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Yukseklik Belirlemede Newtonyan Kavramlar

Aralarinda r kadar mesafe bulunan M kiitleli cisim tarafindan
m kutleli cisme etkiyen kitlecekim kuvveti

F=mg=- 3

olarak ifade edilir. Burada F kiitlecekim kuvveti, G=6.67 x 10~ 1m3kg1s72
evrensel Newton ¢ekim sabitidir (Anderson ve dig., 2015; Rosi ve dig., 2014).

MG MG
g=——3r=-—3
r MG MG
V(T'):f gMdr=f —r—ZdTZT
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Yukseklik Belirlemede Newtonyan Kavramlar

Dunyanin kendi ekseni etrafinda dénmesinden kaynaklanan merkezkag e s
kuvveti w kirenin kendi ekseni etrafinda donme hizi olmak Gzere

¢ = wr,
M kutleli cismin z ekseni etrafindaki hareketi nedeniyle yapilmasi gereken
is miktari
To ) To 1
V. = J cMdr = j rw?dr = szx/ (x? 4+ y?)
0 0

Sonug olarak;

1
W=V+V, =Gﬂ gdv+zw2\/(x2+y2)

Gorsel: brainkart.com
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Yukseklik Sistemleri

Yiksekligin
Kavramsal
Dizeyleri

l Matematiksel \ l Fiziksel \

Ah=local leveled differences

(Daniel J. Martin, 2008) Gorsellestirme: Z. Ertugrul Isik
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Yukseklik Sistemleri

P2

* Jeopotansiyel Sayi Ci=Wy—W, = j gdh
P1 W=W, Jeopotansiyelyiizey
I U=U, Sferopotansivel yiizey
»  Dinamik Yiikseklikler: o = G
l
IR ———— UsUy=W,
o e
* Ortometrik Yikseklikler: HY =— e
. HM
gi h
C; "
* Normal Yukseklikler: HN ==
]/i T i W=W, Geoit
N Kuazi Geoit
: Q
E—— - ———— U=U, =W, Referans Elipsoiti
Nivo Elipsoiti

Gorsellestirme: Z. Ertugrul Isik
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Yiikseklik Olcmeleri

GPS o
Satellite

surface

GOCE-derived
geoid

aPs - heights” T~ cllipsoid

Gorsel: Johannessen, J. A., Balmino, G., Le Provost,
C., Rummel, R., Sabadini, R., Stinkel, H., ... &

Drinkwater, M. (2003).

Gorsel: McCarthy, J. (2014)

FS

levelling direction

BS

horizontal sightline

Gorsel: Zrinjski, M., Barkovi¢, ., Baricevi¢, S.,
& Alaupovi¢, L. (2018).

Worden Gravimetresi
(Museum of American History)

GOrsel: faro.com T

Gorsel: sccssurvey.co.uk
Gorsel: Zrinjski, M., Barkovi¢, b., Baricevi¢, S.,

& Alaupovi¢, L. (2018).
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Geoit Belirleme Yontemleri

Kiresel Espotansiyel acilim kullanilarak

Astrojeodezik ¢ekil sapmalariile

Nokta gravite 6lcmeleriile

GNSS yontemiile

Kiresel Jeopotansiyel acilim ve gravite l¢melerinin bilesimi ile
Sayisal yogunluk modelleriile

SV I NV NS

Gorsel: esa.int
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Turkiye’de Jeodezik Aglar

- 1935-1970: Antalya’da mareograf istasyonu ve geometrik nivelman dlcmeleri
- 1956-58: Tirkiye Temel Gravite Ag1 (TTGA)

- 1973-93: geometrik nivelman 6lgcmeleri ile TUDKA-92

- 1993-99: TTGA-99

- 1997-99 : TUTGA

- 1999 -2001: TUTGA-99A

- TUDES

- 2008: TUSAGA-Aktif

- TRGRAV-Net
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Tlrkiye’de Ulusal Yukseklik Referans Sistemleri

AK DENiZ
5

)

1976 Turkiye Geoidi

0y

Tirkiye Geoidi-2003 (TG-03)
(Direng ve dig., 2012).

