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Last Fall in A 10 GCcology I learned of a thcory of an
expanding earth which involved a decrease in the universal gravi-
tational constant, G, through time, Such an idea sgeemed incredible
to me and for the term paper required for the course, I looked into
the evidence supporting it. The major exposi%tion of the theory 1is
contained ln Johann Stelner's "The Sequence ofﬁltc}y?ologlcal Events
and the Dynamics of the Fllky Way Galaxyfiif¢%ﬁe greater part of
his paper 1s devoted to the correlating of of numerous geologlcal
events with the cosmic year, the perlod of rotation of the sun around
the galaxy. He explains these correlates with two hypotheses, one
of whlch 1ls an emplrically derlived functlon of 'G* vergggighgwgalactic
center, I proposed that the effects upon which he based his function,
deviation of star orbits from Keplerian predictions, could be ex-
plainad hy the dietritmtion of masg in the galaxy without resorting
to a variable G, { In reading for this paper, I find that magnetic
stiffening of the spiral arms is another effect that may be relevant.
Another interesting thing I have noticed is the remarkable sim-
tlarity between Steiner's gravitatlonal functlon, Figure 1 , and
the B-type star plot in “ a graph plotting rotational velocity of
our galaxy as a solid wheel, as Keplerian rotation, and by obger-
vation of B-type stars,” reproduced in Figure 2 from our text book.)

The other hypothesils, the investlgation of whose tenabllity
is the main purpose of this paper, 1s that long term trends in the
direction of the paleo-magnetic poles are caused by galactic
“seasonal” variations in our orientation to the local galactie
magnetic fleld, and also that this field supplies the slight field
neaded ko initiate self-execiting dyrnamn aection in the Barth's core. E

T will first present Stelner's data and arguments, and

fr—“-‘;’
some additlional background data, information, and then consider
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several poseible criticisms of his work.

Figure 3 shows most of the aspects of the galactlc model
used by Steiner. The aspects of main consegquence in our dlscussion
wiiiw%e shown in Figures 3¢ and 3dy 3¢ shows the retrograde rotation

of the major axis of the sun's orbit which causes the period from
perigalacticum to perigalacticum to be less than that o* one complete
revolution around the galactic center, Figure 3d shows oscillation
across the galactic plane of the sun as it revolves. Trumpler and
Weaver (1953) give the period of this oscillation as 84 m,y.- Steiner
uses the latest values of velocity and galactocentric distance
given in a source not available in our library. However, the valués.
used are also given in Bok (1963). From these figures of 10,000 parsecs
or 32,580 light years for the galactocentric distance and 250 HMm/sec,
cireular veloeity, Steiner computes the period of the cosmle year
as 245 million years. He then assumes that since the sun is almosﬁ
at its periglacticum, the observed orbltal veloelty is considerably
higher than the mean orbital velocity. Correcting the length of
the cosmic year to the value obtained by the assuption of Keplerian
laws, he obtains a perioed of 280 million years.

One of the more successful thoerles available today
for explaining the Earth's magnetic field 1s the “self-exclting
dynamo” theory developed malinly by Elsassar and Bullard. Chapter

3 in Debate About The Earth {Takeuchi, Uyeda, and Kanamori, 1967 ) ,

presents the theory feirly lueidly. It has been shown that under
the right conditions, =a rapidly rotating disk or cylinder will, when

subjected to to an initial magnetlec fileld, however weak, Eenerate

and sustain a current within itgelf, and a magnetic field around
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1tself. The magnetic rield will be parallel to its exis of rotation

and in a direction so as to reinforce the initial field. The initlal

field is then no longer needed, It has furthur been shown that the
interaction of assumed convection currents in the liquid outer cofe
of the Earth and "parallel currents” generated by” the rotation of
Earth, could, in not too improbable circunmstances, pdrduce self-
exciting dynamo action. A convectlon current speed of‘only 10'2 or
10'1 mm/sec would be sufficlient to produce‘currents of 109 amperes
and consume 2 X 1010 ¢al/sec in producing the approximately .5
gauss field observable on the REarth's surface.

