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these measurements .up to. the ,velocities 0,4 (1200000 km/sec .. ) and 

analysed the old-'data anewo 

As a result the authors of both papers conclude that the closed 

model or, at least, the flat qne- (with zero curva_ture) may be put in

to agreement _with_ the obserwat1ono This conclusion, however, seems 
-· - . . . 

to be no~ convincingo The.~op1c of the present report is to discuss 

this problemo 

§ 2. Principal Formulas 

,. 

e Le~ us give ~he main f~rmulas o~:isotropic and homogennous model 

I G{ 3
. . I .. _ The m_etrics of such a model 1s,.:def1ned by a linear :element 

< ·, ' ~ ;, 

d62 =dti-1'\t)[dx"+ S'"(x)dQ] 
. - . ,. ~ .. (2ol) 

' ,, 

Here _ dQ is the element of three. dimensional solid angle, . the 

veloqity of light is assumed to be equal to unity and the function 

S C.X.) is: 

_ S (X) ;-. Sin X 

j.., 

Sh. :X 

(closed model) 

(flat .model) 

(i>pen.model) 
" ' 

._ Thus, S (~) d Q . -1s the element of the spherical surface o ,In-

stead of the time .t the variable \ is introduced by the formula 

dt ~ ~ ( ~) d1. (J .. 2) 

_ Then the li~ear: _el~,!I)ent is rewritten in the symmetrical form 

d-s2 = ~\~)[ d 7;"-d x.' ~ :.Sc (X.) d Qj - (2o4) 

The function ~- ( t) sq_tisfies the equation'· 'cc}½/ . 



? i! 7 ... · tl. -~ J r ~- ·: .. < 
' \ i ·,. ,-,• '· i ' ~ "'.,; -\~ , •,'. .,,_, ,,,' 

' 
~ ::f J{f l; (2o.5) 

Here t :.~ H >0
1 

- f for closed, flat, and open models 9 respectivelyo 

The .point means the d1fferenttat1on by 't ~ ~ the mean density 9 

~ 4X. 1s the gravitation constant (6 9 67 ol0-8 08) , . 
,,. ·•,·/ s, 

3 
Sm 
secc 

• · · nt 
Introduce "Huble consta~" (function of ·t )o 

(2o7) 

(2 .. 8) 

Then the type of the model is determined by·the sign of the 

quantity 

The 

ce 

The 

equality sign corre~ponds to the flat modelo 

the quantity 

. .?c;ri 
3 h~ 

j ~ '¥,. '' <· .•,,. ' ., 

type of the model is determined by the ratio 

.P ) J> r: ,, 

.P Pct. 

9 <, p {.'?. 

At the present value h~ * 
2 

years 

(closed) 

(flat) 

(open) 

* Humason's et a1lll give• h = 180 ± 20%0 

Let us introdu-

(2sl0) 

between f a.nd 

(2oll) 

(2ol2) 
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() -2.9 . 
J = 5 5 .. 10 fr 

) Srn3 (2olJ) 
The solutions ot equations (2o5) may be written in the parl\_met

ric :f'orml .'.31: for the closed model'.. 

, i: CJ-o ( 1 ~ Cos i). 
't ;, t ( ri, - Sin 1) 

and for the open mcdel 

~ :i
0 

(ch1_ -1) 

t ~t (sh~-1_) .· 

~-
0 

is the constant of integration. 

·' (2ol4) 

(2ol5) 

From formulae (2.14) and (2.15) one may calculate the value of 

Huble's constant(2o8): 

h=L Sin'1, · . 
CJ-0 (1-COS'l) 2 > (2.16) 

or 

h=-1. sh~ . 
~o <chri-1)2> (2ol7)· 

for two models respectively. From the formulae we get the relation 

between time T and h 

where 

1 , 
t= ah) (2.18) 



or 

a::: Sin1_('1_-Sih'l_) 

(1-Costt) 2 

a_ sh~ tsh~- ~) 
- (ch'l-1) 2 

'If 1 Z< l we get 

_,_ 

(2ol9) 

(2.20) 

ri- e h ) L = 3 U?.21 
:: ~· ; 4 ..,. •• ~ 

independent upon a modelo, Far the closed:· model, a·< J/2,, for the 

open one ) 2/J. For the old,. closed· model: ( yt > > i ) 
. . 

