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Abstract. We examine magnetic  field measurements  from Mount  Wilson that  cover the solar surface 
over a 13�89 year interval, f rom 1967 to mid-1980.  Seen in long-term averages, the sunspot  latitudes are 
characterized by fields of preceding polarity, while the polar fields are built up by a few discrete flows of 
following polarity fields. These  drift speeds average about 10 m s 1 in latitude - slower early in the  cycle 
and faster later in the cyc l e -  and result f rom a large-scale poleward displacement of field lines, not  
diffusion. Weak  field plots show essentially the same pat tern as the  stronger fields, and both data indicate 
that  the large-scale field patterns result only from fields emerging at active region latitudes. The total 
magnet ic  flux over the solar surface varies only by a factor of about  3 from min imum to a very strong 
max imum (1979). Magnetic flux is highly concentrated toward the solar equator;  only about  1% of the 
flux is at the poles. Magnetic  flux appears at the solar surface at a rate which is sufficient to create all the 
flux that is seen at the solar surface within a period of only 10 days. Flux can spread relatively rapidly 
over the  solar surface from outbreaks of activity. This is presumably  caused by diffusion. In general, 
magnet ic  field lines at the  photospheric  level are nearly radial. 

1. Introduction 

Using early Mount Wilson magnetograph data, Bumba and Howard (1965) demon- 
strated that the weak magnetic fields resulting from the breakup of active regions 
coalesce on a large scale to form global patterns of unipolar magnetic fields. These 
slowly expand, are stretched by differential rotation, and drift poleward to form the 
polar fields. Stenflo (1972) and Yoshimura (1976) used later Mount Wilson data to 
confirm these results and demonstrate other characteristics of the large-scale pat- 
tern, such as the latitude drift during the sunspot cycle. 

Other studies of the large-scale magnetic field distribution include Levine et al. 

(1977) and Svalgaard and Wilcox (1978), both of which are concerned with the 
extended coronal and interplanetary fields. 

Recent years have seen considerable improvements in the quality of the Mount 
Wilson data. A re-reduction of all the data on a uniform basis has been completed, 
and new parameters have been measured; for example, the distribution of weak 
(<2 G) magnetic fields. It is appropriate to reexamine the global properties of 
magnetic fields with this improved data set. All the magnetic data shown here were 
taken in the 5250/~ line of Fe ~. 

2. Magnetic Field Observations 

2.1. F I E L D  STRENGTHS 

Figure la  is a plot of the latitude distribution of magnetic fields on the Sun over the 
last 13�89 years. The disk average field has been subtracted because instrumental bias, 
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particularly in the earlier years, is large enough to affect a four-rotation average. 
Since 1971 the instrumental bias has comprised a constant field of +0.25 G and an 
annual sinusoid of 0.2 G peak to peak. The origin of these components is unknown. 
All latitudes are equally affected by this background zero variation. 

The sunspot latitudes are characterized in each hemisphere by the preceding spot 
polarity for that hemisphere and spot cycle. The magnetic field gradient is larger on 
the poleward edge of the active zone than on the equatorward edge. The following 
spot polarity is usually absent, but does appear on the poleward edge of the active 
zone during the rise in spot number from minimum to maximum (e.g., since 
mid-1977) and during major outbreaks of activity (e.g., June and July 1970 in the 
north, August 1972 and May to October 1974 in the south). The strength of the 
preceding field marking the sunspot zones also increases at these times. A plot of 
Stanford Solar Observatory data covering the past 4 years appears similar to the 
same interval of Mount Wilson data (Hoeksema et al., 1980). 

Magnetic flux is equally balanced between positive and negative when it emerges 
at the surface. One might expect the average field in the active latitudes to be zero, 
rather than strong preceding and weak following. The explanation is that preceding 
flux is distributed over a narrower range of latitudes than following flux. Thus, the 
field strength (flux per area) is higher in preceding areas than in following areas, and 
the average field is as observed. The classic ap  spot group configuration is a simple 
example of the required flux distribution. 

