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Abstract 

Several improvements have been made t o  the M t .  Wilson Observatory so la r  

magnetograph, including changes t o  the  guider, the Doppler compensator, and 

the da t a  handling system. The improved magnetograph has been used f o r  a new zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
t m e  of so la r  observation consisting of several  hundred scans back and fo r th  

along a s t r a igh t  l i n e  of length 3/4 Ro perpendicular t o  cent ra l  meridian. 

The data  reduction, which i s  done e n t i r e l y  with a computer, el iminates those 

e f f e c t s  which have t h e i r  o r ig in  i n  t he  earth-sun geometry. The s p a t i a l  and 

temporal proper t ies  of  the  5-minute osc i l l a t ions  are  discussed. 
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1. Introduction 

' .  

This i s  t he  f i r s t  i n  a s e r i e s  of papers t h a t  w i l l  describe a new type of 

observation made with the  Mount Wilson Observatory zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsolar magnetograph. 

emphasis on t h i s  paper w i l l  be on the equipment, the  observing procedure, and 

the  da ta  reduction techniques, w i t h  some preliminary r e s u l t s  given t o  i l l u s t r a t e  

the method. 

completed f o r  some time, since over 200 hours of da ta  have been obtained during 

the  summers of 1966 and 1967. 

"he 

The analysis of the data i s  present ly  i n  progress and w i l l  not be zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A somewhat similar observation has been made independently by DEUBNER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1967) 

with t h e  Capri magnetograph of the  FraunhofCr I n s t i t u t .  The Capri observations zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
are  recorded photographically and the Mount Wilson observations are recorded on 

magnetic tape,  therefore  d e t a i l s  of t he  analysis  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmay be qui te  d i f fe ren t .  

2. Instrumentation 

The solar magnetograph a t  t he  150 foot tower at Mount Wilson Observatory 

has evolved considerably s ince it was f i rs t  described by H. W. BABCOCK (1953). 

Among t h e  changes t h a t  w i l l  be described i n  t h i s  paper a re  a more accurate 

guider, an electro-opt ic  c rys t a l  yielding an improved signal-to-noise r a t i o ,  

an improved Doppler compensator, and a completely automated da ta  recording 

system. 

The magnetograph i s  fed by a v e r t i c a l  telescope consisting of two f l a t  

mirrors and a 30 cm, f / l 5 O  objective lens ,  which produces a non-rotating image zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
h2 cm i n  diameter. 

(1938). 

S l i g h t l y  above the focal  plane there i s  a guiding r ing  through which the nearly- 

imaged l i g h t  passes (see Figure 1). 

"his  instrument has been described by HALE and NICHOLSON 

The image i s  guided photoelectr ical ly  by a proportional servo system. 

Mounted zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA90' apart  on t h i s  r ing  a re  four  
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pickup heads, which a re  designed t o  detec t  the so la r  limbs. 

two independent pairs. Only a small s l i c e  of the  sun near the  limb i s  cut out 

by each pickup head. 

define an axis along which the  image may be t ranslated.  

i s  not centered along e i t h e r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAaxis, the  corresponding pickup heads w i l l  not be 

equally illuminated. 

e r a t e ly  diffused so t h a t  the photocells measure the t o t a l  i l lumination i n  the  

pickup head and not the sharpness of  t he  limb. The l i g h t  from the two pickup 

heads on e i the r  s ide of a diameter i s  brought by means of f l ex ib l e  l i g h t  "pipes" 

t o  one photocell. 

They operate as 

The pickup heads at opposite ends of a so la r  diameter 

Whenever the image 

"he l i g h t  s t r ik ing  the guiding photocells has been delib- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A mechanical chopper admits a l t e rna te ly  l i g h t  from one then 

the other  head. 

dr ives  a servo motor connected t o  the second f l a t  mirror i n  such a way as t o  

reduce the e r ro r  s ignal ,  thereby centering the  image along t h a t  axis. Under 

conditions of excellent seeing, the image w i l l  be kept centered i n  the r ing t o  

within be t t e r  t h a n  one arc  second. By moving the guiding r ing,  the  so la r  image 

can be accurately moved across the  entrance aperture of the spectrograph. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
An e r ro r  s igna l  proportional t o  the ac s ignal  from the photocell  

The guiding r ing i s  controlled by an electronic  scanning system which can 

t r a n s l a t e  it along e i t h e r  of two perpendicular axes, ca l led  x and y,  as indi-  

cated i n  Figure 1. "he basic  scanning mode consis ts  of making s t r a igh t  l i n e  

scans i n  the x d i rec t ion  with some appropriate increment i n  y a t  the end of 

each scan l i n e .  The limits i n  x and y, the s ize  of t he  y increment, t he  scan- 

ning speed and the s t a r t i n g  posit ion a re  a l l  s e t  on the  control panel by the 

observer before the observation begins. 

