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Ab stract

Helioseismology, the study of so lar vi bra tions, has
re vealed a higher de gree of ho mo ge ne ity in the sun 
than is com monly as sumed. This is con trary to the
stan dard so lar model (SSM), in which the sun is as -
sumed to be seg re gated into a core re gion and ra di -
a tive and con vec tive re gions which do not
ex pe ri ence sig nif i cant mix ing with the core. Fur -
ther more, a de gree of so lar ho mo ge ne ity and con -
com i tant mix ing im plies a lower core tem per a ture

than is typ i cally as sumed, which in turn means that 
sig nif i cant he lium pro duc tion may not be oc cur -
ring in the sun. Deu te rium pro duced via hy dro gen
fu sion there fore may not be con sumed in pro duc -
ing he lium. The deu te rium abun dance of the in -
ter stel lar me dium ap pears to be con sis tent with the
pos si bil ity that deu te rium is not con sumed in the
sun via he lium pro duc tion, but es capes into in ter -
plan e tary space due to the sun’s ho mo ge ne ity.

In tro duc tion

In the SSM, nu clear burn ing of hy dro gen into he lium is
sup posed to oc cur in the so lar core. Neu tri nos should also
be pro duced as he lium forms, but un til 2001, sev eral de -
cades of so lar neu trino de tec tion ef forts had con sis tently
shown that neu tri nos are not pro duced at the rate pre -
dicted by the SSM. This short age was termed the “so lar
neu trino prob lem” (SNP). The SNP im plied that the suite
of nu clear re ac tions as sumed in the SSM may not be oc -
cur ring, with deu te rium pro duc tion from hy dro gen fu sion
be ing pos si bly the only sig nif i cant nu clear re ac tion in the
sun. The core tem per a ture im plied by this re ac tion is on
the or der of 1 mil lion K or less, in con trast to the 15 mil lion 
K com monly as sumed. In 2001, re sults from the Sudbury
Neu trino Ob ser va tory (SNO) re solved the SNP by re port -
edly de tect ing the “miss ing” neu tri nos. Since the an -
nounce ment of the SNO re sults, the claim has been
pub li cized that the SNP has been “cleared up” and that
the SSM has been con firmed “with a 99% con fi dence
level” (Seife, 2001, pp. 2227, 2228).

How ever, even be fore the SNO re sults re port edly con -
firmed the SSM, the SNP was not the only dif fi culty for
the SSM. In the SSM the sun has a nu clear “burn ing” core 
which ex tends some 25 per cent of the dis tance out from
the cen ter of the sun and is of ten as sumed to in clude about 
10 per cent of the so lar mass. The den sity of the core is usu -
ally de scribed as hav ing about 150 times the den sity of wa -
ter, or roughly 15 times the den sity of lead. Tra di tion ally

the core has been mod elled as phys i cally iso lated from the
so lar struc ture above it. The only trans fer which oc curs out 
of the core is that of ra di a tive en ergy (ex cept for the trans fer 
of neu tri nos). In re cent years, how ever, the He-3 in sta bil ity 
prob lem has gen er ated spec u la tion that there must be
some mix ing be tween the core and outer lay ers. But there
is an other phe nom e non which in di cates a high de gree of
mix ing in the sun, namely, the ex is tence of cer tain so lar
modes of os cil la tion. The study of so lar os cil la tions, or
helioseismology, be gan in 1960 with the dis cov ery, from
Dopp ler shift photospheric ob ser va tions, of vi bra tions with 
pe ri ods of about 5 min utes. Such os cil la tions are now a
well rec og nized as pect of so lar be hav ior (Fix, 1999, p.
395).

Helioseismology In di cates that the Sun
Is Some what Ho mo ge neous

High fre quency (short pe riod) modes, such as the 5 min -
ute os cil la tion, “res o nate within the out er most parts of the
Sun and give very lit tle in for ma tion about the in te rior.
Lon ger wave length modes... pen e trate much more deeply
into the Sun” (Fix, 1999, p. 395). Modes of suf fi ciently low 
fre quency should be able to pen e trate the sun’s cen tral re -
gion.

How ever, the pres ence of a large core as called for in
the SSM would place a max i mum limit of about one hour
on the pe riod for so lar os cil la tions. As tro phys i cal the o rist
Keith Davies has noted that “os cil la tions greater than one
hour would in volve such enor mous amounts of en ergy
that they would re sult in the dis rup tion of any large core
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that might be pres ent in the Sun” (Davies, 1996, p. 2). De -
spite the im pli ca tions of the SSM that such an os cil la tion
should not ex ist, an os cil la tion with a pe riod of 2 hr 40 min
was ob served in the sun dur ing the 1970s. This dis cov ery
was dis cussed in two key ar ti cles, one writ ten by Rus sian
col lab o ra tors, and the other by a Brit ish team of sci en tists
(Severny et al., 1976, pp. 87–89; Brooks et al., 1976, pp.
92–95). 