The polar fields are also clearly visible in Figure la. The polar field reversals of 
spot cycle 20 are at the epochs reported by Howard (1974a), mid-1969 in the south 
and mid-1971 in the north. The south polar field also reversed before the north in 
spot cycle 19 (Babcock, 1959). In the present cycle, the north polar field has just 
reversed (mid-1980). The south polar field is weakening and will probably reverse 
within one year (mid-1981). 

Figure la shows that the polar fields are entirely formed by the movement of 
magnetic field from the sunspot latitudes to the poles. This formation is not 
continuous, but episodic. Poleward moving fields originate only at those few times 
when following spot polarity is seen near the sunspot latitudes. 

When moving field or like polarity arrives at the pole, the polar field strengthens. 
Between times of new field arrival, the polar field slowly decays. If field were not 
supplied to the pole from the spot latitudes, the polar fields would disappear in a 
time of 10 to 20 years. 

The transport of field poleward does not occur by diffusion. The center of gravity 
of the field moves poleward, not just the leading edge. After the moving field passes, 
the lower latitudes are devoid of field; field strengths are <1 that in the moving band. 
In the south at Carrington rotation 1535 and in the north at rotation 1575, for 
example, following polarity fields are moving poleward, but the field gradients are 
equal on both poleward and equatorward edges. The fields should diffuse in both 
directions at equal rates. Because the fields move only poleward, diffusion is not the 
motive process. Rather, the fields must be carried poleward by some form of 
meridional flow. 
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The apparent velocity of poleward motion of magnetic fields is not constant during 
the spot cycle. During the rising phase of the cycle, when the poleward moving field 
is of opposite polarity to the existing polar field, the apparent velocity is 5-10 m s -1. 
During the declining phase of the cycle, when the poleward moving field is of the 
same polarity as the existing polar field, the apparent velocity is 15-20 m s 1. This 
change may be a real variation in the velocity of the flow transporting the fields, but 
is more likely an artifact of the differing polarity relation of polar and moving fields. 
As Bumba and Howard (1965) pointed out, the magnetic fields of the Sun move on 
large scales as if like polarities attract and opposite polarities repel. Their explana- 
tion still seems valid: opposite polarities appear to repel because field elements 
cancel at the polarity boundary. By comparison, like polarities then appear to attract. 

2.2. W E A K  M A G N E T I C  F I E L D S  

Figure lb  shows the latitude distribution of weak magnetic fields on the Sun. The 
weak fields are defined as those original data points of the daily magnetograms with 
measured fields between - 2  and +2 G. Published Mount Wilson magnetograms 

usually do not display fields weaker than 5 G, but Howard (1974a) has shown that 
2 G plots of the Mount Wilson data do have large-scale order. Random magneto- 
graph noise has a root-mean-square amplitude of 0.5 to 1.0 G, as measured from 
magnetograms with the KD*P modulator turned off. Again, the daily disk average 
of all weak field points has been subtracted from the data in Figure lb.  In this case, 
the instrumental bias has a constant value of +0.05 G and an annual sinusoid of 
- 0 . 0 8  G peak to peak. 

The contour levels of Figure lb  are one-tenth those of Figure la,  as the total flux 
in the weak fields is much less than in the strong fields, even when averaged over 
large intervals in space and time. 

In Figure lb  the field strengths o f  the spot latitudes are relatively weaker 
compared to the polar latitudes than in Figure la.  The weak fields in the active zones 
must be more uniformly distributed than the strong fields. 

The polar fields are very prominent in the weak field, as are the episodes of 
poleward moving field. Between injections of new field, the polar field is observable 
to latitudes as low as 40 ~ at the 0.025 G level. Only one episode of moving field is 
seen in Figure lb  that was not obvious in Figure la,  in the south at Carrington 
rotation 1575. 

The relatively high ratio of weak field to measured average field strength in the 
polar field (as large as 0.4 throughout 1971-1974) is evidence that the true average 
polar field strength is low. Howard (1977) reached this conclusion from a more 
detailed analysis. Note also the polar field strength maximizes in the weak field plot 
about 2 years before the maximum in the average field. This implies the polar field 
slowly builds in strength over a period of years. 