the  scanning proceeds automatically, including a pause i n  the observation i f  

a cloud passes overhead, and a continuation when the cloud has moved out of 

the  way. Shaft encoders on the x and y dr ive screws continually read off  the  

Once the start  button i s  depressed 
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coordinates of t h a t  p a r t  of image centered over the  middle of the  scanning 

aperture,  i . e .  t he  "posit ion of the  aperture".  

not ac tua l ly  move, but it i s  simpler t o  r e f e r  t o  the "posit ion of the aperture" 

ra ther  than the  "posit ion of t he  image r e l a t i v e  t o  the  aperture". 

coordinates of the  aperture zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare dig i t ized  i n  uni t s  of O'I.284, which i s  about 

200 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm on t he  sun. 

The aperture,  of course, does 

The x and y 

The r igh t -  and lef ' t-circularly polar ized Zeeman components a re  separated 

Originally an ammonium dihydrogen by the  act ion of an  electro-opt ic  c rys t a l ,  

phosphate (ADP) c r y s t a l  was used. 

potassium dihydrogen phosphate zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(KDP) c rys t a l ,  which provides a higher signal-  

The ADP was replaced i n  ear ly  1967 by a 

to-noise r a t i o .  

phosphate (KD*P) c rys t a l ,  which w i l l  improve the  signal-to-noise r a t i o  s t i l l  

more. 

The KDP w i l l  soon be replaced by a potassium dideuterium 

The l i g h t  which has passed through the tIsca,nning" aperture i s  dispersed 

by a zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA22.9 meter v e r t i c a l  Littrow spectrograph located i n  a deep p i t  t o  pro- 

vide very good s t a b i l i t y .  *The spectrograph contains a Babcock grat ing 17 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcm 

by 25 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAcm, ruled 600 grooves/mm, with  a resolving power of over 700,000. 

used with the  magnetograph, t he  resolving power i s  considerably lower than 

t h i s  f igure .  

order)  i s  11.6 m / A .  

When 

The measured dispersion at the  blaze angle (35250 i n  the 5th 

The magnetograph contains two completely independent e x i t  s l i t  assemblies, 

ne i the r  of which contains any s l i t s .  

f u l l y  operat ional  ye t . )  

able blinds,  as  shown i n  Figure 2. The separation between the prisms and t he  

loca t ion  of the  bl inds determine the "s l i t  separation' '  and "s l i t  width" respec- 

t i v e l y .  

mounted on an assembly which can be moved i n  the  d i rec t ion  of dispersion by a 

(One of t he  e x i t  s l i t  assemblies i s  not 

Each assembly contains two g lass  prisms and two move- 

The prisms and blinds (but not the  lenses o r  photomultipliers) a re  



lead screw. 

of how far off  center the  spectral  l i n e  is. 

t o  t he  Doppler servomotor t o  t rans la te  t he  e x i t  s l i t  assembly along t h e  spectrum 

u n t i l  t he  difference between the  two photomultiplier outputs i s  zero, i . e .  u n t i l  

the  spec t ra l  l i n e  i s  centered between t h e  prisms. The dynamic response of the  

Doppler servo i s  2.2 km/sec per  second of time; i t s  natural  frequency i s  3 hz. 

Since the  pos i t ion  of the  e x i t  slit assembly along the  spectrum i s  a d i r e c t  

measure of t he  Doppler s h i f t ,  the  angle through which the  lead screw has turned 

i s  a l so  proportional t o  the  line-of-sight ve loc i ty  of the  atoms forming the  

spec t ra l  l i ne .  

The dc difference between t h e  photomultiplier outputs i s  a measure 

It i s  used as a feedback s igna l  

A shaf t  encoder converts the  instantaneous value of t h e  veloci ty  

t o  d i g i t a l  form (d ig i t ized  i n  units of about 5.2 meters/sec). The zero l eve l  of 

the  ve loc i ty  i s  unfortunately unknown, but it i s  s tab le  over periods of a t  l e a s t  

several  hours. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A simplified block diagram of the  magnetograph electronics  appears i n  

Figure 3. A s  shown i n  the  block diagram, three  d i s t i n c t  signals a re  produced: 

the  ve loc i ty  (Doppler) s ignal ,  t h e  magnetic (Zeeman) signal,  and the  in t ens i ty  

(brightness) s ignal .  

s e l e c t s  the  in tegra t ion  period, which may be from 0.1 seconds t o  20 seconds. 

