickych vysok.

Na definovanie skuto¢nej hodnoty ortometrickej vysky je ale
potrebné poznat rozloZenie hustoty topografickych mas medzi
geoidom a zemskym povrchom.

F. R. Helmert (1890) definoval ortometrické vysky na zaklade
hypotézy o rozlozeni hustoty [6] pricom predpokladal konStantnu
topograficku hustotu p, = 2,67 gecm 3,

M. S. Molodensky (1945) sformuloval tedriu normalnych vysok
bez hypotézy o rozlozeni hustoty hmoty topografickych mas [9].

2. Geopotencialna kota

H. Bruns (1878) opisal geometriu tiazového pola Zeme
vztahom [1]
dW(H, Q) = —g(H, Q) dH()) = const., 2.1

kde zemepisné stiradnice ¢, A st reprezentované uhlom ) = (¢, A),
H je vyska urcena nivelaciou.
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In various parts of the world many kinds of height systems have
been formulated and practically used in the past. Nowadays, ortho-
metric heights and normal heights are widely used. The orthometric
heights are the natural heights above sea level, that is, above the geoid.
The definition of the orthometric heights required the knowledge of the
topographical masses density distribution between the Earth’s surface
and the geoid, at least theoretically. For this reason Molodensky in
1945 formed a theory of normal heights based on the principle that
the heights can be evaluated without any hypothesis about the density
distribution of topographical masses. Theoretical aspects of the defi-
nition of heights are described in this paper.

1. Introduction

In a classical sense of Gauss and Listing, the geoid is defined
as an equipotential (level) surface whose geopotential value is W,.

First, C. F. Gauss (1828) stipulated that the Earth’s boundary
surface should be a level surface [4]. Later, F. W. Bessel (1837)
defined the Earth’s boundary surface as the equipotential surface
approximating the mean calm ocean levels [2]. Finally, J. B. Listing
(1873) named this surface “geoid” [7]. The geoid is then basic
equipotential surface for the definition of the natural orthometric
heights.

To define an actual value of the orthometric height, the dis-
tribution of the density of the topographical masses between the
geoid and the Earth’s surface has to be known.

F. R. Helmert (1890) defined the orthometric height based on
a hypo- thesis of density distribution [6]. The constant topographical
density p, = 2.67 g.cm™ is assumed in this hypothesis.

M. S. Molodensky (1945) formed theory of the normal heights
without using any hypothesis about density distribution of topo-
graphical masses [9].

2. Geopotential number

H. Bruns (1878) described the geometry of the Earth’s gravity
field by the equation [1]
dW(H, Q) = —g(H, Q) dH()) = const., 2.1)

where geographic coordinates ¢, A are represented by solid angle
Q = (¢, A), and H is a height obtained from the levelling.
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Brunsov vztah (2.1) hovori, Ze konstantny diferencialny rozdiel
dW(r, Q) potencialov dvoch blizkych hladinovych ploch je rovny
zapornej hodnote sucinu tiazového zrychlenia g(H, (1) a vzdiale-
nosti dH(Q) pozdiz taznice medzi oboma hladinovymi plochami.

Geopotencialna kota C(H, (1) je definovana aplikaciou Brun-
sovho vztahu na rozdiel tiaZzového potencialu na geoide a tiazového
potencialu W(H, (1) na zemskom povrchu (Heiskanen a Moritz,
1967)

H(Q)
CH, Q) =W, — WH, Q) = f e(h, Q) dH(Q). (2.2)
0

3. Ortometricka vyska

Skutoéna ortometricka vyska H(Q)) je definovana ako dizka
taznice medzi geoidom a zemskym povrchom (obr. 1). Podla Brun-
sovho vztahu je rozdiel dvoch potencialov konstantny a nezavisly
od integracnej cesty.

Vzhladomna to je integracia pozdiZ taZnice medzi geoidom
a zemskym povrchom rovna integracii na zemskom povrchu od
nulového vyskového bodu O(H = 0, ') na geoide (maregraf) do
bodu P(H, '),

IP(H, )
OH =0, Q'
Podla teorémy o strednej hodnote integralu nadobudne integral
na pravej strane rovnice (3.1) tvar
H(Q)
[ st ar
(0]

kde g(H, Q) je stredna hodnota tiaze pozdiz taznice medzi geoidom
a zemskym povrchom.

