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SECTION I PURPOSES

T a sk  A

T o  conduct  r e s e a r c h  studies  o f  a u r o r a l  zone a b so rp t io n  o f  rad io  w aves  

tran sm itted  v ia  the io n o sp h e re  and to p ro v id e  the s e r v i c e s  o f  a s u p e r v is o r y  

en g in eer  fo r  the stations o p e ra te d  b y  the A r c t i c  Io n o sp h e re  R e s e a r c h  

D etach m en t and by  the U n iv e rs ity  o f  A la sk a . Th is  task  is a continuation  

of,  but o v e r  and beyon d , T a sk  A under C on tract  No. D A -3 6 -0 3 9  S C -5 5 1 2 .

T a sk  B

T o  p e r fo r m  ra d io  b a c k -s c a t t e r  o b s e rv a t io n s  o f  d i r e c t  s ca tte r  f r o m  

a u r o r a -a s s o c ia t e d  E - la y e r  ion iza tion ; to o b s e r v e  the a u r o r a l  v is u a l ly  in 

the r e g io n  o f  s c a t te r ,  and to c o r r e la te  these  o b s e rv a t io n s  with the f ie ld  

in tensity  m e a s u re m e n ts  obta ined  under T ask  A. Th is  task  is a con tin u a 

tion o f ,  but o v e r  and beyon d , TASK B under C on tract  No. D A -3 6 -0 3 9  S C -551 2 .
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SECTION II ABSTRACT

A d is c u s s io n  o f  the d es ig n  fo r  a new antenna s y s te m  fo r  the t r a n s 

m it te r  stations is p re se n te d  together with the m e a s u re m e n ts  and p ow er  co m  

putation m ade on the o ld  and new antennas. In the 12 m e  b a c k -s c a t t e r  p r o 

g ra m  at C o l le g e ,  the technique u sed  to m e a s u r e  the am plitude o f  each  i n 

dividual ech o  and a re a n a ly s is  o f  the range  d istr ibu tion  p r e v io u s ly  r e p o r te d  

a re  d is c u s s e d .  R e v is io n s  in the techn iques  o f  o b s e r v a t io n  o f  v isu a l a u ro ra s  

and the m ethods  o f  r e c o r d in g  the data fo r  ana lys is  a re  d e s c r ib e d  in deta il.

SECTION  III

P U B LIC A TIO N S , L E C T U R E S , R E P O R T S , AND CO N FEREN CES 

No pub lica tions  or  r e p o r ts  w e re  is su e d  during this q u a rter .

J
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SECTION IV FA C TU AL DATA

Task A

The operation of all AIRD stations was generally satisfactory during 

the period covered by this report.

A new antenna system for the transmitter stations was designed, 

built, and tested. The design is as given in(Fig. A. ). •

The antenna is made of No. 12 copperweld cut to the appropriate 

length; the transmission line is RG - 11/U with a characteristic impedance 

of 75 ohms. The tee and right angle connectors are Amphenol type N, 

which is weatherproof. At the center of the antenna the connector to the 

two sections of transmission line is specially made of dural for the ex

clusion of moisture, for the electrical connection of the shields of the 

coaxial cable, and for the support of the matching assembling. The con

nector is sealed with a plastic material, and both the connector and the 

tee and angle were sprayed with liquid Krylon immediately before erec

tion.

The double length of transmission line (indicated as Section A) is a 

quarter wave transformed of 150 ohms characteristic impedance which 

changes the 75 ohms balanced impedance of the half-wave dipole to 300 ohms 

balanced. The half-wave balun of Sec B then transforms the 300 ohms 

balanced to the 75 ohms unbalanced which is the characteristic impedance 

of the RG - 11/U transmission line from the transmitter. Thus the un-

4



FIG. A XMTR. ANTENNA SYSTEM
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balanced output of the transmitter is matched to a balanced antenna, and no 

r .f .  current flows on the shielding of the transmission line as has occurred 

in the previous installations.

On April 2 and 3, the project engineer installed three antennas of the 

new design: on 4095 and 12305 kc at Northway and on 7940 kc at Sheep 

Mountain. Simultaneous impedance measurements were made on old and 

new antennas at both stations. The measurements and power computation 

are given in Table A.

Task B

Back-scatter

Because of the interference on our authorized channels by signals out

side of the territory, the operation of the 12 me equipment has been ex

tremely difficult during the period covered by this report- The effect will 

undoubtedly continue as the critical frequency of the normal layers of an 

undisturbed ionosphere in the summer permit these signals to arrive at 

College. Despite this interference, some exploratory work has been done 

to determine the fade rates of the various echoes detected to the magnetic 

north of College.

The general technique is to measure the amplitude of each individual 

echo as presented on the A scope. To accomplish this, a "gate" of approxi

mately 100 microseconds is manually set in the middle of the received echo; 

this gate is then used as an intensifier signal on another oscilloscope that

t 6



TABLE A
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TABLE A

V

FREQUENCY U095 kc i+2>0 kc 7580 kc 79I+O kc 12072.5 kc 12305 kc

OLD NEW OLD OLD OLD NEW OLD OLD NEW

TRANSMISSION 
LINE LENGTH 108 f t . 9k f t .

I

3 18  f t . 165 f t . 219 f t  s 200 f t . 160 f t , 69 f t . 56 f t .

