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Summary. - We have investigated into the time comparison data of the atomic
clocks of some stations and have found thatthe solar eclipse has influence on the time
comparison of atomic clocks.

PACS 96.90 — Other topics on the solar systern.

1. - Introduction.

i Onthe gravitational abnormal phenomenon, earlier on, there were «the abnormalities
: inthe motion of a paraconical pendulum on an anisotropic supporl» found by Allais [1] and
#1970 solar eclipse as by torsion pendulurms by Saxl [2]. Itis found by Zhou et al. that during
-;:the solar eclipse of September 23, 1987, the spectrum wavelengths of H, D, Ca, ... on the earth
tshowed a relative variation of an order or magnitude of about 10~

We have investigated into the time comparison data of the atomic clocks of some

;-TSfationS (sec fig. 1) and have found that the solar eclipse has influence on the time
stomparison of atomic clocks.

~ Abnormalities of time comparisons during the solar eclipses.

#. The fime comparisons of two clocks during the solar eclipses of 25/9/1987, 18/3/1088
and 22/7/1990 are shown in fig. 24, respectively.

" The time comparisons of two clocks at the same station are shown in table 1, fig. 2 @) and

#Hg 3 a). The time comparisons of clocks of two stations by means of ground wave are shown
intaple 11, fig. 2 b)-d) and fig. 4; those of sky wave are shown in table IIl and fig. 2 e)-g).

The authors of this paper have agreed to not receive the proofs for correction.
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Fig. 1. — The central paths of 3 solar eclipses and the approximate locations of investigated statxons-
1) Tokyo, 2} Shanghai, 3) Beijing, 4} Lintong, ) Wuchang, 6) Okinawa.

In fig. 2-4: the quantity x(t) = T (#) - T, (£} is defined as the difference between the
readings of clock a and clock b at mstant A the quantity A x (D =x{{+ 1) ~ x (1) is the first
difference of the time readings with 7= 24 or 6 hours [3]. For instance, Ax, _,, (6h) = =
-, _,.- The horizontal dashed line zone represents an uncertainty zone, the width of Whlch
is equal to the difference of Az (Tyand Az (7) in ordinary days. The horizontal dashed g
zone with arrows represents an uncertainty zone for the interval until 1/9 or 30/9. The

1" max T min

TABLE I - The time compa’msom of two (‘lOCkS at the same statmn

Station Clocks Solar eclipse 38 lf_‘\ x{ ﬁh)\ r R
Date T\{Iagmtude {%)

Beijing Newlll - MC  23/%/87 85 0.lys  10ps 30 5. 10
Observatory Cs(2) - Cs (1) 18/3/88 30 002pus  06us 90  3.107

TABLE Il. — The time comparisons of two stations by means of ground wave,

Standard
Station — Station  frequencies Solar eclipse ag |A1x(6h)[m r R
nsed Date Magnitude (%)

Beijing — Okmawa 100 kHz 2-3/9/!987 85 (Beijing)  0.09 s 0.34pus 11 2.10M

(UTC) (LO)

Shanghai — Okinawa 100 kHz 23/9/1987 98 (Shanghai) 0.19 us 0.29 us 5 1.10™"
(UTC) (LC)

Lintong — Okinawa 100 kHz 23/9/1087 0.30 ps 0.91 ps 9 4.100
(LTC) (L) -

Wuchang — Okinawa 100 kHz 22/7/1990 0.65 ps 50.1us 231 2.10°
(UTC) (LC)

Wuchang — Okinawa 100 kIlz 22/7/1990 1.85 us 354ps K7 2.10°
(Rb) (LC) .