Integralny vyraz
H(Q)

HOQ) = [ aH©), (3.3)
0

rovny dizke taznice medzi geoidom a zemskym povrchom, je potom
skutoéna ortometricka vyska HO(Q).

Substiticiou rovnic (3.3) a (2.2) do rovnice (3.2) dostaneme
zakladny vztah na definiciu skutocnej ortometrickej vysky [5]

. 1 J'P(H, Q)
“h = g(H, Q) Jour = 0, o
P(H, Q')
Na prevod vysledkov nivelacie C(H, ') = j g(H,
O(H =0, Q')

Q') dH(Q)') na ortometrické vysky HP(Q)) potrebujeme poznat
hodnotu tiaze g(H, ) pod zemskym povrchom. KedZe hodnoty
g(H, Q) nemozu byt merané, musia byt pocitané z tiazovych g(H,
()) udajov na zemskom povrchu a redukované podla hypotézy
o rozloZeni hustoty topografickej hmoty.

H(Q)
¢(H, Q) dH(QY) = f g(H, Q) dH(Q) = const.
) 0
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Bruns’ formula (2.1) states that the constant difference dW(r, 2)
of potentials of two closed equipotential surfaces is equal to the
negative product of the gravity acceleration g(H, (1) and the dis-
tance dH({)) along the plumb line between these equipotential
surfaces.

The geopotential number C(H, (1) is defined by applying Bruns’
formula to the difference between the gravity potential W, on the
geoid and the gravity potential W(H, (1) on the Earth’s surface [5]

H(Q)
C(H, Q) =W, — WH, Q) = f e(h, Q) dH(Q). (2.2)
0

3. Orthometric height

The actual orthometric height H°(€) is defined as a length of
the plumb line between the geoid and the Earth’s surface (Fig.1).
According to Bruns’ formula, the difference between two poten-
tials is constant and independent of a path of integration. Conse-
quently, the integration along the plumb line between the geoid
and the Earth’s surface is equal to the integration over the Earth’s
surface from the zero-height point O(H = 0, )’) on the geoid
(gauge station) to the point P(H, }')

3.1

According to the theorem of a mean integral value, the inte-
gral on the right-hand side of the equation (3.1) takes the follow-
ing form
H(Q)

= g(H, Q) f dH(Q).

0

(3.2)

where g(H, () stands for the mean value of the gravity along the
plumb line between the geoid and the Earth’s surface.

The integral expression

H(Q)
H(Q) = L dH(Q), (3.3)
equal to the length of the plumb line between the geoid and the
Earth’s surface, is then the actual orthometric height H°(Q)). Sub-
stituting the equations (3.3) and (2.2) to the equation (3.2), we
obtain a basic formula for the definition of the actual orthometric
height [5]

(H, Q') dH(Q)') = U, &) (3.4)
Sl §(H.Q) '
P(H, Q)
To convert the result of levelling C(H, {)') = j g(H,
OH = 0,Q)

Q) dH(Q)') into the orthometric height H°(()), we need to know
the value g(H, Q) of the gravity inside the Earth. Since g(H, Q)
can not be measured, it has to be computed from the surface
gravity. This is done by reducing the observed value g(H, ()) of
gravity according to the hypothesis of the topographical density
distribution.
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Obr. 1. Ortometrickd vyska a geopotencidlna kota
Fig. 1. The orthometric height and the geopotential number

F. R. Helmert (1890) pouzil na definiciu ortometrickych vySok
Poincaré-Pray tiazovy gradient [6]. Podla tohto postupu hodnota
tiaZze potrebna na urcenie vysky je ziskana z meraného tiazového
zrychlenia na zemskom povrchu redukovaného do stredného bodu
medzi geoidom a zemskym povrchom.

TiaZova redukcia na stredny bod je pocitana tak, Ze terén je
nahradeny nekone¢nou Bouguerovou doskou o konStantnej hustote

p, = 2,67 g.cm .

Helmertova ortometricka vyska HO(€) je definovand ako [10]

CH, 1
HOWQ) = ( )

Helmert (1890) used the Poincaré-Prey’s gravity gradient for
the definition of the orthometric height [6]. According to this
approach, the gravity value needed for the evaluation of the height
is obtained from the observed gravity at the Earth’s surface reduced
to the mid-point between the Earth’s surface and the geoid. The
reduction of gravity to the mid-point is computed so that the
terrain is replaced by an infinite Bouguer plate of constant density

p, = 2.67 g.em™>,

Helmert’s orthometric height H°(Q) is defined as [10]

Stredna hodnota tiaze [5]

19 g(H, Q)

g(H|2, Q) = g(H, Q) — 0HQ)

je definovana aplikaciou Poincaré-Prey tiaZového gradientu vyjad-
reného v hranatych zatvorkach.