Perhaps the most interesting result of Figure 1 is that large-scale magnetic fields 
on the Sun originate only in the spot zones. This is true for both average field and 
weak field structures. No other source of fields produces large-scale organization in 
the surface fields. 



Z
 

<
 

<
 

#1 

z <
 

<
 

0 

"V
~

 
"

~
 

090K
~

 

N
 O

llV
lO

~
 

N
O

I~
N

I~
V

3
 

O
O

Z
| 

0
6

9
[ 

0
9

9
~

 
O

Z
g| 

0
9

9
| 

O
g

g
| 

0
~

9
~

 
0s 

0
~

9
1

 
0~91 

0091 
0

6
G

| 
0

8
G

| 
O

Lg| 
0

9
g

~
 

O
G

G
I 

O
P

g
i 

O
s 

O
~

gJ 
O

Ig
 

-
-

 
~ 

i 
, 

~ 
, 

~ 
--, 

.-- 
i 

r 
i 

i 
-

-
 

, 
~ 

:., 
;~

l@
_ 

.~ 
" 

, 
~ 

o 
�9 

~
=

 
~

..=
 

"~
-" 

, 
~

 
o

~
 

.
.

.
.

.
.

.
 

Jr 
�9 

~
.4

,,r, 
o

~
 

o 
~ 

. 
�9 

, 
~

=
 

o 
=

,. 
,, 

0 
. 

~ 
= 

.~ 
=

%
 

o
~

 
o 

". 
~

-=
-=

- 
�9 .

.
.

.
 

�9 
#~'~" 

.1 
,S 

~ 
= 

" 
-o 

~ 

0
8
 

6
~
 

9
~
 

L
L

 
9

&
 

~
&

 
~
Z
 

~
I
 

Z
1
 

I
L
 

O
Z

 
6
9
 

8
9
 

I
9
 

~
V
3
A
 

X
f1

9
9

 
D

I• 
9

V
•1

7
7

 

o m
~

 
9

~
 r- 

o
_
 

oO
 

',.C
> 

0"3 



67
 

9 
'0

 

O
T

A
L

 
M

A
G

N
E

T
IC

 
F

L
U

X
 

Y
E

A
R

 
7~

 
74

 
'5

 
? 

9 
0 

Io
=

:u
, 

lO
O

u.
 

10
4U

. 
lO

O
U

. 
1D

bU
. 

ID
r 

15
80

. 
15

90
. 

t6
0

0
. 

t6
1

0
. 

t6
2

0
. 

16
30

. 
16

40
. 

t6
5

0
. 

16
60

. 
16

70
. 

16
80

. 
16

90
. 

C
A

R
R

IN
G

T
O

N
 

R
O

T
A

T
IO

N
 

Fi
g.

 2
b.

 

~i
g.

 2
a-

b.
 

M
ag

ne
tic

•u
x•

nt
he

s•
•a

rs
ur

fa
•e

•(a
)D

ai
•y

•b
se

rv
ed

m
ag

ne
tic

•u
x.

T•
ta

•f•
ux

F
(=

]F
+[

+•
F

-•)
•b

se
rv

ed
•n

th
ed

isk
.N

•••
rr

e•
ti•

ns
ar

e 
tp

pl
ie

d.
 D

ec
re

as
es

 i
n 

th
e 

m
ag

ne
to

gr
ap

h 
ap

er
tu

re
 (

H
ow

ar
d,

 1
97

6)
 i

nc
re

as
e 

th
e 

am
pl

it
ud

e 
of

 t
he

 f
lu

xe
s 

af
te

r 
Ja

nu
ar

y 
19

75
 b

y 
~2

0%
 r

el
at

iv
e 

to
 

tu
xe

s 
be

fo
re

 O
ct

ob
er

 1
97

4.
 (

b)
 L

at
it

ud
e 

di
st

ri
bu

ti
on

 o
f 

to
ta

l 
fl

ux
. P

lo
t 

fo
rm

at
 i

s 
th

e 
sa

m
e 

as
 F

ig
ur

e 
1.

