el ik



JA0E Ao
Lgabail) plysbgad £ 58




(3dad dnals lyedita
asiall 48

M (i 9IS gl Jlaa il
Linslsiall pud b 35 e ] Laslgad aud A i
» 1442 - 1441

e 2020 - 2019 m\‘é
o € P ST e






gt

wuedll ~
ot
Aaddhuall gl
Lo Y Ldtadl siale Aasia -
Ll dedia ~I
PO ||
L W 5,880 (30 —ITT
Ladath A pabud fsalsa 181 Juadl
Ledia —]-1
Lslad gg0le —2-1
calatll A figs olE ~1-2-1
dadladl g sluii ~2-2-
el cany ~3-2-1
L il ~3-1
U j:n dsa -1-3-1
el lg S —F-1-3-1
! avaall — - 1-3-1
ity acalt 4t —4—1
Lugul siaall 488S ~1-4-1
Aplill ysdaall dats —2-4-1
Agaidl sauall 1368 ~3-4-1
bl 28k —4-4-1
I dpunsia alaal) Glany (358 (adlad) Jhad) B Juadl



47
47
47
50
52
55
55
58

59

63
69
71
71
71
72
74
74
76
78
78
79
79
86
87
87

fadpa =12
JSal Rpwsin pluadl g (38 (Aladl Jiall -2-2
38 ~1-2-2

1l Aslghand ~2-2-2
A s Aslghud =3-2-2
bt 3 e B AL Llghaud ~4-2-2
Okl e e dalatiag Jolall alia¥ 8 ol ~5-2-2
Ayl 5350ma s SN Aaliiie e 480 338) Aoyl —6-2-2
a8l Jillina uiayell dnkaile o} (DB pusa =722
XZ ssimalt b
b Andly A all Lgadaliia AoLe dyuarin olusal —8-2-2
X7, (s 5hmal
(itladt pranal) B¢l sl Suadll
dadia ~1-3
Atadl) daill Laulie —2-3
ol —1-2-3
o) pundt ~2-2-3
ool ) ol e 33
il hee —1-3--3
Agpnatl) Aall Lulin —4-3
ibsdl) gl ulia —1-4-3
S g5l Gulia ~2-4-3
48 yaia A ganag (GBS L <3 aglie —3-4-3
(3353 Jagpd ) Gaplie —4-4-3
(ol ol puasdll Luplia —5-3
el g8 ulis ~1-5-3
a8 Ll A8 miasocld o difia (ulie ~2-5-3



88
89
91
92
93
95
95
97
99
100
100
101
105
107
107
107
111
112
113
115
PR
117
118
118
121
125
133

AnSugym bael o didia Gutic —3-5-3
el peaall gihk gl Guadl
dadie —1-4
@l el maddt —2-4
Adlall s ~1-2-4
gl Gillasa e ~2-2-4
el it ~3-2-4
el ol lall sl ~4-2-4
Gl Al sl —3-4
@l odladl sl —4—4
@l Ml ) b BN xBa et —]-4—4
@l el mandll yolat ~2-4~4
A Al ubd ~5-4
@l el ol -6-4
Lpdudl ASa il e Laladll —1-6-4
Angall adge 32025 —2-6—4
Gaad) ) il pnall —3-6-4
il (gadl odlad sl —4-6-4
Agmicall LYY Al gy peasall =74
W ppuadlip Agtial} culshumall £la) @ pualddl Juadll
Lasis —1-5
Ladladt Lo} =25
osbiiall Bt paaat —1-2-5
eyl bad st ~2-2-5
£ Y raiai-3-2-5
Ll ulal) i —4-2-5
Dially adl aiad ~5-2-5



133 oot c_n.;a'l -6-2-5

134 i Apd —7-2-5
135 oosily gl —8-2-5
138 siall A8ES 3aad —3-5
140 Aaajauall Aoyl e WESH 83303 —1-3-5
142 Lote dat] Ay pday 28LSH yyass —2-3-5
144 DA 8 dladl by A8ESH ayaas ~3-3-5
145 ABEEH aaad st digyl ~4-3-5
146 A apaail atiabls A8k ~5-3-5
146 Mgl Juad —4-5
146 Al getlly Lua iyl Mol —1-4-5
147 Al edlly AsadlY) Myl Jucd —2-4-5
171 Skl jaudi =5-5
174 3 ydlaall A0l —1-5-5
178 spdladl e diplall —2-5-5
188 el manall o Al ~6-5
188 Al il dtal) CGaliSuaY) ~1-6-5
191 anSnuell it Gl ~2-6-5
204 il sl Sty -3+6-5
207 bl -
211 Ryl a1 Gy Aige Lpalell iladlavadh g2 —
223 Apadatyl Aflagll 535 Age Audall Calallaiadll Jsoa ~



dadia

contgd Jlan Sl BLIS 1980 ple a5 Adlad il e ups Ty
ele Al Gupd pliall play S g 1982 i o erala QS ) Cdgatg
cUpead DG (ggial 53 1992 lo Cuanl @ A Bkl s ual, (1986
bl 35 ud (S pelles Alentinall 36081, el il (5ol Lt Y lle
O¥ls ApMall ldens pud Gk B doaill e Al Clagaiailly i)
& ledall Gy Mol QUSH a4y o lgial (o Dbl ol e B iy & 34 dag
RYLEN|

Hanss Tapd o dlad) B ki o B8 536 et e Aashay el [y
APl I jming 5 o3 oiladl 5 gasl

asiaall AUS G ) Lilay Al LY foale S Juadt Ji
AP RSN KXV Y B N

LS YL E: C PR TS - JERLIRIY ol Ll B il e
CrolSall JS 8 Ayanl e g L AR 3l Lasyy ciliLe Apadia aluaf e il
Vagalaityl

