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Abstract

This paper closes a loophole in the case for a young
earth based on the loss of energy from various parts
of the earth’s magnetic field. Using ambiguous
1967 data, evolutionists had claimed that energy
gains in minor (“non-dipole”) parts compensate for
the energy loss from the main (“dipole”) part. How-
ever, nobody seems to have checked that claim
with newer, more accurate data. Using data from
the International Geomagnetic Reference Field
(IGRF) I show that from 1970 to 2000, the dipole
part of the field steadily lost 235 ± 5 billion

megajoules of energy, while the non-dipole part
gained only 129 ± 8 billion megajoules. Over that
30-year period, the net loss of energy from all ob-
servable parts of the field was 1.41 ± 0.16 %. At that
rate, the field would lose half its energy every 1465
± 166 years. Combined with my 1990 theory ex-
plaining reversals of polarity during the Genesis
Flood and intensity fluctuations after that, these
new data support the creationist model: the field
has rapidly and continuously lost energy ever since
God created it about 6,000 years ago.

Introduction

Seven centuries ago, a French military engineer, Pierre de
Maricourt, carved a sphere out of lodestone, which contains
strongly magnetized iron oxide. Using iron needles, he
traced the magnetic lines of force around the sphere. He no-
ticed that the lines of force converged upon two points dia-
metrically opposite each other on the sphere. In a widely
circulated letter under the name Petrus Peregrinus (1269),
he called these points the magnetic poles.

Figure 1a shows the magnetic lines of force outside a
magnetized sphere. The lines of force outside the sphere
have a mathematically precise shape called a dipole field.
Having two poles, one north and one south, it has the same
shape as the field from a tiny but powerful bar magnet right
at the center of the sphere. Another kind of source for a di-
pole field would be a doughnut-shaped flow of electric cur-
rent within the sphere, as Figure 1b shows.

Three centuries later, William Gilbert (1600), Queen
Elizabeth’s personal physician, carefully compared obser-
vations of the earth’s magnetic field with the field of a lode-
stone sphere. He found them very similar. The field of the
earth is indeed close to being that of a dipole, though the
dipole’s axis tilts about 11.5° away from the earth’s rota-
tional axis. However, the actual field in some places can

deviate from that of a purely dipole field by as much as
10% in direction and intensity.

Early in the nineteenth century, Carl Friedrich Gauss
(1833; 1839) used many measurements from all over the
world to characterize the earth’s field. Using what is now
called “spherical harmonic analysis,” he mathematically
divided the field into dipole and non-dipole parts.

The non-dipole parts of the earth’s field have more than
two poles. For example, the quadrupole part has a four-
pole shape, such as a square of four bar magnets would pro-
duce (Figure 2b). A cube of bar magnets, having eight cor-
ners and eight poles, would produce an octopole field
(Figure 2c), and so forth in multiples of two. One name for
each part of the field is harmonic. Another is “mode.”

Of course, the actual cause of the earth’s non-dipole
field is not bar magnets, but simply small irregularities in
the electric current in the earth’s core. For example, sup-
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Figure 1a. Dipole field around a magnetized sphere. For
a purely dipolar field, the equation r3 = R3 sin2� relates
the radius r and colatitude � of each point on a given
line of force, R being the value of r where the line of
force intersects the equatorial plane.
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pose the doughnut-shaped flow of current I mentioned
above were not lined up exactly with the earth’s center, but
offset a bit northward above the center. Then the resulting
field would have most of the non-dipole parts we observe
in the earth’s field (Benton and Alldredge, 1987).

The strength of the source of each part of the field is
called its moment, such as the “dipole moment” and the
“quadrupole moment.” Gauss found that the earth’s mag-
netic dipole moment is an order of magnitude stronger
than any of the non-dipole moments.

Scientists after Gauss continued to make global mea-
surements of the field. Three decades ago, Keith McDon-

ald and Robert Gunst (1967; 1968) published the first sys-
tematic analysis of such measurements, covering the
whole period from 1835 to 1965. They drew a startling
conclusion: during those 130 years, the earth’s magnetic
dipole moment had steadily decreased by over eight per-
cent! Such a fast change is astonishing for something as big
as a planetary magnetic field. Nevertheless, the rapid de-
cline remained relatively unknown to the public, a “trade
secret” known mainly to researchers and students of geo-
magnetism.

2. The Geomagnetic Wars

A few years later, Thomas Barnes (1971), a creationist
physicist, began publicizing the trade secret. He showed
how the decay of the dipole moment is consistent with sim-
ple electromagnetic theory. A six billion ampere electric
current circulating in the earth’s core would produce the
field. By natural processes, the current would settle into
the particular doughnut-shaped distribution necessary to
produce a dipole field. The electrical resistance of the core
would steadily diminish the current, thus diminishing the
field (Barnes, 1973). Dr. Barnes’s equations, combined
with the observed decay rate, gave a value of core resis-
tance consistent with laboratory-derived estimates (Stacey,
1967). The decay rate is so fast that if extrapolated
smoothly more than a dozen or so millennia into the past,
the earth’s magnetic field then would have been unreason-
ably strong. These points taken together make a good case
for the youth of the field, and consequently for a young
earth.