I I I w
Tiirkiye Hibrid Geoidi 2009 (THG-09) Tlrkiye Jeoit Modeli 2020

(Direng ve dig., 2012). (TG-20) (Gorsel: harita.gov.tr)
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Fizikte Gorelilik Kavramlari

1905 Ozel Gorelilik

1887 1915 Genel Gorelilik
1632 “Dialogue Michel.son—MorIey -
Concerning the 1865 Deneyi
Two Chief Maxwell

World Systems” Denklemleri

1624
Galileo

1377 b b g
. “. 5. A b S L 41, YVar gegirgen ayna
Nicole / Gorsel: Justus  JEN ' o
== IEI jAyna

Oresme =3 ‘ Susterman, Portrait of £
3 Galileo Galilei, 1636. |

N e

I'emmpoP/ e

Srsel: greelane. . - ) _ -
Gorsel: greelane.com Gorsel: wikimedia.org (Michelson, iist sol) ~ Gorsel: Center for Jewish History

e2.physik.tu-dortmund.de (Morley, Ust sag)
baskent.edu.tr/ (deney diizegini, alt)

é ¢ &
Gorsel: Martinez, Elena P. Giordano
Bruno. National Geographic Espana. Haziran 2013.

Gorsel: gallica.bnf.fr
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‘Einstein Alan Denklemleri

R, : Ricci egirilik Tensord g vt metrik tensor
R: egrilik sabiti T,y stres-enerji tensor

Gorsel: thestargarden.co.uk
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Newton Sonrasi Formalizm

Parametre | Genel Gorelilik’te karsilig Geljel Forellllkte Degismez blr'eylem PFETSIblne KorLfnum y.asal?rlmn hepsini iceren
Degeri dayanan teorilerdeki deger teorilerdeki deger
Y Birim durgun kiitle tarafindan tretilen uzay egriligi 1 Y Y
B Yercekimi icin siiperpozisyon yasasinda ne kadar “dogrusal disilik” ] B B
var?

f Tercih edilen konum etkileri 0 E f
o, 0 o, )
a, Tercih edilen cerceve etkileri 0 o, 0
o, 0 0 0
oy 0 0 0

¢ Toplam momentumun korunmasinin ihlali? ° ° °

(2 0 (0] 0

53 (0] [0) [0}

¢, 0 0 0

= —1+20 - 280° — %0y + (2v + 2+ a3 + (1 — 26)01 +2(3y — 28+ 1 + (2 +£)® .

gon 3 260w + (2y 3+¢ —26)dy (3 3 G +¢)Pe (Wl”, 2006)

+2(1 + ¢3)®3 +2(3y + 3¢ — 2)®y — (¢ — 2)A— (o1 — ag — a3)w’U — agu' v Uy;
+(2a3 — a1)w'Vi + O(e?),

1 . 1 . 1 ;
g0i = —5(4’?’ +3+a;—ag+ ¢ — 2V — 5(1 +az— ¢ +2%)W; — 5(&1 — 2ap)w'U
—aglUi; + O(/?),
gij = (1 + QyU}Jij + 0(62).
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Schwarzschild Coziimu

~1
2m 2Zm
ds? = — (1 — 7) c?dt? + (1 — 7) dr? + r2(d6? + sin? 0 d¢?)

(1 - 2—’”) 0 0 0
v
0 __ 0 0
Eap = (1 _ 2'”)
v
0 0 —r? 0
0 0 0 —r’sin’(6)

Gorsel: wikimedia.org/
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AU Resolution B1(2000)

2W 2w?2
goo=—l+-———3
— 4 a
Joa —C—3W
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Iki Olay Arasi Mesafe

(1) ds? = gup(x)dx*dxF = —c?dr?
dr\’ 1dx® 1 dx®dxP v« veyP

(2) ) = 900 = 290a ;g 9 Zgr gp = 900 = 290a T Jap 2

drt 1 v?

