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                                    ABSTRACT

          This paper deals with the observations ef 1957B carried out at Kwasan Observatory
       and in cooperation with the Western Japanese Moon Watch Stations. PartI gives
       the description of instruments used and observational data. In part II, the otbita!
       elements are determined. Fer example, on March 20.000 (J.S.T.), 1958, the period T
       was 94.M477{um-O.MO03, the eccentricity O.0434:L.e.O020, and perigee and apegee heights

       were 195km:i:14km and 791kmr//:14km respectively. The inc!ination of orbit to the
       equatorial plane, i, is estimated as 65.05::i'"O.02. In part III, some results are derived.

       The period shows erratic variations. dS), the retrograde rate of orbit per day, may
       be connected with the period by an empirica} formula: d9--(1.08L:t20.01)Å~105cosi
' x T-2•iÅ}O•i. Finally, air density at about 195 km altitudes above the equatorial regions

       is estimated as 6Å~10-iO kgm-3 to lOxlO-iO kgmum3. •

                              I. OBSERVA'I'IONS

  1. Introduction

• It is well known that the calcttlation of air density from the measured drag of a

  satellite is one of the frequently suggested uses of the vehicle. Especially, above

  about 200km there are no direct determinations of air density or pressure, and air

  density must be computed from an assumed temperatttre and molecular weight. But,

  considering the observations of the satel!ite orbit, we can evaluate the atmospheric

  density roughly in the order of magnitude.

      In July 1955, the announcement of the American program for the launching of smail

  satellites during the International Geophysical Year was made. Soon after the Russian

  authorities announced that they were also undertaking the same plan. At Kwasan Ob-

  servatory, it was planned to observe Earth satellites for the study of physical conditions

  of the upper atmosphere. So, we started at once to construct Schmidt cameras. In

  spring 1956 a 16cm Fl.5 carnera was built, and in September 1957 a 40cm Fl.5

  carnera was completed. On October 4, the U.S.S.R. announced from Moscow the

   * Kwasan Observatory, Kyoto University.
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 launching of the first E`arth satellite (1957 a). We immediately began to observe the

satellite by the two Schmidt cameras. The first photographs were obtained on the

morning of October 16. At about amonth after the iaunching of the first, the news of

the launching of the second Earth satel]ite (1957 B) was received. At that time, the

Baker Schmidt cainera had not arrived yet at Tokyo Observatory. As a Schmidt

camera of medium size in Japan, our 40cin camera was the only available one.

    In this paper xae deal with 1957 B only. According te the preliminary reports

from Moscow, it was launched on the morning of November 3, weighing 508.3kg,

moving in an elliptic orbit with its maximum altitude of 17000 km, and taking about

103.7 m.inutes to complete one revolut2on. It was also reported that the satellite was

travelling in an orbit inclined at about 650 to the equatorial plane.
                                                                           '
    At KwasaR, the observations of 1957 B were carried out from November 6, 1957

to March 21, 1958. The -Meon Watch teams in Western Japan-Shizuoka, Yokkaichi,

Kashiwara, Osaka, Kanaya, Tadotsu, Kechi, Hiroshima and Miyazaki (including

photographs) - also reported their observational data to us. By adding these to ours,

the orbital elements of the satellite and their variations have been determined. Using

these values, we have derived an empirical formula between the retrograde rate of

orbit and the period, and have finally estimated the air density at perigee altitudes.

2. 0bservations

a) lnstraments

    The observational material mainly consists of a group of Kwasan 40cm Fl.5

Schmidt (film diameter 10 cm, field 80, clesigned by Y. Nakai) and 16 cm F 1.5 Schmidt

(film diameter 6cm, field 150) photographs taken by Y., Nakai, S. Saito and the
pfesent adthors and of'a ntimber of photographs obtained by the present authors with

a' NTikon S II camera (Fl.2). We used the exposure time of 2--10 seconds. Fuji

SSS film and Fuji X-Ray fiIin for fluorography were used. All films were developed
Wi'th Rendo'i at'i2ooc ('3 minutes for sss, 6 minutes for x-Ray film>.

      '          ' i'Ilt order to record the time at which the shutters were opened and closed, three

,m
,6eilbi•fl.s,%..e:.x,zd;p,//eS.g•,l.ks,ye,E.h,r,o/rregi,;,efi?g:;I;,g,ol,zh.:8tr.zr,s'g,"1',s,a\g.J•jig,L.?'gggx,ig

tape-recorder, 3. eYe and ear methods with a chronometer. The instruments we have

made use of are illustrated in Figs. 1 a, 1 b aftd 1 c. Moon Watch teams used Astro

and Nikko Satellite telescopes (field 70). Time recordings were made by using tape-

recorder and J.J.Y. signals. Miyazaki Team took also many photographs.
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Fig. la. 40cm Schmidt camera.
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Fig. Ic. Nikon SII camera.

b) Data
   Observations of the

As for the photographic

closing of the shutters.

satellite consist in measuring its position at a recorded time.

 observation, the time recorded is that of the opening or

Fig. 2 shows an example of the photographic observation.

           Table 1.

o.N
ilk

Team

Shizuoka

Yokkaichi

Kashiwara

Kwasan
Osaka
Kanaya
Tadotsu

Kochi

Hiroshima

Miyazaki

Longitude

138023r 18VE

13•6 39 OO

135 48 15

135 47 33.66

135 30 30

135 15 10

133 45 16

133 30 35

132 28 10

131 25 24

Latitude L Altitude

34058' 25'XN

35 OO 15

34 30 24

34 59 55.46

34 41 51

34 03 46

34 16 20

33 33 25

34 22 08

31 55 23
1

20 m

 3
66

221

30

40

2-5

30

 3
 8
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Table 2.