After a decade of watching public attention to Barnes’s
case grow, the evolutionists finally responded in a science
journal. Brent Dalrymple (1983a,b), a geologist, criticized
Barnes’s assumptions, which were that we can neglect (1)

motions in the core fluid and (2) the
non-dipole parts of the field. Dalrymple
claimed that motions of the core fluid
today, though slow, are enough to
cause a magnetic polarity reversal just
like the many magnetic reversals re-
corded in geologic strata. Then the
present decrease of the field would be a
magnetic reversal in progress, taking
thousands of years to complete its
course. Citing McDonald and Gunst,
Dalrymple (1983b, p. 3036) then made
a claim which is the main issue of this
paper:

The same observatory measure-
ments that show the dipole mo-
ment has decreased since 1829
also show that this decrease has
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Figure 2. Dipole and non-dipole magnetic fields from bar magnets: (a) dipole,
(b) quadrupole, and (c) octopole. Each source can have various orientations
relative to the coordinate axes. The actual sources of the fields in the earth’s
core are various distributions of electric current.

Figure 1b. Westward electric current in the earth’s core
which would generate a purely dipolar magnetic field.
The oval lines are contours of constant current density
(amperes per square meter). Current is high in the
bright regions, low in the dark regions. Contours calcu-
lated from Barnes’ solution for current density (Barnes,
1973, p. 228, eq. 57).



been almost completely balanced by a correspond-
ing increase in the strength of the nondipole field, so
that the strength of the total observed field has re-
mained about constant.

Dalrymple’s words “dipole moment” and “strength”
above are ambiguous. Since moments from different har-
monics have different physical units, it is not clear how
one could exchange them. If one ampere-meter2 of dipole
moment somehow goes into the next harmonic, by how
many ampere-meters3 should the quadrupole moment in-
crease? In view of the subject of his surrounding para-
graph, “energy,” he probably meant to say:

The decrease of energy in the dipole part has been
almost completely balanced by a corresponding in-
crease in the energy of the nondipole field, so that the
energy of the total observed field has remained about
constant.

In the context of Dalrymple’s emphasis on past polarity
reversals and intensity fluctuations in the field, he seemed
to be placing his hopes on a conjecture: that energy from
the dipole part of the field is not being dissipated as heat,
but is instead being stored up in the non-dipole part. Later
it would be converted into a new dipole field with reversed
polarity.

Dalrymple also claimed that some energy from the di-
pole part was going into an unobservable “toroidal” part of
the field, in which the lines of force wind through the
earth’s core in the east-west direction. Because such lines
of force would remain within the core, they would only re-
veal their presence indirectly, by currents traveling outside
the core in the earth’s mantle and crust. Shortly after Dal-
rymple made that claim, several Bell Laboratories scien-
tists found that such currents are very small (Lanzerotti et
al., 1985). Barring very improbable structure (alternating
layers of conductors and insulators) in the earth’s mantle,
their result implies that the toroidal part of the earth’s mag-
netic field is small, removing such fields as a significant
reservoir for energy disappearing from the dipole part.

Barnes (1984) replied to Dalrymple by asserting that the
non-dipole components are merely irrelevant “noise.” He
did not calculate non-dipole energies. As for past magnetic
polarity reversals, he cast doubt on their reality, citing a
number of papers.

After surveying the evidence for geomagnetic polarity
reversals for myself, I concluded that they had indeed oc-
curred. I proposed that they took place rapidly during the
Genesis flood (Humphreys, 1986). I outlined a “dynamic
decay” theory generalizing Barnes’s free-decay model to
the case of motions in the core fluid. I suggested that if
such motions were fast enough, they could cause magnetic
polarity reversals. Also, I predicted the paleomagnetic sig-
nature rapid reversals would leave in thin, rapidly-cooling
lava flows.

Dalrymple had an opportunity to be an official reviewer
for my paper, and to have his review published. He did not
take advantage of the opportunity. In my response to the
other reviews of my paper, I made note of Dalrymple’s si-
lence (Humphreys, 1986, p. 126).

Shortly after that I published a review of the evidence
for past polarity reversals, reaffirming their reality (Hum-
phreys, 1988). Then I developed my dynamic-decay the-
ory further, showing that rapid (meters per second)
motions of the core fluid would indeed cause rapid rever-
sals of the field’s polarity (Humphreys, 1990). I cited newly
discovered evidence for rapid reversals (Coe and Prévot,
1989), evidence in thin lava flows confirming my 1986 pre-
diction. Since then, even more such evidence has become
known (Coe, Prévot, and Camps, 1995).