The Brit ish team de vel oped a so lar model which would
pro duce the ob served long-pe riod os cil la tion, but in do ing
so, found that their model sun must be nearly ho mo ge -
neous with out a well-de vel oped cen tral core. Their model
(Brookes et al., 1976, p. 94) in di cated that a to tally ho mo -
ge neous sun would have an os cil la tion with a fun da men tal 
of 2 hr 47 min. The Rus sian team noted that a “most strik -
ing fact is that the ob served pe riod of 2 hours 40 min utes is
al most pre cisely the same... as if the Sun were to be a
 homogeneous sphere” (Severny et al., 1976, p. 88). The
Brit ish group stated a sim i lar con clu sion: “Cur rent so lar
mod els pre dict a pe riod of about 1 hour cor re spond ing to a 
steep den sity in crease in the so lar in te rior, in marked con -
trast to the ob served 2.65-hour pe riod, which is con sis tent
with a nearly ho mo ge neous model of the sun” (Brookes et
al., 1976, p. 94).

Of course, a nearly ho mo ge neous sun would not sup -
port the ex tremely high core tem per a tures as sumed to
drive most of the fu sion re ac tions of the SSM. With the
mix ing which ho mo ge ne ity im plies, He-3 pro duc tion
could take place with hy dro gen brought into the core, ex -
cept that the cen tral tem per a ture of the sun would be too
low. In deed, the only fu sion re ac tion which ap pears to be
oc cur ring is hy dro gen fu sion at a low rate which sup plies
only a por tion of the sun’s lu mi nos ity. Thus the sun ap -
pears to be a young, rel a tively un dif fer en ti ated star which
has not yet de vel oped the mas sive and ex tremely dense
core as sumed by the SSM.

As tron o mer Ian Nichol son rec og nized this chal lenge to 
the SSM, for he stated that if the ob ser va tion of the 2 hr 40
min pe riod were cor rect, the “stan dard model could not be 
cor rect” and that the “cen tral tem per a ture of the Sun
would be less than half the con ven tional value” (Nichol -
son, 1982; Davies, 1996, p. 3). Other as tron o mers made
sim i lar com ments, writ ing that it was “ev i dent that a very
dras tic change in the so lar model would be nec es sary” and
that “it is un likely that any such model can be found”
(Christensen-Dalsgaard and Gough, 1976, p. 90)—at
least, not any model that would sup port a 10 bil lion year
main se quence chro nol ogy for the sun.

The im pli ca tions for evo lu tion of the 2 hr 40 min os cil -
la tion led to spec u la tion that per haps this os cil la tion might 
be a deep seated grav ity wave or “g wave,” dis cussed at
more length be low. In deed, Christensen-Dalsgaard and
Gough (1976, p. 90) opined that un less this were so, “a

very dras tic change in the so lar model would be nec es sary
to en able the 2 h 40 min os cil la tion to be in ter preted as [a]
fun da men tal ra dial mode,” yet this was the very claim
made by Severny et al. (1976, p. 89). In a sim i lar vein, Van
der Raay (1980, p. 535) noted that “the mea sured pe riod of 
160 min utes raised an im me di ate con flict with the stan -
dard so lar model since if these were sim ple ra dial os cil la -
tions the lon gest pe riod pre dict able was ap prox i mately 60
min utes.” The way out of this evo lu tion ary quan dary, Van
der Raay em pha sized, would be for “the os cil la tions [to] be 
in ter preted in terms of more com plex g mode os cil la tions”
(Van der Raay, 1980, p. 535). As will be dis cussed be low, g-
waves have not been de tected in the sun to date, yet sev eral 
years later the 2 hr 40 min pe riod con tin ued to be ac cepted 
as a gen u ine phe nom e non (Grec et al., 1980, p. 544).
Even later, Ando (1985, p. 177) ex pressed doubt that the 2
hr 40 min os cil la tion could be a g-wave, but rather was a ra -
dial wave, as had been orig i nally pro posed by Severny et al. 
(1976, p. 89).