:a-~~ i and 

(2;,22) 

It can be seen from here that the old closedmodel give tne longest 
-1 

h = 5.109 years .:Lt seems that--such a .model , tim_e• scale o If 
' i 

'I 

may be brought to agreement with other astrophysical and geologi

cal datao The closed model gives t ( J.109 years,. which appears 

to be too shorto It is useful for the further consider~tion to in

troduce the quantity: 

(2.2J) 

It is eqsy to see that 

(2.24) 

If q and h are determined from the observations then it will 

be possible to calculate 

denote (for all the models) 

~ and thus all the parameters. Let us 



,,'. ·• ,, 

Then 

I' t·,::.,. ~>. ~ 
~ '"(1 til' .~ ,",.-( ) 

,..., r :.: .,_. {~~ .. ~ 

·, ... -~ti'(ther ,.., 1· 

!)r[J l'{({j., ~ ;;, ~\,_ 

k == \ \ - 2 i I lh 

~::: ( hKfl 

io=h-,k-3 

\ .i i:· .. '..•, .·1 ~; J z.: 

' :5 ~ i ~ 

(l-1)/q: ch 7. or 

- 6 -

cosi 

l.'tie),att'5e-• e-1 111i9 ~-¼"'"--qt-f-·q~ ...... ,4'!:. };~ and 

...... (~"\, ... ~,"'I'. l"' {."" "( -r 
• ..: ~ ,, .... ,.~;:-1.: :! .t.. ;:,l •..., 2 ~ . .f ,,, ..l "':.i ;,;t_( :. -~; 

{ r: -~J1) 1n .. b 
,,;r,. - L1~(:c,~-c . q; o . 1 + J'{) . ~--·- -h. ··n ,- . ·t.ns..,:___..__;;. . 

1- k 
--~1 _:~;j~ .£ 0 pt:, ~,:•r:'".-, (,,.~·')..f:a·?•·.J':·. ~ '!:_ . .,;i 1•:~ 

~-:::,··t~:~.;:;-f_f\(f'. r-: --~··:"I. t•t•·· ' !~ :r • .,. 

fl 0 t J: ~ . j -::
1 :t·::·: .' 

./ 

.~ ".' 

I f ;_ tf ·~\.-\ ~ ;,,,i •• :" 

"t., i·.1 ri f' ~\~~-

~ ! 

.\ ~-J 

(2.55) 

(2.26) 

,·i 

(2.27) 

(2.28) 

(2.29) 

.f 
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,-. ;' f · ; ,. <' f' .. , , /'• · .. : • .. ' \ \; ·,t ,4;. , 1 ' 'l ;)\ , l t •::" •:{ !'{: 0 ;' ~, f1jJ\•:) ;, ,:,:~t~.'~ 
"Huble:- effect 2 may b'e. det:ermtned from the relation between visual 

: .. } ~= :;- .-~·... ~f'?t 
magnitude of the clusters and red shift. The energy flux from the d:1:f:ant 

'. \ · ~ .. ,.__ ... : . \. :,,: .~, ,.~ :·~ --~~-~>/\ ;Ji1.:· ·:: f:) r~ 
luminous object is defined by·· the formula: 

J=COnst ia(ti-l). · 
~~ ('1,)Sa (~) } (J.l) 

It is supposed that the light is emitted at the moment correspond-

ing to 1 - .X. 