Ll Lagill Gupliag Lydlal) ikl Aal Gulial [Laialy CIEH Joail Gkl s
vl 3 rnal) aylia

ol oally )l gl S MW sl gl Al el e
Aol LT Rhabusy geanall Tty ¢ UL Rl ulidy gl sl

ool Bk o ¢ siall S ypaat iy Apikal) ¢ la) aelad) Joad Cpani g
iladl LSO QYT ey s edgiladt Cilidaes it 501,00 Lty cApilall 3 e
- Bllgilly 508 puelly il clalaly

Apalell lalloadly dpa lagy el (8 cindiel 1 anball cuyy, Ll

Al Adlagl cosns CShe ATy gl Laa ) G4 ddis



Fhb et of (S Lo 0S Job SalSia Sae a3 Aaglall o s o ol
ity 1081 Asusin gl JleeSly snSnuedly (@l cusill el

Sympdl BN ppdy (SN 138 (e hagll a3 B Uiy 8 s of e LS
i e oSelle Uiays b edgiydall Ludlall Jlae (g8 cialilly ccnitally caltlal
RV JUANE

sl Ly Bl

2019 )
colalsalt

10



eadiunadl jgalh

O ladhuad jpe) DAY S Baa alae) (b cindied (A pabad 23 Y Tl
i AoVl cippdial a5 WS i W Lt Qi e le g0 caang Als ana

ol dygpall a1 3y Ape Syl 3l Lud

Jagll retaall
L Lgha p Ui
wiliially pu G o Cpanin Gy )
g Lo ) Ayl g bt
€ (il bl
og Apaa ) dpdlall i
G ol Lyilalt cyth
SI (A pbR gl jia) (etangll) Adoall Alal
cgs (36 pl el (chaagll) Adiud) Alaat) !
\% paa) |
I Ailigs dja ol (uilod L
®, Q Racapal'
Wy pradl  Adol) pedanall Aot gt
o R TE D
o 4 A5 pue
b Wlhle dagdes ae o dslow
t (Aol day i) b Ao Ao
L peipdl stad) Jgha
2 prapd bl mhood) juo
1 ped goladl mhual) gac
z L s 3o
z Al Aifshd jsan o 098 puay Ja Bee
Gal Je
F Apdali 3
& slgiatdl i b dudlai dod

11



o Uaall bd dagd
M, wa g
m PIECEL.
dm e pals A8
Jshtl Basyy Ak

p it A3
g dalual Baaly Adlig
Vv @i (a8
8z el g jluct A AL Al
O (ke S0
A ar ghia daluas
X a8 Adleeal
S colualid 45338 A8 Ablaa
mGal J Ala
X1z Hedll e cheal
Re oAl b il
Re gt G i chal
R, il R kb Ll
R Lgland of 38 Hhb cincai
EU LY Bamg

12




;:.& lﬁ “* MEA

RN

General Introduction
Gravity

13



14



LS ol e ua i) il Jiall b el e el cagnll ey
Wna 8 Gy cllapmall U Y Ll yphial) RS 8 dmiti ] Adle ol pars
25 WS ¥l e e dale il (g re ¥ adl Jiall 3 e Loty
oY i cans Tilal

e 4l pay e Dthsiad 31a] Adiayy Rl LIS 8 el sl g ey
sl Ak diiagy (1l GilagaaY) o Gibuy ol il e A0S B8 sy Lok
LS Lpunhajo Sl f Ayghinall 3t halie bl undo oSy codaiaal) gl Jiny
{(Axzi, 1975) 25,831 duaria gal) clud )l oo (el pasdl (g sy

oBny fetelYly Gpadinal Gl Bl aadl dayh $lal Ayl 2y
GR35y e AiipeS ik Lyilally il Uil s AbleS sl skl
Jish) Je gil Qe Apugdaiid i g A AESH Luiall it L lagiy Ll
Ll saall WS 3 sl s Al el claladly Gapmall i
L 500 4301 Gl CalS aly a1 ailall Jaat o Dbt Y e e
tall dially 4 e Toad spmn el A8, 21 et oo Al Ll cs &
B dpulaitall 5 0G5 cpn b (107 106 O 2y ehn Aiga () SN o 1
b Bdine Gl pon eplaindl Jisd sty L 1 adaiiad) Jin o Apally
fdall Clagaial @S L (Hially adl ey Jlaaly) &l Sladl Jiad ey )&
Uy 288 30 bl gmasdl ¢f LS Apughatia] it 5 el il ot 5ol
gphairall pall (10
‘Historical foreword 4dq i daska ~]

O iy it Uyl 1589 e Ul (Galileo Galilei) G el
(Johann IS g sy 3 .alual¥) bgs de b ot b Aed (L fiy o
(Sir Isaac (fiss Gasf s (glai)) alladl (s 1y eSSl Sy oald Kepler)
(universal law allad) 300 il Calias) e (1687-1685) alseY| «* Newton)
(Telford et al., 1990) of gravitation)

15



A Y 1745 5 1735 o aall (8 Zaadll aslall papalsl Bl ki
e oo S pmy o (Pierre Bouguer) sms ol (L)) ol
Juall e gl i1 cadally el Lady gl ae Fudlall b e oy TELE
Loyt A0S

oilgh 1817 Je (Captain Henry Kater) S @i (S allall pesay
Eand) Ayl 1Y) sl (g3 (apad) Shalt 1S (compound pendulum) <4l
e Wl g chgian Alal s of ) Dty 0a 00 0 O BN
ai) e Yoy it td Y (Baron Ronald von Eotvos ) _esiy] (s allig)
e (e J2=a) (Torsion balance) Ji (e Jd 1890 sle joild cipdlall ALASH
& (Lake Balaton) osh Sus ula G4 s poway ol (Coulomb el eS
& oty 1923 ale (Vening Meinesz) (apise i allall a3aiol 1901 ple Lpless
s Lo gl o Adlide (Balia b Adlall s (o ol dpsln Lusl
.(Indonesian trench) (zustsxiYh 2 Y e il yush Agolall

gl i Jiad B e e ) (1922 plo O do¥t asiS hs
o sl canll il sadl ) Al el A (Spindietop)
il Calasa