Beijing — Lintong 100 kHz 18/3/1988 3¢ (Beijing) 004us 057pus 43 7-10%

(UTC) (BPL)




ABNORMALITIES OF THE TIME COMPARISONS OF ATOMIC CLOCKS ETC. 135

7 T T
_ 1r (5-"5) wjk‘\ a)
0r | [p—
1L '
11 {us) ! b)
0F  MARMAM e A
| [
_.1: .

200

-200L

10}

—10l

201 (ms) |
!
101 /\ ! i

100

Ayx (24h}

I
10 (ms} i £)
|
|

-10 -

_ Fig.2. - The time comparisons on the solar eclipse of September 23, 1987. @) The tinie comparison of

' Newlll and MC clocks at the Beijing Observatory. b) The time comparison between Lintong and

Okinawa by means of ground wave (UTC-LC). ¢) The tirme comparison between Beijing and Okinawa

‘bymeansof ground wave (UTC-LC). d) The tire comparison between Shanghai and Okinawa by means

of ground wave (UTC-LC). €) The time comparison between Wuchang and Lintong by means of sky

- Wave (UTC-BPM). /) The time comparison between Wuchang and Lintong be means of sky wave (UTI-
. BPM). ¢) The time comparison between Wuchang and Tokyo be means of sky wave (UTC-TJY).

Perpendicular dashed line to ¢-axis indicates the midpoint of the solar eclipse.

: Ili tables I-III: the quantity S is the random deviation of Ax(7) in ordinary days,
—[Ala:mﬂ (1)~ A, % (1)] The guantity | Ax(T) 1 , is the maximum of | A7) | dur-
ﬁge solar eclipse. The quantity » =4, 2{7) /5 serves as a measure of confidence. The
ity R= =*Alx(f)lm/ 7is the relative variation of A x(7) during the solar eclipse.
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TaBLE III. — The time COMPArisons of twe stations by means of sky wave.

Standard
Station — Station  frequencies Solar eclipse 38 ] Ax (6 day )‘m r R
used Date Magnitude (%)

Wuchang — Lintong 5 10 MHz 23/9/1987 86 (Wuchang) 1.5us 102pus 20 1-107
(UTCY {BPM) .

Wuchang — Lintong 5; 10 MHz 23/9/1987 86 (Wuchang) 1.5us 203us 41 2-107
(UThH (BPM)

Wuchang — Tokyo  5; 10 MHz 23/9/1987 86 (Wuchang) 0.2ps 90us 1356 1.107
(UTC) (JIY)

a}

b)

Fig. 3. — Thetime comparisons on the solar eclipse of March 18, 1988 «) The time comparison of Cs(2) =
and Cs(1) clocks at Beijing Observatory. b) The time comparison between Beijing and Lintong by means
of ground wave (UTC-BPL).

Looking at fig. 2-4 and tables I-I[], one is tempted to believe that the time comparisons ¢ ,
of the atomic clocks have made the jumps during the period of the solar eclipse. #

3. — Discussion.

1) The abnormal variations of the time comparisons during the solar eclipses are
confirmative. The reasons are 4s follows. :

From fig. 2-4 and tables I-ll, the fluctuations of Ax(7) in ordinary days are limited
within the uncertainty zone (-38 < width < 35), but the great jumps (58 <| Ax( T)]m <2318)
occurred in the solar eclipse period. :

The abnormalities occur not only on a comparison clock pair buf on many cormparison
clock pairs by means of three methods in 3 solar eclipses.

2) On the causes of the abnormalities, we discuss only the following problems here:

a) The abnormalities cannot be interpreted in the frame of present grawtatlonal
theories,
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‘ﬁg 4. — The time comparisons on the solar eclipse of July 22, 1990. a) The time comparison between
:Wuchang and Okinawa by means of ground wave (MC-LC). b) The time comparison between Wuchang
;and Okinawa by means of ground wave (Rb-LC}).

0) The time comparisons of two clocks in the same station or two stations by means
“of the ground wave are independent of ionosphere.
* ¢)Thetime occurred | 4x(t )| may lead to lag time of the midpoint of the solar eclipse
: by (6 = 24) hours; this means that the abnormalities are not only the effect of the Moon's
soptical shadow.

B

& 3) The relative variation of the order of magnitude during the solar eclipse, for the spectrum
swavelengths is 10, but for the time comparisons of the atomic clocksis 10+ 107, The main cause
Jisthat the distance between the investigated clocks is too short. The order of magnitude
swill be to rise if two clocks are distributed in within and without of the solar eclipse zone,

;-f_ll'espectively.

ok
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