No. I' Date Team Time l R•A• I lil8,1//- Azimuth 1AltitudeERemarks

lil

li

Nov. 6, '57II<ochi

        Shizuokai

l- Kwasan
l'/INov. 7, '57 Kwasan

        l•

        Shizuoka
       lNov• 8' '57 IHKai,I.a,Yhi•.a

Dec. 9; '57iShizuoka

       iDec. 10, '57IShizuol<a

       :
Dec. 12, '57 l/ Kwasan

Dec. 13, '57 l/ Kanaya

Dec. 14, '57lKanaya

       i Yokkaichi
       111 Kechi

'g ms Ilhm 816 i82
     i 9 25.5 i 6 50

 IO 50.0 . -
          ' 21 20.2 , 5 21.8l
 '     tt 21 39.00• 5 18

 21 43.32 l, 5 17

 21 46.75l 5 16.3l

 21 50.12i 5 15 '

 22 24.68 19 30

 22 28.48 li 18 41

     lt1          1 22 33.25• 18 30 I

 22 37.83 11 18 18 11,

 22 59.83i18 3 l•

     lj 23 13.77 ii 18 2 1

     ll          '     /!,;igllg5ii2:!ii

:g: 2,g I,,1, i/

     l•!il ,Z Il; :5,

     I624 40 i -
     '
611 3 ' 10 35

     '555 58 10 35 1
s ss sg I' io s l

s56 18 i11 34 Ii

ii

lii

2      ol'3

{'l

 s ee 6tE

 S21 44W

  -E
 S80 13W

 N59 29W

 N52 14W

 N47 42W

 N39 51W

 N 1 37E

 N 3 58E

 N 5 43E

 N 7 28E

 N13 6E
 N14 38E

 N15 9E
 N79 i5W

 N5 W
 N 5 22E

 NT38 12E

 N40 54E

--- N40 W
 S48 25W

 S42 5W
 S47 7W
 S10 59E

illiliill111

s

  *

iig
il
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Table 2. (centinued)

No• I Date

iliii Dec. 15, '57

Dec. 16, '57

Team l Time
     i

I

Kwasan

Yokkaichi

Kwasan

Kashiwara

Kanaya

Yokkaichi

Miyazaki

Kochi

Kanaya

Kwasan

R.A• IR.e,C,ik

   E

Dec. 17, '57

Dec.

Dec.
gl 4g

Dec. 23, '57

Miyazaki

Kwasan

Miyazaki

 Hiroshima

Shizuol<a

 Yokkaichi

l Osaka
i

llii'E  ,'k

:
illi

[z

ill,lii'ik'ii

illlS

iiii

33
i.

ili06I.

gi;-

   tz  iil/t

Azimuth

ltliiliiilie

iii

illi

'AltitudelRemarks
     l

64034t     P.
     P.65 43

     V.62 6

     P.58 19

60 10     P.
     P.64 27

     P.63 14

     V.72 46

     v.73 52

     v.64 15

     v.43 44

     v.27 55

     V.27 31

56 3' P.

     P.59 i6

     P.70 14

     P.67 37

42 38' V.

34 5     P.
     P.31 59

61 53     v.
     V.44 38

26 15     v.
45 8     v.
35 42     v.
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Table 2. (continued)

No. Date

Pec. 24, '57

Jan. 23, '58

Jan. 24, '58

Team

Kanaya

Kashiwara

Kashiwara

Osaka

Kanaya

Miyazaki

Yokkaichi

Kwasan

Time

S2

iili

iil
m

lli

l'

R.A.

 hm 05
 6 10

18 40

 20
 4 33

I 3 53

1 4 40

I• 6 13

l- 4 34

il 4 35

l
11• 15 50

I 15 43

l ls 31

15 15

I 14 2g
i

14 5

12 43

I 12 ls

i 10 13
i
i 9 48

I• s 4g

i 8 28
l
i' 7 47

l 7 3s
l
I 7 13
I

Decli-
nation

lliiliii/lil

Azimuth AItitude

ili'

iii

i

liii

liie

iiii

iiii

Remarks

iii

eiiiii
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Table 2. (centinued)

No. Date

iilil8 Jan. 24, '58

     iTeam [ Time R.A.

       Ihms
Kwasan I18 27 11.5

l I 27 2s
I i:43,g
l I 27 s3
i j 28 4.5
i i 28 9.5ll•[

l 28 22.5/] l 2s 3o
'i• I 28 49
l l 28 58:tj'

1 l 2g5
i l 2g i,
j i 29 20
I l 29 14i
       I 29 20

l l 29 43
       i       l. 29 48

l I 2g sg
I I 303I [ 3e io
l i 30 !7li•iShizuoka i18 26 2
 Miyazaki l18 26 33

i'il l 27 i7.0I

ill21M8 ,'iil

Decli-
nation Azimuth

ll06iii/ll- lli'iiiillio•ti

AltitudelRemarks

i,'11io

ili

iiil iv
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Table 2. (continued)

No.

lliilliiiii

Date
I

l Team l Time l

Jan. 24, '58 Miyazaki

Osaka

iii

iiii/ig

i!    2

lgii

ifi

il"/i

g;

91

R.A. lR8,g.igkl A,i..,h

Yokkaichi

Kanaya

Miyazaki

2iiiiiili

il

iiil

/giii'elii ll

AltitudelRemarks

Jan. 25, '58

E
E

I

Kashiwara

Kwasan

i

i Kashiwara

iislliioiiil VIil
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Table 2. (continued)

No. Date I Team l Time

'
52

J
72

.naJ

'naJ

i,iii5:lii

  l
'58 f I<ashiwara

  i  l Kanac ya

  L
  I
  i
  l
  i
  E

  l
  I Hiroshima
  I•
  l Miyazaki
  i
  1
  1
  l
  I Tadotsu
  I-
  i Yol<kaichi

'58 I Miyazaki

  l'
  i
  1 I
  I
  i
  l
  l
  l-
  i
  l
  i
  i
  i
  1  l Kanaya
  l
  l'

  I
  I
  I

I R•Any Ilil8,k•igE I Azimuth     lA!titude:•Remarks
    l

 hms 19 18 57
I
I19 15 11
l

  15 57

  16 55
I

i 18 s
l ie 9

i 20 25
l

 19 16 30

 19 17 39.6

  !7 57.6

  19 39.9
I
Ilg !7 43

i
l19 18 3g

I :L9 4 23.0

l 427.g

   5 6.5
   5 38.9

I 6 3.s
l 6 s.o
l s 3o.i
l
i 9 2.0
l
l19 4 35
l
• 438
i' 54
l

l 532

m
ii

        .2il

'ii

g
ii

3o2T-.

i-i  liii

:gg:
       ." liilis

liiiiliiii.