(Nash salt sldl (i 48 (3 dplasl kit yiy Jia el 1924 de Al s
osSase Cbis) Jif maaly ¢ pitadl udil Aana Ayt il 4y & dome)
1926 le (g S S A 430 i 2 1) Tay co gl Adalus

deg Jilh e Asbuasy o Lotla Tasa 1920 oo o S0 caaill 243
Ay oy ¢ p¥all psall 3 (portable pendulum) Jses-] ool olaziad T3y 1929
okt aadiud A 1932 ple (stable gravimeter) il dpMal il aladiid
allal Chay 1934 pleg .1937 ol (unstable gravimeter) il & FETMEN]
fle aaa & ((zero-length spring) Jskll (e ol (LaCoste, 1934) S
s g Jay @) (LaCoste gravimeter) Js¥1 el CuasS (e 1939

16



(LaFehr, 1980) 4udsll (unlie adiel A clgudl (3 ekl (gia aiil
LT g cdilally A atall bl ey oLl s Gubiall

(graphic method) Adadeailt Gkl cyysla palell il G liima )

ok o)y Ay abend oo Aanlll Bpdll sy NSl (Jd (grid method) 480l

caildardl dyyuudil chaill e cppliall ()l e (A Chaliall (B Slnaydly Gl gall

Al el caluhalt A (inverse problem) dpuSall el Ja e b (Kag cdgliall

:Gravitational potential ilad} ¢ gasdi—1I

W Apilall 38l oA Jedl adl s Jia B dally Al b CsaSH Lol
ol Al ) g (e ABSH Bany

Goblt Jto i Y AR dlpad oD daell ) @ cditan Jin Alall Jaatly
Jeall S Aot A Y ABSH cale b a3 (gl cilelly agl (PbE o Ji dadell (3

b G Analsl) AUl Al A8 foana (1S A sy bl Lste g paall

JEAN) Al 8 Aaly my ALY Sanlyy P Adad (b Aadly iy ALS 3pmy (i

«my MESHQQR?@LM@Q:‘HOM‘;}mliﬂﬂlgb@Jﬁiﬁgd@ﬂ‘ﬁﬂ

Jola e Al 4 & iy op Laguians (IS Qo () il Adsal (o T isdey

ol b ABSH saaly gl A ey (O A ) AU e My Ankdl (g2l Hladl
A Ay O A6 W Ale DU (e LS

My

=673 (1)
el el el G s
iy A ds Wylaie Syphea dilue ALSH B2l djat) A AV Jeall (anss
s Alalealy P abaill oladls 1 Jghs (o dr

dv = Gmy 5 %)

17



AV 5aaly elppatl Jydaalh Jaadl e drani R Y 2led o dlated Jalsiyy
AV Aoledl (385 my AbH L3 0 Ay U e

V=f::a.dr=6.m1fRdr- =1 (3)

wrz TR
kel (oM lusally Blaty ¥ 5l (ol cJgiadll Jaalt (3) Aobaall o peday
OEES G daadi A R bl e ey Jy e ALY gai Wiy ALSH saaly
T Rptlly Slall 05l Bita s Bdall g5l of (3) 5 (1) opitllaall (ge el

«(equipotential surface) ;ysa<ll (Gl rha Syl ypegl () bl oy
et Giglass ade Lo ABS 08 Gy pomnl Janll (3555

a5 saal g
Unit massm, O &

b e 1o A ¢ 3aSl b () JSAN
(Dobrin & Savit, 1988 cullug CHHIY tpaany)

18




:Isostasy Apa ) 5al ol —HI

e o ) Adladl Mpd o Aaliiie BBl agmp Audlal) QS Ay e Laayl
b Lagd Bl Hpal (06 Y ikl Ldhe gy (Bouguer anomaly s s
(inse (po PN Ay Ay Blaladl (3 sl n Ay ladl 358 dpngay ladiyall
o LK) Al (plS) 1855 4 (Pratt, 1855) <y i Sy el e
(+liad oall) J AN ol gl Jlad 3 Apilall it N (pstadls figas iglly WK1
B e e Juall colS i dla b ([T 052) (i Sba) Qs olaly L i
S S Cibaiy) o atlad gl Alae calulill milis S oSl Adea 3208 G4 L)
ST paa it Lo s of e Jy 13y oiia cibad) g Lol 0e
sl bl pia GBS 8 5ol Aale Jlal e i ()

Isostasy A 588 ifsi Juad Dutton ¢isis (easiunll Gkl 1889 el
el clyrty abayys

-

Wheoeht
HIMALAYAS

el s Om il L b 1) J
(Stacey, 1969 (b pbain)

19



‘Pratt model @iy zisa —

i) LS ) Jally (Rdadl Cilai¥ly (oylill Gl G (ol T iy o
Gy V1 581 G pliin s Sy (st Ayl 034 aacy cAyhansyl ASES 8
gl 138 (35h 83aef (30 Adlga sl f ol ccompensation level Jatsal (g5iaa ole
(IIF ISl 25hania 5300 Y1 03] ZAESY llonagio )5S Carny

ladsa 1910 5 1909 e g (J. F. Hayford) asin Syt auag,
IV JSall) 3 b wdsa 9 735l Loy 1 ey 3501 Jiay Luly,

:Airy model (g z3g -

s oy M <) (Airy, 1855) (gf ny Liaf 1855 duis ol i
LS Leiee gy Digda Juall o (i Y a1 5880 il oo Alagd (Uit
Pl (g5inan vie Il Ja g Biay sy il il

Sban (i exsiny Digse dondh by iyl Adaiall Adnen Jf GAESH 5 136
JE8) Salall (giune g sl praus s dadlyl) Aikaiall Zdan )l AabSH Agsluse Joletl
(111