Steiner says, rightly, that while the self-exciting
dynamo theory is quite sucessful in explaining most geomagnetic
phenomena, it is less successful in handling three specific prob-
lems. The first, which need not conecern usg here, is how it obtains
the vast amount of energy needed to sustaln itself. The others
are where 1t finds the initial fifled needed to start its actlon,
and what causes any specific directionallty in its field, Y.e.,
why is the ﬁg;%h‘magnetic pole near the north rotational pole
rather than the south., Stelner contends that the answcera to both
these questions may be found in the weak galsctic magnetic fleld.
That the galactic field may have supplied the initiasl field will not
be arsued by many: such ang ldea has been intimated by Takeuchi,
Uyeda, and Kanamorl themselves, Steiner's contention that, " reversal
of the resulting geomagnetic field could concelvably be due to &
change in the geometrical relationships of the Earth's axls ard
the direction of polarization of the galactic field" would meet

/«.-{cz.af)(i
more resistances in this form. It is nard to see how a fileld on
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the order of 10"5 to 10-6 gauss could cause & reversal in a field
of .5 gauss on the surface andperhaps greater than 400 gauss at the
core. ( I think Steirer could have gotten around this problem by
supposing that the convectlon cells supplying the energy for the
dynamo may change modes or break down at times, causlng & collapse_;
of the magnetic fleld and making currents in refwwﬁny‘:; cells
susceptible to the galmctlc f1eld. Any change in orientation of

of the Earth's rotational axis to this fleld might change the
direction of repolarization.

Steiner has complled date which support a theory of iﬁter—
action between the local galactic fleld and the geomagnetic field. -
Figure 4 shows these "sengonal” trends in the direction of the
Earth's paleo-magnetic polarity.

There 1s good evidence that the galactlc magnetic field
bends outward and runs along the splral arms of the galaxy as
shown in Figure 5, taken from H.C, Arp (1963). G.L. Berge and
G. A, Seleland (1965) give the strength of the fleld in the vieinity
of the sun as somewhat less than 10 mierogauss and its arientation
as beingagbout 700 from the directlon of the galactlc center., Thus
1t falls right along our local spiral arm. Its direction of flow
is outward, south pole to north pole, on the northern side of
the galactic plane, and inward on the southern side, To quote my
earlier paper, ( Armstrong, 1968} :

"Agsuming & simple model in which ‘the rotational axls of

the Earth maintalns its mean orientation with respect to

the galactic standard of rest”, (Steiner, p. 122) and
agsuming that the Earth has any sort of precessional or

other movement around this mean axis; then the chances of &
particular orientation of the rotational axls to the galactlc
magnetic fleld would be a function of the orientation of

the mean axis of the magnetic fleld. This mean orientation,
under this model, 1s a matier of galacllc ‘season'.”
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Figure 6 may show this relationchip more slearly,

I would now like to look at what our orientation with
regspect to the loecal galactic magnetic fleld 1s, and to see 1f it
supports the theory. Trumpler and Weaver give the direction of the
Zgalactic North Pole as having a declination +2?.50 and a right
sgcenfion of 191.00. Figure 7 shows the projections of the Harth's
rotational axes on the galactic plaﬂe seen through the north
and on & plane throuzh the Earthiéfgcludﬁf; the galactic axis, It
will be remembered that the Earth's ( and the galaxy's ) magnetic
poles are opposite in sign to the rotational poles, Thus, it is
seen that the present polarity 1s in line with Steiner's theory.
One problem, however, 1s that is apparent that the normal precessional
movement of the Earth's axlis 1s inadequate to reverse lts orientation
with respect to the spiral arms field., In fact, Steiner's assumed
componded precessions@i%SthB-th) muat be mighty blg to preduce
the short period { .5 - 2 m,y. ) polarity reversals known to occur,
Such large precessions would be likely to increase the randomness
of polar directlion across time, and decrease the power of tbe very
effect he is tryilnzg to explain, A much more reasohable explanation
, it would seem to me, would be the assumption of anomalicXs in the
field, especially at those times when the sun 1ls near the galactlc
plane, .

Steiner disregards the retrogression of the major axis
of the sun's orbit in these conditions and glosses over the sun's
oscillation across the galactic plane, saying no data indicates

an effect from this vibration. He feels that:

“The dating of paleo-magnetic samples...ls not accurate enough
to detect periodic phenomena of the order of 42 or 84 million
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yearsz. Without the 50% overlap statistiec employed in figure
(4}, ...the plotting interval would be 34m.y. which is in-
gufficilent to resolve periods of some 80 m, y., unless the
control polnts coinclde accidentally with some of the true
maxima and minima,..”