The reversal mechanism of my theory would dissipate
magnetic energy, not sustain it or add to it, so each reversal
cycle would have a lower peak than the previous one. In
the same paper (Humphreys, 1990, p. 137), I discussed the
non-dipole part of the field today, pointing out that the
slow (millimeter per second) motions of the fluid today
could increase the intensity of some of the non-dipole parts
of the field. However, I concluded by saying the total en-
ergy of the field would still decrease.

Despite these creationist answers, skeptics today still use
Dalrymple’s old arguments to dismiss geomagnetic evi-
dence. Much of that is probably due to ignorance of our re-
sponses, but some skeptics are still relying on the non-
dipole part of the field. They hope that an energy gain in
the non-dipole part will compensate for the energy lost
from the dipole part.

I said, “hope,” because it appears that since 1967, no-
body has yet published a calculation of non-dipole ener-
gies based on newer and better data. So that is what I will
do below. It turns out that the results quash evolutionist
hopes and support creationist models.

3. The International Geomagnetic
Reference Field

First, we need more accurate data than what was available
in 1967. Figure 3 shows why. This figure reproduces the
McDonald and Gunst figure [1967, p. 28, Figure 3(e)] on
which Dalrymple based his claim. It shows a curve depict-
ing the “mantle” energy (from the top of the core to the
surface) as first decreasing and then increasing. However,
the data for the latter part of the curve have a lot of scatter,
deviating widely from the curve. For example, in 1965, two
points are 1.2 and 1.6% below the curve, while the two oth-
ers are 1.6 and 6.4% above the curve. A data spread of 8%,
four times greater than the 2% upswing the curve alleges,
should not give anyone great confidence in the trend.
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McDonald and Gunst (1967, p. 30)
explain the large scatter as being caused
by “errors of analysis of higher degree
terms. [In extrapolating surface data
down to the top of the earth’s core]
small errors in the harmonic coeffi-
cients are unduly amplified.” They add,
“Likewise in Fig. 3(e) we have not been
able to enter meaningful information
from the analyses of epoch 1965.”

In 1968, perhaps in response to the
above kinds of issues, the International
Association of Geomagnetism and
Aeronomy (IAGA) began more system-
atically measuring, gathering, and ana-
lyzing geomagnetic data from all over
the world. This group of geomagnetic professionals intro-
duced a “standard spherical harmonic representation” of
the field called the International Geomagnetic Reference
Field, or IGRF. Every five years, starting in 1970, they have
published the dipole moment and higher moments of the
field out to the 10th harmonic.

Using old data, the IAGA also extended the model back
to the year 1900. They now have a standardized set of geo-
magnetic data spanning the whole twentieth century, 21
epochs of 120 coefficients each. Several journals have con-
currently published the most recent version. You can
download it free of charge as an ASCII file, a table of over
2500 numbers, from several sites on the Internet (Mandea
et al., 2000). One of the Internet sites has an article listing
the estimated accuracies, which I have used here (Lowes,
2000). The IGRF is the best set of global geomagnetic data
available, accurate enough to give reasonably good values
for the non-dipole energies, especially from 1970 until
now. Table I shows the data for that period.

4. Calculating the Energy in the Field

In this section, I show how to use the IGRF data to calcu-
late the electrical energy stored in the earth’s magnetic
field. If you do not wish to know the mathematical details,
just skip to the next section. If you want to study basic
electromagnetics, or refresh your memory of it, I recom-
mend Dr. Barnes’s very clear undergraduate textbook,
Foundations of Electricity and Magnetism (1965).

The magnetic flux intensity B at a location in space tells
us how strongly and in what direction the field would com-
pel a compass needle to point. (Bold font denotes a vector,
and all quantities are in SI units.) In regions where there is
no electric current, which is approximately true outside
the earth’s core, we can represent the magnetic flux inten-
sity as the gradient � of a magnetic scalar potential �:

B � ��� (1)

The IGRF model gives a spherical harmonic expansion of
the magnetic scalar potential for a given date. I define �n
as the component of potential associated with the nth har-
monic, so the total magnetic potential becomes

� ��
�

� n
n

N

1

( 2)

The integer n labeling a harmonic is called the degree.
Taking the gradient of this equation, we can write the total
magnetic flux density as a sum of components:
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The IGRF specifies the nth component of the magnetic
potential as a sum of n + 1 terms:
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Here a is the mean radius of the earth, 6371.2 km; r is
the radial distance from the Earth’s center, � is the longi-
tude eastward from Greenwich, � is the geocentric cola-
titude (90° minus latitude), and � �Pn

m cos � is the associated
Legendre function of degree n and order m normalized ac-
cording to the convention of Schmidt (Merrill and McEl-
hinny, 1983, p. 24). The numbers gn

m and hn
m are called

the Gauss coefficients. The IGRF model truncates the ex-
pansion at the tenth harmonic, N=10.