This determines how often a data  group i s  recorded on t he  magnetic tape.  A t  

present  each da ta  group consis ts  of s i x  variables:  t he  universal  time t o  t h e  

nearest  t en th  of a second, t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx and y coordinates of t he  center of the  scan- 

ning aperture,  t he  in tens i ty ,  the Zeeman, and the  Doppler signals.  There i s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
also room i n  the  data group f o r  two more channels of information. 

be chosen from among the  in tens i ty ,  Zeeman and Doppler signals  of a second 

spec t r a l  l i n e ,  when t h e  second ex i t  s l i t  assemb1.y and i t s  associated e lec t ronics  

become f u l l y  operational. 

tape a t  the  end of each integrat ing per iod a re  averages taken over t he  e n t i r e  

Before the  start  of each observing run, the  observer 

These w i l l  

The in tens i ty  and Zeeman signals  wri t ten out on t h e  

k 
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in tegra t ing  period. 

time are  the  instantaneous values a t  the  end of t he  in tegra t ing  period. 

da ta  i s  writ ten on the  magnetic tape i n  a d i g i t a l  form t h a t  i s  compatible with 

the  tape drives used by la rge  d i g i t a l  computers, so t h a t  t he  e n t i r e  reduction 

process can be done with a computer. 

seconds, a t yp ica l  run of th ree  hours produces over zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100,000 data  groups con- 

t a in ing  over 600,000 separate pieces of information. 

ne t ic  tape recorder, strip chart  recorders and an x-y p l o t t e r  a re  avai lable  

f o r  t h e  observer t o  monitor t he  observing run on-line. 

The Doppler signal, as well as x, y, and the  universal  

The 

With the  usual  in tegra t ion  period of 0.1 

I n  addition t o  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAmag- 

3. Observations 

There a r e  three  general  types of observations t h a t  can be made with the  

magnetograph. These can be approximately described as "area", "line", and 

"point". The first  kind r e f e r s  t o  observations covering a two dimensional 

a rea  on the  disk  with a s e r i e s  of p a r a l l e l  scans along the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx axis ,  each one 

with a s l i g h t l y  d i f f e ren t  value of y. These have the advantage of covering 

a large f r ac t ion  o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa l l  of t h e  solar disk and the  disadvantage of taking a 

long time. 

magnetogram of the e n t i r e  disk with a 5" aperture. 

s i b l e  t o  invest igate  phenomena with a time scale  of a few minutes zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(e.g. t he  

v e r t i c a l  veloci ty  o s c i l l a t i o n s )  t h i s  w a y .  

observation goes f a s t e r ,  but the spa t i a l  resolut ion becomes lower, which i s  

a l so  undesirable. The r e s u l t s  from an "area" observation typ ica l ly  take the  

form of three contour maps, one each f o r  i n t ens i ty ,  magnetic f i e l d ,  and velo- 

c i t y .  

t h e  f i e l d  s t ruc tures  cor re la ted  with chromospheric phenomena. 

For example, it would take over 5 hours t o  make one complete 

Clearly it i s  not pos- 

If a l a rge r  aperture i s  used, t he  

Active regions w e  studied with such observations i n  order t o  determine 
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A t  the  other extreme there  are  "point zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA' I  observations, where the  aperture 

remains almost motionless ( r e l a t ive  t o  the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsolar image), moving on ly  t o  com- 

pensate fo r  t he  so lar  rotat ion.  

l e n t  time resolut ion,  but l i t t l e  or no information about the spatial extent 

of the  fea tures  being studied. The r e s u l t s  of t h i s  type of observation a re  

usually displayed as  th ree  functions of time, with autocorrelation functions 

and power spectra.  

s e r i e s  of observations of t h i s  type. 

This method has the advantage of giving excel- 

HOWARD (1967) recently reported the  r e s u l t s  of a long 

The t h i r d  type of observation i s  t he  " l ine"  observation which consis ts  

of scanning back and f o r t h  across a single  s t r a igh t  l i n e  on the  so la r  disk. 

This combines the  desirable  features  of each of the  other  types: 

resolut ion i s  t yp ica l ly  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30-60 seconds, and the  distance covered can be several  

hundred thousand kilometers. 

than e i t h e r  of the  other types, and w i l l  be discussed i n  d e t a i l  l a t e r .  Most 

of t h e  observations t o  be discussed i n  t h i s  s e r i e s  of papers w i l l  be of this 

type. 

t he  time 

The data presentat ion may be more complicated 

!be x-axis was usually oriented perpendicular t o  cen t r a l  meridian. The 

scan l i n e  was usually w i t h i n  20' of the  equator, but covered a sma l l  range 

i n  l a t i t u d e  because Bo was never zero during the time of t he  observations. 

The length of t he  scan l i n e  was typ ica l ly  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA500,OOO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm (-3/4 of a so lar  radius). 

