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Abstract: The M odern ast ronom ic theory of the M ilky Way Galaxy is called -Density w ave theory. . Den-

sity w ave theor y is used to make at tempt in explaining the catastr ophes and paleonto logical records. Coin-

cidentally, but st ill disputed, each t ime so lar sy stem entered into the spiral arms corresponds to impact e-

vents, respect iv ely . Furthermore, earth w as heated up while t raversing the spiral arms. T herefo re, w armed

climate w ould reach its climax at the end of a t rav er sing . Calculat ions revealed that the spiral arms w ould

impose an influence on earth and the solar system, w hich is ast ronom ically slight but biolog ically consid-

erable. Fossil r ecords and geolog ical survey corr obo rated such statement . Bo th abnormal events during

the t ransition of Perseus Arm and Scutum-Crux Arm ar e discovered in this art icle. Research on lunar ves-

t ig es and crater s is under process, in o rder to compensate earth. s g eo logic pr ocess w hich might efface re-

cords.
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1  Introduction

Geolo gical catast rophes, w hich seem to be unexplainable, had g reat inf luence on earth and shaped our

biosphere. A mor e puzzling question is that w hy those catast rophes, such as many bolide impacts, v olcanic

act ivities, marine r eg ression, and tectonic act ivit ies, w ere alw ays appearing at the same t ime. T his manu-

script mainly tr ied to explain this point by density w ave theor y.

Density w ave theory or the Lin-Shu density w ave theo ry is a theory proposed by C. C. L in and Frank

Shu [ 1- 4] in the mid-1960s to explain spir al arm structure o f spir al galaxies. Their theory int roduces the -i

dea of long- lived quasistat ic density w aves, which ar e the sect ions of the galact ic disk which have g reater

mass density ( about 10% ~ 20% gr eater ) . T he theor y has also been successfully applied to Saturn 's

ring s.

Or ig inally, ast ronomers had the idea that the arms of a spiral galaxy w ere material. How ever, if this

w as the case, then the arms w ould become more and more tight ly w ound, since the mat ter nearer to the

center of the galaxy rotates faster than the mat ter at the edge of the galaxy . The arms w ould become in-
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dist inguishable f rom the rest of the galax y af ter only a few orbits. T his is called the w inding problem.

Lin and Shu proposed in 1964 that the arms w ere no t material in nature, but instead made up o f areas

of g reater density instead. In the galaxy , stars, gas, dust , and o ther components move through the density

w aves, are compressed, and then move out o f them.

Their hypothesis pointed out follow ing suggestions:

( 1) the spiral arms are quite young, and are cont inuously appearing and dying ( chaotic spiral model) ;

( 2) the spir al pattern may be a tempor ar y phenomenon result ing fr om a recent vio lent disturbance

such as an encounter w ith ano ther galaxy ( t idal model) ;

( 3) the spir al arms are some sort of w ave pat ter n that propagates through the galact ic disk.

Mor e specifical ly, the density w ave theory argues that the / g ravitat ional at t ract ion betw een stars at

dif ferent radii0 prevents the so-called w inding problem, and actually maintains the spir al pattern. T he

density w ave theo ry gives a constant pattern speed 8p U 13. 5 kpc# sec- 1 .

The Lin-Shu density w ave model can explain most o f the features seen in spiral galaxies, i. e. , the

prevalence of tr ailing arms and tw o-armed spirals. And now this hypothesis is pro ved to be t rue by Zheng

et . al[ 5] . s latest observat ion. They have measured the distance to the massive star- forming region W3OH

in the Per seus spiral arm of the M ilky Way to be 1. 95 ? 0. 04 kiloparsecs ( 5. 86 @ 1 016 km) . T his re-

solves the long-standing problem that there is a discrepancy of a factor o f 2 betw een differ ent techniques

used to determine distances. T he r eason for the discr epancy is that this po rt ion o f the Perseus arm has a-

nomalous mot ions. T he o rientation of the anomalous mo t ion ag rees w ith spiral density-w ave theor y.

2  The Lin-Shu hypothesis ( QSSS)
Her e ar e some brief concept ions of Quas-i stat ionar y Spiral St ructur e hypo thesis[ 1] :

( 1) Pat tern rotates at constant speed: it is a g row ing mode of oscillat ions

( 2) Waves are of 4 types ( S. T . , S. L . , L. T . , L. L. )

( 3) They propagate in a par t of the galax y bordered by resonances and/ o r turning-po ints w hich de-

f lect ( refract) w aves in a dif ferent ially rotating disk.