As many textbooks show, the energy density (joules per
cubic meter) stored in the magnetic field B at a given point
is

� �u r, ,� �
�

� �1
2 0

B B (5)

The dot represents the scalar product, and �0 is the mag-
netic permeability of the vacuum (which is essentially the
same as the magnetic permeability of the earth). To obtain
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Figure 3. Reproduction of Figure 3(e) from McDonald and Gunst (1967, p.
28), showing “Total poloidal field energy in mantle,” which is the total observ-
able magnetic field energy between the top of the earth’s core and the earth’s
surface, not including the energy above the surface. In their graph each energy
unit, 1024 ergs, corresponds to 1017 joules, or 100 petajoules (1 PJ = 1015

joules).
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deg ord 1970 1975 1980 1985 1990 1995 2000
n m g h g h g h g h g h g h g h
1 0 –30220 –30100 –29992 –29873 –29775 –29682 –29615
1 1 –2068 5737 –2013 5675 –1956 5604 –1905 5500 –1848 5406 –1789 5318 –1728 5186
2 0 –1781 –1902 –1997 –2072 –2131 –2197 –2267
2 1 3000 –2047 3010 –2067 3027 –2129 3044 –2197 3059 –2279 3074 –2356 3072 –2478
2 2 1611 25 1632 –68 1663 –200 1687 –306 1686 –373 1685 –425 1672 –458
3 0 1287 1276 1281 1296 1314 1329 1341
3 1 –2091 –366 –2144 –333 –2180 –336 –2208 –310 –2239 –284 –2268 –263 –2290 –227
3 2 1278 251 1260 262 1251 271 1247 284 1248 293 1249 302 1253 296
3 3 838 –196 830 –223 833 –252 829 –297 802 –352 769 –406 715 –492
4 0 952 946 938 936 939 941 935
4 1 800 167 791 191 782 212 780 232 780 247 782 262 787 272
4 2 461 –266 438 –265 398 –257 361 –249 325 –240 291 –232 251 –232
4 3 –395 26 –405 39 –419 53 –424 69 –423 84 –421 98 –405 119
4 4 234 –279 216 –288 199 –297 170 –297 141 –299 116 –301 110 –304
5 0 –216 –218 –218 –214 –214 –210 –217
5 1 359 26 356 31 357 46 355 47 353 46 352 44 351 44
5 2 262 139 264 148 261 150 253 150 245 154 237 157 222 172
5 3 –42 –139 –59 –152 –74 –151 –93 –154 –109 –153 –122 –152 –131 –134
5 4 –160 –91 –159 –83 –162 –78 –164 –75 –165 –69 –167 –64 –169 –40
5 5 –56 83 –49 88 –48 92 –46 95 –36 97 –26 99 –12 107
6 0 43 45 48 53 61 66 72
6 1 64 –12 66 –13 66 –15 65 –16 65 –16 64 –16 68 –17
6 2 15 100 28 99 42 93 51 88 59 82 65 77 74 64
6 3 –212 72 –198 75 –192 71 –185 69 –178 69 –172 67 –161 65
6 4 2 –37 1 –41 4 –43 4 –48 3 –52 2 –57 –5 –61
6 5 3 –6 6 –4 14 –2 16 –1 18 1 17 4 17 1
6 6 –112 1 –111 11 –108 17 –102 21 –96 24 –94 28 –91 44
7 0 72 71 72 74 77 78 79
7 1 –57 –70 –56 –77 –59 –82 –62 –83 –64 –80 –67 –77 –74 –65
7 2 1 –27 1 –26 2 –27 3 –27 2 –26 1 –25 0 –24
7 3 14 –4 16 –5 21 –5 24 –2 26 0 29 3 33 6
7 4 –22 8 –14 10 –12 16 –6 20 –1 21 4 22 9 24
7 5 –2 23 0 22 1 18 4 17 5 17 8 16 7 15
7 6 13 –23 12 –23 11 –23 10 –23 9 –23 10 –23 8 –25
7 7 –2 –11 –5 –12 –2 –10 0 –7 0 –4 –2 –3 –2 –6
8 0 14 14 18 21 23 24 25
8 1 6 7 6 6 6 7 6 8 5 10 4 12 6 12
8 2 –2 –15 –1 –16 0 –18 0 –19 –1 –19 –1 –20 –9 –22
8 3 –13 6 –12 4 –11 4 –11 5 –10 6 –9 7 –8 8
8 4 –3 –17 –8 –19 –7 –22 –9 –23 –12 –22 –14 –21 –17 –21
8 5 5 6 4 6 4 9 4 11 3 12 4 12 9 15
8 6 0 21 0 18 3 16 4 14 4 12 5 10 7 9
8 7 11 –6 10 –10 6 –13 4 –15 2 –16 0 –17 –8 –16
8 8 3 –16 1 –17 –1 –15 –4 –11 –6 –10 –7 –10 –7 –3
9 0 8 7 5 5 4 4 5
9 1 10 –21 10 –21 10 –21 10 –21 9 –20 9 –19 9 –20
9 2 2 16 2 16 1 16 1 15 1 15 1 15 3 13
9 3 –12 6 –12 7 –12 9 –12 9 –12 11 –12 11 –8 12
9 4 10 –4 10 –4 9 –5 9 –6 9 –7 9 –7 6 –6
9 5 –1 –5 –1 –5 –3 –6 –3 –6 –4 –7 –4 –7 –9 –8
9 6 0 10 –1 10 –1 9 –1 9 –2 9 –2 9 –2 9
9 7 3 11 4 11 7 10 7 9 7 8 7 7 9 4
9 8 1 –2 1 –3 2 –6 1 –7 1 –7 0 –8 –4 –8
9 9 –1 1 –2 1 –5 2 –5 2 –6 2 –6 1 –8 5
10 0 –3 –3 –4 –4 –3 –3 –2
10 1 –3 1 –3 1 –4 1 –4 1 –4 2 –4 2 –6 1
10 2 2 1 2 1 2 0 3 0 2 1 2 1 2 0
10 3 –5 3 –5 3 –5 3 –5 3 –5 3 –5 3 –3 4
10 4 –1 4 –2 4 –2 6 –2 6 –2 6 –2 6 0 5
10 5 6 –4 5 –4 5 –4 5 –4 4 –4 4 –4 4 –6
10 6 4 0 4 –1 3 0 3 0 3 0 3 0 1 –1
10 7 1 –1 1 –1 1 –1 1 –1 1 –2 1 –2 2 –3
10 8 0 3 0 3 2 4 2 4 3 3 3 3 4 0
10 9 3 1 3 1 3 0 3 0 3 –1 3 –1 0 –2
10 10 –1 –4 –1 –5 0 –6 0 –6 0 –6 0 –6 –1 –8