The scanning speed was generally 35.5 arc  seconds pe r  second of time, although 

during periods of excel lent  seeing it was slower by a f ac to r  of four. The scan 

per iod f o r  the above parameters i s  40 seconds, 20 seconds t o  go across and 20 

seconds t o  re turn  t o  the  starting posit ion.  

0.1 seconds. 

The in tegra t ion  time was always 

The aperture s i zes  var ied from a c i r c l e  2".3 i n  diameter t o  a square 10" 

When the  q e r t u r e  was lo", on a s ide ,  with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5" and 10" squares the most used. 
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a Bowen-type image s l i c e r  was employed t o  avoid l o s s  of resolut ion i n  t he  

spectrum. 

the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx axis. 

aperture and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5" x 8".6 fo r  t h e  5" aperture f o r  the in t ens i ty  and magnetic 

s ignals ,  which are  averaged over the whole integrat ing period. 

I n  one integrat ing period the  aperture moved a distance 3Il.6 along 

This made the  effect ive aperture s i ze  10" x 13".6 f o r  the  10" 

The veloci ty  

i s  not averaged, so for  it t h e  effect ive aperture s i ze  i s  close t o  the  ac tua l  

aperture s ize .  Because the apertures were commonly 5" or  la rger ,  w e  were not 

r e s t r i c t e d  t o  conditions of especially good seeing. 

"he observations reported i n  t h i s  paper were zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa l l  made with the spec t ra l  

l i n e  Fe I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh5250.216 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA, chosen because it i s  a normal t r i p l e t  with g zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= 3. 

Observations made with C I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh 5380.322, Mg I X 5172.698, and Na I X5895.940 

w i l l  be discussed i n  subsequent papers. 

4. Data Reduction 

Since the  observations are recorded on magnetic tape, it i s  possible t o  

carry out t h e  e n t i r e  reduction process using a d i g i t a l  computer ( a  CDC 6600 

was used). 

t ions ,  and then generate a corrected tape from which all subsequent reductions 

w i l l  begin. 

"he f i r s t  s tep  i s  t o  read the  o r ig ina l  tape,  make cer ta in  correc- 

One such correction consis ts  o f  changing from coordinates on the  f l a t ,  

s ta t ionary  disk t o  coordinates fixed on the  spherical ,  ro t a t ing  sun. Features 

equally spaced on the  sun w i l l  therefore appear equally spaced on the  f i n a l  

graphs, even though these features  did not appear evenly spaced on the  f l a t  

image of t he  solar disk.  Because the corrected coordinates are  corotating 

with the  sun, a so lar  feature  that i s  at  some coordinate xo at  the  beginning 

of t h e  observation w i l l  s t i l l  be at xo four  hours l a t e r ,  even though it w i l l  

have moved westward on the  image by 40 a rc  seconds. This permits u s  t o  average 

t 



the  data a t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAany point  f o r  several  hours without the  so l a r  ro t a t ion  smearing 

it out. 

l e s s  than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1') the  d i f f e r e n t i a l  rotat ion of t h e  sun was ignored because the  

var ia t ion  of the  ro t a t iona l  speed over the  l a t i t u d e  covered by t h e  scan l i n e  

was negligible.  If t he  scan l i n e  had been chosen p a r a l l e l  ra ther  than per- 

pendicular t o  cen t r a l  meridian, t h i s  would not have been a va l id  procedure. 

F i r s t ,  the  

Although t h e  scan l i n e  did cover a small range of l a t i t u d e  (usual ly  

Three main corrections a re  applied t o  the  ve loc i ty  s ignal .  

component of the zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsun's ro t a t iona l  velocity along the  l ine-of-sight must be 

removed, because it usual ly  i s  much l a rge r  than the l o c a l  ve loc i ty  f i e l d s .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A s ingle  l a t i t u d e  i s  chosen as being representative of t he  e n t i r e  scan l i n e ,  

and t h e  ro t a t ion  speed f o r  t h a t  l a t i t ude  i s  used f o r  all points  on the  scan 

l i n e .  

upon pos i t ion  on the sun, and i s  computed separately f o r  each da ta  group. 

Near t h e  limb, where the e f f ec t  i s  l a rges t ,  it can amount t o  2 km/sec. Second, 

the  e a r t h ' s  ro t a t ion  about i t s  own axis contributes a component t o  the  l ine-of-  

s igh t  veloci ty .  

has a s l igh t  var ia t ion  with posi t ion on the disk.  It i s  a maximum a t  an hour 

angle of 2 6 hours (about 400 meters/sec), and minimum when the  sun i s  at t he  

zenith.  The computer program generates i t s  own ephemeris ,  and removes t h i s  

contribution from the  ve loc i ty  separately f o r  each data  group taking account 

of t h e  x (posi t ion)  and t (universal  time) coordinates f o r  the group. 

t h i r d  e f f ec t  i s  the  project ion of the ea r th ' s  o r b i t a l  veloci ty  vector along 

the l i n e  of s igh t .  This e f f ec t  depends ch ief ly  upon x, and can be a s  la rge  

as 150 meters/sec. 

made individual ly  f o r  each data  group. 