( 4) That par t acts as a resonant cavity for w aves

( 5) Waves are grow ing in the stellar disk, but do not reach larg e amplitude ( arm-interarm contrast )

before saturating.

( 6) Saturat ion is due to the t ransfer of w ave energy to gas disk

( 7) Gas disk is colder kinemat ically and responds much more vigo rously to the gravitat ional fo rces of

the spiral w ave in a stellar disk than that disk itself . As a consequence, gas w aves steepen into shock

w aves: non- linear, easily-visible w aves w e see.

( 8) Waves grow betw een the Inner L indblad Resonance and Corotat ional Res.

( 9) Waves can pr opagate beyond Co rotation to Outer LR.

( 10) CR region acts as an amplif ier of w aves due to over- r ef lect ion.

As a first step, w e shall neglect the velo city disper sion altog ether . One then has the fol low ing set of

equat ions:

Lt + r
- 1
[ r( Lu ) r + ( Lv ) H] = 0, (1)

u t + uu r + ( v/ r) uH- v
2
/ r = <r , (2)

v t + uv r + ( v/ r ) vH+ uv / r = <H/ r, (3)

<rr + <r / r + <HH/ r 2 + <zz = - 4PGL( r , H) D( z ) . (4)

The solution is a spir al fo rm. Potent ial perturbat ion:

V 1( r, <, t) = A ( r) exp( i(�Xt - m<+ 7 ( r ) ) ) , (5)
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where: X real part is pat tern speed m 8 p ; m: number o f spiral arms, in most cases ( including the M ilky

Way) , m= 2; A ( r) : amplitude o f spiral; 7( r) : shape o f spir al.

What. s more, according to the Bo ltzman equat ion and the Poisson equat ion,
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where Qis the density of the galax y.

3  The Influence on Earth and a Great Cycle
To clarify the phenomenon in ear th. s history, one must bear in mind the fo llow ing impo rtant env-i

r onment o f the Solar sy stem, as pr esented in f ig. 1, the locations of the galact ic center, sun ( a small cir-

cle) , and spiral arms are indicated.

Fig. 1  / Plan View0 of the Milky Way as Seen

from Its North Pole

T he posit ion of the solar sy stem is figured out

in this figure. Because the velocity o f the spiral

arms is just half o f the solar system, 520 Ma is just

the time our Solar Sy stem needs to pass the four

major sw ing arms once. Therefore if w e take the

spir al pattern as the reference sy stem, it w ill take

the solar system 520 Ma to form a circle. Based on

the recent survey[ 6] , the M ilky Way also has 2 main

spir al arms like all the o ther galaxies. M ost spiral

galaxies have tw o arms and approx imate tw o fo ld

symmetry. Actually it is also ef fect ive for the M ilky

Way . Observat ions presented by Benjam in [ 6] proved

that the M ilky Way also possesses only tw o major stel lar arms: the Perseus arm and the Scutum-Centau-

r us arm. The rest of the arms are minor or adjunct arms.

From the cur rent po sit ion w e can infer that 65 m illion year s ago the solar system is very likely to be

in the Scutum-Crux Arm , and 250 m illion years ago in the Per seus Arm. ( Acco rding to the density w ave

theory , the solar sy stem. s orbit is an incoaxial eclipse. ) T he per iod of the solar sy stem. s period of move-

ment in the M ilky Way can be divided in the fo llow ing manner, as presented in Fig. 2.

Fig. 2  Solar System. s Movement in the Milky

Way Since Late Precambrian.

T he t ime Solar System needs to move around

the galax y once is called a cosm ic year, near ly 250

My r. While the So lar System is mov ing, the spiral

arms of the galaxy are circling r ound as w ell. Fur-

thermor e, the velocity of the scr ew y gravitat ional

field w as just half o f the Solar System. s v elo city: X
= 13. 5 kms- 1 kpc- 1 , w hile the so lar sy stem. s X=

25 kms- 1 kpc- 1 . Hereby the f inal result is ) ) ) the

time our Solar Sy stem needs to pass al l the major

spir al arms once is neither more nor less than 2 cosm ic years
[ 7]
.

