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Tycho Brahe (1546 — 1601)

= Danish Astronomer who made observations on Planets and Stars.
= He studied law for a while until 1565.

= In 1571 he discovered a bright star in the constellation Cassiopeia and made
precise measurements of its position. This star gradually faded away after weeks
and gradually disappeared from the sky (is this a supernova?)

= The Danish king gave him a fully equipped observatory to continue his work.
Location: Ven island in the Baltic sea.

= On the island, using a Sextant (protractor), he measured the positions of 777
stars and planets and prepared a catalogue. There is no error of more than 1-2
minutes in its measurements.

= Johannes Kepler served as Brahe's assistant for a long time before his death,
When Brahe died, he left his entire inheritance to him.
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26 ASTRONOMIAZ INSTAURATAE

fecundis, fed hic paulo limitatiorem, & in pauculis [crupulis fecundis
fubtiliorem exadlioremque Poli Altitudinem ;rplicui. Sic etiam De-
clinatione maxima tum contentus eram P. 23. M. 31 pracife, qua nunc
exadlius aBumitur, dimidio videlicet [crupulo maior. Atque ex his con-
currentibus caufis per [c quidem non adeo euidentibus, ea tantillula
diverfitas in Apogeo & Eccentricitate ad Annum 1583, tacite fefe in-
finuabat, qua tamen infenfibiliter Solis motum alterare potuit.

Atque ifla hoc loco indicanda duxi, vt illi, qui Ephemerides nofiras
(> iam antea obtinuerant, quas € conflitutione Apogzi & Eccentrici-
tatis anno 1583 inuenta fupputauimus, rationes etiam cur haee vitima
reflitutio in ferupulis fecundis motum Solis non vbique fimilem priori
exhibeat, cognitas haberent; vique vna conltare pofiet, vnde Libro fe-
quente Eccentricitatem ipfius in Hypotheli Cometz exponenda Capite
O&auo afumlerimus part. 360, qualium femidiameter Eccentrici 10000,
fiquidem is numerus quam proxime accedit ad inuentionem modo
indicatam, quemadmodum Apogaeum etiam ibidem paulo viterius
promotum inuenitur, quod etiam hilce alijs Obleruationibus quam-
proxime fundatur, anticipatione tamen aliquantula confulto fa&a. At-
que haec de his monuiBe [ufficiat. ||

X hac adinuenia Eccentricitatis quantitate Prolthapheerefes motus

Solis ad ingulos gradus Eccentrici deduxi, vt conllare pofiet, quan-
tum addendum demendumue fit medio & quali motui per totum Or-
bem curriculi Solaris, vtque eius locus veruse Terra, Centro vaiuerli,
prodiens, innotelceret, Ratio autem qua Profthaphaereles illa conqui-
fit funt, in hunc modum fc habet.

Intelligatur in appofito Schemate Eccentricus Solis per Circulum
AGI, cuius Centrum fit C, Centrum vero Mundi fiue Terra D, per
quz duo loca ducatur linea, vique dum contingat virinque Circuli cir-
cumferentiam, qua: it ACDI, manifellum el quod CD fit Eccentrici-
tas, qua: nofiro uo (vt Joltendimus) reperta eft partium 3584, qualium
AC Semidiameter afumitur 100000: locus Solis intelligatur vel in B,
vel G aut H, nam cum ¢t in A aut I, Apogao videlicet & Perigeo,
nullam prorfus admittit Profthaphareflin, coincidente tunc loco fim-
plici cum vero. Ducantur autem ex his tribus intermedijs locis binze
linex a B & G & H, fingulex ad C, centrum Eccentrici & D centrum
Terree; Jamque per haec tria loca Profihapharelin [crutari lubeat,