Table I: International Geomagnetic Reference Field (IGRF) for the years 1970 through 2000 (Mandea et al., 2000).
The g’s and h’s are the Gauss coefficients for each degree n and order m, in nanoteslas (1 nT = 10–5 gauss).



the total energy E contained in the magnetic field outside
the Earth’s core, we must volume-integrate Equation (5)
from the radius of the core, b = 3471 km, out to infinity:
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Now examine in more detail the energy density u which
goes into this integral. Expanding B in Equation (5) by us-
ing the sum in Equation (3a) gives us:
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In the first summation, Bn is the magnitude of the vec-
tor Bn. The second summation contains the cross-terms re-
sulting from squaring the sum in Equation (3a). In doing
the angular part of the volume integral of Equation (6), we
find that the cross-terms drop out because of the ortho-
gonality of the spherical harmonic functions chosen for
Equation (4) (Merrill and McElhinny, 1983, p. 24). That
leaves us with a much simpler expression,
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where each of the energy components is
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Using Equation (4) to expand Equation (9), and using
orthogonality to eliminate cross-terms in m, we get the en-
ergy En of the nth harmonic in a useful form:
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where we recall that a and b are the radii of the earth’s sur-
face and core, respectively, and where Gn

2 is the sum of the
squares of the Gauss coefficients for the nth harmonic:
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McDonald and Gunst [1967, p. 27, Equations (3.7),
(3.8)] give this result in a slightly different form. First, to
change from their Gaussian units to our SI units, we must
replace their relative permeability � with �0/4�. Second,
we must change their Re to my a, and their �e to my a/b.
Third, we must add their equations (3.7) and (3.8) to get
the total energy for all harmonics. When we sum my Equa-
tion (10) over all harmonics as in Equation (8), we get the
same result.

As another check, the numerical values of my results us-
ing IGRF data agree, within five percent, with the graphs
of McDonald and Gunst for the period in common having
the least scatter, 1915 to 1925. The small disagreement is
due to differences of several percent in the Gauss coeffi-

cients in the two data sets. The differences arose from dif-
ferent ways of analyzing the raw magnetic data. For exam-
ple, McDonald and Gunst for practical reasons truncated
their analysis with N = 6, whereas the IGRF went out to
the tenth harmonic. Since the difference in data accounts
for the difference in results satisfactorily, the approximate
agreement is further support for equations (10) and (11).

The factor a/b in Equation (10) is the ratio of the earth’s
surface radius to the radius of the core. Since the equation
raises this factor, 1.835, to the power 2n + 1, the higher har-
monics have much more weight relative to the lower har-
monics. That is why it is very important to secure accurate
data for the higher harmonics.

Equations (10) and (11) give the total magnetic energy
outside the core radius, r=b. Although magnetic fields and
energies also exist in the core as well as outside it, observa-
tions of the field outside the core cannot determine the
field in the core. Different distributions of electric cur-
rents, fields, and energy in the core can give the same field
outside the core. Furthermore, “toroidal” fields could exist
entirely within the core. However, indirect evidence indi-
cates toroidal fields are small, as I mention in section 2.