An other pos si bil ity brought forth to avoid re vis ing the
SSM is to ex plain the 2 hr 40 min os cil la tion as a beat fre -
quency re sult ing from “p-modes” near the 5 min pe riod.
This pos si bil ity, how ever, was shown to be in valid (De -
lache and Scherrer, 1983, p. 653). Scherrer and Wilcox
(1983, p. 37) de scribed this idea as “in cor rect.” Woodard
and Hud son (1983, p. 67) stated that they did “not de tect
the 160-min os cil la tion,” but ac knowl edged that such de -
tec tion “might not have been ex pected in [the] data set”
they em ployed, mak ing their claim of non-de tec tion
moot.

It was also pointed out that 2 hr 40 min (160 min) is
one-ninth of a 24-hr day, and “could there fore ap pear in
[the so lar] spec trum as a har monic” (Scherrer and Wilcox, 
1983, p. 37). This was ruled out by the im proved ob ser va -
tion that the so-called 160-min os cil la tion in fact had a
 period of 160.0095 ± 0.001 min, mean ing that this os cil la -
tion was not a sim ple frac tion of the day and was there fore
not a har monic. This con clu sion was later con firmed by
Hill et al. (1986, p. 560).

It can not be ruled out that the 2 hr 40 min os cil la tion
may not be a per ma nent so lar phe nom e non. In deed, it
has been pro posed that so lar os cil la tions may be re lated
to vari able in ter nal core ro ta tions within the sun (Isaak,
1982, p. 131). Fur ther more, al though the sun is an “ex -
cep tion ally sta ble” star (Seife, 1999, p. 15), it is grad u ally
be com ing rec og nized as some what vari able in much of
its be hav ior, a point first made some two de cades ago due
to the evo lu tion ary ques tions raised by the SNP, helio -
seismology, and ob ser va tions of so lar shrink age (Frazier,
1979, pp. 86–87). How ever, even the tem po rary ex is -
tence of such a phe nom e non as the 2 hr 40 min os cil la -
tion opens a win dow on the sun which re veals that the
SSM is not ac cu rate.
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So lar Mix ing May Re veal In ter nal
Iso tope Abun dances

The ev i dent near-ho mo ge ne ity of the sun has the in ter est -
ing im pli ca tion that sur face gas com po si tion would be re -
lated to core com po si tion. In the SSM this is held not to be 
true (Da vis, 1994, p. 24), and all in te rior com po si tion
abun dances must be mod elled. In turn, the com po si tion
of sur face gases and re lated phe nom ena such as so lar flares 
and so lar wind is taken to rep re sent the pri mor dial com po -
si tion of the so lar neb ula (Bahcall, 1989, p. 174).

If the sun were gen er ally rec og nized as ho mo ge neous,
then the sur face com po si tion could be taken as in dic a tive
of in ter nal com po si tion, but of course this is not con ven -
tion ally done. In deed, it has not been done since the early
years of the twen ti eth cen tury, when Saha de rived a quan -
ti ta tive re la tion ship be tween stel lar spec tra and tem per a -
ture (1920, 1921), thus some what di vorc ing stel lar spec tra
from in ti ma tions of com po si tion (Ed ding ton 1926, pp. 1–
2, 345–346), and evo lu tion ary as tron o mer A.S. Ed ding ton
as sumed that stars like the sun un dergo no con vec tive
trans fer from the core to outer lay ers. It is gen er ally as -
sumed there fore that in ter nal com po si tion must be mod -
elled. But in a to tally ho mo ge neous sun, in ter nal He
abun dance, for in stance, would equal sur face abun dance,
and there would be no cen tral de ple tion.

Let us as sume the sun was cre ated with no deu te rium,
and based on a so lar neu trino de tec tion ra tio of about 1/2
(the de tec tion rate ac knowl edged be fore the SNO re sults
were an nounced), that hy dro gen fu sion to deu te rium is
sup ply ing half of the sun’s lu mi nos ity ac cord ing to the re -
ac tion H + H 6 D + e+ + íe. Let us fur ther as sume that the
deu te rium pro duced is not con sumed. Would the amount
of deu te rium thus pro duced at the lower rate over the bib -
li cal age of the sun (of the or der of thou sands of years) cor -
re spond to the mea sured abun dance of deu te rium in the
sun to day?