The disregarding of these polints, I feel,ls fatal to hls theoriles,

The first has 1lts maln consequence for his variable
b'theorizing. The only effeect it has on‘the theorles pregently
concerning us is to compress the pointg:apo- and perigalacticum
toward the present, as indicated in Figure 4., I was not able to
determine from Trumpler and Weaver whether Figure 3¢ ( which is
on page 598 in thelr book ) was méant to be an accurate facsimlle
of the zun's galactle orbit, or intended to represent some other
star with typical parameters 1in the sun's vicinity. T belleve it
1g the latter. However, if the discrepancy hetween the sun's peri-
apo- perigalacticum year and the rotational year 1s anywhere nearly
as great as ls indicated in the figure, Stelner should definetley
dlfferentlate between the two,

The second point destroys his ﬁypothesislfor the paleo-
magnetic phenomena, If he 1ls right that hls plots of polarity are
too insensitive to detect a periodlcity of 84 m.y., hils predictions
should be for a random distribution of polarities, The expected
magnetic direction would change every [1fth galactic year, according
to Trumpler and Weaver, ( Although Steiner uses their figures
for the period of osclllation, he does not take Into account the
20% stretching of distance and speed estimates which are reported .
by Bok {1963). I am guessing that the frequency of oscillation

would stay constant through the change, 1i.e., the period would pro=-

bably increase in proportion with the length of the year. The
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amplitude probably incresses also.) These changes should be as strong
ag the sewml-cosmic~yearly ones, and if dﬂefﬂfédvdfas random noclse

in the data, would virtually drown out the maln effect. The function
expected would be the addition of the two effects and the curve
shown in Figure 6. would be impossible, The fact is that the curves
do not show any effect, even nolse, from the osclllation across the
galactic plane, and therefore, could not bhe regponding to it. If
they are not responding to this effect, how could they be responding
to the yearly orientation change? Steiner's data looks terribly
good, but‘either his hypothesis, the structure of the galactile
magnetic field, or the sun's oscilllation across the galactic plane
has got to go.

One 1astlpoint I'é like to make is to criticize the
assumption of Keplerian laws 17 inereasiryhia estimate of the langth
of the cosmic yéar. It is well known that the galactocentric force
function is not an inverse square law, rather, it is closer td
being first degree. Steiner even uses thls fact to determine his
'G' function. Assuming it to be close to first degree, the perlod
of a star's orbit °  caleculated from circular;ﬂ“ulﬂ,and gelactocentric
distance does not var&ﬁjfﬁgge};;éfftggﬁ;;ctdziat Wwe are now near
our perigalacticum does not indicate a need for an upward correction
in length of the cosmic year.

Johann Steiner's paper has been an Interesting spur to

my curiosity this year, but I am yel to bte convinced of the validity

of its arguments
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For the purposes of this model it is as-
sumed that the central galactic force law Is
an inverse square law with a varying gravie
tational “constant™ G.  According to Ogorod-
nikov, approximately 80% of the central
galactic force K(R) is given by

G I, (Ogorodnikov, 1965, equa-

K(lty = 1% tion 3-53, pp. 82.85; (1
Trumpler & Weaver, [953)
where M, s the mass of the galuxy (Table

centric distance R, since XK(R) is also given
by
]((R) _ Ve {(Ogorodnikev, 1965, (3)

i equation 3-48, p. 82)

Equation (2) and Dok & Bok's somewhat out-
of-date emipirical data (Table II) permit the
calculation of & as a function of R (Fig. 2).
Under the assumptions made, and owing to
numerous necessary approximations and un-
certaintics®, only the gencral shape of this

1) and R the galactocentric distance, Qn  function may be censidered valid, at best. The
the basis of equation (1) the relationship absolute value of ¢ must be treated with
: RV2 caution, In Figure 2, G tends toward zero
= .TI-E— (2) uwar the centre of the galaxy, Fiscs to a maxi-

- e mum of approximately 7-0.10—% c.gs. units

is given where V¥, represents the empirical cir-  near its edge, and presumably tends toward
cular orbital velocity at the given galacto- =zero at an infinite distance. This function
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Fig ‘® An empirical pravitational function calcuiated on the basis of 1957 galactic data.
Gravitational function in 10--8 dyne cm?®/g? which, at the present time, has the
value of 6+67 c.g.5. units in the vicinity of the Sun. These calculations assume that
the Newlonian “constant” of graviiation is a function of time and space, or a
scalar field variable.