Sit primum Sol in B, diltans ab Apogao part. 30, quam intercape-
dinem metitur Angulus BCA, crit itaquc in Triangulo BCD Angulus,
qui ad C notus, cft enim prioris complementum ad duos redos, vt con-
[tat ¢ tyrocinijs Geometricis, efique hoc loco 150: bina vero latera ip-
fum Angulum continentia etinm nota [unt, BC Semidiameter Eccen-

trici

o

PROGYMNASMATUM PRIMA PARS 27

trici qua perpetuc afumitur 10000000, & DC, Eccentricitas prius in-
quifita 358400 (tantam enim vbique retinere placuit). Ergo per data duo
latera Angulum notum ambientia, non latebit Scientiae Triangulorum
planorum gnaro Angulus DBC, qui menfuratiplam Profthapharefin,
5 differentiam videlicet qua locus Solis aliter videtur ex C quam D. In-
ueni autem hanc peradla operatione part. 0. min. 59. [ec. 44, quas oflen-
dit quantum demendum Gt &quali motui, vt verus Solis locus pateat,

cA
B

]

Pari modo Sole iuxta H conftituto in diftantia ab Apogao 150 par-

tium, erit in Triangulo CHD, Angulus HCD tanquam complemen-

10 tum antediéli, part. 30. Latera vero ambientia vbique manent eadem,

vt prius HC 10000000, & CD eorundem 358400, crgo dabitur Angulus

31 Ci'-,lD. part. 1. [. 3. /|. 33, qui defignat ProRhapherefin ad diflanti-|am

ab Apogao 150 partium, fue (quod idem clt) 5 Signorum 0 grad. qua

adhuc ablatiua eft, Nam in toto priori Semicirculo ab A, per Gin I fit

15 [ubtradlio Profthapherelis a fimplici motu, ¢o quod illic locus Solis

verus antecedat medium, in reliquo vero requiritur additio ob con-
trariam rationem.

Maxima autem Prolthapharells qua contingere potell, efl juxta G,

in o videlicet Eccentrici loco, vbi linea a D, Centro Mundi produdia
" in
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48 ASTRONOMIZL INSTAURATAE

ZQVALIS MOTVS LONGITVDINIS SOLIS

IN MENSIBVS IN DIEBVS |INHORIS IN MINVTIS
ANNICOMMVYNIS D./G M S |H M S IM M S M M S
LA 1 osol8[1 2'28/ 0 ol 030 1]1s
lanuarius 1 033 18| 2 1 58'17] 2 4 56| 1 0 231 1116
Februarius| 1'28 9 11| 3 2 57/25{3 724/ 2 0 532 1 9
Martius 228423043|56!33495130 7331 2
Aprilis 32816 39| S 4'5542| 5 1219 4 0 10 34 1 24
Maius 428 49 58[ 6 5 5450 6 14 47| 5 0 1235 1 26
lunius 52824 7|7 6353 358 71715/6 0 1536 1 29
Tulius 62857268753‘7 819 3¢| 7 0 17 37 1 3
Augultus 720 30 44| 9 8 52'15] 922 11| 8 0 20 38 1 34
September | 8 29 4 54|10 9 51 23510 24 38| 9 0 22 39 1 36
October 9 29 38 12|11 10 50 32}11 27 6|10 O 25 40 1 39
Nouember [10 29 12 22|12 11 490 40}12 29 34|11 0 27 41 1| 41
December |11 29 45 40|13 12 48 48]13 32 2112 0 30 42 1 43
14 1347 57(14 34 30|13 0 32 43 1 46
_ INMENSIBVS 115 14|47 5[15 36 58|14 0 34 &4 1 48
AN RTERRTILIE 16 15/46 1316 39 2615 0 37 45 1 51
TSI 17/ 16'45 21117 41,53[16 0 39 46 1,33
18 17 44 30|18 44 21|17 0 42 47 1 3%
Iapuarius | 1 0 33 18|10 18 43 38|19 46 49/18 0 44 48 158
Februarius | 1 29 8 20120 19 42 47]20 49 17019 0 47 49 2 1
Martius 2 29 41 38(21 20 41 55021 51 45{20 0 4 0 2 3
Aprilis 32915 48|22 21 41, 3|22 54 13|28 0 52 50 2 6
Maius 4 2 49 6|23 22 40 12|23 56'40(22 0 54 2. 2 8
Tunius 5 29 23 16(24 23 390 20]24 59 8|23 0 57 3 2 1
fulius 6 29 56 34125 24 38 28 24 0 59 54 2 13
Augultus 8 0 29 53|26 25 37 37 25 1 255582115
September | 9 0 4 3|27 26 36 45 26 1 4.5 2 18
October 100 0 37 21§28 27 35 53 27 1 71 51 2-2
Nouember [11 O J1 3120 28 35 | 281 958 2 23
December | 0 0 44 49|30 29 34 10 21 11 9 22
31 30 33 18 30 1 1460 2 28