(e doganse 1938 4 1924 ole on (WA Heiskanen) (il sy
b gl pnd et S A Sy gl ziga Ghy sl g ilual gl
IV J88) il g)] 7 35

:Veninig Meines i Al mdg

(F. A. Veninig Meinesz) (i & geailed) L3deall - 1931 ale
ot LS A dainaS Lt g 1 880 o Gl e o (IV Jall) Bt Wype
DA ADla of gl e gisel o8 cibaaddl o 880 apet L)y pal
) Balel) Laslls ey LS ccibanall (b daudy dihaia o ihegdll JEI i
IV) JSall 4 (et

20




_—
! | | E } |
1 A | ] ¢ | I
i b b T
} i i
! I T R N B
| I 4 Nt | !
E |
% mnfs '[2.5752.52{2‘57 252 | 250 {267 276 |
=T | |
) o | | i | i
AR i .
| o R e
| TR ™
A0
: !

J shazhh Depth of compensation
£ zi‘m 4 km g 3 km 5 km
S TR T
5 i i ! Density 267 | ' S
‘; @:*’._i | ! E i I
. e i
S pass E %! Al
ph b %
—t /R %
Jolal (5 st

s ik plaly ARy agbly RSl s A 11 3260 ¢y 3tst (1) S5
(Stacey, 1969 (s painy)

21



(b) Pratt o gl

C
Pm il mantle
e AM ) gl
(¢) Vening Meinesz ds
e : mountain
} sea-level -
g% 1 A

crust

‘\re‘ i

A giona

local compensation

compensation ol (g ga
N,

LI Gildanall 335 egaia 1 ! t:ljb:‘ (IV) - oAl
{Lowrie, 2007 )88 cuuny)

22




S8 ol st b (b ) OBl Gn pase Bk 25 gl Oe
e Calandl dlge Doy ey 1y (1-V JSal) lad) caad Ji Gy 58l ASLew
Sy a5 Eumg Juall it LgiSlan My AMEH diaidie 850 e Jae 23N
(b JEB Byl ALS en "Li*be@wuévmon@-&aﬂd&wﬁbb;hd@l
e ottt (gginne (sgy (0 =V IS ol cin oz Add) Gl
lauza gy Odincmill il (Heiskanen & Moritz, 1976) siysas oailSaup Jacy
)_;a,‘(;hdl eadau (Bac i e Byl Mbsgﬂmhubmujwwhdw
cChandl g BUSH 2l 2 ghs comiaball Cpadgaill A Baady o s Slile

._.i.iul.!
e

i s~ @l gl -1 A {1 8psBl ¢t (V) Jsdl
(Telford et al., 1976 Culy 4y ghli queun)

23y coysSlly Sl Agm gl L o HES Aubal Apdlall Sl Crardiad
rigallall gisan] e ol ARV any

@ (VI JSal) bl puilh 53 Jyliiall Gpuall pliad igitall M5 sl (e
(Oceanic s 3padl Ll (Vening Meinesz, 1945) Lo plid 4iiis)
5yl (pa A glkite Fajal paliast Aagis 4y Iyl Mgl IS4 ipd e .trenches)
S 1Y) pdaall (53 Chlanall ania Apn)Y)

23



H p
Bgataphy
LR Y LN I I )

LEFONG 1535/1iC QROTIES
- b
PRT S PO GOl g O GRITLIEAY Faar Al

¥
"

grpnall 2gaaY) e Ll Ml 2350 Biaky |, Lyuugd g s Agitadl dgud Aoy 3 (V) Jealf
(Stacey, 1969 (pasio c.,tua.,t)

24



o el Copall e dabaa ) e (550 Al Apalal Hpd M Caabias
(VID) 0S5 b LS ecdpall Joha o A0l el oo abia St 3 gulla¥t Japmall Jos
(VIT) 0S8 (o gstall e)adl) kY bomall Coje (350 Apdlad Mol nda Jlaey (o3
hlomall b 33L5 Aigde dgag Mpdll 028 (Talwani, et al., 1965) Ouals St Jle
32y Lo ccianall Sgas i)Y Bl alge o Jads oy (VT JSS (e (glindl ejall)
cilaadl dlpa 8 Mol e A3l 085 38 sl Myl 238 (Morgan, 1965) (s Jle
Slgall BLS (ge mbdl AHBS ) Aidle Mg p i) e Aast Lay S 400 5a3 lghee
Agaadt cluball g 2 Yo AT Qb e sy Agdaadl

g
300
&}__ . s gt v Bouguer
& 250k i '
e
200 'AV' 4 -
o § Woter — il ag iyl y
= 260 9/cm’
L§J 10 Seigmic controb
8 € B
AN 315 g fem’
™ E M‘i
H 8 20k P oho
;‘L 3 "-\\ e o=t
I~ ‘,ihn.“ A 3_4oqﬁ:m3
0 00 200 300 460 500 800
km

.g.uﬂﬁl Jusall Lhe Adlais GA s pllag png g H{VID) Jadd
(Talwani, et al., 1965 o2saly (il caway)

Chsd oyaaall G5 N gl Ldlall Mk (Harrison, 1955) (isaple

Suey (VI S8 b alall mhpall pomgs coand B b Basmpall dpulal!

laalgash e ysiall oda ASlass il zdpatll jelay Bypall cad Ludu) (3gb yiall
Byl Jany it Hia JKG o il

25



ST |

™ 1 AT g gt i
1.

coapd Bujs Bl B e akiiag Lpdlal) Hed (VIIT) Jed
(Harrison, 1955 & gest)ld o)