* The palactic orbits are calculated on the zssumption of a constant G, but are utilised in 2 modcl
emnioving a variable G. It needs to be assessed whether these caleulations have o be revised and,
if o, how docs it change the variable G model and the comparisen with geological phenomena,
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! Fig.- 3. The Milky Way Galaxy. R A [T o7 prwmss)
A. A schematie miode] of our galaxy., The contours enclosc a great majority of the
: ’ stars of our Miiky Way (alter Bok & Bok, 1957).
i Left—side view. Right—view from galactic pole. GC—galactic centre, S—sun.
i B. A schematic model of the galactic system by Cort, The dingram shows a section

erpendi w.nr 10 the zalacic plane, Lhrougéh the centre and the Sun. The posiiion ;
. of e Sun is indicuted by a small circlé.  The inrpe central ellipseid has axes
of lengths 8 and 1-61 kiloparsecs and a densily of 215 (using the density near
the Sun a5 o unit): the small central ellipsoid. with axes of lengths 2-8 and |
ziloparsecs, has a densily of 313, (The reader is reminded that 1 kiloparsec =
3258 light-yezrs.) The lengths of the axes (kiloparsecs) and the densities of the
nve ouler cuipsouds are as follows:

Axegs 1i:0, 03 Density 0-446

! i1-6, 0.9 G104
s 12-3, 1-7 Q-026
14-8, 2-8 , 0-007

20-3, 4-9 0-003

The ellipsoids are superimposed upon eonc another (after Bok & Bok, 1957).

C. Gaiactic orbit calcuiated on the basis of 1953 galactic data for a star in the
vicinity of the Sun.  Crbhit is chown in the galactic plane viewed from one of the
calactic poles (after Trumpler & Weaver, 1953}, Normalised 1o apogalactical
disiance equal to 1-0.

At Apogalacticum.  P: Perigalacticum.

D. Galactic orhit with a motion perpendicular to the galactic plane (after Trumplcr

& Weaver; 1953).

i 0-07, and the oroim‘ positions farthest from  present galactocentric distance of the Sun.
: and nearest to the galactic centre are termed  These data and other considerations {Trumpler
: apegalacticum and perigatacticum respectively & Weaver, 1933, p. 601) imply that the Sun
: (i.c. the apsides). At these limiting orbital  is now rapidly approaching its perigalacticum L,
] positions the galactocentric distances are 1-145  and will pass it in a matter of a few miilions ;
R, and 0-995 R, where R, represeats the  of years. If it is assumed that Kepler's second
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to have reversed magnetisation on either side
of the galactic plane. The terrestrial magnetic
field is generally attributed 1o complex hydro-
dynamic phenomena in the outer core of the
Earth, This theory of the self-exciting
dynamo, which in recent years has been de-
veloped further by Elsasser (1950) and Bul-
lard (1050), explaine most phenomena of the
main dipele field, but is less successful in three
respects.  One is the source of encrgy thot
keeps the dynamo going without o breakdown,

started the self-exciting dynamo going, then a
reversal of the resulting geomagnetic fleld
cowid cencelvably be due to a change of the
seometric relationship of the Earth's axis and
the direction of polarisation of the galectic
field.

If such a consequential interaction of the
patactic and the terrestrial magnetic fleld can
be visualised, it is not difficuit to devise a
model that would satis{y the data indicated by
Tigure 10, The simplest model might assume

[] £ 13 £ £ 4’{“
Z b 2 & 2 E R A pra s At
2 : 2 % e it
< & o £ o a:»».f(/é"’-'M"‘/’/ be}q
] : S g 3
T M i 5 el Hog.nl S8
1 . B .,
’\ k- I S i "/}“/:Gzzﬂ'p?'/:,ﬂf;cf"'” {ndica
100 'S S A ) e
A Ve rrenre 36 (¢ feRORED
~— ! / !
/.“- Lo e ;”pf:
— E
D T N e a 5
d \\ E
o |
\\“/ ! \'\_ !
H ; |
! ! ‘
IR (I sl o | e |
7
{
100 ! 8
i
]
e ey, ;
I
\ ! L 7 i
% fo- ) -~ e SN
N ’ / \|
x ?
.\/ \‘ "
’ ) —a!
T ] T T T T
Q (o1 200 300 400 500 600

Fie. f& Major palaeomagnetic polarity epochs.
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(perigalactical passage spproximated to present time zero).