IN MENSIBVS IN DIEBVS |INHORIS IN MINVTIS
TABVLA

PROGYMNASMATUM PRIMA PARS 49
TABVLA PROSTHAPHAZRESIVM SOLARIVM
NOSTRIS TEMPORIBVS ACCOMMODATA

0Subt. | Diff. A, 1 Subt. DIt A | 2 Sube DIl A,

e led r ety ’ v G
0jJo o 0 0 59 44 1 4 47 30
1 0 2 ‘ 5 i : i §|:33 : :3 1 45 53 : : 29
2 103 4|10 2 4 1 3 21 1 47 1 46 | 57 i > 28
3|10 614 5l & 1 5 8 1 46 1 47 59 \ 0 27
4 |0 8|18 2 4 1 6 54 1 4 1 48 39 0 s8 26
5 |0 1022 ™) P 1 8 338 1 4 149157 0! 56 2
6 |0 12 ' 26 2 4 1 10 21 1 42 1 50|53 0 54 24
710 _ 14 30 2 3 1 12 3 14 1 51 |47 0 52 23
8 |0 16|33 2 1 1 13 44 1 40 1 35239 o s 22
9 0 18 36 2 3 1 15 24 1 30 1 53 '3 0 49 21
iR B WS B Bl ivedt BRI AIRTY [l I
11 0 24 2 2 1 18 40 | 3% 13 3340 7 0 45 19
12 |0 24| 43 2 2 1 20 16 1 3 1 35 352 0 42 I8
13 |0 26| 45 2 2 1 21 3] 1 B 15 A 0 {8 17
14 0 28 ' 47 2 1 1123124 | 32 157 14 0 18 i6
15 0 30 48 B 1 144156 1 31 1|57 52 0 36 15
16 (03240 25 f1 260220 11|38 28 o o) 14
17 |0 34 % 1 59 1 27 5% | 27 1|59 2 0 12 13
| (CEENRTE Bl Gl W i Yl B - 6 TREegid IR
19 |0 38 47 1 s8 1 30 49 1 24 2 0 4 0 28 11

20 0 40 45 1 38 1 32 13 1 23 2 0 32 0 2 10

O IEEETARCS Bledt B RE R Y Balied K A DE-gR -

2 |0 4 1 s6 1 34 358 i Z’O 2 1 22 0 21 3

23 |0 46 36 1 55 1 36 I8 1 18 2 1 43 0 19 7

24 0 48 31 154 1 37 36 1 16 2 2 2 0 17 6

25 |0 5 25 1 83 1 38 52 114 212119 0 14 5

26 |0 352 18 1 53 1 40 6 112 2| 213 0 12 4

27 0 54 11 | 52 1 41 18 T 2 245 0 10 3

28 |0 5 3 1 st 1 42 29 1 0 22138 o 8 2

29 0 57 54 1 50 1 43 38 | g 2 3 3 0 6 |

30 0 59 & 1 44 46 2 3 9 0
G M Adde DS | 10Adde DS 9 Adde pirs.| &

PRAESVPPONENS
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Tycho Brahe's Mars Observations