The sun has a lu mi nos ity of about 4 x 1026 J. The deu te -
rium-pro duc ing re ac tion men tioned in the pre vi ous para -
graph is thought to re lease 1.44 MeV of en ergy, or 2.3 x 10–

13 J. Ev ery sec ond this re ac tion oc curs 1.7 x 1039 times.
Over the age of the sun, say, some 6000 yr or 1.89 x 1011 s,
this re ac tion has oc curred 3.3 x 1050 times. Each re ac tion
pro duces one atom of deu te rium, so 3.3 x 1050 at oms of D
have been pro duced, or 1.1 x 1024 kg of D. The mass of the
sun is about 2.0 x 1030kg, so the pres ent mass frac tion of
deu te rium through out the sun would be 5.3 x 10–7, or
0.00005 per cent, as sum ing that the sun is ho mo ge neous. A 
deu te rium mass frac tion of 5 x 10–7 in the sun is equiv a lent 
to a ho mo ge neous D/H ra tio of 7 x 10–7. For the in ter stel -
lar me dium (ISM), the D/H ra tio is in the range 3 x 10–6 to
3.9 x 10–5 (Ferlet et al., 2000, p. 3). Thus the D/H ra tio in a 
ho mo ge neous sun is within an or der of mag ni tude of the
ob served abun dance of deu te rium in the in ter stel lar me -

dium. For a slightly older sun, say on the or der of 10,000
years, the agree ment is im proved with a so lar D/H ra tio of
1.2 x 10–6. Fur ther, if the SNO re sults can be taken to im -
ply that per haps deu te rium pro duc tion pro duces more
than half the sun’s lu mi nos ity, the agree ment be tween the
sun’s sur face deu te rium abun dance and that of the ISM
would be im proved yet again. One must be care ful, how -
ever, not to in fer from such a pos si bil ity that SNO has con -
firmed the SSM, since the pre sumed re ac tions of the SSM
are con tra dicted by helioseismology.

In con trast to these con clu sions, the sun is typ i cally as -
sumed to be de pleted in deu te rium at pres ent due to pro -
duc tion of He-3, and the pri mor dial D/H ra tio is usu ally
taken as 2 x 10–5 (Hub bard, 1984, p. 10; Ouyed et al.,
1998, p. 371). This value is loosely in ferred from the D/H
ra tio now ex ist ing in the Jovian plan ets on the as sump tion
that plan e tary deu te rium rep re sents the pri mor dial abun -
dance in the so lar neb ula (Hub bard, 1984, p. 8). How ever,
plan e tary abun dances of deu te rium do not agree well with
the pu ta tive pri mor dial D/H ra tio (Hub bard, 1984, pp.
244, 272, 284), and plan e tary D/H ra tios them selves are
not uni form. In a bib li cal creationist frame work, this pu ta -
tive ra tio never ex isted, and the per ceived dif fi culty of
squar ing plan e tary abun dances of deu te rium with that of
the sun dis ap pears.

Thus the D/H ra tio in the sun af ter some thou sands of
years of hy dro gen fu sion would be nearly com pa ra ble to
the ob served D/H ra tio in the ISM. In the SSM (and in
stel lar evo lu tion mod els in gen eral), it is as sumed that deu -
te rium is con tin u ously con sumed within the stel lar core to 
pro duce He-4, and that deu te rium in the ISM and in the
in ter ga lac tic me dium (IGM) is pri mor dial ma te rial pro -
duced in the Big Bang.

One would there fore ex pect that the D/H ra tio would
be more or less uni form through out the cos mos if this were 
true. That is not at all the case. In stead, the D/H ra tio is
found to vary within the so lar sys tem as men tioned above,
but also within gal ax ies, and even within the IGM in ways
that evo lu tion ary mod els can not pre dict. Dis cov er ies of
un ex pected D/H ra tios are of ten de scribed as a “sur prise.”
Re gard ing the D/H ra tio in the so lar sys tem (Sat urn), Grif -
fin (2000, p. 1) calls it a “big sur prise.” The D/H ra tio out -
side the so lar sys tem (in Orion) to Schil ling (1999, p. 1) is
also a “sur prise.” The low D/H ra tio in Orion (50 per cent
of that pre dicted) may be ex plained by the fact that only
mo lec u lar D and H were de tect able, and un de tected
atomic D and H may make up the de fi ciency. How ever,
the evo lu tion ary pre dic tion did not take this pos si bil ity
into ac count, and this pos si bil ity was for mu lated only af ter
the orig i nal evo lu tion ary pre dic tion had failed.

If the sun were ho mo ge neous, and had gen er ated deu -
te rium since cre ation via hy dro gen fu sion, the deu te rium
would even tu ally mix with sur face gases, some of which
would leave the star to form the ISM. The re sem blance be -
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tween the sun’s D/H ra tio, and that of the ISM, would
seem to im ply that this may be the case. Other stars in the
gal axy would sim i larly con trib ute to the IGM.