A spherical harmonic expansion of fields inside the core
would invert the radial factors, so that they would be of the
form (r/b)n + 1 [Smythe, 1989, Section 7.12, Equation (5)].
That implies that field intensities in the core should not be
drastically different than those at its surface. Since (r/b) �
1 in the core, the lower harmonics should dominate.
These considerations suggest that the ratio of non-dipole to
dipole energy would not change much if we could some-
how include the contribution of fields in the core. Anyway,
we can do no better than to use the fields we can measure.
Thus, the E of Equation (8) is the total observable energy.

Benton and Alldredge [1987, p. 266, Equations (2), (3)]
give the energy only above the earth’s surface, r=a. They
define Gn

2 with a multiplying factor that I have instead
placed into the final energy equation. If we put (a/b) = 1
into my equations, the result agrees with theirs.

A final caveat is that extrapolating the IGRF model
down to the top of the core does not account for electric
currents in the mantle and magnetization in the crust.
However, the electrical conductivity of the core is much
greater than that of the mantle or crust, and evidence sug-
gests that magnetic sources outside the core are relatively
small. For example, it appears that crustal magnetization
only affects harmonics higher than the tenth (Benton and
Alldredge, 1987, p. 271, Figure 2).

5. Results and Accuracy

Table II and Figure 4 show the energies contained in the
earth’s magnetic field from the years 1900 to 2000, accord-
ing to the IGRF data (of which Table I is a sample) and
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equations (8), (10), and (11). The dipole energy is E1, the
non-dipole energy is the sum of E2 through E10, and the to-
tal energy E is the sum of E1 through E10. The last row
shows Lowes’s (2000) estimates of rms error in B averaged
over the earth’s surface. The rows labeled with sigmas (�)
show the corresponding errors in the various calculated
energies.

The most important thing to notice in these numbers is
the great loss of energy from the field. According to the
IGRF data, the total observable energy decreased over
2.6% during the twentieth century. This loss of 180 ± 34
petajoules (1 petajoule = 1 PJ = 1015 joules = 1 billion
megajoules) amounts to 50 billion kilowatt-hours of elec-
trical energy—enough to power over five million U.S.
households for a year.

Notice that the energy loss was
steady except during two epochs,
1945 and 1950. Between 1940 and
1950, according to the IGRF
model, total energy jumped up by a
remarkable +4.7%. Then from
1950 to 1955, the total energy plum-
meted even more rapidly by almost
the same amount (–4.2% of the
1940 value), to a value about equal
to what the century-averaged trend
(curve fit in Figure 4) would give for
1955. In other words, though there
may have been a temporary “pulse”
of energy that decade, it disap-
peared and left no lasting impres-
sion on the long-term energy trend.

Moreover, all of the pulse came
from the non-dipole component.
Notice that during the period in
question, the dipole energy contin-
ued its steady decay and suffered no
corresponding pulse in the negative
direction. However we interpret the
pulse, the steady dipole decay con-
tradicts Dalrymple’s conjecture:
that increases in non-dipole energy
ought to be fed by losses in dipole
energy.

The pulse of non-dipole energy
may not be real. It turns out that es-
sentially all of the pulse comes from
a roughly 300% rise and fall in the
energy of the 9th and 10th harmon-
ics alone. According to McDonald
and Gunst (1967, pp. 29–30), har-
monics higher than the 6th had er-
rors large enough during that period
to cause problems. As Figure 3

shows, the energy data have a large scatter during that
time. Figure 5 shows the estimates I mentioned above by
one of the IGRF authors (Lowes, 2000) of the rms errors in
B predicted by the model during the twentieth century.
Notice that there is a large bump in error at the same time
as the alleged pulse. This casts more doubt on the reality of
the pulse. However, if it is real, I offer a possible explana-
tion in the next section.

Because of the efforts of geomagnetists after 1968 to
measure and characterize the field more systematically,
the data from 1970 to 2000 are much more accurate than
the earlier data. That is especially so in years when satellite
data added greatly to the precision.

Figures 6 and 7 show the dipole and non-dipole ener-
gies during the accurate period. The straight lines in the
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Year 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950
Dipole Energy 5514 5487 5449 5401 5349 5303 5263 5233 5213 5193 5179
Quadrupole E 196 202 209 216 221 227 235 242 249 260 269
Octopole E 284 290 299 310 323 337 351 366 382 399 411
4th Harmonic 311 317 323 329 333 336 340 344 351 371 375
5th Harmonic 158 156 153 151 149 148 147 148 151 159 163
6th Harmonic 157 159 160 163 165 168 170 173 175 170 169
7th Harmonic 95 94 95 95 96 95 95 94 93 77 79
8th Harmonic 60 60 60 60 63 63 65 66 67 70 110
9th Harmonic 87 87 87 87 88 88 90 92 95 211 160
10th Harmonic 55 55 55 54 55 55 55 55 55 183 256
Total Energy 6916 6906 6890 6866 6843 6820 6810 6813 6830 7093 7172
Dipole Energy 5514 5487 5449 5401 5349 5303 5263 5233 5213 5193 5179
Nondipole E 1402 1420 1441 1465 1494 1517 1548 1580 1617 1900 1993
� Total E 25 25 24 24 24 24 24 23 23 70 54
� Dipole E 25 24 24 24 24 24 23 23 23 69 54
� Nondipole E 47 47 46 46 46 46 45 45 45 139 108
rms error 100 100 100 100 100 100 100 100 100 300 233