The net r e s u l t  of the  above velocity corrections i s  t o  put t he  observer 

i n t o  a frame of reference located on, and corotating with, the sun. This i s  

The component of the rotat ion speed along the l ine-of-sight depends 

This depends primarily upon the  hour angle of the sun, but a l so  

The 

A s  with the other geometric e f f ec t s ,  the  correction i s  
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consistent with the  corrections made t o  the  x coordinates. 

and pos i t ion  corrections are  slowly varying functions of space and time. 

could not possibly a f f ec t  t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsmall scale  fea tures  observed i n  the  f i n a l  r e su l t s .  

Both the veloci ty  

They 

The Zeeman s igna l  i n  each data group i s  divided by the  i n t e n s i t y  s ignal  i n  

the  same da ta  group t o  y i e ld  the  magnetic f i e l d .  

divided by an i n t ens i ty  measured simultaneously with it, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAany changes i n  the  sky 

transparency w i l l  be exact ly  cancelled out, as  w i l l  changes i n  the  in t ens i ty  

due t o  brightness var ia t ions  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAalong t he  scan l i n e .  The magnetic f i e l d  on the  

corrected tape i s  ca l ibra ted  i n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAgauss. 

Since each Zeeman value i s  

No corrections a re  made t o  the in t ens i ty  s igna l  at al l .  Changes i n  the  

sky transparency or  i n  the  ext inct ion by the  ea r th ' s  atmosphere as t he  eleva- 

t i o n  of t he  sun changes w i l l  affect  all p a r t s  of t h e  scan l i n e  equally, pro- 

viding the changes occur slowly compared t o  the scan period (40 seconds). 

Therefore r e s u l t s  based upon comparing the  i n t e n s i t y  a t  one p a r t  of the  scan 

l i n e  with the  in t ens i ty  a t  another p a r t  w i l l  s t i l l  be va l id  even though the  

i n t e n s i t y  may have been slowly changing throughout t h e  run. This i s  important 

because the  best  seeing at Mount Wilson occurs shor t ly  after dawn, when the  

i n t e n s i t y  i s  monotonically increasing. 

The eastward and westward scans a re  separated at t h i s  point ,  so t h a t  each 

of the f i n a l  graphs w i l l  be based upon scans i n  one d i rec t ion  only. A compari- 

son of  t he  r e s u l t s  based upon t he  eastward scans with those of the  corresponding 

westward scans w i l l  help determine t h e i r  s t a t i s t i c a l  r e l i a b i l i t y .  

There a re  several  d i f fe ren t  ways t h a t  the  observations can be displayed, 

each with ce r t a in  d i s t i n c t  advantages. The most straightforward w a y  t o  exhibi t  

t he  d a t a  i s  t o  make a s e r i e s  of graphs of a var iab le  (magnetic f ie ld ,  veloci ty ,  

o r  br ightness)  as a function of posi t ion along t h e  scan l i n e ,  one graph f o r  

each scan. In  order t o  examine quasi-permanent gpa t ia l  features ,  it i s  sometimes 

L 
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necessary t o  average the var iable  a t  each point  f o r  perhaps 30 minutes t o  

improve the  signal-to-noise r a t i o  and t o  suppress such fea tures  as the  well  

known 5-minute osc i l la t ions .  

with the  graphs representing the  magnetic f i e l d  averaged over successive 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 i s  an example of t h i s  representation, 

30-minute time in te rva ls .  

f o r  t h e  f i r s t  30-minute average. 

The dashed horizontal  l i n e  i s  the  zero f i e l d  l e v e l  

This kind of representation can be used t o  invest igate  the s p a t i a l  proper- 

t i e s  of both t r ans i en t  and quasi-permanent phenomena, such as the  s izes  of 

ce r t a in  fea tures ,  s p a t i a l  gradients, and r e l a t ions  between the  veloci ty ,  inten- 

s i t y ,  and magnetic f i e l d .  By subtracting each succeeding half  hour average 

from the  f i r s t  one, the  evolution of  the  various fea tures  can be emphasized. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A second representation of the data i s  obtained by making a se r i e s  of 

graphs of t he  observations as a function of time f o r  d i f f e ren t  posi t ions zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAalong 

the  scan l i n e ,  ra ther  than as a function of posi t ion f o r  d i f fe ren t  times. A 

l a rge  number of evenly spaced points ( ty-picdly 200) are  chosen along the scan 

l i n e ,  the spacing between adjacent po in ts  being equal t o  the  distance t raveled 

by t h e  aperture i n  one integrat ion period. 

of a var iable  as a function of time i s  prepared. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAn example of t h i s  representa- 

t i o n  i s  shown i n  Figure 5. The time resolut ion i s  equal t o  the scan period; i n  

Figure 5 there  i s  a point  every 40 seconds. 

po in t s  f o r  which the ve loc i ty  i s  drawn i s  2500 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAkm. 