 T
he

 t
ot

al
 f

lu
x 

F
(=

 ]
F+

] +
 I

F-
I)

 in
 e

ac
h 

of
 3

 
on

gi
tu

de
 b

in
s 

(W
32

.0
-4

4.
9,

 W
6.

8-
E

6.
8,

 a
nd

 E
32

.0
-4

4.
9)

 i
s c

or
re

ct
ed

 fo
r 

th
e 

di
sk

 a
ve

ra
ge

 m
ag

ne
ti

c 
fi

el
d 

an
d 

th
e 

pr
oj

ec
ti

on
 a

ng
le

 o
f t

he
 m

ag
ne

ti
c 

ie
ld

 li
ne

s 
(a

ss
um

ed
 r

ad
ia

l)
. T

he
 c

or
re

ct
ed

 f
lu

x 
in

 th
e 

3 
bi

ns
 is

 s
um

m
ed

 a
nd

 m
ul

ti
pl

ie
d 

by
 a

 c
on

st
an

t 
to

 r
ep

re
se

nt
 t

he
 t

ot
al

 f
lu

x 
in

 th
e 

la
ti

tu
de

 z
on

e 
ov

er
 3

60
 d

eg
re

es
 o

f 
lo

ng
it

ud
e.

 C
on

to
ur

 l
ev

el
s 

ar
e 

2,
 4

, 
8,

 1
6,

 a
nd

 3
2 

• 
10

2~
 M

x.
 

3 b rl
 

4 



138 R O B E R T  H O W A R D  A N D  B A R R Y  J. L A B O N T E  

2.3. T O T A L  F L U X  

Figure 2a shows daily values of the measured full disk total magnetic flux for the 
13�89 year interval. Total ftux is defined as F r  = IF+[ + IF-I, with F+, F_ the positive 
and negative fluxes. Instrumental improvements in September 1969 and July 1974 
reduced the magnetograph noise level and lowered the variation of the flux values. 

Also, the measured flux depends on the size of the magnetograph aperture 
(Howard, 1976). The aperture at Mount Wilson was changed from 17.5 to 12.5 arc 
sec in early 1975, and the fluxes after that time are systematically - 2 0 %  larger as 
a result. The measured flux varies with aperture because larger apertures have a 
greater probability of including both positive and negative field elements and thus 
riieasuring an incorrect, low field strength. The fraction of flux missed by averaging 
in the aperture will vary systematically during the spot cycle if the mixing of field 
element polarities on scales smaller than the aperture varies cyclically. 

The total flux varies by only a small factor from spot minimum to maximum. The 
ratio was - 1 : 2  in cycle 20 (Howard, 1974b) and ~ 1 : 3  in cycle 21, rising from 
3 x 10 22 Mx in 1976 to 9 x 1022 Mx in late 1979. A similar ratio for cycle 21 was 

found in the Kitt Peak data (J. W. Harvey, private communication). The dispersion 
in the daily values changes by a larger factor, - 5  (in Mx) from 6 x 1021 to 3 x 
1022 Mx, or from --18% of the average flux at minimum to - 3 2 %  of the average 
at maximum. This is a natural consequence of the fact that the longitude distribution 
of active regions is less uniform than that of the quiet network. 

Figure 2b shows the latitude distribution of the total magnetic flux on the Sun. To 
construct Figure 2b, data in individual latitude-longitude areas were corrected for 
disk average magnetic field, the projection angle of the field with respect to the line 
of sight (assuming radial field lines), and multiplied by a constant to represent the 
total flux over 360 degrees of longitude. The correction for the disk average field 
assumes it is an instrumental bias, which is not always true, but the correction is 
generally only a few percent in any individual area. 