Il

ill'iio11il

iiili
'ii
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Table 2. (continued)

  tNo. Date

lli

iii

il Jan, 27, '58

Jan.

jan,

'
82

'
o3

'58

'58

Mar. 13, '58

Mar. 14,

Mar. 15,

Mar. 16,

Mar. 17,

Mar. 18, '58

Team

Kanaya

Yokkaichi

Tadotsu

Kobe

Yokkaichi

Osaka

Kashiwara

Time

Miyazaki

Kanaya

I<anaya

Kanaya

Kashiwara

Miyazal<i
E
I

t

i, Miyazaki
I
i
F
i

e

 hms 19 6 14

   7 13
 19 6 43

 19 58
--18 9 25

 17 54 12

 17 54 18

 5 26 19I
[ 29 53
I
I
 5 18 30

 5310
 4 50 41

 4 31 25

 4 32 51

 19 33 21-{--1

  33 31.6

 3 52 41.4

I s2 46.4
I s4 n4
I s4 24.4

l 5 28 48
I
g ::!g.,

i 30 34.1

  31 58.4

R.A.

hmO 15

1 46

O 33

23 30

e3

23 44

21 38

22 27

21 30
i
I21 6
I

21 45

20 55

5 45

6 O.6

21 12.40

21 9.20

20 31.25

Decli-
nation

Mar. 19,
'ss I Kwasan

l

g

i'20 29.2e

12 51

12 58
l

13 7

15 24

16 39

lioii'

ilii

3siiil
Iili

Azimuth Altitude Remarks

Oll,,l    tN.

iili

th

ii ii

  gtilrio

ww

W778s

li

 lll'il lll

iiiii

    ll'i;il

U
Iii
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Table 2. (continued)

No•I Date I Team
]

I Time
i

     R8,C,/rhI ..A. I

llh6 4m7.s lli pt16.o7 Ill.

I 16 sl I -17.g ii

I 16 s4 I -lg.2

I I-     113 25 -'r17

 6O -26
     IE 7 3i•2• +io.s

I 11 52.2i +ss.3

il' 6 48 i +34

 630 +16.5
 4 23 +15.4 .
     ii 4 45 i• +47

lsl• 4 o id--12.o I
l 4 47.s1-l-24.s 11/

ii g 5i'OI llFl18,'9 l

III, s 14 I. +47 I

i lg 16 Ii + 76 I

ill9 8 ii. --F56

//lii o i/ +s7.3 I

          /ll 11 464 +ss.4 l

i12 l5 il -f--54.4

iiR2 30 I+53.4 i
     II 13 20 I--F48.9 I

     i l' 24 7 i+42.7 iI i• 1I24 2i lt.3g.6 l

Azimuth
l. Aititude l

i,iilillii Mar. 19, '58 Miyazald
    ,l,

.6  l

ii

il

ii••iih,

g 1

i,

5l

      I
s 402s,W I-
      I
S 3 15W

S 2 17W

S86 38W

SII 18W

S30 7E
N41 22E

N65 3W
S18 6W
S7i 58Wi

N53 36W

s72 s8WI
S79 53Wi

ss6 sowI

Ns7 24wI
      i
N50 21W]
NO 7Wl
N32 23Wl

N38 2W
      lN41L37W l

N43 16W

N44 38W

N50 26W
      I
N59 17W I-
N64 s2wl

Remarks

Mar. 20, '58

Kanaya

Miyazaki

Kochi

Tadotsu

Kashiwara

YokkaiÅëhi

I<wasan

Osaka

Shizuoka

Miyazaki

iiiioilliii

41 14 l

5Ezg

                        ,illl
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Table 2. (continued)

No.

li11ii

Date

Mar. 20, '58

Team

I

Miyazaki

Time

lli

11k'lmii,

.1igi1g
  1

ilitll

ii

R.A.
Dec.li- l
nat!on I Azimuth

s
IAItitude

i
l

5.]8  3':I'I

ili

iiiii

ii

il

li'i'!iii•
iiliiiii liioliiii

lli

Remarks

Kochi

Kanaya

Kashiwara

Osaka

Shizuoka

Kwasan

liiil

iii
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Table 2. (continued)

No.

!ii
iillll

Date

Mar.

arM

20, '58

21, '58

Tearn Time I R.A.
Decii-
natlon

l.

I<wasan

ihciakkoY

ayanaK

li

    ,'ilL

lo

m
li

!h

s

82

4

'iil
    :
m
17.7

17.64

14.68

49

13.02

43.12

59

32

55

1

+36.e05

+57.66

-l-62.32

+64.22

+63.9

-F63.71

+46

+71

K9
-21

Azimuth Al`Litude

,l1ti  3' E

26E

16E

55vril

51E

6E

33W

 5E

32W

26W

820set

55 47

47 32

36 54

34 16

31 2

75 50

34 4

sz 2e

34 15

Remarks

ii

l.

       P.: photographic V.: visual
        *': no field star hecause of cloudy g: no trail because of sl<y fog

       &: observed at l<obe ?: reported as uncertain.

The position is given by the right ascension (R.A) and by the declination of the

satellite referred to field stars. The Skalnate Pleso Atlas was used for reference.

The Moon Watch teams reported also the observational time and the position at which

a good observation was carried out. Table 1 gives the data for the observing teams;

the first column gives the current number, the second the place of the observing team,

the third the longitude, the fourth the latitude,• and the fifth the altitude. The

ebservaÅíional data are compiied in Table 2 ; the first column gives the currep-t rÅ}umber,

the second the observational date, the third the observing team, the feurth the obser-

vation time, the fifth the right ascension, the sixth the declination, the seventh and

the elghth the azimuth and the altitucle converted from the right ascension ancl the

declination respectively, and the ninth gives remarks. }Iereafter time is referred to

the Japanese Standard Time.