Source: Tychonis Brahe Dani Opera Omnia
Imput by: Wayne Paflko (arch 24, 2000)
[M5] = Mars Symbol (you know.. the "male"” sizn)

Year Month Day Day (adj) Hour Min Days since 1 AD  Date
1582 11 12 22 578i50.50 158259
1582 12 30 40 57BI0R50 | 1583.02
1582 12 27 37 57819350 138301
1583 1 18 28 57521750 15353107
1584 11 13 23 13 26 57ERE306 138490
1584 11 27 37 2 13 57880659 138493
1584 12 20 30 FFEQIL50 1585.00
1584 12 21 3 57EL20.50  1585.00
1584 12 21 3 57892050 1385.00
1583 1 7 7 57893750 15385.04
1583 1 a g 57803050 15385.05
1585 1 14 24 16 40 57EQ45. 19 1585.07
1585 1 2 32 14 55 578095312 1585.09
1583 1 il 41 57896150 138311
1583 2 3 i3 g 43 57896490 1538512
1583 2 3 i3 a 39 57806400 1538512
1583 2 3 i3 6 15 57806476 155512
1585 2 4 i4 g 14 57E065.88 | 158512
1585 2 4 i4 8 16 57896584 158512
1583 2 4 i4 6 40 375965.78 | 155512
1583 2 17 27 @ 43 57897E01 138316
1583 2 17 27 @ 30 S7EQTE00 1538316
1585 2 17 27 @ 50 5FEQFEG] | 158516
1585 3 12 22 g 20 5700189 158522
1583 3 16 2a 7 50 F79005.83 138323
1583 3 19 29 8 15 579008.84 138324
1583 3 26 36 8 20 57001585 138326
1583 4 15 25 a 48 570035601 138331
1585 4 15 25 g 50 57003591 138331
1585 4 26 36 g 50 57004690 158534
1583 5 7 7 11 2453 37905798 155537
1583 5 7 17 @ 20 37905789 1585537
1583 5 7 17 11 15 37905797 158337
1585 5 12 22 57O062.50 158539
1585 5 17 27 11 30 F7O067.98 158540
1583 5 18 28 10 40 F79065.94 138540

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
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Dec (deg) Dec (min) Dec (sec) Declination

2312
2693
26.37
2730
1590
14.70
1440
1436
1435
1538
15.83
1645
1732
18.72
12.02
19.05
19.03
12.16
12.13
19.16
2034
2034
2034
20355
2038



T‘,I"l‘.'.: ho Brahe's Mars Observations
The Orbit as Calculated with Modem Methods

Declination (degrees)

1584 1586 1388 1390 1592 15394 1396 1398 1600

Image Copynght 2000, Wane Patko

http://lwww.pafko.com/tycho




Johannes Kepler (1571 - 1630)

German astronomer, physicist, and mathematician.
He was a professor of mathematics in Graz.

He joined the famous astronomers with the planetary system
he explained in his work Mysterium Cosmographicum
(Mysteries of the Universe, 1596)

He started working with Tycho Brahe in 1598.

He made studies on the movements of the planets from astronomical
observations compiled by Tycho Brahe.

He changed the face of astronomy with his great contributions.

Sayfa 10



Kepler’s Laws of Planetary Motion

Kepler's first law: Plinet
The path of each planet about the Sun is
an ellipse with the Sun at one focus.

Kepler's second law:
Each planet moves so that an imaginary

line drawn from the Sun to the planet }
Sun 3

sweeps out equal areas in equal periods
2
of time.