Figure 2b is dominated by the spot latitudes. The equatorward drift of the active 
zones (Sp6rer's law) is clear. The strong concentration of flux near the equator was 
noted previously by Howard (1974b); this holds true even during spot minimum. 
Table I gives the latitude distribution of total flux averaged over the 13�89 year interval. 
It shows 69% of the flux on the Sun is found in the 47% of the area between +28.1 
degrees latitude. The flux distribution peaks at + 15 degrees, where the flux per unit 
area is 6 times larger than at the pole. Of course, this ratio varies through the spot 
cycle. 

Figure 2b also shows that at times flux spread rapidly to all latitudes. Examples 
are at Carrington rotations 1555, 1590, and 1600. These events are not caused by 
changes in the instrument, but correlate well with the numbers of active regions on 
the Sun. When active regions are more numerous, there is a higher probability of 
regions appearing at higher latitudes. Also, flux spreads over a broad latitude range 
as these regions break up. However, this rapid spreading includes both positive and 
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TABLE I 

Average of daily values, January 1, 1967 to July 3, 1980 

139 

Latitude Total Flux increase Flux decrease 
(degrees) magnetic flux (• 102~ Mx day -1) (• 102o Mx day -1 ) 

(xlO 21 Mx) 

73.0 1.8 3.6 -3.8 
65.8 2.8 3.3 -3.3 
58.5 2.7 2.9 -3.1 
52.6 2.7 2.8 -2.9 
47.3 2.9 2.9 -2.8 
42.6 3.2 3.0 -3.1 
38.1 3.8 3.7 -3.6 
34.0 4.5 4.1 -4.8 
30.0 5.6 5.3 -5.6 
26.2 7.3 6.8 -7.2 
22.5 8.9 9.6 -9.4 
18.9 10.7 10.7 -11.6 
15.3 11.5 12.6 -12.6 
11.9 10.7 11.6 -12.5 

8.5 8.5 9.6 -9.9 
5.1 6.3 7.0 -7.5 
1.7 4.5 5.0 -4.9 

-1.7 4.3 5.0 -4.4 
-5.1 5.8 7.6 -6.5 
-8.5 7.9 10.4 -9.9 

-11.9 10.0 12.3 -12.1 
-15.3 10.8 12.0 -12.1 
-18.9 9.4 9.5 -9.3 
-22.5 8.2 8.0 -8.3 
-26.2 7.1 6.5 -8.5 
-30.0 5.9 5.4 -6.7 
-34.0 4.5 4.0 -4.1 
-38.1 3.5 3.4 -3.5 
-42.6 3.1 3.2 -3.1 
-47.3 2.8 3.1 -2.9 
-52.6 2.7 3.0 -2.8 
-58.5 2.7 3.2 -3.0 
-65.8 2.9 3.7 -3.6 
-73.0 1.9 4.1 -3.9 

Total 191.9 208.9 -213.3 

n e g a t i v e  f ie ld  e l e m e n t s  a n d  c o n t r i b u t e s  n o t h i n g  to  t h e  a v e r a g e  m a g n e t i c  field.  T h e s e  

e v e n t s  a r e  n o t  s e e n  in F i g u r e  1 fo r  this  r e a s o n .  T h e r e  is a d i f f e r e n c e  b e t w e e n  this  

r ap id ,  c h a o t i c  m o t i o n  of  f lux a n d  the  s l ower ,  o r g a n i z e d  r e d i s t r i b u t i o n  of  m a g n e t i c  

po l a r i t y .  T h e  s p r e a d i n g  of  f lux to  t h e  p o l e s  l o o k s  v e r y  r a p i d  in F i g u r e  2b  b e c a u s e  

t h e  d a t a  a r e  a v e r a g e d  o v e r  109 days ;  in p lo t s  of  10 d a y  a v e r a g e s ,  t h e  t i m e  fo r  

s p r e a d i n g  is f o u n d  to  b e  b e t w e e n  �89 a n d  1 yea r .  
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The polar fields seen so clearly in Figure 1 do not appear in the total flux plot. 
This is a further statement of the fact that the polar fields contain only a small amount  
of flux. The strong appearance in the magnetic field plot is caused by the nearly 
unipolar composition of the polar fields. The equatorward decrease of field strength 
and increase of total flux shows the increased mixing of positive and negative fields 
at lower latitudes. 