According to ( 5) , ther e is a st rong ext ra gravitat ional field in spiral arms. T he Solar System is a 2-

body sy stem. A planet only has g ravitat ional operation w ith the Sun. T he g rav itat ion betw een planets is

tr iv ial. All 2-body celestial systems have analyt ic state and its macr oscopical state can be calculated. But
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when the Solar Sy stem passes the abno rmal g ravitat ional f ield, its st rong for ce w orks, resulted in a 3-

body celest ial sy stem. A 3-body gravitational sy stem is a state of chao s. T he state is confused and impacts

become possible.

This is w hy many events, including impacts, volcanisms and marine regression, occurred at the same

time. For instance, the possible P-T impact [ 8- 9] is accompanied w ith gr eat vo lcano activit ies.

Mor eover , another w el-l known K- T impact
[ 10]

, is also accompanied w ith Deccan Tr ap volcan-

ism[ 11- 12] , M aast richt ian sea- level regr ession [ 13] and many other impacts: several other craters also appear

to have been formed about the t ime o f the K-T boundary. This suggests the possibility of near simultane-

ous mult iple impacts, perhaps f rom a fragmented asteroidal object, similar to the Shoemaker-Levy 9 com-

etary impact w ith Jupiter. In addit ion to the 180 km Chicxulub Crater, there is the 24 km Bolty sh crater in

Ukraine ( 65. 17 ? 0. 64 Ma ) , the 20 km Silv erpit crater, a suspected impact crater in the Nor th Sea

( 60~ 65 Ma) , and thecontro versial and much bigger 600 km Shiva crater. Any o ther craters that might

have formed in the T ethys Ocean w ould have been obscured by tectonic events like the relent less north-

w ard drift o f Afr ica and India
[ 14- 16]

.

4  Paleontological Evidence for Perseus Arm Event
Grow th lines of org anisms are result o f the physio logical act iv ity in responding to some cyclic change

of the physical conditions, such as diurnal light intensity, monthly t idal f luctuat ion and seasonal tempera-

ture t ransit io n, etc. , reco rded in the epicecae of the org anisms. Wells' pioneer w ork [ 27] on the grow th

rhythm o f fossil cor als r ev eals that the ancient year had more days than today, indicat ing that the ear th

rotation w as slow down through geolog ic t ime, w hich fit s the ast ronomic observat ion w ell, and stimulates

consider able interest in / paleontolog ical clocks0.
In addit ion, Pannella[ 18] discussed the temporally geolog ic environments and ast ronom ic periods by

dist inguishing differ ent types of periodic grow th incr ements. Berry and Barker discovered a hierarchy of

grow th increments in present-day bivalve shells along the eastern coast of the USA. Berry and Barker
[ 28]

consider ed that there are 15 increments in a rhy thm period that ref lects the local t idy rhythm.

Data on specimens of part icularly good pr eser vation like f igure 3 have been summarized. Also , many

fo rmer r esearches. data are plot ted to gether in f ig. 4.

Fig. 3  An Overview of Fossil Coral Specimen GMPKU-XJ-30-16

and Enlargements of Each Part on Coral Epitheca

Fig. 4 Variations of Synodic Months Per Year

During P-T Boundary

Synthesize new data w ith fo rmer achievements [ 17- 35] , this paper pr ovides a detailed curve of ancient

variat ions of day s per year, presented in Figur e 4.

It is show n in the curve that P-T boundary is a crit ical in earth. s slow down pat tern. This means that

79第 4 期                 张维加,等 :地质灾难与螺旋势场间的关系



earth. s ast ronom ical situat ion w as af fected during the t ransit io n o f the Per seus Arm. T hough this may

also be a coincidence.