                                 II. ORBIT

    In this part, we shal} describe the method of determining the orbital elernents

ef 1957 i9 and find them by tising the observational data obtainecl in the Western

Japanese territories. According to the Russian communicatien the orbit of 1957 B is

neariy circular, and we can observe only a small part of its orbit on any day. With
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further allowance Åíor the observational errors, it is dithcult and rather disadvantageous

to apply straightforwardly the usual orbital theory to the determination of the orbit

of i957 B. Therefore, we have confined ourselves to the favourable opportunities for

us to determine the orbital elements and have treated the subject graPkically.

3. Basic relatiolis

    Under the inverse-square Iaw in the central-force field of the Earth's gravitation,

the orbit of satellite is given by the well-known equation for an eliipse :

              r == P(I H-e cos v) ww' , with P == a(1 -s2) , r == 1?di -}-H, (1)

where r is the radlus• vector from the Earth's center to the sate}lite, a the semi-major

axis, e the eccentricity, v the true anomaly, Rth the radius of the Earth at the latitude

rP, and U is the height of the satellite above the sea level, r/a is illustrated in

Fig.. 3, taking e as a parameter.

                                                                      E        f.I                                                                     v                                                                     o,og
                                                                     o.os
                                                                     O.Ol
                                                                     e.ee
                                                                     o,es
                                                                     O,04

     rk t.e o.ee

        e.g         1800 27o oe eo teoO                                       v
             Fig. 3. The behavior of rlv versus v, taking e as a parameter.

    It is useful also to give the Keplerian expressions for the period T and for the

orbital velocity Y of an elliptical orbit ;

                             :I'iZ(.G",,,i(mh;e32/)•,,,,l ,,,

                                                '
where G is the gravitational constant and M is tlte mass of the Earth. RÅë decreases

by severai kiiometers from 300N to 400N. In Fig. 4 are shown the relations (2),

taking H above the 35QN sea Ievel as a parameter.

    Let h be the observed aititude of tiie satellite anci t] the angle with which the
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g.ge

   7,S

 v
(tth/$ee;

   7.e

  a
  T

sgooken
   gom

  Fig.

   T,
   as

 H.
 " tOo tm
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observer and the satellite subteRd

at the Earth's center. Then k is

safeiy connected with e and H
by the relation :

 tanh == cote-RrÅë cosece, (3)

in which it is assumed that the

altitude of the observatory is not

too high and that the laÅíitude of

the observed point of the satellite

is not too different from that of

the observatory. The relation
(3) is illustrated in Fig. 5, taking

II above the 350N sea level as a

parameter. .
    Last!y it is convenient to

ee

oT

ee

e5

o,

e5

o2

o,

er
.e

h

lr-T-"rr---T-

tooma

H
leSohA

eee
seo
Teo

6eo

eee

-ee

ooo

200

 t2S45S               e

Fig. 5. The behavior
 taking H above the
 a parameter.

T s g te It ta.

 of h verstss e,
350N sea Ievel as

Å~

     3oe

Fig. 6. The
 takiRg i as

    'tf'"r

     e

behavior of iÅë
a parameter.

th

A 4t=u r O

susrev

 , t
 "
  e6e

ee

  .e4



124 A. HATTORr and B. YADA
have the inclination idi of the orbit projected on the surface of the Earth to any

latitude line. Let i be the inclination of the orbit to the equatorial plane, then id, is

glven by

                          cos idi === cosisecÅë, lÅëSl<xi. (4)
The relation (4)'is shown in Fig. 6, taking i as aparameter. CorrespondiRg to i--640,

650 and 660, we have prep.ared three curved measures drawn on a transparent celluloid

sheet so as to fit the scale of the chart (1).

4. Determgnation of keight

    As is seen from the relation (3), 'the observed altitude is a function of e and H.

In other words, we cannot plot the observational data on the chart without knowing

H. Moreover, (1) and (2) show that N is a fundamental quantity which determines

the oybital elements. Then we shall tal<e a glance at methods of fixing H.

    a) It is obvious that the trigonometric survey is tke most useful and precise

methocl of determining H.

    b) The orbital velocity of the satellite is connected with H by the relation (2).

We may find out H from pass length of the sateliite orbit' projected on the chart,

taking H as a parameter. H is, of course, variable when the time interval of the

observatioks is too long, whereas ehange of the pass length due to that of H is

Regiigible for dv f{{50 for 1957 B with e:{gO.1. Namely, the pass length oR the chart

is approximated by 1?d,/r times that in space. It is to be noted, however, that this

method of determining H is such as to estimate the mean height over the time

interval of observations.

    c) We rnay employ a new trial of dete!-mining H from the observatiens cftt only

one place in the absence of trigonometric survey. By means of the one place obser-

vations of the successive crossings of the east-west Iine for three days, we can

simultaneously fix the mean height for three days at that latkude and d9, the retro-

grade rate of orbit per day. Let ti ancl ?Li be the time and the longitude of the

crossing of the east-xvest line for the i-tb day, respectively. Then ti and Ai are

connected with those in the following day by the relation :

                  Ri-{-i nv2i '" :`' (li-ti•i-i) -(1-.-tS.ve tiltt'n-yi') (AtS? -t-dip), (5)

where dca is the rate of revolution of the Earth caround the Sun per day and is put

nearly as O.0986. Using the relatiop (5) we derive for 22 and 7L3

               ll:.1i,I(,;lll:ots,ii),i211k[',:Ii:',:(,i:ll't-lf,zt,i],i,1"i;} (6)
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where ti-tj• is expressed in
minutes of time each Xterm in                '
clegrees of arc, and d.O. is as-

sumed not to chaiige dttring those

days.
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    Now, we shall apply Åíhe rela-

tions (6) to "ihe evening obser-

vations on March l8, 19 and 20
in 1958. 0f course, the crossing

}ong}tudes 2,i's depend apparently

on H. Using each observational
time and 7{i which depends on H,

we shall compute Zi (i=-2, 3) irom

(6) taklng dS2 as a parameter, and

shall piot 2,i in Fig. 7. 0n the

other hand, we 1<new ),i (i=2, 3)

from the observa'Lions a•s the func-

tion of if, and plot Ri i'n Fig. 7.