Sayfa 11



Kepler's third law:

The ratio of the squares of the period a planet to cube of its
semimajor axis is a constant (same for all planets)

2 e=fls
r< P
—3 = constant

S e s

T = period of planet

S = semimajor axes P
f = one of the focus of ellipse

e =f/s = eccentricity

(e =0 for circle and e = 0.0167 for Earth)

Sayfa 12



Semumajor Period 2,3
Planet axi1s ;1(13) 3 4&; 3
Mercury |5.79 0.241 |2.99 Tz
Venus 10.8 0.615 [3.00 —_
—3 = constant
Earth 15.0 1 2.96 S
Mars 228 1.88 |2.98
JTuptter |77.8 119 |3.01
Saturn | 143 295 2.98
Uranus | 287 84 2.98
2 p A
Neptune | 450 165 2.99 | e “Pluto
Pluto | 590 248 [2.99 Neptune
[ 10,000
na Uranus
Halliday, Resnick, Walker, Fundamentals of Physics 4th1 — |
£ 1050 7z Saturn
S
gr 100 Jupiter
E
a | 10 The straight line expresses
k) . Kepler's Law of Periods
2 Mars
I Ao
) 10 100 1000 10,000
Mercury i g ; ‘ 1

Square of orbital period (yr ?)



Examples of Ellipse Eccentricity

Planetary orbit
eccentricities
Mercury 0,206
Venus  0.0068
Barth 00167 € =
Mars 0.0934
Tupiter 0.0485
Saturn - 0.0556
Uranus 0.0472
Neptune 0.0086
Pluto 0.25

e=0
(circle)

“ [

e=.43

/)
N
\

e=fls

=3 ~f \f S

F1 C F2

Sayfa 14



Newton's Law of Universal Gravitation

In 1687, Newton published his famous work Mathematical Principles of
Natural Philosophy.

In this book, he mentioned:
Laws of Motion and Law of Universal Gravitation

You can find the book at:
https://archive.org/details/philosophiaenatuOOnewt/page/n5/mode/2up

o SRR TR
Abfore 75 NEIVTONP Trim Cel. Centsh, Soe. Mathef
* Profefiore Lucsfiam, 8 Soticatis Regalis Sodili.
Nkl Rugis foc

Ly

IMPRXMA T UR:

S PEPYS, RgScPRESES
]-lng;‘\éS&.

LONDINI -

a Jullu Secietatis Regie ac Typis Fofephi Strester. Proftat apud
plures Bibliopolas.  Ammo MDCLXXXVIL .
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Law of universal gravitation:

Every particle in the universe attracts every other
particle with a force that is proportional to the product
of their masses and inversely proportional to the
square of the distance between them. This force acts
along the line joining the two particles.

: mpyms;
@ F=¢6
12

m;, m, are masses of particles
r is distance between them
G Is Universal Gravitational Constant

G =6.673 x 10-** N.m?/kg?

Sayfa 16



Measurement of Constant G

The Universal Gravitational Constant
was first measured by H. Cavendish in 1798.

L | Light
Mirror source

In the experiment, two small and
p S T

two large masses are used. l .

Y m -

- —

G value is evaluated by measuring the :g\
deviation angle between incoming and
reflected light rays as shown in Figure.

See:
http://en.wikipedia.org/wiki/Cavendish experiment

Sayfa 17



Example:
What is the gravitational force between two people each
weighing 75 kg if the distance between them is half a meter?

(75 kg)(75 kg)

Osmy = LSX 107N

F = (6.673 x 10"11N.m? /kg?)

Sayfa 18



How about moon?

= Newton compared the acceleration

of the Moon and that of a freely apple
falling body on the surface of the earth. A
L'.\ P 7 A\
= |f the source of both accelerations B e

5 Earth

/
{ I\,]

IS the same (we do’nt know mass of earth)

Acceleration of moon ay  GMg/ry (RE>2 B (6.37 x 106m\°

== =2.75x107*
Acceleration ofapple g  GMg/R: 3.84 X 108m>

'm

= Hence, acceleration of the moon

ay = (2.75 x 107%)(9.8 m/s?) = 2.70 x 1073 m/s?

Sayfa 19



Moon

= On the other hand

2 apple
ay =— = 2.72x 1073 m/s* v
T'M g\ 4 ///// ™M
“'} ,,”"tz?'ﬂs‘ Earth
= Percentage Error: Vi 4
2.72x 1073 —2.70 x 1073
P.E.= X 100 = 9% 0.7

2.70 X 1073

= This result strongly confirms the inverse-square law.