5  Geological Survey on MAPCIS ( Scutum-Crux Arm Event)
MAPCIS ( Massive Aust ralian Precambrian/ Cambr ian Impact St ructure) is the largest known ter res-

trial impact st ructure and is dated to appro ximately 545 M a. MAPCIS is a complex mult iple ring impact

st ructured w ith the bur ied center located at 25b32c55. 66dS, 131b23c21. 50dE approx imately equidistant be-

tw een U luru/ Ayers Rock and M t. Conner. The 2000km outermost r ing w as v isualized fr om a 2007 sate-l

l ite Goog le earth image af ter a r ar e rainy season in centr al Aust ralia t ransformed the usual monochrome

reddish desert to a mult ihued bloom which temporarily highlighted the crater ring. There are signif icant

concentric magnet ic
[ 37]

and gravitational anomalies
[ 38]

at the center consistent w ith impact or ig in that lies

underneath a central MASCON. On the 2002 magnetic intensity map of the U luru/ Ayers Rock region [ 39]

there is a comet shaped excavat ion in the crystalline basement that runs NNE to SSW ending at contact

w ith the M usgrave Block. Reg ional g eolog y, lineaments, forbidden zones and smaller coeval impacts
[ 40]

are

consistent w ith a NNE to SSW trajectory of an oblique impact .

Larg e pseudotachylite depo sit s are consider ed diagnost ic ev idence, for the bigg est impacts [ 41] as are

ev ident at the Vredefort and Sudbury impacts. Pseudotachylite deposit s in the direct dow nrange ang le of

MAPCIS center are the larg est known in the w orld. T he pseudotachy lite st retches over 300 km from the

Tomkinson Ranges in Western A ustr alia to M t . Cuthber t w her e it enters the N orthern Territories, w ith

w idths up to 2 km . The Pseudotachylite deposit s can be found in arcuate depo sit s around MAPCIS center

and in radial deposits w hich converge at MAPCIS center.

The pseudotachylite po stdates all o ther litholog ies and st ructures and is no t asso ciated w ith any sin-

g le fault o r st ructure[ 42] .

The dat ing o f MAPCIS is based on regional st rat igraphic relationships and on indiv idual cry stals lo-

cated dir ect ly dow nrange betw een MAPCIS center and the pseudotachylite
[ 43]

. T he basement targ et r ock

of 1 Ba Grenville age w as violent ly exhumed, act iv at ing al l the faults in the M usgrave blo ck, w hich reset

ag es around these faults to dates betw een the orig inal age and appr oximately 545 M a. The N eoproterozoic

beds o f Mt . Conner surv iv e the impact and are ev idence of the age o f the target rock. Acraman ~ 590 Ma

ejecta lay er is missing at MAPCIS center and direct ly dow nrange, y et is intact in pr otected forbidden

zones o r deep trenches[ 44 ] . Sof t bodied Ediacaran fauna of South Aust ralia are preserv ed in the protected

ar eas at the t ime of the mass ex t inct ion at the end o f the Pr ecambrian. MAPCIS is centered in post impact

Cambrian Kalkar indji Event f lood basalts.

This is but a brief synopsis of the most salient info rmat ion pertaining to MAPCIS. Whose st roc-

t ig raphic diag ram is presented as fig. 5. As a new ly discover ed impact , there is st il l much to be done.

Fig. 5  MAPCIS Stratigraphic Diagram.MAPCIS Probably Occurred Just Before the Precambrian/ Cambrian Boundary
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Further research is needed to refine this dat ing. T he photo presents a cor ner of MAPCIS and the

third author as a scale.

Also, in the Precambrian shales o f Adelaide, South A ustr alia ( ~ 600 M a) , and the impact ejecta de-

posits can be t raced back to 260 km. A so litary layer o f shattered crustal ro ck f ragments has been traced

over a distance o f 260 kilometers w ithin folded 600-million-year-old Precambrian marine shales of the Ad-

elaide Geosyncline, South Aust ralia. The f ragments consist ent irely o f acid to intermediate volcanics ( ap-

prox imately 1 575 million years old) displaying shattered m ineral g rains, shock lamellae in quartz, and

small shat ter cones. Fragments reach 30 cent imeter s in diameter and show evidence of vert ical fall em-

placement. Available evidence points to der iv at ion of the rock fragments fr om a distant hypervelocity im-

pact into the Gaw ler Range Vo lcanics at Lake Acraman, approx imately 300 kilometers w est of the Ade-

laide Geosyncline. To our know ledge, this is the first recor d o f w idely dispersed coar se impact ejecta pre-

served in a pre- Cenozoic sedimentary sequence.

6  The Slight Decrease of the Great Cycle

According to M cCrea
[ 36] . s calculat ion, w hen passing across each spir al arm, the solar system w ill

stay in the arm fo r sever al million years.