Podla tejto teorie je vertikalny tiazovy gradient uvazovany ako
konstantny pozdiz taznice medzi geoidom a zemskym povrchom
g(H/2, Q) takzZe je pocitany priamo pre stredny bod na taznici
Ho())2.

Z Poissonovej rovnice [5]
0’ W(x, », 2)

P(H, Q')
g(HI2, Q) g(H2, Q) fow Y

9* W(x, y, z)

g(H, Q') dH(()'). (3.5)
)
\ Helmert’s gravity [5]
_ 1|0y ¢)
= 2[76 2O + 47TGpO]H0(Q), (3.6)

is defined by using Poincaré-Prey’s gravity gradient, which is
given by the expression in the square brackets.

According to this theory the vertical gradient of gravity is
considered to be constant along the plumb line between the geoid
and the Earth’s surface. Since the gravity gradient is considered to
be constant, g(H/2, Q) is evaluated directly for the mid-point of
the plumb line HO(Q).

From Poisson’s equation [5]

0> W(x, v, 2)

AMx, y,z) = PP

a z vyrazu pre stredné zakrivenie hladinovej plochy J(H, (),

9 *

= 47 Gp, + 207, (3.7)

0 7*

and from the expression for the mean curvature J(H, ()) of the
equipotential surface
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D = S ) [

mozZeme ziskat Brunsov vztah pre tiazovy gradient
d g(H, )
0 H(Q)
kde w je stredna hodnota uhlovej rychlosti rotacie Zeme, G je
Newtonova gravitacna konstanta, p, je strednd hodnota hustoty
topografickych mas medzi geoidom a zemskym povrchom,
a 0> W(x, y, 2)/0 x°, 8> W(x, y, 2)/0 y*, 0> W(x, y, 2)/@ z* su druhé
parcialne derivacie tiazového potencidlu v lokalnom astronomic-
kom suradnicovom systéme Xx, y, z, kde os z je totozna s vonkajSou
normalou lokalnej hladinovej plochy.
Vertikalny gradient 0 y (H, ¢)/0 H({)) normalneho tiaZového
zrychlenia generovaného strednym zemskym elipsoidom je

Y H(Q) > 0:
kde J (¢) je stredné zakrivenie elipsoidu dané vztahom

1 1 1
@) ==|——+——]|.
A9 2(M(¢) N((p))

V tomto vztahu su M(¢), N(¢) meridianové polomery krivosti
stredného zemského elipsoidu [3]

(3.11)

Voelmm My =2l ) M
¢ E(—m (@)—m, (®)

je ¢ geodeticka Sirka, a, b su poloosi referenéného elipsoidu a e* =
= (a* — bz)/a2 je druha mocnina prvej numerickej excentricity
elipsoidu.

Poincaré-Preyova teoria vertikalneho gradientu predpoklada
s do-statocnou presnostou [10]

g(h. ) J(H, @) = y(H. @) J(¢). (3.13)

Poincaré-Preyov vertikalny tiazovy gradient moze byt potom
prepisany do nasledovného tvaru

Og(H, @) 0vy(H ¢)
AHQ) — 0H)

a Helmertova ortometricka vySka nadobudne tvar

H(Q) =

+
9 y? a7

| we can obtain Bruns’ formula for the gravity gradient

= —2g(H, Q) JIH, Q) + 47 Gp, — 2.

0y (H, @)
0 H(Q)

+4mGp, = — 2y(H. @) J,(¢) — 20’ + 47 Gp,,

9 M(x, y,
(xyz)], (3.8)

(3.9)

Here w is the mean value of the angular velocity of the Earth’s
rotation, G is Newton’s gravitational constant, p, is the mean density
of the topographical masses between the geoid and the Earth’s
surface and 8* WA(x, , 2)/@ x*, 0> W(x, y, 2)/0 y*, 8* W(x, y, 2)/ 2*
are second partial derivatives of the gravity potential in the local
astronomical co-ordinate system x, y, z, where the z-axis coincides
with the outer normal of the local equipotential surface.