5 (.X) 

, 

and is deteoted b7 an observed at the moment ~ 
:-1.' ,'' ': . • ;_ ,. l -·' ,:, 1·; ; ''l ~ \ l"' ., . s..· ,.' ~ -~-. ~ 'i 1· 

is determined by formula (2 ~2) ~· Red· shift -is ., 
determined by the formulae: ! . 

where 

l - Ao l=--
_.).. 0. ', JI" 

L _ 1 'iJ UL - _J< > 

(J.2) 
;• : ·: '.'; <:Hi n.,,:.\ LI 

,-r-To ~ ('1,) 

is the obs'er~ed; 'wave: ile~~th~·. A. ~f~ t'ii~1 Ji;k ).i~~~tli1
"' 

t .~. -, r·- .~ .. .; ~- ... : "t - ,,.. ', •·· ··,·f_tJ ( {!)V;f} :;·.;; J t)"l 
of the same line for near 'object'o Tho 'formula necessary for compa-

, • , • ~, 1 : ,· • :-· ' • :• ~:: . : r "1 { 1 / ;J :-~ ~ i r·: · 
risen· with t'he'·experiment 'may be obtained by exluding the variable 

.. l· ~-~t_ ,(',•·, '.-~-; '.'.; i_}{J 1/rf !·:.ll,i.:'"'.,..;,",:'.~"!.i!_ 
. Y.. ' i. from (J:ol)-(J/J)' and expanding 'j into power series of 

t . Such an expre3s1on 1·s; obt~fn~d by Rob'ert;on up···-to l~e·· t'~-~,~~ 

1/Z. It is called Robertson formula.1 5 1 In the calculation we use the 

formula 

\,; 
~ ~ ! .1: ! _, . ' ,, ;_ ; .J ' 

; : ,: , ,·· 
,_. ,• w ; • ~ ·,. 

., 

~·, : ~ , : : ( -:-, ) -.> 
•• j ) ~.~ .1 •. '. : ,, '·~ ! . 'l 

(", .. ,,) y .• 
£t d :: '":'; ~.:.: ': J 

.l. 



- 8 -

The last formula follow.s from G:r.5)*.:.:. 

Being expressed through h and q all the formulas become 

applicable both_ for ~lo9ed ap_~ _open (9-nd for f;a.t mod~ls)-, For 1. 

we 'Obtain:· ~ i =·.h X ~,:r( 1-•i.i )( bt/~+ }J 1+ 4_q )a(h X )?. :•. :, 

Solving for !.-i'( and_ us~ng (2.~4) r .... ; 
' '. " < ;_,. ~ •• •• ,. ,, •• 

1/21 i X=l(1-2q.) 1- 2 (l+i)I;-

+[ ~(J+cii2~~t1+~ci1Jl'+'-l 
inserti~g in.to; (J ~l) ._we fi?!d~, 

1 ,. . . , ;_ .. • • ••· - " ·J ;, -'~,: .· 

2 -

J = Ulh st ~, ( 1 - ( 1 - i H + ~ ( 3 - 2 q_ - ·q_a) i" + : • } ., , .. 

It can be seen from this formula that for z._,O ,4, the term with 
4 

Z.. is important. If we put M - - 2 ,5 log10 ~ + const, then 

we. shall get the. usual form ... of .t.his .fo:r:mulc3:.;,, '. 
(", '- ~ :· • - '•. - " .• ,. - > ;. ' -· ·-.. -

Let us dwell. upon experimental data •. • ...... ,. . 
,.·. ~~\ •. ! z~ ~- ~ ·: · .. .::;·~ _1_.;;·.· t:) .: ) .. J\ ;· ~ ··:} : •• , ... : ~: •.. ,:.· ,,. .t t 

The authors mentioned above point out, that their: data may.,b~ 
:. .•-· .. '·•_:,· ___ · \·~(; .:i -~·":j· ~;;; ,_•' .} ➔,.,.-, .,t.,,.,:, j' •• ~,•~·' __ , ·" 

presented by the curve described_ by two ter,m ;f'ormula, (without the 
' . ·,•,' . ,, ' . ' ';,, . 't, \.~·-··. ., 

term with Z ) with t_he +ol:J..9r,ring value. of . q: , .. 
. ,i ;.,J. .,;~ " \ 

q.::: 2)6 
. Ji· 

. (JO 9) 
, .•. , • ; ~., F ·_: , 

·q, ::: 1 t 0) 5 

HMS(') 

Baum1 2 1 

As·it•was pointed by Baum HMS values are, apparently, too high., 
,i r.-

.. - t "'·~ • v· 
Professor D.Io Martynov who reports at this meeting agrees with it 

as•we:ll. 