Then, we can uniquely fix
H==;-255km and A.O. :=-=3.0i8, assum-

ing that ff has not changed during

three days. The ebservation on

March 18 was considerably apart

extrapolate its data to this line (see

might be somewhat incorrect.

    The change of H per day

of d9 per day of the order of a

in treating the subject, the said

observations in the perigee '

we are
for H and d9. The present
of such a case that the observing

5. Period amd retregrade rate

    If we can observe the times of

the observiRg place, we can fi.nd

the Earth. It is, however,

aday. Moreover, we kave not
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    our east-west line, and so we are obliged to

  . Hence the va!ues of H and d9 fixed above

 be of the order of several kilometers and that

  thousandths of degree for 1957 B. Therefore,

        may be admissible particularly for the

 with allowance for the ob$ervational errors. If

            day, we may find the daily changes

is, however, not so effective with the exception

   lies between the successive crossings.

orhiS

   successive crossings of tke east-west line of

  period in which the satellite revolves around

                    successive passages within

   the east-west line observations. Therefore it
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is necessary to extrapolate the observed points to one latitude line. We shall fix that

line to tke 350N one passing near Kwasan Observatory. After finding H by means

oÅí suck methods in the preceding section, we can plot the observed points on the

chart using the data given in Tabie 2. When the ebserved point is apart from the

350N iine, it is extrapolated to that iine along the curved measure meRtioned in bg3.

The observed point for the extrapolation should be such as more close to tke 350N

line and more precise in observations. Until the inclination i is determined, it is

assmned as 65e according to the Russian announcernent. Then, we can find the time

and tlae longitude at which the satellite crosses the 350N line. Of eourse, the rotation

of the Earth for the time interval between the two successive observations must be

taken into account. From the successive crossings for two days, the mean period

over about one day, Tdi, may be obtained in general by the following relation:

                            1440 -: IV'Tdi+T, TÅë>r, (7)
where T is the time in minutes by which N revolutions fail short of one day. d2,

the retrograde rate of o-rbit per day, is directly obtained irom the relation (5).

    In Table 3 are listed the several quantities recluced as above with exception of

those obtained from observations uniavourable for redttction.s. The first coiumn in

Table 3 gives the date of observation, the second the mean keight for the two or three

days, the third the crossing time, the fourth the crossing !ongitude, each on the 350N

line, the fifth the date on which the mean period is fixed, the sixth the mean period

overabout one day, and the seventh the retrograde rate of orbit per day. The expla-

nation as to the figure in the bracket in tke sixth celumn will be postponed to bQ 9. The

errors estimated are such as incurred through the uncertainty oÅí H and partly through

those of the observation time, the inclin.ntion, the operations of plotting tke obser-

vational data and of extrapolating to the 350N Iifie, and so on.

6. EÅëÅëentricRty

    The orbit of 1957 B is nearly circular and we can observe only a small part of

its orbit within one day. Practically we had not so precise observation of heights as

to determine the orbitai elements, only by the We.gtern Japanese territory observations

for one day. Hewever, it we have successive observations evening after rnorning or

morning after evening, we can determine the eccentricity of the orbit, provided that

the orbital elements do not change for those intervals. For we can observe considerably

separate parts of the orbit on the morning and on tke evening. We had such a case

on March observatiop-s.

    Now we skall deteymine the eccentricity on March 20.000 by using the ob$er-

vational data on March l9 evening and on March 20 morning. Let the quantities of
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the former be denoted by suffix e and those of the latter by suMx m. From the data

in Table 3 we may find for the difference of the true anomalies v.-v. between the 19

evening and the 20 morning, in an approximation of no motioh of the perigee along

the orbit:

then COS (V";-Ve) ==  1-COS2 350+COS2 350  COS(, l (s)
                   v. -ve=101.083, 1
where

             e = (1rm.t.',-dtffy)(3600+dPg -Fd`P)' (Ae-1.) = 142.074 ,

with

                                 AJ2 = 3.018 .

On the other hand, we have a=6871 km from the mean period T== TÅë =94.m485 (see

bR9), and have r,=6625kmÅ}5km and r.=:7086kmÅ}20km corresponding to
He =254kmÅ}5km and H.="-715kmÅ}20km respectively. Then we have

                             ;;i,z rwr glggsgi.glgo,gi ] (g)

    By applying (8) and (9) to Fig. 3, we find out graphicaliy, for the mean eccent-

ricity e and also for ve:

                        e(Mar. 20.000)=O.043Å}O.O020, (10)
and

                       v, (Mar. 20.000) == 35.eÅ}4.00. (11)
The latitude of the perigee on those days may be found about 30N with the value

(11) and that of the apogee about 30S, by assuming the inclination i as 650. Then,

we can obtain, by (10), for the heights of the perigee and the apogee:

                      ili E.M:i-i ,28i8,eg,) l-lll ;g?,ts.M-t/Jl,4k<l j ] (i2)

where the sudixes P and A are referred to the perigee and the apogee, respectively.