From the data used in Figure 2b, we can imagine constructing a plot of the net 
flux FN, defined as FN = F§ + F_. A plot of net flux turns out to be identical to 
Figure la,  the plot of average field, with a ratio of contour values of - 1 . 6  x 2021 cm 2 
(0.25 G corresponds to 4 z 1020 Mx). Our latitude zones are chosen to have equal 
areas of 1.8 x 1021 cm 2, 1 /34th  of the solar surface area. 

The only significant difference in plotting the average field and the net flux was 
that the fluxes were corrected for the projection angle of the magnetic field lines 
with respect to the line-of-sight. The correction assumed that the field lines in the 
photosphere are purely radial. The agreement of the two area values within 10% 
shows that this assumption is correct. Horizontal  fields do not significantly contribute 
to the large-scale magnetic field distribution in the photosphere.  At  60 ~ latitude, a 
10% variation in measured magnetic field strength would correspond to a nor th -  
south field line tilt of only - 1 0  degrees from the radial direction. Howard (1974c) 
found even smaller angles for the east-west tilt of field lines. Of course, horizontal 
field lines are present in the photosphere in sunspots and rapidly growing active 
regions. 

2.4. FLUX CHANGE 

The corrected fluxes used in Figure 2b can be used to compute the rate of change 
of flux on the Sun. The longitude difference between longitude bins (38.~ is nearly 
equal to that produced by solar rotation at the Carrington rate over a 3 day interval 
(39.~ The error is 10% of the bin width. By comparing the fluxes in the same 
area of the Sun measured 3 days apart, the flux increase or decrease is found. 

Flux increase is caused by the emergence of new flux at the surface or the motion 
of existing flux into the observed area. Flux decrease is caused by the decay of 
existing flux or the motion of existing flux out of the observed area. 

Figure 3a shows the latitude distribution of the flux increase. Like total flux, the 
flux increase is concentrated in the sunspot latitudes. Only in active region latitudes 
do large quantities of flux appear in short time intervals. This is true in a long term 
average (Table I) and in the short term, as seen in the similarity of Figures 2b and 3a. 

The ratio of total flux to flux increase is - 1 0  days. The magnetic flux seen at a 
given time is equal to the amount  of flux eruption on the Sun summed over a 10 day 
interval. Because the total flux observed remains relatively constant, existing flux 
must be decaying at an equal rate. This is confirmed by Figure 3b, which shows the 
flux change - the sum of increase and decrease. The contour levels are j those of the 
flux increase plot. The equality of flux increase and decrease rates lead to low net 
values. This is also shown in Table I. 
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It is obvious that the long term average rates of flux increase and decrease must 
be equal or the total flux on the Sun would change monotonically. It is possible that 
this balance may arise from, for example, a mixture of occasional large flux increases 
followed by frequent small flux decreases. That is, the relative frequencies of 
occurrence of increases and decreases may differ. We find that increases and 
decreases occur in equal numbers and with equal amplitudes. There is no systematic 
bias in the ratio of increases to decreases. Figure 3b in effect shows what little 
variation from uniformity there is in flux change. 

4. Conclusions 

(1) The active region latitudes are characterized by the preceding spot polarity for 
each hemisphere and spot cycle. 

(2) The polar magnetic fields are built and subsequently reversed by isolated 
episodes of magnetic field drift from the active latitudes. 

(3) Poleward field drifts average about 10 m s -1 in latitude. They are slower early 
in the spot cycle and faster later in the cycle. 

(4) The poleward motion is not a diffusion process. Field is moved bodily by a 
directed flow. 

(5) The weak (<2 G) fields show basically the same patterns as the stronger fields. 
All organized large scale magnetic fields originate in the active latitudes. 