When interpreting the data (J. 9) it is worth to point out Ill.that 
u, 

the value q is obtained by ass~ming that the absolute bright-
------------------------------* The derivation of similar formula was given already in the 
literature (compare 6). However, since this derivation makes no use 
of (Ji5)·it does not give the final formula (JoB). I do not know whe
ther the simple formula (Je8) has ever been published. 
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ness of the object does not change with time and that there 1s no 

considerable absorption of radiation in intergalaxical spa6e (and 
' ' ', . 

'·: •'• 
\,, ;,,, 

that, besides, the calculation of the bolometrical magnitudes was 

correct)o 

It-is e'lident that at ,present there is no data which would 

make it possible to estimate these 'errc:,rs., We note only that this 

change ma:, be. neglected if the absolute brightness changes so that . 

I ·~ · I ":J i (Cho 

The assumption that ":J > 0 is equivalemt to the increase of 

q ("closing" of the mode12?)'j < 0 is equivalent to the decrease of· 

q ( 11 openingn of the models). 

The absorption also leads to the incr.ease of q. 

The Baum' resuls (J.9) may be formulated in the following way. 
. . 2 

If we represent the values of _1l_ as the function of c (in arhi 
bitrary units) then all the experimental points in the interval 

0 <. Z ( 0,4 fall between two straight lines 

and 
~ I :. 1 _. 1; C. t:. 

~2=j+•f21:. 

Baum makes a conclusion from here that this experiment declares for 

the closed modele However, if we take into account the term propor-
2 

tional to ~ then the low line lies in the region of the open 

mofrlo ¥h~d-veft This can.be seen from Fig. 1. Therefore from Baum 

data one cannot draw a conclusion that the model is a closed one. 

It we take into account the considerations on the time scale 

which we have spoken about a.t the end ot I 2 then the open model 

turns out to be more probableo 

The data about density p * give evidence :fJr an open 

-------....... ------...---------------------*Unfortunately.the magnitude of densitl and the value of the 
parameter cannot be estimated from (J.9) due to low accuracy 
of the observntions. 
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modelo . ' 
., , . , ;·. t'·,~: .. L .. , ·.:· t': :.'.- -~- : , . . •· .... -". , ·" .. _ ••. t, 

As the discussion at this Meeting has shown almost all the 

est'imatio~s of the :a.e'ni:1.fy give 't'he val~e .? <'f c'v 

Thus, one may c,onc.lude that th.e, existing experimental ,data may 
. ' ., .. ~ ' . ' . " . .. . . -~ ~ ,- ; . ., 

be brought.to agreement.in the-frame of the openimodelo The-quest-
-; ., ,, :,' \, ·,,; .·•'·•, ,# ·¼-"• • , ·• .•• •·. ' 

ion of the appl:\,c~tion:of .isotropic and homogeneous ,mo.del itself 
, -; . . : ' , • i., • -·' ; ·, .... ~ t ' \- .• : •• '.· • • • ' • • ' •. .. ' ' " ,. 

requires considerably ~arger number of observations ~o± the analy-

sis.o -~'; 
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F 1 g u r e lo 

Dependence of visual magnitude on red sh1fto Curves are drawn 
under assumptions that the decrease ot magnitude ts due only to the mot1c 
of the object ltormula (308) I• The dotted lines show the region 
in which (accordi~ to Baum) the experimental curve lieso The curve 

s 
q = · 0 correspond\ to the old ( ~ ) 1 1) open worldo The curve 
q = 1/2 separates the regions of closed and open modelao 
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