Let us con sider the D/H ra tio in the ISM from a
creationist per spec tive. We can not go back to ob serve the
orig i nal sin less state of the uni verse, but we have the bib li -
cal re cord to guide us in vi su al iz ing that con di tion. Gen e -
sis 1:14–18 states that the stars were cre ated to be time
tell ers, which would re quire that they be eas ily vis i ble.
Fur ther more, Gen e sis 1:31 tells us that the sin less cre ation 
was very good, mean ing among other things, that the or -
dained pur poses of each part of the cre ation were ful filled
with out ob struc tion or dim i nu tion. A pos si ble con clu sion
is that there may have been orig i nally lit tle or no ISM or
IGM to re sult in the ex tinc tion of star light trav el ling to
earth.

This last state ment is but tressed by the fact that the ISM
is now be lieved to have come pri mar ily from the stars
them selves, which means that when the uni verse was ex -
tremely young, there would have been lit tle ac cu mu la tion
of ISM. Fix (1999, pp. 505–513) pres ents an over view of
the ISM which con firms this anal y sis. He es ti mates that 20
per cent of the Milky Way is ISM (Fix, 1999, p. 505), pres -
ents the typ i cal sce nario of stars evolv ing in cer tain in ter -
stel lar gas struc tures, but then also de scribes the for ma tion
of in ter stel lar dust grains from ma te rial flow ing into space
from stars. The ac knowl edg ment that dust grains orig i nate
from stel lar ma te rial is a change from what was be lieved
among evo lu tion ists in the past. Dust grains in the past
were as sumed to be formed di rectly from pri mor dial ma te -
rial. How ever, the im prob a bil ity of gen er at ing dust grains
in this man ner was even tu ally rec og nized. Slusher (1980,
pp. 17–19) pres ents a sum mary of the prob lems as so ci ated
with the al leged for ma tion of pri mor dial ISM.

Cou pled with this as sess ment is the fact that plan e tary
and stel lar ca tas tro phes are known to gen er ate dust and de -
bris. In the so lar sys tem, col li sions be tween plan e tary ring
de bris, or be tween as ter oids, are com monly ac knowl edged 
to form dust (though of course dif fer ent in com po si tion
from the ISM). Like wise, it is com monly ac knowl edged
that un sta ble stars of var i ous sorts add ma te rial to the ISM
and to the IGM. Fur ther more, all stars pro duce a stel lar
wind which adds to the ISM/IGM. These known facts are
in di rect con trast to the evo lu tion ary be lief that the ISM/
IGM is some how pri mor dial and is the source from which
all the struc ture of the uni verse arose.

Stud ies of pres ent-day pro cesses such as deu te rium frac -
tion ation in in ter stel lar dust grains will ul ti mately shed no
light on the or i gins of the uni verse, be cause the ISM and
the IGM do not have to do with the or i gin of the uni verse.
They have to do with stel lar de cay. Fur ther more, it can be
ex pected that mis sions such as the Ad vanced Com po si tion 
Ex plorer (ACE) which are mea sur ing so lar wind com po si -
tion will con tinue to re veal more ques tions than an swers,

as long as the so lar wind is be lieved to rep re sent pri mor dial 
com po si tion.

Mod ern Helioseismic Data Con firm a
De gree of So lar Ho mo ge ne ity

How has evo lu tion ary phi los o phy dealt with the im pli ca -
tions of the 2 hr 40 min os cil la tion? The os cil la tion is ac -
knowl edged to ex ist, but the im pli ca tions are ig nored, and
the SSM con tin ues to be taught and ap plied as if it were re -
al ity. As tron o mer John D. Fix (1999, p. 396) pres ents a typ -
i cal treat ment. Fix does not deny that the 2 hr 40 min
os cil la tion ex ists. In deed, a di a gram is used to show that
“long wave length os cil la tions probe the deep in te rior of
the Sun” (Fix, 1999, p. 396). Fix does not mis rep re sent
that very low fre quency os cil la tion in any way con firms the 
SSM. He is merely si lent on the mat ter.

Yet Keith Davies points out that new ev i dence con tin -
ues to in di cate that the sun is at least some what ho mo ge -
neous. One such find ing is that “the tem per a ture at the
cen ter of the Sun seems to be vary ing over a pe riod of sev -
eral months. This is ex tremely hard to un der stand if the
Sun has a huge cen tral core with a re sult ing enor mous
heat ca pac ity. How ever, such rapid tem per a ture changes
are ex pli ca ble if the Sun is young and ho mo ge neous”
(Davies, 1996, p. 2; Chown, 1995, p. 16). Such tem per a -
ture vari a tion may also be re lated to the os cil la tory neu -
trino flux found by ex per i ments such as GALLEX.