Sayfa 20



Vector Form of Newton's Law of Gravitation

We can write Newton's law of universal
gravitation in vector form as

mims; _
Fio = —G——1y
71

s

When many particles interact, the total gravitational force on a
given particle is the vector sum of the forces exerted by others.

Fl — F12 + F13 + .-+ Fln

Sayfa 21



Gravity Near the Earth's Surface

Formula can be applied to obbjects
having spherical symmetry.

So, gravitational force and acceleration
of an object on Earth surface is:

Mgm Mg
F=Ga —=mg = g=G6-—7
RE REg

Solving for Mass of Earth:

gRg?  (9.8kgm/s?)(6.38 x 10°m)?
G  6.673 x 10711 N.m2/kg?

= 6 x 10%*kg

ME=

Sayfa 22



Example

Estimate the effective value of g
on the top of Mt. Everest, 8850 m
above sea level .

Solution
r=6380 km + 8.85 km = 6388.9 km

M
g = Gr—f = 9.77 m/s*

Sayfa 23



W

Example: Effect of Earth's rotation on g. '

Assuming the Earth is a
mg

perfect sphere, determine how the North Pole
Earth's rotation affects the value of g at the _ e
equator compared to its value at the poles. e T
:
South Pole /
Solution
North pole: Normal force — gravitaonal force = 0 (w — mg = 0)
Equator: 27Ry )
Speed of an object at rest on equator: v =7 day 4.64 X 10° m/s
. . !/ mvz
Consider centripedal force: w—mg =
E
or g _mv_mg_mv V., ag =2 = 00337 m/s?
— — — —_ = _— — — — VU. m/s

Sayfa 24



Example: Density of Earth

| mass 6 X 10%* kg 2
Average Density = = = 5.5g/cm

volume %n(6.4 x 106 m)3

Density of objects (rock, soll, etc)
on Earth surface is about 3 g/cm?.

5200 km
© Inner
o

Therefore the density of the earth’s ' L g cor
interior is much higher! "

Liquid

-~

4
—
-

I

|

Quter Core
fiuld

Density, gicm3

rn o o = o]

1000 2000 3000 4000 S000  600C
Depth, km




Satellite Motion

What keeps a satellite up? => its speed and gravity

Without
gravity

~

| \
\\ll'l' \
gravity N\

Sayfa 26



Satellite Motion

Force on satellite of mass m
In circular orbit:

mMy mv?
F=Ga =

rz2  r
Solving for velocity:

GM;
V r

27.000 km/h 10,000 knvh
circular elliptical

Y L 40000 knvh
] escape

......
"""""
. »

“ris measured E ;’;

from the gravity \

. center of
: the earth.




Example:
Find the height above the earth surface and velocity of a
satellite whose period is 1 day.

Solution ITT ~ |GMg
Speed of the satellite: vV =—— and V =
T \ r
Equating them:
2nr  |GMEg
T N T
Solving for radius: r = 42000 km from center earth.

Solving for the speed: v=3070m/s

Sayfa 28



Examp le: escape velocity

Calculate the critical
speed on the Earth
surface for a circular orbit.

orbital velocity

Mg

R, ~ 7900 m/s

Sayfa 29



Weightlessness

In elevator, apply Newton’s 2nd law:

In general
Fy —mg = ma

a=0 = Fy—-—mg=0 =Fy=mg
a=9g = Fy—mg=mg = Fy=2mg
a=—9g > Fy—mg=-mg>= Fy=0

In last condition, you'll feel weightless!

e S N PO g




The "weightlessness" experienced by people in a satellite orbit
close to the Earth is the same apparent weightlessness
experienced in a freely falling elevator.