The vertical gradient 0 y (H, ¢)/d H({)) of normal gravity
generated by the mean ellipsoid of the Earth is

—2y(H. ¢) J,(¢) — 20, (3.10)
with the mean curvature J,(¢) of the ellipsoid given by
J(¢) : : + : (3.11)
A\P) =T\ 7, —_— |- .
2\ M(e) Mo

Here M(¢), N(¢) are the principal radii of curvature of the
mean ellipsoid of the Earth [3]

a
TS (312

where ¢ is the geodetic latitude, a, b are the semiaxes of the

ellipsoid, and &= @ — b))/ a? is the square of the first numerical
eccentricity of the ellipsoid.

The Poincaré-Prey’s theory of the vertical gradient of the
gravity assumes, with sufficient accuracy, the following [10]

g(h, Q) J(H, @) = Y(H, ¢) (). (3.13)

The Poincaré-Prey’s vertical gradient of gravity is then

(3.14)

\ and the Helmert orthometric height takes the following form

C(H, Q")

(3.15)

g(H, Q) + Y(H, ) J,(¢) H'(Q) + o H'()) — 27 GpH(Q)

4. Normalna ortometricka vyska

Ciselna hodnota geopotencialnej koty C(H, Q') je vysledkom
nivelacie kombinovanej s tiaZovymi meraniami.

Integral v rovnici (2.2) mozZe byt nahradeny kone¢nym poctom
vyskovych rozdielov AH(()}) z nivelacie a koneénym poctom tiazo-
vych udajov g(H, ()}) z tiaZovych merani realizovanych v nivelac-
nom tahu,

4. Normal orthometric height

The numerical value of the geopotential number C(H, ()') is
a result of levelling combined with gravity measurements.

The integral in the equation (2.2) can be replaced by finite
elements of the height differences AH({)}) from levelling and by
finite discrete gravity values g(H, {}}) from gravity measurements
realised in a levelling line,
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P(H, Q')

CH, Q) = fo( )

Do tridsiatych rokov 20. storocia boli tiaZzové merania narocné
a malo presné pretoZe k dispozicii boli iba kyvadlové gravimetre.
Za tychto okolnosti boli v praxi pouZivané normalne ortometrické
vysky.

V definicii normalnej ortometrickej vysky HV°(Q) su skuto-
¢né hodnoty tiaze g(H, {}') na zemskom povrchu nahradené teo-
retickymi hodnotami y(H, ¢') normalneho tiaZového zrychlenia,
takze plati

| SUH Q) dH(Q) = > g(H. @) AH(Q).

PREHLADY / REVIEWS

4.1)

Until the 30-ies of the 20™ century, the gravity measurements
had been difficult and inaccurate because only pendulum gravime-
ter equipment were available. Under this circumstances the normal
orthometric heights were used in practice.

The actual gravity values g(H, {)') on the Earth’s surface are
replaced by theoretic values y(H, ¢") of the normal gravity in the
definition of the normal orthometric height H™ O(Q), which is then
given by the following formula

P(H, Q)

HNO(Q) —

5. Dynamicka vyska

Dynamicka vyska H>(Q) je definovana vztahom
C(H, Q)
Y.(¢)

kde y,(¢) je normalne tiaZové zrychlenie na rotacnom hladinovom
elipsoide pre [ubovolnu Standardni zemepisnu Sirku, obycajne
@ = /4.

Dynamicka vyska sa odliSuje od geopotencialnej koty len
v rozmere a v jednotkach. Delenie geopotencialnej koty konstant-
nou hodnotou v,(¢) iba prevadza geopotencialnu kétu na dizkovi
jednotku.

HP(Q) = , (5.1

6. Normalna vyska

Urcenie vySok z nivelacie a tiazovych merani bez hypotézy
o rozlozeni hustoty topografickych mas je zakladnym principom
Molodenského teorie normalnych vysok HV(Q), [9].

Nahradenim strednej hodnoty g(H, ) tiaZového zrychlenia
strednou hodnotou normélneho tiaZového zrychlenia y(H, ¢)
pozdiz normaly medzi referenénym elipsoidom a teluroidom (obr.
2) ziskame vztah na definiciu normalnej vysky HY () ako

C(H, )

H(Q)=—"=,

Y(H, ¢)

Stredna hodnota normélneho tiaZového zrychlenia y(H, ¢)
pozdiz taznice medzi teluroidom a referenénym elipsoidom moze
byt vyjadrena Taylorovym rozvojom

6.1)

Y(H, ¢) fO(HZO, )

Y(H, ¢') dH(()'). 4.2)
5. Dynamic height
The dynamic height HP (Q) is defined as
CH,
HP(Q) = ) , (5.1
Yol ®)

where 7y,(¢) is the normal gravity on the level rotation ellipsoid
for an arbitrary standard latitude, usually ¢ = 7/4.