In to tal con trast to the as ser tions of Keith Davies, it is
com monly stated that helioseismology ac tu ally sup ports
the SSM. A typ i cal state ment is the fol low ing: “In re cent
years acous tic os cil la tions of the sun’s sur face have been
used to in ves ti gate its in ter nal struc ture; the fre quen cies of
the os cil la tions cal cu lated from the stan dard model agree
with the thou sands of ob served val ues to better than 1 per -
cent” (Bahcall, 1990, p. 56). How can two such op po site
po si tions be true si mul ta neously? Of course, they can not.
In deed, there is a type of cir cu lar rea son ing in volved in an -
a lyz ing helioseismological re sults to bring about a fit with
the SSM: “The o rists turn to cur rent mod els of the sun to
dif fer en ti ate and an a lyze the var i ous acous tic modes; the
modes, in turn, help to re fine the stan dard model of the
sun” (Bartusiak, 1990, p. 25). Such model-fit ting is based
ul ti mately on the as sump tion of high opac ity for the ra di a -
tive re gion of the sun. But the as sump tion of high opac ity is 
ul ti mately based on the as sump tion that the sun can not be
youn ger than the evo lu tion ary age of the earth. The high
opac ity has never been ob ser va tion ally ver i fied, only mod -
elled.

Nev er the less, with the as sump tion of high opac ity and
the cor re spond ing low rate of ther mal en ergy trans mis sion, 
one can as sume that so lar modes trans fer en ergy adi a bat i -
cally through out most of the ra dius, there fore re sult ing in
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lit tle or no mix ing, and in turn pre serv ing the con ven tional 
pic ture of the sun with its high ther mal gra di ent and seg re -
gated core. Along this line of thought, Bartusiak (1990, p.
29) has noted, “Es ti mat ing the sun’s opac ity... af fects how
modal fre quen cies are cal cu lated from the Dopp ler in for -
ma tion.” Thus, the com puted fre quen cies are model-de -
pend ent.

In a sim i lar vein, Christensen-Dalsgaard et al. (1996, p.
1288) state, “In al most the en tire so lar in te rior, the ther mal 
time scale is so long, com pared with the pe ri ods of os cil la -
tion, that the os cil la tions can be re garded as adi a batic.”
They then write: 

The adi a batic ap prox i ma tion breaks down near
the sur face.  Here the full en ergy equa tion for the os -
cil la tions must be  con sid ered, in clud ing the per tur -
ba tion in the ra di a tive flux  and the highly un cer tain
per tur ba tion in the con vec tive flux.  [One sus pects
that these con di tions ought to be as sumed for  the
deeper in te rior as well.]... [Be low the sur face lay ers] 
we con sider only the adi a batic os cil la tions and
 generally  treat con vec tion ac cord ing to the sim ple
mix ing-length  pre scrip tion, ne glect ing ef fects of tur -
bu lent pres sure [i.e.,  large-scale mix ing is ruled out]; 
it is then straight for ward  to com pute nu mer i cally
pre cise fre quen cies for a given so lar  model (Christ -
ensen-Dals gaard et al., 1996, p. 1288). 

Con cern ing the as sump tion of adi a batic be hav ior,
Gough et al. (1996b, p. 1299) state, “Ex cept in the sur face
lay ers of the sun, the char ac ter is tic cool ing time is much
lon ger than the pe ri ods of the seis mic waves, so the wave
mo tion is es sen tially adi a batic.” But the con di tion of long
cool ing time, or long ther mal time-scale, is only an as -
sump tion based on the prior as sump tion of high opac ity.

How ever, mod i fi ca tions of the SSM to fit helio seis -
mological modes do not fit other so lar char ac ter is tics.
Douglas Gough and col leagues have writ ten,

Im me di ately be neath the con vec tion zone and at
the edge of the  en ergy-gen er at ing core, the sound-
speed vari a tion is some what  smoother in the sun
than it is in the model. This could be a  con se quence
of chem i cal in homo geneity that is too se vere in  the
model... or to ne glected mac ro scopic mo tion that
may be  pres ent in the sun (Gough et al., 1996b, p.
1296).

In other words, there is a de gree of mix ing in the so lar
in te rior, as dis cussed above, but which the SSM has typ i -
cally ig nored.