Year 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000
Dipole Energy 5179 5161 5133 5103 5062 5019 4979 4934 4896 4860 4831
Quadrupole E 269 279 288 296 306 317 331 344 356 369 383
Octopole E 411 423 431 439 445 452 461 469 478 486 492
4th Harmonic 375 373 372 368 364 358 350 344 341 338 333
5th Harmonic 163 171 178 179 184 188 190 189 187 186 184
6th Harmonic 169 169 165 160 150 142 136 130 126 123 119
7th Harmonic 79 85 89 98 100 104 112 118 119 121 120
8th Harmonic 110 89 89 77 74 75 84 91 95 100 116
9th Harmonic 160 53 57 103 99 100 104 102 102 99 101
10th Harmonic 256 76 51 46 42 43 53 54 51 51 58
Total Energy 7172 6879 6853 6869 6827 6797 6800 6775 6751 6732 6737
Dipole Energy 5179 5161 5133 5103 5062 5019 4979 4934 4896 4860 4831
Nondipole E 1993 1718 1720 1767 1764 1778 1821 1842 1855 1872 1906
� Total Energy 54 39 23 11 11 11 2 11 11 22 11
� Dipole E 54 38 23 11 11 11 2 11 11 22 11
� Nondipole E 108 76 45 23 22 22 4 22 22 44 22
rms error 233 167 100 50 50 50 10 50 50 100 50

Table II: Dipole and Non-dipole Energies in the Earth’s Magnetic Field. Calcu-
lated by Equations (10) and (11) from IGRF geomagnetic data for the entire
twentieth century (Mandea et al., 2000). Energies are in petajoules (1 PJ = 1015

joules). The rms error is the root mean square difference, in nanoteslas, between
the magnetic field intensity B at the earth’s surface according to the IGRF model
and the observed values, as estimated by Lowe (2000). The sigmas (�) are the cor-
responding errors in the dipole, nondipole, and total energies.



figures are least-squares exponential curve fits. The fits
show that during those 30 years the dipole lost 235 ± 5 PJ,
whereas the non-dipole part gained only 129 ± 8 PJ. Con-
trary to Dalrymple’s hope, the sum of the two energies de-
creased.

Figure 8 shows the decline of the total (dipole plus non-
dipole) observable energy from 1970 to 2000, again with
an exponential curve fit. The fit gives an energy decay time
of 2113 ± 239 years, or an energy half-life of 1465 ± 166
years. That means the net loss of energy during the 30-year
period was 96 ± 11 PJ. In 30 years, 1.41 ± 0.16% of all the
observable magnetic energy disappeared.

6. Where the Energy Went

As far as we know, natural processes cannot destroy energy,
so the energy lost from the observable magnetic field had
to go somewhere. Either (1) it went into magnetic fields
hidden from our view inside the core, or (2) the processes
in the core converted it into some other form of energy.

Possibility (1) is unlikely, because several natural pro-
cesses expel magnetic flux (lines of force) upward out of
the core (Humphreys, 1990, p. 131). These are transport,
buoyancy, and diffusion of magnetic flux lines. First, ac-
cording to Alfven’s theorem and observations (Shercliff,
1965), upward flows of the electrically conductive fluid in
the core sweep magnetic flux up with them to the surface,
as Figure 9(a) shows. Second, magnetic buoyancy (Parker,
1983; Wissink, et al., 2000) tends to prevent flux from go-
ing back down with downward flows of the fluid. Third,
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Figure 4. Dipole, non-dipole, and total energies com-
puted by Equations (10) and (11) from the International
Geomagnetic Reference Field (IGRF) for the entire
twentieth century. Energy units are exajoules (1 EJ =
1018 joules = 1000 PJ). From 1970 onward, the non-
dipole data are more accurate than for earlier years. Sec-
tions 5 and 6 discuss the “pulse” in the non-dipole
energy during 1945 and 1950. Lines are least-squares ex-
ponential fits that include the points from those two ep-
ochs.

Figure 5. Estimated root mean square error in the IGRF
magnetic field intensity B at the earth’s surface (Lowe,
2000), in nanoteslas.

Figure 6. Dipole energy decrease from 1970 through
2000.

Figure 7. Non-dipole energy increase from 1970
through 2000.



magnetic diffusion pushes flux upward out of the core into
the less conductive mantle rock, Figure 9(b). Thus, flux
tends to emerge from the core, not disappear back into it.