Obviously, the dynamic height differs from the geopotential
number only in a scale and in a unit. The division of the geopo-
tential number by the constant value vy, () just converts the geopo-
tential number into a length.

6. Normal height

The determination of the heights from levelling and gravity
measurements without any hypothesis about a density distribution
of topographical masses is fundamental principle of Moloden-
sky’s theory of the normal height HV(Q), [9].

Replacing the mean value g(H, Q) of the gravity by the mean
value of the normal gravity y(H, ¢) along the normal between the
reference ellipsoid and the telluriod (Fig.2), we obtain the formula
for the definition of the normal height HY Q) as

H(Q) = @ﬂ ,

v(H, ¢)

The mean value of the normal gravity y(H, ¢) is referred on
the mid-point of the normal between the telluriod and the refer-
ence ellipsoid, so it can be expressed by Taylor series in the follow-
ing form

(6.1)

_ 1 3 y(H, ¢)
y(H, ) = y(H, ¢) — E%H(—;;) HQ) + .. =
1 0 y(H, ¢ N 1 0 y(H, ¢) N
= +o o5 HQQ)+——— HYQP + ... 6.2
Yol @) 2 20 W) Ly ((9)) 1 20 0O H(Q):O[ )] (6.2)

Prva derivacia 0 y/0 H dana vztahom (3.10) moze byt vyjad-
rena v tvare [5]

The first derivative d y/d0 H given by equation (3.10) can be
rewritten as [5]
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Obr. 2. Molodenského tedria normdlnych vysok
Fig. 2. Molodensky's theory of the normal height.

ot 9
20 HQ)

H(Q)=0

Druhé derivacia d y*/0 H> mbze byt vyjadrena v sférickej apro-
ximacii
& AH, ¢)
20 HQ)? Ly,
Substituciou rovnic (6.3) a (6.4) do (6.2) dostaneme vztah na

vypoéet normalneho tiaZového zrychlenia y(H, ¢) v nasledovnom
tvare

6v,(¢)

a

(6.4)

w*d’b

Y(H, ¢) = 70(<P)[1 - (1 AR,

kde GM je geocentricka gravitacna konstanta a f* je splostenie refe-
ren¢ného elipsoidu.

Teluroid je povreh, ktorého normalny tiazovy potencial U(H™,
@) je rovny tiaZzovému potencialu na zemskom povrchu. Kvazigeoid
(nie je ekvipotencialnou plochou) je dany vyskovymi anomaliami
5(Q)) vztiahnutymi k referenénému elipsoidu.

Pozndmka: J. Vignal [12] navrhol podobny vyskovy systém, kde
strednd hodnota normdlneho tiaZového zrychlenia je pocitand z nor-
mdlneho tiaZového zrychlenia y,(¢) na hladinovom rotacnom elip-
soide v zmysle aproximdcie vertikdlneho gradientu normdlneho
tiaZového zrychlenia, pricom v tejto teorii je pouzitd iba prvd parcidlna
derivacia Taylorovho rozvoja (6.2)

1 0vH, ¢)

Y(H, ©) = v,(p) + 2 0HO)

H(Q)=0

2909 Wa’b
a a

HY(Q) = v,(¢)

1+/+ (6.3)

— 2f sin? .
oM f so>

The second derivative 0 'yz/a H? can be described in the spher-
ical approximation

O’ y(H. ¢)
20 HO)? Ly )

Substituting the equations (6.3) and (6.4) to the equation (6.2),
we obtain the formula for the computation of the normal gravity
v(H, ¢) in the following form

]
+ - ’
a

where GM is the geocentric gravitational constant, and f is the
flattening of the reference ellipsoid.

The surface, whose normal gravity potential U(H”, ) is equal
to the gravity potential on the Earth’s surface is the telluroid. The
quasigeoid (which is not equipotential surface) is given by heights
anomalies s({)) referred on the reference ellipsoid.