For each of these poin ts  a graph 

The separation between adjacent 

5. Resu l t s  and Discussion 

From the  graphs displaying velocity as a function of time f o r  many 

d i f f e r e n t  posi t ions along t h e  scan l i n e ,  we can attempt t o  determine both 

the  s p a t i a l  and temporal charac te r i s t ics  of the  5-minute osc i l l a t ions .  An 
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inspection of Figure 5, which i s  typ ica l  of regions of weak magnetic f i e l d s ,  

shows t h a t  t he  osc i l l a t ions  occupy a subs tan t ia l  f r ac t ion  of t he  sun's surface 

at any given t i m e .  

amplitude and i n  period, and that t h e  boundaries of coherently o s c i l l a t i n g  

regions, both i n  space and i n  time, usually are poorly defined. The omnipre- 

sence of t he  osc i l l a t ions  makes an attempt t o  character ize  them d i r ec t ly  from 

graphs l i k e  Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 somewhat subjective. 

It fur ther  shows that  t he  osc i l l a t ions  a re  i r r egu la r  i n  

I n  order t o  get  a more objective measure of the  s izes  of t h e  osc i l l a t ing  

regions and t h e i r  coherence t i m e s ,  two separate procedures a re  employed. 

F i r s t ,  ins tead of p lo t t i ng  a l l  the data, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAo n l y  those osc i l l a t ions  whose ampli- 

tude i s  grea ter  than a ce r t a in  prescribed minimum value a re  p lo t ted ,  as i n  

Figure 6. 

was necessary t o  know the  zero leve l  of the  osc i l l a to ry  component. 

po in t  on t he  scan l i n e ,  t he  t i m e  average of the ve loc i ty  over an e n t i r e  obser- 

va t ion  (4  hours 15 minutes i n  t h i s  case) was taken as the  baseline.  

o s c i l l a t i o n s  l a s t i n g  a t  l e a s t  150 seconds a re  shown. 

To separate the  osc i l la tory  from the non-oscillatory regions, it 

For each 

Only 

The prec ise  r e s u l t s  shown i n  Figure 6 (and graphs l i k e  it) depend some- 

what upon the  spec i f ic  procedure used t o  separate the  osc i l l a to ry  regions 

from t h e  non-oscil latory regions, pa r t i cu la r ly  f o r  o sc i l l a t ions  shorter  than 

one f u l l  period. The algorithm that  i s  used i s  as follows: a l l  the  maxima 

and minima are  examined (with the computer) t o  s e l e c t  out those whose ampl i -  

t u d e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  grea ter  than some preassigned minimum value. Each point  so selected 

i d e n t i f i e s  p a r t  of a wave t r a i n  tha t  may l a t e r  be graphed. 

wave t r a i n  i s  found by examining subsequent m a x i m a  and minima; the  e a r l i e s t  

one smaller than the  preassigned minimum value i s  designated as the  end of 

t he  wave t ra in .  

The end of the  

Em analogous procedure i s  used t o  iden t i fy  the  start of the  

wave t r a i n .  



From a straightforward measurement, one can determine what f r ac t ion  of 

t he  "area" of a graph i n  Figure 6 i s  covered by wave t r a i n s  of length 10 

minutes, what f r ac t ion  by wave t r a i n s  of length zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA15 minutes, e tc .  

t h i s  sense has dimensions of km-seconds. 

f o r  an observation which included only quiet  regions. 

mean was applied t o  the  dis t r ibut ion.  

shorter  than f i v e  minutes i s  not meaningful and i s  not shown. 

the  curve i s  the  (average) f rac t ion  of t he  scan l i n e  osc i l l a t ing  with the  

specif ied amplitude at any given time. We f i n d  t h a t  f o r  amplitudes of 50, 

100, 150, and 200 meters/sec, 96 f 1, 83 f zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 ,  61 f 10, and 39 f 10 percent 

"Area" i n  

Figure 7 shows such a d i s t r ibu t ion  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A 320-second running 

The d i s t r ibu t ion  f o r  coherence times zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
The area under 

of t h e  scan l i n e  i s  i n  o sc i l l a t ion  at  any ins tan t  (as  observed with a 5" aperture) .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A second method f o r  investigating t h e  spatial and temporal coherence 

proper t ies  cons is t s  of examining the two dimensional autocorrelation matrix 

A i j  defined by 

where Vkg 

scan, N the  number of po in ts  on the scan l i n e ,  and M the  number of scans. 

