
 
"Hubble Who?" 

 
Moshe Gai 

Yale University 
And 

University of Connecticut at Avery Point 
 

 

 
 
 

What did Edwin Hubble do to deserve 
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               Sagittarius A*
(Black Hole = Million Solar Masses)



The shape of the Cephiad luminosity curve is often referred to as a "shark
fin" shape when plotted as magnitude vs period. It should be noted that the
smooth curve is an average behavior. There is considerable scatter about
such a curve, at least in the observations.

The above period-luminosity curve plotted as a function of multiples of the
Sun's luminosity (Bennett, et al.) shows the kind of scatter in the dependence
of absolute luminosity on period. A Cepheid variable nevertheless gives a
good indication of distance when used as a standard candle. The distances to
273 such Cepheid variables were measured directly by stellar parallax by the
Hipparcos satellite.

There is some scatter in the measured luminosity as well. Consider a
collection of data posted by the AAVSO from their international database:

Cepheid Variable Stars http://hyperphysics.phy-astr.gsu.edu/hbase/astro/cepheid.html
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Cepheid Variable Stars (5 - 20 Solar Masses)
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                               Henrietta S. Leavitt, 1868 - 1921

Henrietta Leavitt was born in Cambridge, Massachusetts, the daughter of a 
Congregational minister. She attended Oberlin College and the Society for Collegiate 
Instruction of Women (later Radcliffe College). As a senior in 1892, Leavitt discovered 
astronomy. After graduation she took another course in it, but then spent several years at 
home when she suffered a serious illness that left her severely deaf. She hadn't forgotten 
about astronomy, though. She volunteered at the Harvard College Observatory in 1895. 
Seven years later she was appointed to the permanent staff (at a salary of 30 cents an 
hour) by director Charles Pickering. She got little chance to do theoretical work, but did 
become head of the photographic photometry department. This group studied photo 
images of stars to determine their magnitude. 

During her career, Leavitt discovered more than 2,400 variable stars, about half of the 
known total in her day. These stars change from bright to dim and back fairly regularly. 
Leavitt's work with variable stars led to her most important contribution to the field: the 
cepheid variable period-luminosity relationship. By intense observation of a certain class 
of variable star, the cepheids, Leavitt discovered a direct correlation between the time it 
took a star to go from bright to dim to how bright it actually was. Knowing this relationship 
helped other astronomers, such as Edwin Hubble, to make their own groundbreaking 
discoveries. 

Leavitt also developed a standard of photographic measurements that was accepted by 
the International Committee on Photographic Magnitudes in 1913, and called the Harvard 
Standard. To do this she used 299 plates from 13 telescopes and used logarithmic 
equations to order stars over 17 magnitudes of brightness. She continued refining and 
enlarging upon this work throughout her life.

Leavitt was not allowed to pursue her own topics of study, but researched what the head 
of the observatory assigned. Because of the prejudices of the day, she didn't have the 
opportunity to use her intellect to the fullest, but a colleague remembered her as 
"possessing the best mind at the Observatory," and a modern astronomer calls her "the 
most brilliant woman at Harvard." She worked at the Harvard College Observatory until 
her death from cancer in 1921.
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TABLE 1
The Chinese historical Records of the apparition of Halley’s Comet

Return Date Reign/year Return Date Reign/year

-40 -1057- The Conquest of Zhou -20 AD 451 Song Yuanjia 28

-1056 by Wu-Wang

-39 -19 530 Liang Zhongdatong 2

-38 -18 607 Sui Daye 3

-37 -17 684 Tang Guangzhai 1

-36 -16 760 Qianyuan 3

-35 -15 837 Kaicheng 2

-34 BC 614 Zhou Qing Wang 5 -14 912 Liang Qianhua 2

-33 -13 989 Song Duangong 2

-32 465 Zhou Zhending Wang 3 -12 1066 Zhiping 3

-31 -11 1145 Shaoxing 15

-30 -10 1222 Jiading 15

-29 240 Qin Wang Zheng 7 -9 1301 Yuan Dade 5

-28 162 Han Wen Di Houyuan 2 -8 1378 Ming Hongwu 11

-27 86 Wu Di Houyan 2 -7 1456 Jingtai 7

-26 11 Yuanyan 2 -6 1531 Jiajing 10

-25 AD 65 Yongping 8 -5 1607 Wanli 35

-24 141 Yonghe 6 -4 1682 Qing Kangxi 21

-23 218 Jianan 23 -3 1759 Qianlong 24

-22 295 Jin Yuankang 5 -2 1835 Daoguang 15

-21 374 Ningkang 2 -1 1910 Xuantong 2
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All Messier Objects: sorted by Messier number 
 