67,(¢)

@

(6.4)

HY()

— 2f sin? go) (6.5)

Note: Vignal [12] proposed a similar system of heights, whereby
the mean value of the normal gravity is evaluated from the normal
gravity y,( ) on the level rotation ellipsoid by means of approximate
vertical gradient of normal gravity. In this theory only the first partial
derivative of the Taylor series (6.2) is used in the form

w*a*b
1+
GM

— Of sin® ¢> H Q). (6.6)

|
-
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Earth's sutface
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telluroid
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geoid

reference ellipsoid

Obr. 3. Elipsoidickd vyska
Fig. 3. The ellipsoidal height

Na definiciu vztahu medzi Molodenského normalnou vyskou
a Helmertovou ortometrickou vyskou vyjadrime elipsoidicku vysku
h(Q) ako sumu normalnej vysky H™(Q)) a vyskovej anomalie s(€2),
podla Molodenského teorie a ako sumu ortometrickej vysky H(Q)
a geoidickej vysky ¢'(Q), (obr. 3)

Q) = HYQ) + s(Q) = H(Q) + §'(Q). (6.7)
Podla W. H. Heiskanena a H. Moritza (1967) je rozdiel 6H(())

medzi normalnou a ortometrickou vyskou s dostato¢nou presno-
stou rovny [5]

SH(Q) = HY(Q) — H°(Q) =

To define relation between the Molodensky’s normal height
and Helmert’s orthometric height, we define the ellipsoidal height
h() as a sum of the normal height () and height anomaly
s()) according to Molodensky’s theory, and a sum of the ortho-
metric height H°(Q) and geoidal height s'(Q), respectively (Fig. 3)

Q) = HNQ) + «(Q) = HOQ) + §'(Q). (6.7)

According to Heiskanen and Moritz, (1967), the difference
between the normal and orthometric height SH((Q) is, with suffi-
cient accuracy, equal to [5]

8(H, Q)

Vyraz g(H, V) — y(H, ¢) je priblizne rovny jednoduchej Bou-
guerovej tiaZovej anomalii Ag%(H, Q) [8],

_ _ 1 0 y(H, ¢)
Z(H, Q) — Y(H, ¢) = g(H, Q)‘E;(qu;

= g(H, Q) — Y(H, ¢) — 27 Gp,H(Q) = Ag**(H, Q).

Uvazujuc, Ze g(H, ) = y(H, ¢), mdzeme nakoniec vyjadrit
korekciu ortometrickej vy§ky na normalnu vysku v nasledovnom
tvare

C(H, Q) | g(H Q) — y(H, ¢) — HOWQ) gH, Q) — y(H, ¢)
Y(H, ©) '

HO(Q) — 27 Gp, HO(Q) — v(H, ¢) + —

— 6.8
) 68)

The term g(H, Q) — y(H, ¢) is approximately equal to the
simple Bouguer gravity anomaly Ag52(H, Q) [8],
1 0 v(H, ¢)

N, =
2 0H) =

(6.9)

Assuming g(H, Q) = y(H, ¢), we can finally describe the
correction of the orthometric height to normal height in the
following form

Ag(H, Q) HO(Q) [HO(O))?
SH(Q) = Ho(Q) =————= — 27 Gp HO(Q) =———=~ — 27 Gp, ———— . 6.10
=1 < o T ) T 9 TP T (e (610
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7. Sumarizacia

Vzhladom na geopotencialnu kotu C(H, )') mozeme vyjadrit
rozdielne typy vysok v prehladnej forme:

C(H, Q)

- ortometricka vyska: HO(Q) = ——, (7.1)
g(H, Q)
" C(H, Q")

- normalna vyska: H(Q) =——, (7.2)
Y(H, ¢)
. . CH, Q)

- dynamicka vyska: H(Q)=——. (7.3)

Yo(®)

Z tejto schémy vyplyva, Ze uvedené vyskové systémy mozu
byt ziskané delenim geopotencialnej koty prislusnou hodnotou
tiaze.
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7. Summary

By means of the geopotential number (H, }'), we can describe
different kinds of heights in a instructive form:

C(H, Q)
- orthometric height: HOQ) = ——=, 7.1
g (0)] 2. Q) (7.1)
] . C(H, Q)
- normal height: Q) = ———, (7.2)
Y(H, ¢)
C(H, Q)
- dynamic height: HP(Q)=———. (7.3)
Yo(®)

From this scheme it is clear that the above mentioned height
systems can be obtained by dividing the geopotential number by
the relevant value of the gravity.
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