7. Inelination

    From the analysis in the preceding section we have found the dimensions and

the direction of the orbit with respect to the Earth from March 19 to 20. Therefore

we can compute the heights of 1957 B at every latitude of the Earth, assuming at fust

that the inclination i is equal to 650. In fact, the heights computed above are seen

hardly dependent on ias Iong as the uncertainty forii's of the order of Å}• 10. We

shall apply these heights to the photographic and comparatively precise observations
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on March 20 morning obtained by Miyazaki Table 4.
:)za,,m,?.gd,,g,2d,`lkeh.ea'g,2t;.orsxe.r{,gbs.zr.v.';osi ... I , H

Table4 gives the current number in Table 2, 196 36.07N 707km
                                                    197 36.3 709the 2nd the latitude of the observed point which
                                                    200 33.3 721
is estimated from the azimuth and from the first
                                                    201 33.i 722
approximation height, and the 3rd the height 2o2 32.s 724
computed corresponding to the 2nd column lati- 203 32.3 725
tude. Using the heights ih Table4 we can piot 305 30•2 732
                                                    207 27.6 741the observational data oR the chart, of course,
                                                    208 2Z4 742
with allowance for the rotation of the earth

corresponding to the observation times. This

determines the orbit projected on the earth's surface. By making the curved measures

quoted in bR3 sllde on this orbit we may find for the inciination

        i-- 65.05,t,,O.02. (13)
    Without all these valuable data which were put at our disposal by Miyazaki Team,

it would have been impossible to mal<e this determination.

8. Motion ef the perigee aleng the orbit

    It is known by the perturbation theory that the perigee is in motion aiong tke

orbit corresponding to the retrograde motion of the orbit. We shall seek for the iate

of the perigee motion.

    It is probable that the change of the perigee height with time is very slow

compared to that of the apogee one, so.we can say from the values in Table 3 and

in (12) that we had the observation near the perigee regions on December 23 evenlng.

Therefore, it may be permissible to extrapolate the height on December 23 to that on

December 16. Namely, on Decernber 16, 1957 B might have crossed with H. =232km

or more'f` near evening while with il.--870 kmÅ}20 km on the morning. As we have,

however, no informations on the time and the Iongitude of the evening crossing, we

cannot evaluate v.,-ve. Assuming a circular orbit with i-;=65.05,we shal} estimate

v.-ve nearly as 102e. Then, foliowing the proceclure as in bR6 we may find fore

and ve:

                         e(--Dec. 16) ::-tr:--O.088, (1,4)
and
                         V, ('-Dec. 16) =y- 3540 (=: -60). (15)
The latitude of the perigee may be found with (15) near 400N and that of the apogee

 "i This will be justified in a later analysif ,
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near 400S. Then we get, by (14), the heights of the perigee and the apogee as:

                          gl (,Igg:I lg), EN-v ,2,igl:l ] a6)

    In the fust approximation oÅí its linear motion, we may find, for the motion of

the perigee aiong the orbit per day from Debember 16 to March 20,

                   dtux -6g-435'8 == -o.44 degrees per day. (17)

That is, the perigee might retrograde along the orbit at the mean rate of O.44 degrees

per day. When we extrapolate, with (17), linearly back to the Iaunching days, we

may guess that the latltude of the perigee for those days was near 550N.

    As will be showB later, the period and the retrograde motion of the orbit do not

chaRge linearly with respect to time. The retrograde motion of the orbit seems

further to be ln some relation to the period. The perigee motion is connected with

the retrograde motion of the orbit, so the former must, in fact, have a dependency like

that of the latter on the period.

    Up to the preceding sectioR we have neglected the perigee motion in describiRg

the orbit. In the next section we shall briefly consider an influence of the present

motion on the period and shall give the peyiod in its true sense.

                              III. RESULTS

    We shall derive some results from the orbital elements and their changes of

1957 B obtained in the preceding part.

9. Period in the true sense and its acceleration raSe

    Owing to the perigee motion along the orbit, the period in the true sense T is

expected to be different from Tdi, the period between the successive crossings of 350N

line. T may be connected wi'th Tdi by the relation:

                                   '                           T-= Tth(1+36gW, f4ab4o). (18)

With (17), as for 1957B, it is Åíound that Tis shorter byabout O.mOl than Tdi in

the first appro ximation. The period in the true sense is bracketed in the sixth column

of Table 3.

    As a result of the transformation of Tdi into T, the semi-major axis introduced in

bRbR6 and 8 should be made smal}er by about O.5km and, coftsequently, tke resttlts iR

sections from 6 to 8 must suffei" some changes. However these are included within

the errors, so we shall leave the results as they were.
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    Next we shall estimate the acceleration rate of the period. The mean rate per

day may be approximated by a rough formuia:

                                          6T                  . dT== 6t, (19)
where at means the difference of time in days on which T's are fixed, and 6T the

increment of the peried for that interval. The data made use of for determining dT

are listed in Table 5 with reference to Table 3. The first co}umR of Table 5 gives

the date on which T is fixed, the second the period, tlie third 6T, the fourth at, the

fifth the mean date on which dT is determinecl, and the sixtk the acceleration rate

of the period per day obtained from (19).

                                    Table 5.

Date T sT Et
l

Date dT

                  m  Nov. 6.720 103.600 m d m                               -1.830                                            37.032                                                                      -O.0494                                                      Nov. 25.236
                 101.770*  Dec. 13.752
                               -O.244                                            2.966                                                                      -O.0485                                                      Dec. 15.235
  Dec. 16.718                 102.626
                               -O.403                                            7.519                                                                      -O.0536                                                      Dec. 20.478
                 101.223  Dec. 24.237
                               -2.088                                            31.051                                                                     -O.0672                                                      jan. 8.762
  Jan. 24.288                  99.135
                                            5.978                                                                     -O.0644                               -O.385                                                      Jan. 27.3i3
                  98.750*  Jan. 30.266
                                           45.430                                                                     -O.0860                               -3.908                                                      Feb. 21.981
                  94.842*  Mar. 16.696
                                                                     -O.ll24                               -O.451                                            4.009                                                      Mar. 18.701
  Mar. 20.705                  94.391

   * Less certain data which are not Iisted in Table 3.

    The behaviors of T and dT with respect to date are il}ustrated in Fig. 8 with

reference to Table3 and to Table 5. The behavior of dT is very curious. The
discussions on this erratic orbital acceleration were given partly by L. G. Jacchia (2).

We shall, however, have no comment on this interesting subject only from our
observations.