Gough et al. have pro posed that core mix ing with outer
so lar lay ers may in fact con sti tute a res o lu tion to the SNP: 

The dis crep ancy in the en ergy-gen er at ing core
might also be a  symp tom of mac ro scopic mo tion,
which trans ports the prod ucts  of the nu clear re ac -
tions from their sites of pro duc tion. That  would
mod ify the neu trino emis sion rates and thereby

change  the sta tus of the so lar neu trino prob lem...
(Gough et al.,  1996b, p. 1299).

Other re search ers have also rec og nized the prob a bil ity
of core mix ing with outer so lar lay ers. Newkirk (1983, p.
431–432) has dis cussed sev eral mod els which would al le -
vi ate the SNP by mix ing time scales of the or der of 105

years or more. From a bib li cal creationist per spec tive,
how ever, lengthy time scales do not ex ist, and it is sig nif i -
cant that both Homestake and GALLEX neu trino re -
search ers have pro posed in ter nal so lar mix ing over shorter
time scales as a way of ex plain ing the de fi ciency of both
high en ergy neu tri nos (Homestake) and low en ergy neu tri -
nos (GALLEX) (Da vis, 1994, p. 30; Kirsten, 1994, p. 34). It 
re mains to be seen whether this pos si bil ity will con tinue to 
be con sid ered, with the SNO re sults hav ing re port edly
con firmed the SSM. To ig nore this pos si bil ity, how ever,
would be to ig nore the di ver gence be tween the SSM and
helioseismology.

Other data con firm that a rel a tively high de gree of mix -
ing may be oc cur ring in the sun. The high an gu lar mo -
men tum of the plan ets com pared to the sun has been a
long-stand ing prob lem for evo lu tion ary mod els of so lar sys -
tem or i gins. It has be come ac cepted that the sun, which al -
leg edly pos sessed high an gu lar mo men tum ac quired from
the so lar neb ula, has un der gone a pro cess of an gu lar mo -
men tum trans fer to the plan ets me di ated by the so lar mag -
netic field. This model of the sun’s rel a tively low an gu lar
mo men tum leads to the ex pec ta tion that the sun would
now have a rel a tively small in ter nal ro ta tion. Over 4.5
 billion years “it is there fore be lieved that the sun has been
los ing an gu lar mo men tum over its life time through its
mag ne tized wind, thereby spin ning down its outer con vec -
tion zone and prob a bly the bulk of its in te rior” (Thomp son 
et al., 1996, p. 1300).

Con trary to this ex pec ta tion, helioseismic ob ser va tions
im ply the ex is tence of a rel a tively high spin rate in the so lar 
in te rior (Claverie, et al. 1981, p. 443; Isaak, 1982, p. 130).
Such a con clu sion im poses con straints on the al leged 4.5
bil lion year age of the sun, since ev i dently the sun has not
had so much time to spin down. But more to the point, the
rel a tively high in ter nal spin rate im plies sig nif i cant in ter -
nal shear and mix ing, two con di tions con sis tent with a de -
gree of ho mo ge ne ity. Al though in a bib li cal creationist
model spin down over 4.5 bil lion years has not oc curred,
there is nev er the less “rap idly ro tat ing plasma deeper in the 
con vec tion zone” than pre vi ously be lieved (Thomp son et
al., 1996, p. 1301).

In ter pret ing such plasma mo tion as an arte fact of spin
down, GONG (Global Os cil la tion Net work Group) re -
search ers have ac knowl edged that, “The spin down to the
pres ent state... may have in volved ma te rial mo tion or in sta -
bil i ties, lead ing to mix ing in the so lar in te rior and thus af -
fect ing the struc ture of the pres ent sun...” (Christensen-
Dalsgaard et al., 1996, p. 1287). The ro ta tion rate of the
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core is not cer tain at this time (Thomp son et al., 1996, p.
1301). How ever, it is thought that per haps the core ro ta -
tion rate may be “con sid er ably faster than that of the so lar
sur face” (Thomp son et al., 1996, p. 1304), a con clu sion
echo ing the ear lier claim of Claverie et al. (1981, p. 443)
that the core ro ta tion is “2–9 times [faster] than the ob -
served sur face ro ta tion,” a point which fur ther in di cates so -
lar ho mo ge ne ity.