My 1990 paper shows that as upwelling core fluid ex-
pels magnetic flux, it also generates loops of new lines of
force in the reversed direction. If the motions are fast
enough to generate new flux lines faster than dissipative
processes (discussed below) can destroy them, then even-
tually the new flux loops can combine and emerge from
the core as large loops of flux of reversed direction from
the previous field. However, as I showed in the paper, the
new flux is never as great as the old flux, because of
dissipative processes. Thus, the new reversed (mostly di-
pole) field could never have as much energy as the previ-
ous field.

The only demonstrated possible core process I know of
which might add energy to a magnetic field is the stretch-
ing-out of lines of force (by differential rotation of the
fluid) into a “toroidal” east-west direction, as possibly hap-
pens on the Sun (Humphreys, 1986, p. 116). The energy
for the stretching comes from the motions of the fluid.
However, as I pointed out in section 2, observational evi-
dence weighs against strong toroidal fields existing now in
the earth’s core.

One process we can be certain about is ohmic dissipa-
tion or “joule heating.” Because the core is not a perfect
electrical conductor, its electrical resistance will continu-
ally be eroding the electrical currents in the core, convert-
ing magnetic field energy into heat. As I mentioned in
section 2, the observed rate of loss of magnetic energy is
quite consistent with observed electrical resistivity of likely
core materials under core conditions. Thus, the missing
field energy is most likely to have become heat in the
earth’s core.

What about the general increase of non-dipole energy?
My model would suggest it is simply due to the motions of
the fluid “chopping up” dipole flux lines of force into

smaller loops of flux, which will then dissipate their energy
faster. McDonald and Gunst (1967, p. 25, italics mine)
agree:

This [nondipole energy increase] leads us to con-
clude that the zonal dipole field is being driven de-
structively to smaller values by fluid motions which
transform its magnetic energy into that of the near
neighboring higher-order modes [harmonics] rather
than expend it more directly as joule heat. The joule
heating rate associated with the original dipole energy
necessarily increases, however, since the free decay
period decreases monotonically with increased de-
gree of mode.

In other words, the smaller loops of flux will dissipate
their energy as heat even faster than the larger loops do. So
presently fluid flows are converting some of the dipole en-
ergy to into non-dipole energy. However, rapid ohmic dis-
sipation of the non-dipole energy is continually destroying
much of the non-dipole energy even while the fluid flows
are generating it.

According to both my model and the picture given by
McDonald and Gunst, the rate of conversion from dipole
to non-dipole energy should be proportional to the amount
of dipole flux. For example, if there were no dipole flux, no
energy would be added to the non-dipole parts. In the fu-
ture, when the dipole flux will be weaker, the conversion of
dipole to non-dipole energy will slow down. But the ohmic
dissipation of non-dipole energy will proceed unabated. At
some time, dissipation will exceed production. After that
time, even the non-dipole energy will decrease.

It is interesting that Dalrymple did not seem to perceive
the implications of the McDonald and Gunst quote above.
If he had, he would have had less reason to hope for the
long-term preservation of magnetic energy.

What about the pulse of magnetic energy in the 9th and
10th harmonics in 1945 and 1950? If it was real, it may have
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Figure 8. Total energy decrease from 1970 through
2000.

Figure 9. A magnetic line of force emerges out of the
earth’s core. (a) An upflow of the electrically conductive
core fluid pushes a section of the line up to the outer sur-
face of the core, and magnetic buoyancy keeps much of
the line from descending with downflows. (b) The line
of force diffuses upward out of the core.



been caused by the expulsion of a medium-sized loop of
flux completely out of the core into the mantle, as Figure
10 shows. Since the electric currents maintaining such a
loop would be entirely within the low-conductivity man-
tle, the magnetic energy of the loop would dissipate
quickly, not contributing to the accumulation of non-
dipole energy. However, it may have had some effect on
the rotation of the earth’s mantle, perhaps eventually re-
sulting in the “geomagnetic jerk” observed in 1969
(Courtillot and Le Mouël, 1984).

Conclusion:
The Earth’s Magnetic Field is Young

The trend in the IGRF data from the most accurate period,
1970 to 2000, is very clear. During that period the total en-
ergy—dipole plus non-dipole—in the observable geomag-
netic field decreased quite significantly, by 1.4%. Though
the data over the previous part of the century are less accu-
rate, there was still an overall decrease of total energy. Ac-
cording to my geomagnetic model, whose general features
agree with paleomagnetic and archeomagnetic data, the
total field energy has always decreased at least at today’s
rate, and it will continue to do so in to the future
(Humphreys, 1990).

Today’s energy decay rate is so high that the geomag-
netic field could not be more than a few dozen millennia
old. Moreover, during the rapid polarity reversals of the
Genesis Flood, and during the large fluctuations of surface
field B for millennia after the Flood, the rate of energy loss
was much greater than today’s rate. That shortens the age
of the field even more. In the absence of any workable ana-
lytical theory (or data) to the contrary from the evolution-
ists, these data are quite consistent with the face-value
Biblical age of the earth, about 6000 years.
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