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Henry Cavendish 1731 - 1810 (Experiment 1797-8)





S. Merkowitzz (L) J. Gundlach (R)

at The University of Washington.

G = 6.67390 × 10−11 m3

kg s2

∆G

G
< 1.4 × 10−5

h = 6.626 068 96(33) × 10−34 J, s

∆h
h

< 5.0 × 10−8 CODATA 2006



G = 6.674(28) × 10−11 m3 kg−1 s−2 CODATA 2006

AU = ����BH �"# ,� ��12 �	�1 I��� � 1.5 × 1011 m

AU = 149 597 870 70(0) m Latest value 2009
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T = 365.256363004 × 86400 s (J2000.0)

M� =
r2 4 π2

G T 2
= 1.988 92 × 1030 kg � 2.00 × 1030 kg



Fritz Zwicky 1898-1974









A. Biviano et al., Astron. Astrophys. Suppl. Ser. 111, 265 (1995)

item x y mag color v [km/s]

4469 1310 -1414 17.69 1.88 7452

4479 1322 -1982 17.51 1.83 5749

4535 1393 -1857 17.90 1.95 7653

4597 1478 -1723 16.37 1.91 4915

4692 1594 -1944 17.37 1.74 8318

4792 1721 -1743 16.30 1.91 7173

4829 1762 -1291 14.86 1.98 6055

4907 1855 -1522 15.93 2.20 5504

5102 2141 -1591 17.50 1.92 8122



v̄ = 6800kms−1

σ̄v = 1000kms−1
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v = H d

H = h100 × 100kms−1 Mpc−1

h100 =

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

0.71 today

56 1930s



vmin = 4585km/s dmin = 46h−1
100 Mpc

vmax = 8940km/s dmax = 89h−1
100 Mpc

d = dmax − dmin = 43h−1
100 Mpc



� = L

4π d2

L = 3.02 × 10−0.4 M × 1028 W

� = 2.52 × 10−0.4 m × 10−3 Wm−2

log d = 0.5 (log L − log � − log 4π)

d = 101+0.2 (m−M) pc

1pc = 3.086 × 1016 m
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magnitude [unit = 2.5]
for 180 objects in the central region of the Coma Cluster



M = m − 5 log 105 d

Mpc

d = dmin M = m − 33.89

d = dmax M = m − 33.93

M � m − 33.9

M̄ = −18.2 σM = 2.2
Mmin = −22.3, Mmax = −14.9



L̄ = 1.6 × 109 L�
Lmin = 8× 107 L�, Lmax = 7 × 1010 L�

� �M �� ��
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M
L

� M�
L�

×O(1) ∼ 5 × 103 kg
w



m̄ ∼ L̄ × M�
L�

∼ 4 × 1039 kg

K̄ ∼ 1
2m̄ σ2

v ∼ 5 × 1052 J

K ∼ 200 × K̄ ∼ 1055 J
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〈V 〉 = −3

5

G N m2

R



U ∼ −3
5

G (200m̄)2
R

∼ −3× 1051 J

R ∼ 1Mpc = 3× 1022 m
T

|U | ∼ 104
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〈T 〉 = −1
2 〈V 〉



T ∝ m̄

U ∝ m̄2

+ 9�H T ��� ��� � J��� � 7��U1; ,�*� 8�*�/ ��	 ,. �� +	� � A@

4���� 8�3���1 ,O �� 2	 �!K���

ρDM ∼ 10−24 kg
m3
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