Since each poin t  on the  scan l i n e  i s  sampled regular ly  every 40 seconds, the  

second index l abe l s  the  time. The first  row 

autocorrelat ion functions computed separately f o r  each point;  the row A l j  

i s  t h e  average of the  cross correlat ion of the ve loc i ty  a t  each point  with 

the  ve loc i ty  a t  the  adjacent point,  2500 km distant ;  t he  row A.JJ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  the  average 

of t h e  ve loc i ty  cross correlat ions of all p a i r s  of po in ts  separated by 25OOi km. 

Figure 8 shows the  f i r s t  s i x  rows of A i j  f o r  a typ ica l  observation. 

va t ion  covered 5OO,OOO km i n  space and 3 hours 20 minutes i n  time, so t he  

i s  the  ve loc i ty  at t h e  k-th point  on t h e  scan l i n e  f o r  the  1 - t h  

i s  the  average of t he  time 
j 

The obser- 
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maximum zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAlags i n  space and time represent zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3% and 15% of the  data,  respectively.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
By connecting the maxima i n  the first  curve of Figure 8, we a r r ive  a t  a n  

envelope from which the time required f o r  the  autocorrelation t o  decrease t o  

l / e  can be found. 

we ar r ive  at a cha rac t e r i s t i c  decay time of 630 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf 120 seconds. 

c01.m of the autocorrelation matrix decays t o  l / e  for a l a g  of 7700 

which represents the  charac te r i s t ic  s p a t i a l  coherence length. 

Based upon ten  hours of observations ( i .e .  3 separate runs)  

The f i r s t  

km, 

The numbers quoted above are averages over the  e n t i r e  observation. It 

i s  t o  be strongly emphasized t h a t  there a re  numerous examples of o sc i l l a t ions  

l a s t i n g  much longer than 630 seconds, and extending over a distance much 

l a r g e r  than zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7700 km. 

eas t  of cen t ra l  meridian can be followed i n  time for more than 100 minutes. 

We also f i n d  examples of regions as la rge  as 25,000 km i n  extent o sc i l l a t ing  

i n  phase. There are  several  instances i n  Figure 5 where a l i n e  joining m a x i m a  

For example, i n  Figure 5 the  osc i l l a t ions  148,000 km 

i n  t h e  veloci ty  a t  adjacent points  on the sun i s  not qui te  v e r t i c a l ,  indicat ing 

a non-zero phase veloci ty .  A complete theory of t he  5-minute osc i l l a t ions  w i l l  

have t o  explain not only the mean values of t he  s p a t i a l  and temporal extent of 

the  osc i l l a t ions ,  b u t  the  extreme deviations from the  mean as well. 

It i s  becoming increasingly clear  t h a t  the method used t o  determine these 

mean values has a l a rge  e f f e c t  on the r e s u l t  obtained. 

cancel la t ion technique, LEIGHTON e t  al. (1962) reported an element s i ze  of 

1700-3500 km (for Fe I ~ 6 1 0 2  and Na I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 5896 respect ively) .  

of' spectra ,  EVANS and 14ICHARD (1962) found a t yp ica l  region of constant phase 

t o  be 2000-3000 km ( fo r  Mg I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr\5173), with some regions considerably la rger .  

DZUBNER (1967), using the  Capri magnetograph, gives a t yp ica l  l i n e a r  distance 

cf '1200 km ( f o r  Fe I A 5250). 

these e a r l i e r  ones, espec ia l ly  since our r e s u l t s  were based upon observations 

Using a photographic 

-- 
From a se r i e s  

We do not regard our r e s u l t  as contradicting 

L. 
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made with a 5" aperture, which may not f u l l y  resolve the  coherently osc i l -  

l a t i n g  regions. 

It  i s  ins t ruc t ive  t o  compare the  magnetic f i e l d  (Figure 4)  with the 

veloci ty  osc i l l a t ions  measured simultaneously (Figure 6).  

t i v e  f i e l d  240,000 lm cas t  of central  meridian i s  due t o  a sunspot; the  area 

t o  the  eas t  of the spot i s  i n  a plage. It i s  obvious from Figure 6 t h a t  t h e  

5-minute osc i l la t ions  are completely suppressed i n  the  v i c in i ty  of a spot. 

There i s  however, a h in t  of ordered motions i n  the  penumbra (see Figure 9) .  

More observations with b e t t e r  time resolut ion zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAwill be necessary t o  determine 

i t s  nature. 