(6) The true field strength of the polar fields is no more than a few gauss. 
(7) The variation of total flux on the Sun is only about a factor of 3 from spot 

minimum (1976) to an active maximum (1979). 
(8) Magnetic flux is highly concentrated toward the equator. The flux in the polar 

fields is a small fraction ( -1%) of the total flux on the Sun. 
(9) Flux can spread rapidly (50-100 m s -1) over the solar surface from outbreaks 

of active regions without segregating into separate unipolar latitude zones. 
(10) Horizontal (non-radial) fields are not important to the large-scale organized 

magnetic fields in the photosphere. 
(11) The rate at which flux appears on the Sun is sufficient to replace the total 

flux present in about 10 days. 

5. Discussion 

In this paper we have examined the Mount Wilson solar magnetic data over the past 
13�89 years in one way only. We have ignored all longitude differences and possible 
short-term variations in order to study gross, long-term aspects of the activity cycle. 
This gives us a view of the cycle that is somewhat incomplete, and we plan more 
detailed studies in the near future. Nevertheless, this analysis has provided us with 
new results which relate to the physics of magnetic field appearance, motion, and 
dissipation at the solar surface. 
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Ephemeral  regions appear to contribute a large fraction of the magnetic flux that 
appears at the solar surface (Golub et aI., 1979). Because the ephemeral  regions 
have a much broader  latitude range than do active regions, we are able to distinguish 
their contribution to the large-scale magnetic field patterns from that of the active 
regions. In Figure 1 we see no contribution to the field patterns from any place on 
the Sun other  than the active region latitudes, so we conclude that the contribution 
of ephemeral  regions to any patterns seen in Figure 1 -  even the weak fields of 
Figure l b - i s  negligibly small. This is understandable since the scale of the 
ephemeral  regions is so small. It seems likely that a region that small will disappear 
by cancelling a portion of the pre-existing field before it can coalesce with other 
regions to form large patterns. 

The large-scale flow of fields to the poles, which is seen in Figure 1, is the motion 
of the extended, high-latitude unipolar regions described by Bumba and Howard 
(1965). Since the fields do not spread out in latitude but move toward the poles with 
little decrease in magnitude (the weaker fields" in Figure lb  actually increase in 
magnitude as they approach the poles because of the breakup of the stronger fields), 
we conclude that there is a movement  of the field from low to high latitudes, not a 
diffusion of field elements as has been proposed (Leighton, 1964). We may speculate 
that the motion of the field lines - only those of following polarity - results from a 
large-scale circulation pattern, perhaps below the surface, that has a meridional 
component.  Whatever  forms the polar field is a directed motion, not the accidental 
effect of random motions at the surface. 

We presented above further evidence that the polar field is quite w e a k -  a few 
gauss -  not 6 G or more proposed previously (Svalgaard et al., 1978; Suess et al., 
1977). It is also of interest to note that the total flux in the pole-most zone of 
Table I corresponds very nearly to a field of 1 G. This is also the field strength seen 
at the poles in Figure la.  Thus the polar field is to a good approximation uniPolar - 
keeping in mind the definition of unipolar and the size of our aperture (12.5 arc sec). 

The high rate of flux appearance and disappearance at the solar surface compared 
to the flux present is an unexpected result of this work. This ratio is set by the rate 
of dissipation of fields, and evidently this is greater than had been believed. The 
amount  of energy involved in the field dissipation can be estimated by assuming a 
length over which the field cancellation takes place. The flux decrease at the surface 
from Table I is about 2.3 • 1017 Mx s -1. This translates to 9.2 • 1018 • L erg s -1, 

where L is the length over which the fields cancel. (This assumes that all the field 
exists as 1000 G field-strength bundles.) Spread over the solar surface this is 
1.5 • 1 0 - 4 •  erg cm -2 s -1. If this dissipation takes place over granular or super- 
granular scales, 108 or  109 cm, then it represents a rather small energy source, about 
10 4 to l0  s erg cm -2 s -1. But if the fields are annihilated over a large fraction of a 
solar radius, the energy flux at the surface becomes much larger. The field annihila- 
tion is concentrated in the active latitudes, where strong opposite polarity fields 
occur close together. Weak, unipolar fields like the polar fields have much longer 
lifetimes before decay. 
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