In the f irst place, the spiral potent ial:

f = A ( r ) cos[ 2<+ 7 ( r) ] , ( 7)

maybe played the most important ro le. W e choose the galax y as an inert ial frame. Spir al arms w ill form at

the m inimal potent ial posit ion and give a spir al pat ter n like above.

According to the desity w ave theory , w hen the solar system is mov ing acro ss a spiral arm, it w ill

generate a radical velocity . T he solar sy stem w ill move tow ard the galact ic center w hile the celestial

bodies in the interarm region are moving aw ay from it . We shall use the term sy stematic mot ion to refer

to that part o f the gas mo tion w hich results f rom the presence of the spiral g ravitat ional field of a t rave-

l ing pat ter n in addit ion to the mean cir cular mo tion. T his mo tion has a tangential component as w ell as a

radial component , w here (�X, H) are the cylindr ical coor dinates w ith the o rigin lo cated at the galactic center

and His measur ed clockw ise f rom the radius passing .

We consider a spiral po tential of the form:

v 1 = A (�X) cos [ 2( 8pt - H) + 5(�X) ] . (8)

Where the amplitude | A | is a slow ly varying function of �X, t is the time, and 5(�X) is the phase term ,

so that the spiral pattern at any instant is given by

- 2H+ 5(�X)= constant . ( 9)

The spiral potent ial also caused an ex t ra gravitational f ield. Because the mass density of the spiral

arm is several t imes lar ger than the outer space, the ex t ra gravitat ional f ield w ill have an inf luence on the

solar sy stem.

When the so lar system is approaching the spiral arm. s low density par t, the gravitat ional f ield of the

latter w o rked and acceler ated the solar system . The energ y increased equals the w ork done by the spiral

arm,

W = Q
1/ 2$r

]

GM Arm. s low- density-partMSun

r
2 dr = -

GM A rm. s low-density-partMS un

1/ 2$r
, ( 10)

meaningfully , w hen the so lar system is leaving the arm, which at tracted it is the high density par t, com-

parativ ely . The energ y decreased equals the w ork done by the spiral arm,

W = Q
]

1/ 2$r

GM Arm. s high- density-partM Sun

r
2 dr =

GM A rm. s high-dens ity-partMSun

1/ 2$r
, ( 11)
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certainly, MArm. s h igh-dens ity-par t> M Arm. s low-dens ity-part , total energ y decreased.

$ESun =
G( MA rm. s high-dens ity-part - MA rm. s low-density- part ) MSun

1/ 2$r
= K # MSun . ( 12)

For other celest ial systems, based on the same process w e can deduct $E= K # M . So the net result

is a net mechanical ener gy loss.

Based on recent measurements and M cCrea[ 36] . s data, $r U1019 m;MMilk y Way U 1 @ 1012MS un ,MS piral A rm U

1 @ 1011M Sun ; Not the w ho le spiral arm w o rks, and w e should not ice that the / high density0 o r / low den-

sity0 are merely comparative conceptions. So the part w hich crossed by the so lar system can be symbo-l

ized as ( a# M spiral arm ( a U10
- 4
) . F inally w e est imate that ,

K = a #
GM spiral arm

$r
Ua # 10

11 U10
7
. ( 13)

Then let. s discuss the compact ef fect and its r esult . W e may find out that only the secondar y celes-

t ial system suf fered severely.

( 1) Fo r the Sun:

$E= K # M , ( 14)

therefo re,

E=
GMm
- 2A

| ] A | ] T | . ( 15)

Thus w e can est imate the total decreased ratio of Sun. s ax is:

K # MSun

(
GMGalactic center

A
) #MS un

U 10
7

10
11 U0. 01% ~ 0. 02% . ( 16)

According to Kepler. s third law , such decr eased rat io o f the Solar system 's o rbital axis indicates the de-

crease of the Great Cycle it self .

( 2) Fo r the ear th-M oon sy stem . We can wr ite dow n the solut ions of earth. s or bit follow s:
d
dt
(
9L
9ÛH) -

9L
9H

= 0,

d
dt
(
9L
9Ûr ) -

9L
9r

= 0

]
rr

&
+ Ûr2 + r

2H
&
+ 2rÛrÛH= 0,

Ûr + rÛH= rÛH2
+ ÛrÛH- GM

r
2 .