Y Cazayes AN Al slaliall 3315 AW Adal Mgl of ) il
Byl Culiasl Y ool adad OB ol @3 ety caadl e 508 b€ JB Cind (s
ctilpall gas RSN Adle Cilunall Mge Ll ay 1ang c(gslall Calamall (e dpia Y1
A Jladp ALKy ] Addaiall 4 s La 13
e Tyia 500 o Cuity 38 LaluuCu) Zakiad of e dgagdgiall lafpll ¢
Jos oS gl Ll o) (IX) JSall b el (IX JSal) Pleistocene (sl
ol il pUHYE 13 (giagy bl sad mpaly Jiyy o(Bothenia) Ly gils
2.5 M diay alall dShas ol Singy . Sseginddl sadall juanll aay adall gl
calandl 3 e 700 Y 600 3piay TALUCY! Gkl 5,88 lisd Y sdf Vg
Ll 526 was 45, 100000 sa3 3o sl Glisd ey Ly gl W1 Al ey
ae e 8 el paad o) SN Fiag 3 o(X) IS b say LS (St ygd

26



Jiagy il Cilonall Npa Aalily 80880 (il Jaug¥) JSAN diay Cn (g el
Siting el Jaroall a0 it adal) olisd amy B gl g Y oadh Jsal
calall aans g cilS dym ) a9 Al B ypeaioll calanall Mg

Bidaidl 8 bagmsall (B Ale 50 sa3) Alad Dl Bulal Sled el
230 g Fouay Cibaaall 8 Audale ke 55880 (e jie 200 sas il R TR
Jaxe o (ol Al Dl i L el Lgainy Y Akt i Lavie Zdlud) Sl
Asfan 8 Y s iy

o cluiatdh plisf 05 . gl g gsiean (ol Rpuitly o siall suanll g LIS £ UL H(IX) S0
(Kakkuri, 1992) 1992 588 oo 3 (Al 00/pad) @bl siaiinadly g lis,)
{(Lowrie, 2007 g quany)

27



Akl 2o e ol Al 5l 53

\ ¥ \1

T T8 =
ilaltailli | 4 Lhalt 22dl L idall izl | g
T N T
Lpmlall g lai Limialh 2E L Tinall 2t

g S Bl (b (Sl uglt Bhaall 20 1(X) Joal
(Stacey, 1969 (puies aay)

28



I Jaadl

Ll b il (0l

Fundamental Principles of
Gravity

29



30



tdanie —1-1
Lnahaiaally LolpeSlly Gadladl il of) (S psebald SN il gony
aseia (Faraday) obs dadl & o(am oo OBl iy (80 slsall o Aol
Uasees Sad 38l Jin 0 (oF 508l 4 Jaxd (52 gLl 020 (3 (force-field) ssll Jia
a5l ol (5Ss am o(field lines) Jiall Jaghay Jiall Jizly .ol Jelis b
Aaleal saaly 8 3l Jaghi 30 e dpuliia 3l Sady (At A 8 Jiall bl uleal
s o of Jail sllles cfiss cllimle ey asedall 1 o ol oSa
mn S clgy Tnall dlall Jisd e Ladll iy dlgle Tadlgh alual) JS Gads
ay L Ailadl gt 13n ey aliie de s lede dhugu o)) gela o ol pding
sl i 65 ae iy 41 auall o g e Il Gaig L Akl b cul gl
Lol b Rl sheall ASES 5 gy
:Fundamental principles bl (sl =2-1
:Newton's Law of gravitation cadlaill i cign o8 ~1-2-1
A g S b JS o o pal oW e gplhs Adladl 88 Ge em
o hh daliie my 5 my OSES G didad Foagild oS B gAY pluall S
aggiSre (app Aalil] 1 Al pupe pn Loy iany (o Laguiany GEESY Cipa Jusls
sy Aobedt (334

m, My

F = G—"'I'"z— (1—1)

(System Internationale) SI sl HUall 3 AW L@l G o

8, .G=6.672%10° dyne cm¥g® cgs Les iy «G=6.672*10""N m/kg’

(Cavendish (ixslS (e Abalug 1797 ale il 4 (Cavendish) (hilS lguld

On 1 Ay Aad g 6.654%10° cgs unit lgiad Jhels (11 Jsil) Balance)
Jilla saciaalt Lol
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:Acceleration of gravity duiall ¢ ls ~2-2-1

my ABH o P gl Loy my AESH Jis b my ABSU & gLl s Sa

Faily LS
_ e - my
a=-—=G7 (1-2)

@ My <l 136 my AEH b ABSH saaly $ilall 56 (g5l 2 gLl )
Geboy s g ¥ Al gl Sy Re pa¥) b s 4 T 5 M i ) AES
fils LS ¥ olaily By anin (gl e
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M
g=0Gz (1-3)

:Gravity units Audtall claag -3-2-1

PO il e Apiall 8 derdtaddt cilastsh (Pratt, 2005) iy (sasl

@ bl Ll saagll 8 ApMall ciluld b sae ey Wil At
ol L Sy iaded Tan iy Agdladl s of Y Dl o(m/s?) Zasly e
Zl'Lpl‘S/JSA :&)Lmiﬁ

(n/s?)
Zhlfa 710 248 e | =0le 1 1 A3l ) ol

(1 gal = 1 cm/s™= 107 m/s?)
bang leheas Je Mt el o Apdpnd) il 8 s 50S sass JB IS W,
el Sl g
238, °710 =de 710 =Jle M 1 togs i) Al
(1 mgal = 10”gals = 10 m/s?)
Aadlall sasg' oo ST et Sall b bjdeell il ddbde saay chadels
.gu Llaitly gravity unit
24 pa 0710 =ipdladl sasy ST Joall 2Uall oy
(1 gu=10°m/s%)
:L_.lg.')\.?.'&h_, ondln g.u;m 1d£3;.3!l
(1 mgal = 10 gu)

i ool a1 el Jasdl sad
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Agile 33ay 107 =0l Jle 10° =Jle 1000 = %458/, 10