There are other im pli ca tions of the ap par ent ho mo ge -
ne ity of the sun. If the sun is nearly ho mo ge neous, then a
highly seg re gated, dense core as pre dicted in the SSM
would not ex ist. Os cil la tions of the sun which are de tect -
able from Dopp ler shift ing at the sur face are called “p-
modes.” If the sun’s core were dense, it should sup port the
ex is tence of grav ity waves or “g-modes” (Bartusiak, 1990, p. 
26). How ever, “no in ter nal grav ity wave has yet been un -
am big u ously seen” (Gough et al., 1996a, p. 1201). The ab -
sence of g waves seems to im ply that the so lar core may not
be as dense as typ i cally ex pected. GONG sci en tist
Christensen-Dalsgaard has in di cated his hope that g waves 
will be de tected, be cause “they would re ally al low us to
nail down the con di tions in the core” (Hellemans, 1996, p. 
1265). He ap par ently ex pects that the de tec tion of g waves
would ver ify the ex is tence of the dense core as sumed in the 
SSM, a ver i fi ca tion which has not yet hap pened.

Helioseismology has not con firmed the SSM, but has re -
vealed fur ther dis crep an cies be tween the SSM and re al ity.
The SSM has been mod i fied to en large the con vec tion
zone to some 30 per cent of the so lar ra dius, com pared with
the 20 to 25 per cent it was as sumed to oc cupy be fore the ad -
vent of helioseismology (Bartusiak, 1990, p. 28;
Christensen-Dalsgaard et al., 1996, p. 1287). Nev er the less,
the SSM most likely can not be made to fit the helioseismic
dis cov er ies dis cussed above while si mul ta neously sat is fy ing
the SNP. Christensen-Dalsgaard et al. (1996, p. 1290) state,
“No so lu tion of the neu trino prob lem can be found by mod -
i fy ing the com pu ta tion of so lar mod els while at the same
time pre serv ing agree ment with the helioseismic data...”

Of course, if the re stric tive and un re al is tic as sump tions
of the SSM were dropped, and a re al is tic so lar model de -
vel oped, con sis tency would ap pear among so lar prop er -
ties, so lar neu trino data, and helioseismic data. How ever,
aban don ing the SSM would mean aban don ing the evo lu -
tion ary chro nol ogy for the sun. Rather than tak ing that
route, Christensen-Dalsgaard et al. (1996, p. 1290) opine
that the lack of agree ment be tween the SSM and real data
strength ens “the case for a so lu tion in volv ing the prop er -
ties of the neu tri nos.” Neu tri nos have typ i cally been as -
sumed to be mass less, but if the neu trino mass were not
zero, it is felt that the SNP might be re solved if it could be
shown that such neu tri nos might trans form or “os cil late”
into other forms in a phe nom e non known as the
Mikheyev-Smirnov-Wolfenstein (MSW) ef fect. The sun

pro duces “elec tron neu tri nos” (íe), but there also are
thought to ex ist mu neu tri nos íì and tau neu tri nos íô.

Ac cord ing to the neu trino os cil la tion the ory, íe gen er -
ated in the sun might “os cil late” be fore ar riv ing at earth,
be com ing vir tu ally un de tect able íì or íô, and thus ex plain -
ing the so lar neu trino short age (Bahcall, 1989, pp. 28–32,
258–284). It is be lieved that mass less neu tri nos could not
ex pe ri ence such a trans for ma tion, how ever, thus neu tri nos 
must have a non-zero mass for the MSW ef fect to ex plain
the SNP. Be fore the an nounce ment of the SNO re sults,
this idea had not been con firmed (Antia, 1998, p. 155;
Normille, 1999, p. 1910), but the SNO re sults re port edly
con firmed the MSW ef fect (Seife, 2001, p. 2227). The
irony since the an nounce ment of the SNO re sults is that
the dis crep an cies be tween the SSM and helioseismology
are still un ex plained. The im pli ca tion of these dis crep an -
cies is that rather than us ing the SNO re sults as a win dow
to see what is re ally hap pen ing in the sun, the MSW ef fect
has served more as a ve hi cle for “sav ing” the SSM in par tic -
u lar and evo lu tion ary chro nol ogy in gen eral.

Con clu sion

Re cent ex per i ments in helioseismology such as GONG
and SOHO have not re solved the dis crep an cies be tween
the SSM and the im pli ca tions of helioseismology con -
cern ing the in ter nal struc ture of the sun. The helioseismic
im pli ca tions of re ports pub lished in the 1970s re main es -
sen tially true to day, namely, that the sun is some what ho -
mo ge neous with a rel a tively low core den sity. Such
con di tions limit the max i mum core tem per a ture for the
sun, im ply a rel a tively low opac ity, and are con sis tent with
the im pli ca tion of the SNP as un der stood be fore the pub li -
ciz ing of the SNO re sults, namely, that hy dro gen fu sion
into deu te rium is oc cur ring at a tem per a ture of some 1
mil lion K or less in the core.
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