( 17)

and the Binet. s formula,

1
2
mc

2
[ (
du
dH
)
2
+ u

2
] + V(

1
u
) = E, ( 18)

where c= r
2ÛH, u= 1

r
. Reasonably, w e choose the Sun-earth sy stem to be our study object , then

T = 1
2
( M+ m) # v 2+ 1

2
mvc2= 1

2
Mv

2+ 1
2
mv

2+ 1
2
mvc2 . ( 19)

V = V Sun +
GMm
- �r

. ( 20)

Therefore both Laplace funct ion and Ham iltion funct ion are obtained as follow s,

L = T - V =
1
2
Mv

2
+

1
2
mv

2
+

1
2
mvc- ( V Sun +

GMm
- �r

) . ( 21)

H = E pÛq - L =
1
2
Mv

2
+

1
2
mv

2
+

1
2
mvc2

+ V Sun +
GMm
- �r

. ( 22) .

Sim ilar ly, one can derive the expr ession for the M oon's kinet ic energy and potent ial energ y as,

T =
1
2
(M + m + mm) # v 2 + 1

2
(m + mm ) vc2

+
1
2
mmvd2

, (23)

V = V Sun +
GM (m + mm )

- �r
+
Gmm m

- �rc . (24)

82 吉首大学学报(自然科学版) 第 31 卷



And the Laplace funct ion and the Hamilton funct ion as,

L =
1
2
Mv

2
+

1
2
mv

2
+

1
2
mmv

2
+

1
2
mvc2

+
1
2
mmvd2

-

( V Sun +
GMm
- �r

+
GMm m

- �r
+
Gmm m

- �rc ) , (25)

H = E pÛq - L = $(Sun. s mechanical energ y) + [$( 1
2
mv

2
) + $( GMm

- 2a
) ] +

1
2
mm ( v

2
+ vc2

) +
GMm m

- �rc
+ (

1
2
mmvd2

+
Gmm m

- �rd
) . (26)

As a result ,

$( Gm
- 2ac) = 0Z $( Gmm m

- 2ac ) = 0. (27)

In conclusion, the Great Cycle it self is slight ly decreasing though the ear th- M oon distance w ill not

be af fected. This is supported by modern ast ronomical observ at ions
[ 7]
.

7  Conclusions
In this manuscript , density w ave theo ry is used to at tempt to explain geolo gical catast rophes and

global w arm ing. Coincidentally, although still disputably, each t ime the so lar sy stem enters into the spiral

arms, ev ents happen. And the mechanism of these events seems to be consistent w ith geolog ical reco rds.

Calculat ions reveal that the spiral arms of the Milky Way exer t an inf luence on the ear th and the solar

system , w hich is ast ronomically slight but biolog ically considerable. Fo ssil records and geo log ical survey

cor roborated such statement . Both abnormal events dur ing the t ransit ion o f Perseus Arm and Scutum-

Cr ux Arm were discovered in this ar ticle.
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地质灾难与螺旋势场间的关系
) ) ) 来自现代天文学和化石记录及地质调查的新证据

张维加1, 3 ,俞杭杰2 ,雷  扬1 , DANIEL Connelly4

( 1. 北京大学物理系,北京  100871; 2. 中山大学物理系,广东 珠海  510275; 3.北京大学元培计划委员会,

北京  100871; 4. MAPCIS 研究中心, M illville, 新泽西  08332, 美国)

摘  要:现代的银河系天文理论即密度波理论被应用以试图解释地质历史上的灾变与化石的纪录.太阳系穿越银河系

中主旋臂的时间分别对应于 K-T 陨击事件, P-T 陨击事件与前寒武- 寒武纪交界事件.计算表明: 旋臂的引力场将对地球

与太阳系产生影响,在天文学角度看并不大但对于生物圈的影响已经足够达到所谓灾变.同时, 来自化石记录和地质考察的

证据对这一机理提供了有力的支持,当太阳系穿越英仙座旋臂和半人马座旋臂时发生的异常事件都得到了支持. 为了解决

地质运动造成地球地质记录不完整的问题,针对月球表面记录的研究工作也已经展开.

关键词:密度波理论; 撞击事件;地质灾难; 古生物钟
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