10. Dependency of the retrograde rate ef orbit on the period

    The retrograde raotion of the orbit is due to the non-central field of terrestrial

gravitation, so the retyograde rate is expected to depend on the mean height of the

satel}ite. From Table 3 it is found that the retrograde per day tends to increase in

fact with the period decreasing We shail now seek for an empirical formula between

d9, the retrograde rate of the orbit per day, and the period in the true sense T.

    In treating the 'subject we shail make use of a mean value of the retrograde motion,

for its daily rate tabulated is censiderably incorrect due to the uncertainty of the
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crossing longitude. We shall define for its mean value frorn the i-th day to the

(i+n)-th day which belongs to the next observation series and corresponds to the

cycle with the same true anomaly, apart form the perigee motion

                     ipmtt == wi}1rmtrm, {(Ai -li+n) + (ti - ti+n)} ww itM, (20)

                     6t' = (nwi1) -.t.i-. ta'.'}' , (20)

where ti-tiÅÄ. in the right-hand side of (20) is always to be positive, making allowance

for the retrograde rate of the oribit from the i-th day to the (i-yn)-th day. The

data for determining d9 and the dependency of A9 on T are compiled in Table 6

with reference to Table 3. The data in the first, the second and the third columns

of Table 6 are those in Table 3, while the fourth gives thedfference of time in days

between the neighbouring dates, the fifth the mean rate of the retrograde motion per

day obtained, and the sixth the period for each date in the first column, extrapolated

using the data in Table 3. The seventh will be explained later.

                                  Table 6.

Date

Nev. 7, '57

Dec. 23, '57

Mar. 2e, '58

t

hm 5 21.383

17 53.181

18 49.922

Dec. 16, '57

Jan. 24, '58

Mar. 20, '58

i 522.992

  18 29.245
1

i 5 6.812
l

*Mar. 19,9,'58

A

l33.013

134. 20

136. 11

132. 53

145. 57

127. 01

6tt

d
46.522

87.040

39.546

54.443

I
I

It) l T

2.0689

2. 965

2. 817

3. 040

3. 28

  m
103.577

102.25e

 94378

10!.652

 99.093

 94.451

T

  m
i02.446

 98.079

100.464

 96.998

94.486

   * Direct observational datum on March 28, 29 and 20 evenings in 1958.

    Now we shall empirically set forth the relation between d9 and T in the form :

                                 d9 -= KTk, (21)
where K and fe are constants. The mean rate of the retrograde motion with respect

to the period from the i-th day to the (i--Fn)-th day is

                   -tz}--;;•1-:--z•ST.l"i-"d2dT ==;- 7tl<-1 (Teit-.i-Ts+i). (22)

    As is seen from Fig. 8 the period does not vary linearly with respect to time, so

the mean value (20) is not strictly equal to the mean value (22). As a rough approxi-

mation, however, we shall seek for the constants K and fe by equating (20) to (22).
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The empirical formula between d2 and T thus obtained by using the data for four

intervals in Table 6 may be given as follows :

                       d9= (4.49Å}O.Ol)Å~104T-2•iÅ}O•i, (23)
where d9 is in degrees of arc, and T in minutes of time. Further d2 is known

linearly dependent on cosi, so we get with (13) and (23)

                     d9 == (1.08+wwO.Ol)Å~105 cosiT-2•iÅ}O•i. (24)

    Fig. 8 shows that the period considerably deviates from the Iinearity with respect

to time for such intervals as given in Table 6. The longer the intervals, the errors

of d9 incurred through the uncertainties of longitudes are smaller, whereas the permis-

sibility of equating (20) to (22) is broken. Then we shall take T, the mean period
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(21), we shail make

the method of least

and
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8. The behaviors of T and dT versus date: T in
   minutes ef time, dT in seconds of time; the solid
   curve is such as obtained directly from the obser-
   vations, the dashed curve as intercombined smoothly.
   The behavior of dge. vers"s T or date (see g10).

time, approximating T by the quadratic curve witk respect to

day to the (i+n)-th day. T thus obtained is given in the seventh

As an alternative approximate method for finding out the relation

d9 correspond, one to one, to T Åíor each intervaL By means of

squares with five data in Table 6 we derive other formulae :

 A2 =4.36xl04T-2P93 =I-O.Ol, (25)

 d2 == (1.05Å}O.Ol)Å~105 cosiT-2-093Å}O.Ol. (26)
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Numerically the value (25) is larger

than (23) by about O.OOI throughout

the period of 1957 B. 'Ilrhe empirical

formulae (23) and (24) are illustrated

respectively 2n Figs. 8 and 9, by tak-

ing the iRclination i as a parameter.

    Since the air resistance to the satel- A`n

lite may be expected to have the same

component of force as that due to non-

central terrestrial gravitation in accord-

ance wlth the shape and with the
flying mode of the satellite the relation

(24) or (26) is not universal.

11. Atmospheric density

    The work performed by air re-
sistance to the satel}itc diminishes its

total energy, and the dimensions of the orbit

we may be able te determine the atmospheric

the orbital elements.

    We shall treat the subject following the

He confines hirnself to the plane orbit problem.

or of tke iRclination occur. Likewise he takes no

of perigee. Therefore his treatment reduces

bations of the parameter P and thd eccentricity

    For the acceleration IL' due to air resistance

                            r' .,.. Ca.                                     PV2
                                  2Ms

with

                            b .,. Ca.
                                 Ms 1

where ,o is the air density, C the coeracient

as the frontal cross-sectional area and ms the

    On the basis of the plane orbit problem,

determining P and s as functions of v as:

                                dp r2 .2ry
                                dv GM
and
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    Fig. 9. The behavior of AS) versus T,
      taking i as a parameter.

  progressively decrease. In other words,

    density by observing the changes of

    analysis given by I. M. Yagunski (3).

    Name}y, no perturbations of the node

      account oÅí the secular perturbations

  to calculating merely the secular pertur-

    e of the orbit.

     we may have

   l}-bpV2, (27)

                                   (28)

 of air resistaRce, V the orbita} velocity,

  mass of the satellite.

we shall have the differential equations for

     ,' (29)
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                   Si =gM2 {XsinvÅÄ(i+S)ycosv+eSy}, (3o)

where X and Y are the projections of the perturbing acceleration on tke radius vector

and on the perpendicular to the radius vector in the plane of the ellipse, respectively.