Sayfa 31



Kepler's Laws and Newton's Synthesis
Kepler's 15t and 2"d laws requrie more analysis. //\
Kepler's 3rd law: o QR 17 D
T? \ Feodo |
— = const I s

g3

Assuming, nearly circular orbit and put average distance s =,

ﬂ4};ﬂ4§ ‘A4E172 d 27T 712 4ﬂT2
= _— 5 — =
12 r WY =TT r3  GM;

F=aG

Using this relation,
we can evaluate the mass of the sun!
How?

Sayfa 32



Example:

Period of Earth: T =1 year,
Earth-Sun distance: r = 1.5x10 m,
Evaluate mass of Sun.

Solution:
From last relation:

Ary3

Mg = =2x103%k

Q: Can you find mass of Earth using Moon'’s data?
A: Yes. It gives M = 6 x 1024 kg.

Sayfa 33



For any two planets:

T¢ T# t 412
— = —% = const =
Example:

Determine the mean distance of Mars from the Sun using the
Earth as a reference. (T, = 687 days)
(365)* (687)2
13 Ty
So, Mars is 1.52 times the Earth's distance from the Sun,

or 2.28 X 1011 m.

7"2 —_ 152

Sayfa 34



Gravitational Field

Most of the forces we meet in everyday life are
contact forces: you push or pull something.

The gravitational force acts over a distance.

Earth exerts a force on a falling apple. // /

We can define the gravitational field as
the gravitational force per unit mass at any point in space.
Near Earth surface at a distance from center, we can evaluate field as:

= — = r = — r
5 m mr? 12

I' = the unit vector to the direction of center (shown as red in figure).
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Four Fundamental Forces (Interactions)

Force Source Range Intensity Theory Particle
(m)
Gravity Mass 00 1 General Graviton
Relativity 2
Weak Weak 1017 1025 Electroweak | Wve Z
charge
Electro- | Electric 00 1036 QED Photon
magnetic | charge
Strong Color 10-1° 1038 QCD Gluon
charge
ﬁw\\/e

between nucleons

Strong Interaction
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Dark Matter

= |tis not radiate or reflect light (invisible). “
= |tinteracts with visible matter. | ”&I
= |t surrounds the whole Galaxy!

7 3% DARK ENERGY . 23% DARK MATTER

l 3.6% INTERGALACTIC GAS
0.4% STARS, ETC.

Evidence of dark matter:

mv’_ o mM > v=(GM /r)"’

r r’
Center of galaxy: M oc re — Vol observation
-1/2 g
Outer part: M =constant — V oC I
I
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Kutlecekimin Dogasi

Kutlegcekim yasasi ¢cok sade!

Kutlegcekimin arkasindaki isleyis (mekanizma),
Fizik ve Hikmet nedir?

Neden kutleler birbirini cekiyor?
Newton bu mekanizma igin bir sey soylememis.

Fizigin bircok yasasi matematiksel kurallardan olusur ve
mekanizma konusunda bir fikir vermez.

Neden doga olaylarini aciklamak icin matematik kullaniyoruz
ama arkadaki mekanizma ile ugrasmiyoruz?
Kimse Bilmiyor.

Ancak buna devam ediyoruz cunku ise yariyor.
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Kutlecekimin Dogasi

Kutlecekim mekanizmasi icin bir ¢cok fikir one surulmus.

Kucuk parcaciklar hipotezi (1750)

Uzayin her yone ¢ok hizli hareket eden kuguk pargaciklarla dolu oldugunu
varsayalim. Bu parcaciklar Dunya ile carpistiginda ona bir itme kazandirir.
Gunes dogrultusunda gelen parcaciklar kismen daha azdir.

Cunku bu parcaciklarin bir kismini Gunes sogurur. Bu sayede Dunya, diger
yonlerden gelen itmelerle Glinese dogru suruklenir.