2 b —4
(3) 7t 1 c2<V+ 2)+o(c )

GCRS - ECEF
(4) v=wx+7
dt 1 (wx' +v")? i
(5) P C_Z( + > ) +o0(c™)
dt w

6 — ] - —
(6) dt c?
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Kronometrik Nivelman Yontemi

Okyanus Yiizeyi A

—

Elipsoit

Gorsellestirme: Z. Ertugrul Isik

Av  vp; —vp; 1 dtp,  W(P,) —W(Py)

B 2
Up2 VUp2 dtpy ¢
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Zaman Sistemleri

Bureau
Wl - oo ms s i International des
“hgs ny * GNSS Equipment el
B 1 Poids et
_ = + Mesures
s Y . =k ] 2020 itibariyle TAl ve zaman
T, Tl o e aktarim ekipmanlarina katkida
wgr (2 P i, .
T, bulunan laboratuvarlarin cografi
ke dagilimi (BIPM)
Gorsel: BIPM
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Atomik Saatler

Symmetrc e Hyparfine spliiingof 4 1 deewsn IYAViVaVAVAVAVAVAVE

7 2 spin
xenm 54 core w“ xi \ the 6s electron level s A p e
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S B / " Gorsel: Salih,

d / )
Cesium EL LN ' m——— M. H.,

Baharudin, M
Gorsel: hyperphysics.phy-astr.gsu.edu/ P -l F. B., & Ismail,
1.08-03 O 06).
1.0E:04 & - HiEsn
1.0E-05 | 1second per 1 day
10806 & i Gusrts Caek
1.06-07 Shortt Pendulum 4 Py
1.0E08 | Lsetond perdyears * f
> 10E09

(0 10620 Lsecond per300years WBS T Cesilim Beam Clock ¥

B
= e

Av: Saat sisteminin
spektroskopik ¢izgileri
N: atom sayisi
T,: bir 6l¢iimde gegen siire
T: ortalama peryot

&) iopsy | 1second per 300,000 years
Q- . NBE'3 Casilim Beam Clack @

< 10E13

J1.0E-14

10615 secend per 300,000,000 years
10616 1second per3,000,000,000 years
1.0E-17

10F-1&  1second per 300,000,000,000 years.

1.0E-18
1500 1650 1700 1750 1800 1850 1900

1949’da NIST tarafindan PTB’deki Stronsiyum Atomik Saati Year

iretilen ilk atom saaati Kaynak: ptb.de/
(Kaynak: NIST)
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Zaman standartinin yillara gore gelisimi (Kaynak ethw.org)




Tasinabilir saatler araciligiyla zaman transferi

AT, (t1) = Ty (t;) — Tr(ty)
AT, (t;) = T(t,) — Tr(tz)

T1(t)) — To(ty) = ATy (t1) — AT, (t5) — {Tr(t)) — Tr(t2)}
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GNSS Ortak Goris yontemi ile zaman transferi

AT (t) = Ty (t) — Tgnss(t)
AT,(t) = T, (t) — Tenss(t)

T, (t) = T,(¢) = AT (¢) — AT, (1)
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Tek yoénlii zaman transferi

Tras(ty) = To(ty) — Ty (ty) = To(ty) — (Ta(ty) + 71 + 7:(2))

C@ A () ‘ O &
T, (tz) I |7§(52)

Tras(t2) 2
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Cift yonli zaman transferi

Tzas(t1) — Tzas(ty) — (t1 — 72) — (z,(8) — 12 (t))
2

T1(t1) — Ty(ty) =

@ T + 14(t) ) @
T+ alE) T, (t2) T,(t2)
Ty (t1) T5(ty) T

e , Tras(ty)
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Zaman Transfer Altyapilari

PTB’deki tasinabilir saat sistemi
Fotograf: Lisdat/PTB

Gorsel: esa.int

Gorsel: huwmerriman.org.uk
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Yercekimsel Kizilakayma Testleri

1976 — Gravity Probe A

LS

REDSHIFT FREQUENCY RESIDUALS AND GRAVITATIONAL POTENTIAL
VARIATION VS, TIME

[ [ 1 |
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Figure g JUNE I8, 1976
Figure 20

Vessot, R. F. C., & Levine, M. W. (1979). ‘
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Yercekimsel Kizilakayma Testleri

-1990lar ACES (Atomic Clock Ensemble in Space)
-2008
-2021’de firlatilacak

Gorsel: esa.int/
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10~*® kararhligna ulasan atom saatleri