S e s 7000 350ms Sl Gl his o sV Ml JisH iy @ sl
Agsila Baag 70000

O Apdtally s Aadlall Ganlie dand o Gong Bake Olulh Giadl A8 fApulual
Tymdpall Agitall anlial Alkall 26400 Agils sang 1 o Jl& s 0.01 Az
e M 0.1 sa b

:Gravity of the earth =) Audls —3-1

:Figure of the earth ()Y} JS& —1-3-1

il pamge O M el Sl Jisl Audy ge el il ks
dgeS cad ol b N Dlats comY JSa oues Y (geodesists) daludl olde
Helelsy i ko e Bl Gad ilad) gyl ol Aeslaie ey Lk

bty UiVl cpmpll bad toa Jale duad Ghy Ldlall 4ed
Mty odladl il gy adand] Cad AEKH iy ¢ ially aally Aol saly!
Al el e B raal sale (S8 AN dpadand) cad ABESH bt (e AUl
o e galally yally adll chas e ) sale LeSly iy apll ba e
WYY st Jeat g cdyplailly Al Ghliall on 5 Gal (A gl Jod ifyuas
Mot a3 o b e atill GLASLYY 35S 10 mGal Lpdtall Mps 023 0.1 Gal (]
(LIS A Byina g el b cubill Gl NSy L @l LIS (A58 T mGal
Omals g WYy rapall Jad e daslill culpaally SIS, AIKH g dad Alie By g
o Al aldely alall gl Y Al degddl D Jalsall b A (S Bad
Jealt
:Reference spheroid sl i <Y ~1-1-3-1

lof i cpmiall L a ey Agaieed) cluldl e ¥ JCE 203
il Jaey . cdall b Aadassay plginid} i b 34die (spheroidal) JSS dalg S
1A Al (polar flattening) (bl
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=1/50825 (1-4)

Ragq

:6-

g.nlaﬂ'u CL»{.'J\ =
() ¥l ChaiReg
bl )l Cai Ry

A gt (21 JS) ndh b Tt Biag el sebia] oo gl (3lg S
Aalall sl 1930 ale s liiabpally oLpgndl Joall slatV] adie ) .a8g Aadlgll b))
silad) oLl el 4591

g = go(1 + asin®@ + B sin’20) (1-5)

s
celgial) bad 3 Aplall A go
cubo

o p

coill A gy M gl lad 268 @
A ailh Ll

go= 978.049 Gal
0=0.0052884
B= -0.0000059
Re,=6378388 m
R,=6356909 m
E=1/297

W JSall e (Nettleton, 1976, p.17) dabadl) cisyeal
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g = 978.049(1 + 0.0052884sin?@ — 0.0000059 sin?20) Gal (1-6)

1967 ole (Geodetic Reference System) (ghasadl asjell degane e
P J8al e Lgna s (Woolard, 1979) dabal dabuall & Ll

g= 978.031846(1 + 0.005278895 sin@ + 0.000023462 Sin“(?.)) mGal (1-7)

:Geoid o)) ausall ~~1-3~1

b oo B Dad i ¥ (7-1) Aoledh b 3agapdl culll B8 e il
9ad Ayl e liny V) Jangiad (Libe glall il (e Aailill Calagai Jogs e
& BES bl Wl ¢ jie 9000 i abiall il adaall cileliVlg ¢ e 500
cAahe plall cabyil] a3n ALaa¥l cpey 38l ATl dsag e 1ay JAiladl gl
Jiags e0r3aSH (sl sla gty o(geoid) (adisll) e W) pundl pladl 18 o
Tasnse O Alla b e olo b (3gds el G ol pdaud augid) (ggianall
G o Gkt Y Y el o o (271 JSA) A QI 8ypie Al
Al iy bl G eV ai Gy cllasall G Jadl gn gada 438 aasdll
e 100 s cpadaaldl

O 3L Y Ay (Bedl e BN Bl e IS dapudl (KA ey
a3 ¥l sty L oilall adnl caae ) Al abl alaaY)
iz illagnal (358 a1 g ey calsh Al Shsal) Gl oy bl 5 eV
unidial o Lalf A3l
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Gienid 5, Reference £

oS Al o papally (A8l gy T i Y puaually aapal) (Al G Al 2(2-1) S
e AN Gab ey Al SN puag o
(Telford et al., 2004 ¢ )als 45580 )

:Density of rocks and minerals <uljlally jeaall 238 —4-1

a 3aad 8 s dpd S8 b pgall alall ZESY 8 Adadl byl a3
PO B e ey Jebad)

Caft 2 a1 Y deay 0 il gl LS 4 el jaea —]

Aabal e g gl el taanas el 0o 4l po cpdpall AU 3003 dypaca—2
A (ol L il il f A il Aadpall 8 udaa pe ol (0 cdpaiped
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oo saaldl bl e o Apaaall clidSl e s3gale e cilinl il 4

oS 3 il o GAgidad) dpepall ABGSH dypalal E:m e L Thals ot LY

Agta Jiladl Jlgj o sl of dppanl eyl
tiaggull ysaaall A0S ~1-4-1

Gl pmgs (11 Jgaadl) asll aaall 8 DES dupull jsieall A4S s

BS (e %10 LY sl Samy a5 coluall Slay (530 Ll ABES, dall dgalie i
e a3 Camy iV el Cind Banll ay eslanll endh o BB i LS haal
Sawfp 2 e HBSH S el jaall e e Fudy Caedil diy Bally sl 83l
038 5000 o))3hs Ganlly b)) ga Ponsff 2.60 N

gl jgdeall Gany ABES o8 1(1-1) Jgspdl
(Telford et al, 2004 ug)a:[; 3 J,ih &,u.m)