Bu mekanizma ¢oker!
Cunku (yagmurda kosan adam misali) Dunya Gunes etrafinda donerken on
yuzey daha ¢ok itmeye maruz kalir. Bu, dunyanin yavaslamasina sebep olur.
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Kurtulma Hizi

Dunya yuzeyinden v hiziyla bir cisim firlatilsin.

Bu cismin dunyanin ¢gekim etkisinden
kurtulabilmesi igin gereken en kuguk hiz:

' 2GM
kurtulma ~—
R
Astronomik nesne Viurtulma
Diinya 11.2 km/s
Jupiter 60.0 km/s
Glines 618.0 km/s
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Karadelikler

Yildizlar i¢ yakitlarini tuketince,
kutlecekimi yildizin icine gokmesine
sebep olur.

M = 1.4 Gunes kutlesi Uzerinde ise,

cokme devam eder => Notron yildizi olusur.

M = 3 Gunes kutlesi Uzerinde ise,
cokme devam eder => Karadelik olusabilir.

o

Rs

olay ufku

flff
¥

karadelik

!
/
!
/
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Karadellkler olayuﬂ(u

Karadelikler icin kurtulma hizi ¢cok buyuktur ,

(Nedenfp) karjldelik
R-/

Viuriuima = C oldugu duruma karsilik gelen e

yaricapa Schwarzschild yaricapi (Rs),

karadeligi cevreleyen Rs yaricapli

hayali kureye olay ufku denir.

Olay ufku civarinda (diginda) hayatta kalmak olasidir.
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Karadelikler

Cift yildizlardan birinin karadelik olmasi durumuna
ait bir benzetim (simulasyon).

Karadelik etrafindaki madde,
karakteristik x-1sin1 yaymaya basglar.
Neden?
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Genel Gorelilik ve Kutlecekim

Newton: “kutlecekim sonsuz hizda iletilir”.
Einstein: “hicbirsey 1siktan hizli gidemez”.

Einstein, Gorelilik Ilkesini dikkate alarak, Kiitlecekim yasasinda
bir dUzeltme yapiyor.

Yeni yasa:
Genel Gorelilik Yasasi
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Genel Gorelilik ve Kutlecekim

Dahasi (E = mc? den), kitle ve enerji esdegerdir ve her ikisi de
kutlecekiminden etkilenir.

Buna gore, 1sik (kulliyen enerji) uzayda duz dizgi boyunca degil
egri-bugru bir yol izler.

1. Kanit: Gunes tutlulmasi esnasinda bir yildizin konumu
2. Kanit: Mekur gezegeninin gunes gevresindeki hareketi
3. Kanit: Kutlecekimsel Mercek etkisi
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Genel Gorelilik ve Kutlecekim
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Genel Gorelilik ve Kutlecekim
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Genel Gorelilik ve Kutlecekim

Ayni astronomik nesnenin
kutlecekimsel mercek etkisi ile dort goruntusu
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Kuantum Fizigi ve Kutlecekim

Butun madde temel parcaciklardan olusmustur.

Temel Parcaciklar

Olcek kiiciildikce Kuarklar Leptonlar

Kuantum etkileri ortaya cikar. W €)% FFEP)T
a &

Cok zayif olan Kutlecekim,

heniiz Kuantum dOQaSI Kuvvet Tasiyicilar Gozlenmedi

kazanmamistir. o W oz 7 n =

Fizik yasalarinin matematiksel olarak tutarli olmali.
Kutlecekimin de kuantum yapisi olmalidir.

Beklenti:

Newton yasasi -> Einstein yasasi

Einstein yasasi -> Kuantum kutlecekimi (belirsizlik ilkesi)
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Sicim Kurami (Herseyin Kurami)
String Theory (Theory of Everyting)

Amag:
= Butun parcaciklari ve dort temel kuvveti bir ¢cati altinda toplamak.

Fikir:
= Temel parcaciklar nokta seklinde degil titresen sicim ilmikleridir

=  Kuram ek boyutlarin varligini ongoruyor:
4+6 = 10 boyut veya 4+22 = 26 boyut !
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