A. Based on data compiled by Cox & Docli {1960},

B. Based con continuous compilations of Lrving (1964).

Holmes (1965, p. 991) lists briefly the ex-
planations that have been put forward in this
regard, in particular by Ramsey (1942) and
Egved {1957). The second shortcoming con-
cerns the nced for an original, possibly very
weak magnetic field which initiates the proress
of the seclf-cxciting dynamo. Finally, the
theory prevides no reasen for any given direcs
tion of magnetisation or reversals of the geo-
magnetic field, as indicated by palacomagnetic
data.

It is the purposc of this section to show that
the answer to the last two questions moy le
in the weak galactic field. If the galuctic field

that the direction of magnetisation of the
gatactic field can cause the terrestrial field to
reverse itself and [urther assume that the reta-
tional axis of the LEarth maintains its mean

oricntation with respect to the goalactic standard:

of rest, while the sclar system s orbiting
aronnd i, 1f the changing gravitational field
af the palaxy or other randem or systematic
ravitatiera! disturbances induce precessionnl
movements analogous to the precession of
couinoxes, the spatial relationship eof 4
Earth'’s rotationa! axis to the direction of mno-
netisation in the spiral arms would systematic-
alty ¢hange.
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T spival arma sparkle awith stars that ave
Lat, bhie and from 10,000 to 1OG,000
caes brighter than the sun. Stavs can
diate at this rate for only one million
W 10 aliion years, a short time com-
na o with the estimated age of the uni-
cerse. Phese superglant stags are strung
ol abang, the spival ans like heads onca
aring. Similarly restricted to the anms
ae greal conds and filaments of dust.
Reeent tadio observations Tave shown
it the spiral arms inour own auliy
e nisa outhined by Bivdrogen gas. Clear-
v Uil Just and gas furnish material for

e fonmation of the bright new stars

Cilliminate the spival arus, In fack, it
i 1_*.\)\\{1)10 to observe nearby regions in
thue xpival arns of our aalaxy where stars
o i the process of bueing formed
Tsee “The Piviades.” by 3. Nelson Lim-
Dor; SCHENTLIIIC AMLRICAN, November,
19327

Bug just as the lifetime of werv haot
sars s limited, 5o too the supply of
dist wnd gy for crealing new stars
wonkd seem to be limited Siduey van
der Berzh of the David Dunlap Obser-
vatory in Toronto has estimated thut at
e present rate of star formation the gas
in thie vicinity of the sun would he ex-
Nansted i less than a billion years. He
T mg‘grsted that the gas was perhaps
wplenished  from the central regions
of the galaxy. Subsequently Maarten
sclimide of the California fostitute of
Teclmology worked out o galactic model
i which suflicient gas was originally
sresentl 50 that a decreasing vate of star
Grmation would still leave about a fifth
of the original gas not yet formed into
sturs, But rcgm‘dlcss of whether new ini-
terial fionvs i to veplenish the old or the
spival ams are stmply supphicd with a
large initial amonnt of gus. the problem
remains of explaining how the material
s kept from dilhising out of the spiral
arms and away into space.

Tvidence for Magnetic Fields

Ome due to the solution of thd prob-
lem may have been provided in 1949,
when John Hall and W. A, Hilmer of
she Yerkes Observatory observed polar-

walion of the ligll from nearby arms of |

the galaxy. Jesse L. Greenstein and Lev-
erett Davis, fr., of the California Institute
of Technology shiowed that pelarization
is pmimhly caused by clongated dust
partiches, b wligned in the same direc-
rentialiy absorh the

tion, which 1
T LT

liahit whose ~vibration is pa:xﬂlel to the
ong axis of the particles. The important
owteoine of this work secims to be that
only o magnetic feld alig ed along the

Cwa {;r r:'-T’L'
iy [
r{.E’ 9"!}‘ fﬁ,' ) \____,/

AAGNETIC FIELD OT GALANY might originally have the general form shown in the top
ilusteation. Tn the nucleus ionized, or slectrivally vharged, particles of gus would he tightly
hound to lines of mugnetic force (color). [i the zus were thrown outward by retation of the
galaxy, the ejected muss would pull the lines of maznetic foree with it. as Jhown in the bote

tom illustration. Thercafier cjected material would tend 1o [ollow these lines and form arms,
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