WO i Jlaa
1.20-2.40
1.63-2.60
1.70-2.40
1.70-2.30

161-276 e ol

1.77-3.20 i e

1.93-2.90 lS aa
2.26-2.90 N

- ] Bl il o |

1Ay, gdaall 4808 ~2-4~1]
o J300 i Agsull ptaall BES Ga sate el Al Hdall AS ol ae
Al el B e el Luldd) Al jaaall B o) L saalt o a8
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MBS ity Lae iy Adle A0kl pduall Spalue 5S5 38 L (2-1 Jpaall) dgonalsl
506 gdaall 08 o Lo Liadiie ALl jstuall A0S 8 dale Luludl il o oK1
L gasl

A shaall (gany 330 8 :(2-1) dgsad

T, 2004 Gy e em——

Bouft A bosgie | Jpufp WY 03 Olae
2.52 2.35-2.70
2.61 2.40-2.80
2.64 2.50-2.81
2.73 2.67-2.79
2.74 2.60-2.89
2.79 2.62-2.96
2.85 2.72-2.99
2.90 2.80-3.00
291 2.50-3.20
2.99 2.70-3.30
3.03 2.70-3.50
3.15 2.78-3.37

Cagisayn §

2.61 2.30-3.11 Apmalall pyiall Tl

20 2.09-3.1

Al jpiall Jauu il

1l gatiall yedall A3BS 34~
Saeall el sde o dens Jpadll Bl (Y Alpasdl gpiiall BES s
‘aia‘)n Jie Ugatiall Ayl jsaiall u!.& 1Al (3‘1 d_g.\:s.“) aalish ddle (e o) 5hiil g
Sially od€ mall (o AT gl giaall (e RES el il il
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iy il ilpasall Gl paall ) Ay penaa 1 o) jaally aial
L Qe Jsaka¥ly il

Algaiall shuall yasy WS o 1(3-1) dpad
(Telford et al., 2004 (ks 498l conas)

Sl A dagio | Pouft UK 5 o
2.60 2.50-2.70

2.64 2.39-2.90
2.65 2.60-2.70
2.75 2.60-2.90
278 2.40-3.10
2.79 2.70-2.90
2.80 2.59-3.00
2.96 2.90-3.04
3.37 3.20-3.54
2.74 2.40-3.10

reylal) AalS ~4-4-1

bytl 8 (2,67 glom®) Lsiall G8US daugia (e Jlof UK Lndeal) ol

O B ey Uialy (41 Jsaall) 58 psany JSES Lo Dol (e dpaaa et

—1dsaa) (2.67 glom’) sacall 8BS Jauigie (o (siaia] 280K piahs Aot cfjlal
(5
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Agianal) BN g LS o :(4-1) Jpand
(Telford et al., 2004 ¢y Al 4,08k Crtaian)

Pawfp WA daugia | Jafp AU 0 e

2.45 2.30-2.55
378 3.50-4.00
3.83 3.70-3.90
425 418430
432 4.20-4 40
436 4.30-4.60
467 4.30-5.00
482 470-5.00
512 4.90-5.20
512 5.00-5.22

5.18 4.90-5.30
5.92 5.70-6.15
6.92 6.80-7.10
7.32 7.10-7.50

375 3.50-4.00
4.00 3.90-4.03
4.20 4.10-4.30
4.40 4.30-4.52
4.60 4.50-4.60
4.65 4.50-4.80
4.70 4.40-4.80
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4.90-5.20

4.90-5.40

5.50-5.80

5.80-6.30

5.90-6.20

6.50-6.70

7.40-7.60

ol AL Josa e

8.00-8.20

i) chU (ang ABES o o(5-1) gl

(Tetford et al., 2004 Cnoily 4paili sy

afp WA 5 Jls

0.60-0.90

0.88-0.92

1.01-1.05

1.10-1.25

1.20-1.50

1.34-1.80

1.53-2.60

1.90-2.30

2.10-2.60

2.20-2.60

2.20-2.63

2.50-2.60
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2.29-3.00

2.70-3.20

2.90-3.12

3.01-3.25
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@ Yasall punll Jiadll 4l =30l B8 208 zigall e daclll Hpally Al Mgl
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r=(x*+7°)? s Wy
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4 Z
(x" +z )?
= i:;n-(; Uk

SN e (2-2) Ahileall ot k=279 x 103 osse galliz gx g1 sl iy

%
g,=279%10" SpRP——5 mGal (23)

(x2 + zz)2
t S o adaudl Sl B5b oalaall Lgied
3
=279%107# R P mGal (2-4)
& max .2

9 JSA e (2-2) 3Bl et 852X 107 (s pillaz g X 9 il 1y

V4
g, = 8.52%10" 2 p B> ————7 mGal (2-5)
(x2 + zz)2
e Ll o oadandt Kl (358 (oelaal Liady
3
~ 3R P
BN 852 %10 ]

t Y Ol o peaaiz S jS5a e Ly (2-2) A0 B plany

mGal (2-6)
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g8,=3 7Gp R*——— mGal (2-7)

ool 8 Auilad RYALAN LGa i (1-2) JSal b gl gl Jamy
z et Aually 3yanlly x/z Aady) Adbually gmay=1

Tausll g pandl 208G AR e R pela and sl (o0lad Sl iy
e Slly Linga 8 05 Lage il IS 138 GBS 1 b
o3 4000 Wi Bacy pb 2000 Wyl it S Ay S Aale A8 92y Ly
AN A aliall Al (551 025 glom® lmall Lagl pe LS ol
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A Jalall et Y Laitone Wl 3y (o3 Babglael) e 32 luall g
Watiiag ¥l s (e Z Ghae ol Digadaay cy ymall Lslpe Siagy A dta Jyhall 50l
Aol Lpdlall d LA A pal) Canaly (272 JSAH) P okl Ak e x ey Ll
Gae o Wygna ady Rl o 4l Dfglad 1) llull 3 gy 2 ctlldl 13n e
oA pda (e 7,