M NGC Con RA Dec Mag Size Typ Common Name Date Sighted 

    1 1952 Tau 05 34.5   22 01 9.0 6 x 4  SNR Crab Nebula    

    2 7089 Aqr 21 33.5 -00 49 7.5 12.9  GCl    

    3 5272 CVn 13 42.2   28 23 7.0 16.2  GCl    

    4 6121 Sco 16 23.6 -26 32 7.5 26.3  GCl    

    5 5904 Ser 15 18.6   02 05 7.0 17.4  GCl    

    6 6405 Sco 17 40.1 -32 13 4.5 15.0  OCl Butterfly Cluster    

    7 6475 Sco 17 53.9 -34 49 3.5 80.0  OCl Ptolemy's Cluster    

    8 6523 Sgr 18 03.8 -24 23 5.0 60 x 35  C/N Lagoon Nebula    

    9 6333 Oph 17 19.2 -18 31 9.0 9.3  GCl    

  10 6254 Oph 16 57.1 -04 06 7.5 15.1  GCl    

  11 6705 Sct 18 51.1 -06 16 7.0 14.0  OCl Wild Duck Cluster    

  12 6218 Oph 16 47.2 -01 57 8.0 14.5  GCl    

  13 6205 Her 16 41.7   36 28 7.0 16.6  GCl Hercules Cluster    

  14 6402 Oph 17 37.6 -03 15 9.5 11.7  GCl    

  15 7078 Peg 21 30.0   12 10 7.5 12.3  GCl    

  16 6611 Ser 18 18.8 -13 47 6.5 7.0  C/N part of the Eagle Nebula    

  17 6618 Sgr 18 20.8 -16 11 7.0 11.0  C/N Omega Nebula, Swan Nebula, Lobster Nebula   

  18 6613 Sgr 18 19.9 -17 08 8.0 9.0  OCl    

  19 6273 Oph 17 02.6 -26 16 8.5 13.5  GCl    

  20 6514 Sgr 18 02.6 -23 02 5.0 28.0  C/N Trifid Nebula    

  21 6531 Sgr 18 04.6 -22 30 7.0 13.0  OCl    



M32



 The Doppler Effect:
Red Shift: λ/λ0 = 1 + Z
     Z ≈ v/c (v << c)

V



(Light Years)

106



   

Hubble Constant

V = H ×R

H = 500 Km/sec/MPc
= 500 Km/sec /3.2MLY
= 500 /(3.2 × c×MY )
= 500 /3.2 × 3 × 105 [MYear−1]
= 500/106

= 5 × 10−4 [Myears−1]

H−1 = 2 BY !!!

T� = 4.6 BY
T ≈ 14 BY

1
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“Matter Density”

       Big-Bang Nucleosynthesis
Hydrogen (76%) + Helium (24%)

= 
4 H

e/
H

The First Three Minutes

Matter Density is Larger (x6) than “Observed”

                 Dark Matter !!!







Explosion of a White Dwarfs (Defl., Delayed Det. & Merger)Explosion of a White Dwarfs (Defl., Delayed Det. & Merger)

Initial WD Deflagration phase(2...3sec) Detonation phase (0.2...0.3 sec)
preexpansion of the WD hardly any time for further expansion

C/O
C/O

Ni
Ni

Si/S

C/O

Deflagration: Energy transport by heat conduction over the front, v <<v(sound)=> ignition of unburned fuel (C/O)
Detonation: ignition of unburned fuel by compression, v = v(sound)
Rem1: Pre �expansion depends on the amount of burning. The rate of burning

hardly changes the final structure for DD �models (Dominguez et al. ApJ 528, 590)
Rem.2: HeDs
(sub �MCh) � disagree with LCs and spectra

(Nugent et al. 96, Hoeflich et al. 96)



�
Barely Existing Things/ Jewan Kim, 1993
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� Barely Existing Things/ Jewan Kim, 1993
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     56Ni(β-)
56

Co(β-)56Fe�
 τ =   9D          112D





Red Shift (Z)



 
 
 

Why me? 
Why now? 

 
Nancy Kerigan 

/Mike Turner 
 
 
 
 

73% of the Universe is made of 
Dark Energy 

 
 
 
 
 
 
 
 
 
 
 
 



 
Dark Matter  23% 
Dark Energy  73% 
Normal Matter*   4% 
         100% 
 
* Observed Stars    1% 