The strong nega- 

The plage appears t o  inhibit  t he  l a rge r  amplitude osc i l la t ions  

more e f fec t ive ly  than it i nh ib i t s  the smaller ones. 

Some of the magnetic features  seen i n  Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 evolved considerably 

during t h e  course of the  observation. 

peaks i n  t h e  f i e l d  1135,000 km eas t  of cen t ra l  meridian, each of which had a 

s t rength  of about 60 gauss. The region between them gradually increased i n  

st rength,  eliminating thc  dip between them. 

t i o n  of t h e  spot and of t he  posit ion and shape of t h e  strong negative magnetic 

f ea tu res  on e i t h e r  s ide  of it argue against  the  e f f ec t  being due t o  a slov 

d r i f t  i n  the guiding. 

A t  t he  beginning there  were two d i s t i n c t  

The reproducibi l i ty  of the  posi-  
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Figure Captions 

Figure 1. 

second f la t  servo. 

i n  x or  i n  y. The outer r i ng  can be ro ta ted  and oriented so t h a t  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAx motion 

i s  perpendicular t o  cent ra l  meridian. 

The solar  i m W P  i s  kept centered i n  the  guiding r ing  by the 

The guiding ring i s  mounted so t h a t  it can be t rans la ted  

Figure 2. One ex i t  s l i t  assembly. Light from the  spectrograph i s  incident 

upon t h e  prisms, which simulate ex i t  s l i t s .  Specially made prisms with sharp 

edges zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAare  used. The lenses focus the  l i g h t  onto the most sens i t ive  p a r t  of 

t he  photocathodes. 

Figure 3. Block diagram of the magnetograph electronics .  

Figure 4. 

negative f i e l d  250,000 k m  eas t  of cent ra l  meridian i s  i n  a sunspot. 

t i o n s  began at  1346 UT on July 17, 1966. 

Half-hour average of the  longitudinal magnetic f i e l d .  The strong 

Observa- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A 10" aperture was used. 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 .  "Five-minute" veloci ty  osc i l la t ions  i n  the  photosphere. The 

curves represent veloci ty  as a function of time at points  sepazated by 2500 

lm. Based upon same observation as Figure 4. 

Figure 6. 

m d  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5. The graph on the  l e f t  shows only those osc i l l a t ions  of amplitude grea te r  

than  50 m/sec, the  center graph only those osc i l l a t ions  of amplitude grea te r  

than 100 m/sec, and the  graph on the r igh t  only those osc i l l a t ions  of amplitude 

;;r?zter than 150 rn/scc. 

The th ree  graphs are  based on the  same observation as Figures 4 

Figure 7. Percent of  the  solar surface engaged i n  an osc i l l a t ion  having a 

ce r t a in  coherence t ime,  as a function of coherence time. The three  graphs 

t 
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r e f e r  t o  osc i l l a t ions  of amplitude greater  than 50, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA100, and 200 meters/sec. 

The f igure  i s  based upon 14 hours of observation made a t  15'N heliographic 

l a t i t u d e  Ju ly  9-12, 1967. The aperture was zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 " .  

Figure 8. 

vation of duration 3 hours 20 minutes made with a 5" aperture. 

i n  amplitude with increasing time zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAl a g  i n  the last  two curves might possibly 

ind ica te  the presence of t rave l ing  waves. 

t h a t  even an observation of 5 or  6 hours i s  not long enough t o  give repro- 

The f i r s t  s i x  rows of the autocorrelation matrix f o r  an obser- 

The increase 

HOWARD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1967) points  out, however, 

ducible autocorrelation functions. 

Figure 9. 

same observations as Figure 4. 

penumbra. 

Five minute osc i l la t ions  i n  the  v i c i n i t y  of a sunspot, based on 

The arrows indica te  the  outer edges of the  



7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAX-mot ion d r i v e  Drive screws zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
\ -x-motion - 

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
Figure  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 



Blinds zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 
Photomultiplier 

Light from 
spectrograph zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Figure 2 
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Several improvements have been made t o  the M t .  Wilson Observatory solar 

aagnetograph, including changes t o  the guider, the  Doppler compensator, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAand. the  

The improved magnetograph has been used f o r  a new type of da ta  handling system. 

solnr  observation consisting of several hundred scans back and f o r t h  along a 

s t r a i g h t  l i n e  of length 3/11 Ro perpendicular t o  cen t r a l  meridian. 

t ior . ,  which is done e n t i r e l y  with a computer, el iminates those e f f ec t s  which have 

The da ta  reduc- 

i t h q i r  o r i g i n  i n  the e..-rt:T-sun geometry. 

: 5-minute osc i l l a t ions  a re  discussed. (U) 
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