XYZ cfiayh A datlly (Llghault) ) gaa) leah gy :(2-2) Joukl
(Dobrin & Savit, 1988 cullug cu g L))

ey e il puag (2-2) JSA ey
Fiags (AB aisall) Ulshud) Hsan dalayy X7, (ggimall b ol agfindl @ PO=S
clliadly oLt Adadt s AL alal 23 SLAH AaLicall
PO piiaally X jpndl puighh @
Al delall aic Chialiiey Pl Adais o dibad! ¢

) JSEl e dl el eaie gp gl P ol ki 6 S tadl el s
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Gd dl
dg =" = GA 2-8)

¥ r

Al sl juaiell A8 dm =Ad] Cas
1 AT JSE e S olail (3l Ll 385 o5y

AY
dg = dg " (2-9)

P SN PRINUN gt R ESPVPRP

. A GAdl §
dgzzdgss1n¢:dg—;51n¢: > 7s1n¢ (2-10)

r

il Lo 2t DL bl e Jalsil by

' + o0 dl
g;= G/’Lsquiv.S—f00 L
| 2GA.sing _ 2 —F @11)

g
Z '
ity

sy (7) Dlskall) jpmae (ae o sioal R Wplad s Dfgland ) bl Jysats
Hlgasb Ly A Jslall Baaly ALS
A=7 R® o)
syl S p Eya
e Jsal e g byl Apilad A0 LAY A 5all B prpal Akey
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X Ne”

t e I e st 7 Alshall) jgme Bae (Y Aty (2-12) astad byslaey
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g, = 270G Rzp“*m*gm mGal (2-13)
2(1+ %)
2
z
Al lghand Apdlad A ELEY AN (3-2) Jsab 8 bl paidl Jas
¢ B B Mpdll 5055 ez Ghand) Y Al Bybeally x/7 LYY Al Bma=1 sl
bl Chialg Lewit TN g 3,8 e danlil Mgl

A Afglacd Lyilat ALY Rpall yiti Ll :(3-2) Jed
(Dobrin & Savit, 1988 <udlug e sy
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gl g sy 8 Ay 38 el LKLY 3 el ) daade A8 e gl

gl
il ol (8 Aaadieadl) jpolialy A8 AL Al auay (4-2) JS8H eday
:‘éAJ s‘fdla.“

iualt el Jagaa e Adais Aly P bl Al o Abalyll Asbusdll
sl chaudl Tama Ao A3 Afg P abil Adais G Alal dslaall S,
o g (g (goball Dilglaul] pdaus (hac Z
(cslall landly Mol cdaad) ( Blnall () Dibydans¥) g iyl L
Aibphad yh Caal R

va ¥ ghe Serface
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dg el oAbl Clasy Alglaudl adaud) 5al 8 dlall Bl cauey

g, = 2nGp[L + (z* + RH)V?Z — {(z+ L) + R¥}/?] (2-14)
1Y) JSA e Sy 9 Sy Ay gy
g, = 2nGp(L — S; +S;) mGal (2-15)

t Y OB e (2-15) sl pps iy L S cudal 1y

8. =41.9%1073p(L-S, +S;) mGal (2-16)
1 ) JSa) o (2-15) Ualaall g pailly L 5 S cudal 13)

g, =12.77 107 3p(L —~ S; + S;) mGal (2-17)
t Y ISl e gy oty S=LAz gaat Jiu] gad fan Alsks Ailghan) il 1Y)

g, = 2wGp(S; — z) mGal (2-18)

St 0 S sy REL (gl leisbar ) Aailly Tan Thas€ gl jlad ot i 1Y)
fed) JSE o (2-15) Asbeal) sepa

g: = 2mGpL.  mGal (2-19)

L giSha 8ypakn il dagpdis dgud gl 13
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A LA Alad adaull 36l 0 Tam el 5N Gl Aygeia Y ks
X Al aadi dilia b Ol i Clusd Gy Laga (Bowie, 1927) s s
LY 08 e adadt Sl e

o = 2mGp[{12 + (x— R)JE — (12 + (x + K27 — 2R] s 1= (2:20)

toall) s Salays Jskall aline 3 o -5-2-2
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RUTO P PRECHE . R Y e
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gz = 2Go6 (2-23)

Sy Wi (Ll Py prlfvnll sy X oladly Ated) Y Ayl il iy

e ER DR, TP
g = g ~ tan™* (ir-)
z F
8 = tan™! (zzf)

sin ¢ oix

efx

XZ gsionall alagg Jolall (ALLY (A b aidag 1(5-2) Jedl
(Dobrin & Savit, 1988 cudlug oy s Glesdy)

JSA) P bl A cand bl iy £ LgiSlow Aagin () Aagydll cidpas 1y

aesh Ot S oy ool AR n o (AL By g pine i 1S, (672
Y KN e (23-2) Al
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g, = 2Gp. t{% — tan™! (g—)} (2-24)

st gt ms tan™ (2] = =L o gl xm00 (ol Gead 0 Biaad) 3553
Apdlall A0 BLall 3.5

g, =26ptG— (- -’25)) = 2nGp.t (2-25)

& g tan™t (:-;—) :g o sl x=00 el dgadl o Bl (58 s
el 1 Ayl Al LA A8y gt
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conll Al 8 el byl
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2
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saa dagyil dalos JalS o Jalsil 3ady,
gz = 6Go.Q (2-28)
) Lol Al b dagpdll Agilan B el Joladl o ) Adsladlh o3 i

cibb e Aadll Audlall aasd) Jslas (Nettleton, 1942) osifis wb sl
A ey (el Abs e Aloal ol LT A8y I8N iy Geadl 5yiia Syl
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(Dobrin & Savit, 1988 culuy Giesd )
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T
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r
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Gravitational equipotential surface
Gravitational method
Gravitational potential
Gravity

Gravity anomaly
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Gravity gradient
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IGF = International Gravity Formula
Indonesian trench

Intrabasement

Inverse problem

Isostasy

Isostasy anomaly

Isostasy correction
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Potential field
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