2013

-ultra soguk atomik iterbiyum kullanan iki optik
kafes saati

-7 saatlik ortalamadan sonra 1,6 x 10™18 kararlilik

Gorsel: nist.gov/
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Zaman referans sistemleri ve atom saati aglari

-2012

-920 km optik-fiber haati

-1 saniyede 10~ kesirli frekans farki belirsizligi
-1000 saniyede 10718 kesirli frekans farki belirsizligi

Predehl, K. Ve dig. (2012).
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Zaman referans sistemleri ve atom saati aglari

‘ zcr_ 0| t-ical lattice -2015
' ] M - -1415 km optik-fiber hatt

1000 sn ‘de 10~17"lik frekans fark

T —— karsilastirmasi
laser Lisdat, C ve dig. (2016).

freq uency comb

Transfer requency comb

. Repeater laser station
. Bidirectional amplifier

~
. Brillouin amplifier N,
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Zaman referans sistemleri ve atom saati aglari

-Altay Daglari: iki jeodezik istasyon Shebalino ve Sieminski Gec¢idi arasinda
gerceklestirildi.
(&f/fo)grav =7.980 x 10714

Gorsel: metrol.expoprom.ru

Kopeikin, S. M., Kanushin, V. F., Karpik, A. P., Tolstikov, A. S., Gienko, E. G., Goldobin, D. N., ... & Hanikova, E. A. (2016).
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REFIMEVE +
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‘ 100 km

<= Operational links
4= |p progress links
4===% European connections

i 't T
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®
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Gorsel: refimeve.fr

—
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Kiaresel Bir Yukseklik Sistemine Dogru

- Yukseklik Referans Sistemi: diinya ile birlikte donen bir espotansiyel ylizey kiimesi
- Yukseklik Referans Cercevesi: jeopotansiyel sayilari belirlenen istasyonlar ile birlikte yer merkezli
Kartezyen koordinatlar (Ihde ve dig., 2017).

IAG’1n 6nemli bir amaci: yerytizi sekline iliskin parametrelerin belirlenerek jeodezik referans
cercevesinin uygulanmasi

Kdresel yukseklik sistemlerinin birlestirilmesi
Uluslararasi Gravite Servisi (International Gravimetric Bureau - BGI)
International Service for the Geoid (ISG)-Uluslararasi Geoit Servisi

International Gravity Field Service
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Kiaresel Bir Yiukseklik Sistemine Dogru

- kuresel global jeopotansiyel modeller, ginimuizde uygulamanin ihtiya¢c duydugu santimetre ve
daha yliksek dogruluklardaki veriyi tek basina saglayamamaktadir.

- Gunumuzde Dunya’nin herhangi bir noktasinda #15 cm dogruluga sahip geoit ylksekliklerinin elde
edilebildigi EGM08 modeli gelistirilmistir (Pavlis ve dig., 2012).

yerylizii

yerel espotansiyel ylizey W,

1

o —_ AWy, |

yerel egpotansiyel yiizey W, —

elipsoid

Gorsellestirma: Z. Ertugrul Isik
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Kiaresel Bir Yiukseklik Sistemine Dogru

Datum saati

Cekirdek saatler
Bolgesel Ulusal Saatler
Tasinabilir Saatler
ikame uydular

€ datumclock (5 coreclock & nationalclock g3 transportable clock

Gorsel: Wu, H., & Miller, J. (2020).
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Kiaresel Bir Yiukseklik Sistemine Dogru

a) 70N (b) ro'n

20W W o WE 20E A0E

200W 10°W 0 10E 20E @0'E W W 0 1WE 20E 30E

Gorsel: Wu, H., & Miiller, J. (2020).
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Sonuc ve Oneriler

Yontemin glincel sorunlari

¢ gelismekte olan ve ¢ok disiplinli bir konu oldugu icin yetismis personelin bulunmamasi
e yiksek maliyetli 6lcme aletleri kullaniimasi

e yiksek hassasiyette 6lcme sirecleri gerektirmesi

e tasinmasi kolay 6lcme aletleri olmamasi
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Sonuc ve Oneriler

Gorsel: ume.tubitak.gov.tr
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