X and Y may be given by

      x = - ll; (GpM) i!2e sin v =: --lll- bp GpMe sin v (1+2e cos v+e2) ai2 ,
      y=: --Zy"- (GpM)'i2a+e cos v) == --l}-b,o GpM a-i-s cos v) (1 --. 2s cosv+e2)v2 . I (31)

Substituting the expressions (31) into (29) and (30), we get

               [ig/ = -b,oP2(1+2e cosv+e2)i12(1+ecos v)rv2, (32)

and

               de               d-tt -- -b,oP(e+cos V)(1+2e cosv+s2)il2(1+ecosv)-2. (33)

    For the density distribution, we shall assume 'che exponential function of the type

                                 p== Ae-tuH, (34)
                                             iwhere A and cu are constants. Substituting (34) into (32) and (33) with the relations

(1) and expandiRg these into power series and retaining terms of order e2 with allow-

ance for the smallness of s, we get, instead of (32) and (33),

          S-C- : Abp2e-at(P-RÅë)e"cos"(1-ex ces2 v --.;t2 x2 cos4 v)

                              Å~{(1 -F E2ie.) -e cos v+ine2e. cos2 v}, (3s)*

and
          Sie == - Abpewwat(PwwRtp)e-X cos" (1-ex cos2 v+E2-?- x2 cos4 v)

                              Å~ {e + (1--e-22-) cosv-e cos2v+-//2-- cos3 v}, (,36)

with

                                  x== aPs. (37)
    Let op denote the number of revolutions around the Earth. We shali integrate (35)

and (36) with respect to v between the limits O and 2mp, assuming thcnt the changes of

P and e are negligibly small ln thls interval. Then we have approximateiy

                      P-po = -2nteAbpge-pt(Pe-Rd,)Frp (x) , (38)

                      e-ee == -2rcopAbX}oe-pt(Pe-RÅë)F,(x), (39)

 * Hereafter, we have somewhat different expressions from those given by YA9uNsm (3).
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with

     . Fp (x) :=-= {a+eg)-e,x+S? x2}I,(x)-S/ I,(x)+-e2-g- I,(x), (4o)

and
             F,(x) M- {-exll-+(1-eg) -e,x-e -e213, x2} l,(x) +

                                 -t- (2i/ff2o -t- e,-egx) I, (x) + 32e2o l3(x), (41)

wkere fi(x)'s (i--O, 1, 2, 3) are modified Bessel functions and the suthx zero deRotes

the initial values. Eliminating A from (38) aRd (39) we get

       . P}igi2o/(e-e,)-;lg((.X)). (42)
    Now we sha!l find out the constant a for those days in March observations. As

the starting data March 19.308 wiil be taken, and as the ending March 20.705. We

shall assume, in the first approximation, that the increment of eccentricity for short
time lnterval may be equal to -g- g• lf-. Then, from the data in Table 3 and from the

value given in (10) we have

                 go:8:8agg; ;o .-.' g,8g2, l:: io.i M.a,;: ;8I?8g: ] (43)

Using the values (43) we evaluate the right- Table 7.
hand slde of (42) for the probable range Of C• x 1/at Fp(x)117,(x)
This is given in Table 7. The second column of
                                                  1 293 km 2.125Table7is the scale height calculated frOrri (37) 2 147 1.37s
and (43), forxin the first column• As is seen 3 gs 1.2sg
from Table 7, Fp(x)/FE(x) decreases very 4 73 1.11s
slow}y with increasingx and is close to unity 5 59 1.078
                                                  6 49 1.056for a considerable range of x. On the other
                                                  7 42 1.041hand, the value of the left-hand side of (42) is
                                                  8 37 1.031
nearly equal to unity in the first apPrOXiMatiOn• g 33 1.o24
Consequently we cannot uniquely fix x unless 10 29 1.018
there are very precise and suecessive obser-

vational data for the parameter P and the eccentricity e.

    In order to limit x to a narrower range the following procedure may be taken,

though this is not substantially different from the above. The left-hand side of (42)

is analytically given, retaining terms of order e, by

                         Pi,PO/(e-eo) = 1+2 g. ii i-e, (44)

where 6ifp/6HA is the ratio of the increment of the perigee height to that of the
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apogee one. We cannot, however, know this reliable value by March observations.

From (12) and (16) we may estimate the mean vaiue of 5Hp/6HA to be about e.02 from

December 16 to March 20. 0n the other hand, if asupposition that 1957B burnt out

Åíor example in a circular orbit at 150km altitudes on April 14 is admissible, we may

estimate the mean value of 6Ilp/o"HA to be about O.07 from IMarch 20 to April 14.

Then we shall roughly assume that 6Hp/6HA near on March 20 is bounded by

                                    6Hp                                        <O.e6, (45)                              O.03 <
                                    6HA

from which we have for (44)

                         1.017 f?-i-JP-Q-/(e- -eo)<1.077. (46)

Then, from (42), (46) and Table 7, we get finaliy for 1/a

                                     1                             29 km<-zli<59 km. (47)
    Next we shall retum to Eq. (38). b may be estimated as 1.18Å~10ww2m2kgwwi with

C = 2, a. =3 m2 and m, = 508.3 kg. Using (43), T== 21.29 and Rdi =:R3 oN = 6378 km we

have for A
                                     e4.S4 x le2 tu
                          A=10-iOx Fp(x) kgm'3. (48)

TIie restriction (47) and the ex-

pression (48) will determine a

probable range for the density
distributlon (34). This is illus-

trated in Fig. 10.

    ln short, what we can say
about the density dlstributioB at

about 195km aititude$ above the
equatorial regions is no more than

that, corresponding to 30 km<seale

height<60km, the air density lies

between 10Å~10-iOkgm-3 and 6Å~

10wwiOkgm'3. Further the iacl< of

reliable information on b will make

the above values uncertain by
factor two.
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