TRANSMISSION 
LINE LOSS 0 .29  db. 0 .25k  ab 0.87 db. 0.68 db. 0.90 db. 0 .82 db. O.83 db. O.36 db. 0.29 db0

TRANSMISSION 
LINE INPUT IMP. 50+J17.5 75+J17-5 ^ . 5- 330.7 86-^27 6k + i2 6 2 -J 10 99+^1 67-35

STANDING 
WAVE RATIO 1 . 6 l 1.25 2 .0 1 1.^35 1.175 1.36 1.65 1.725 1.1U 0

POWER RADIATED 
FROM ANTENNA 18 7  watt . 28^ watt 15 2  watt 29k watt 208 watt

'i
205 watt 15 2  watt 36^ watt 250 watt

7



has been adjusted to show no trace without the intensifier gate. This second 

oscilloscope is then photographed on a rapidly moving film producing a spot 

for each echo, the ordinate of which represents the amplitude of the echo 

pulse. By dividing the P . R. F. by the number of spots between successive 

maximum values of echo amplitude, one obtains an estimate of the fre 

quency of fading. These fading rates are expected to indicate which echoes 

originate in auroral ionization and which are due to relatively normal ioni

zation. Although to date, insufficient data have been collected to produce 

convincing results, the equipment has been built and tested; and sufficient 

information has been collected to indicate that the system operates satis

factorily. Work will proceed along this line whenever ionosphere propaga

tion (and interference) conditions permit.

To prove that the echoes do originate in or very near the visual aurora, 

the data collected during the month of February, 1955, by the bac.k-scatter 

and the visual observations were systematically compared. For this pur

pose, the slant range to the echoing region was converted to geomagnetic 

latitude of a point directly underneath this region. These resulting latitudes 

were then grouped into zones one degree in width to agree with the zones 

used in the visual observations.

A s, unfortunately, the auroral echoes nearly all occur with ranges in 

excess of 300 km, the corresponding visual forms are rather low on the 

horizon. At these low elevations, estimates of the latitude of aurora are

8



subject to appreciable error owing primarily to deviations from the assumed 

height. For this comparison, only the discrete forms were used, as the 

exact location of the diffuse forms and glows near the horizon can not be 

determined by visual observation.

Each visual observation, taken at 15 minute intervals, was compared 

with the corresponding back-scatter observation. One hundred eighteen 

separate comparisons were made, of which 31 percent agreed exactly and 

41 percent were in error by only one degree in latitude 110 kms). Due 

to the relative inaccuracy of the visual observations at this low angle, these 

latter were included, thus giving a 72 percent agreement to within one degree 

The remaining 28 percent of disagreement can be divided into two classes: 

the larger being due to diffuse surfaces and glows extending to the northern 

horizon, and the sm aller, due to very active zenith aurora extending down 

to near the horizon that could possibly obscure to visual observation a faint 

form at a very low angle.

The range distribution previously reported (Report No. 4) has been re 

analyzed to include more echoes obtained in the first part of this quarter as 

well as to provide two types of range distributions, the first utilizing all the 

echoes recorded, and the second restricted to the nearest echo on each trace 

This second analysis is therefore limited to those echoes arising from direct 

back-scatter by the aurora, and does not include any of the echoes that are 

believed to originate by ground scatter reflected back to the receiver by

9



p a tch es  o f  ionization, a s s o c ia t e d  with the a u ro ra .  T h e se  su m s a r e  n o r m a liz e d  

to 23 in te rv a ls  f o r  e a ch  value o f  K f r o m  0 to 5; and the r e s u lts  p re se n te d  in 

the h is to g r a m s  o f  F ig u re  B . The so l id  b a r s  a r e  the range d is tr ib u t ion s  fo r  

a ll  e c h o e s ;  the c r o s s  h atched  b a r s  the range d is tr ib u t ion s  u t i l iz in g  only the 

n e a r e s t  e ch o  o b s e r v e d  on  e a ch  t r a c e .

T h e re  is  no d i f fe r e n c e  in the su m s  fo r  range  g rou p s  o f  l e s s  than 500 km . 

a s  the double  e c h o e s  do  not ap p ear  w ith  ra n g e s  o f  les& than th is .  F o r  K 

equal to 0 and 1 th ere  is  n e a r ly  no d i f f e r e n c e  as the a u r o r a l  a c t iv ity  is  v e r y  

low , but f o r  K va lu es  o f  2, 3, and 4, the d i f fe r e n c e  is  ra th er  m ark ed  in  the 

600 to  900 km . range  g rou p s  w h ere  the d i f fe r e n c e  betw een  the 2 sum s show s 

a d is tr ib u tion  c l o s e ly  r e s e m b l in g  the d is tr ib u t ion  in the 300 to 450 km . 

g rou p . F o r  K equal to 5 the d i f fe r e n c e  is  e x t r e m e ly  s light and the total 

su m s show no double  peak , p ro b a b ly  due to high io n o s p h e r ic  a b s o rp t io n  o f  

any ground s ca tte r e d  s igna l,  w hich  w ou ld  have to p enetra te  the a b so rb in g  

la y e r  fo u r  t im e s  in its  p a s s a g e  f r o m  tra n s m it te r  to ground (via the i o n 

o s p h e r e ) ,  and b a ck  again.

The c o n c lu s io n  is  that the f i r s t  e ch o  is  ca u se d  by  d i r e c t  s ca tte r  f r o m  

the a u r o r a ,  and the s e co n d  e ch o  o c c u r r in g  at ra n g e s  equal to o r  s lightly  

g r e a te r  than tw ice  the f i r s t  is  ca u se d  by the s ignal b e in g  s ca tte r e d  fo rw a r d s  

by  a p p ro x im a te ly  h o r izo n ta l  io n ize d  c lou d s  lo ca te d  at o r  v e r y  n ea r  the 

a u ro ra .  S om e  o f  th is  e n e rg y  i s  p rop a ga ted  b a ck  o v e r  the sam e path a fte r  

s ca tte r in g  f r o m  the ground at a range  a p p ro x im a te ly  tw ice  that o f  the a u r o r a .

1 10
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Visual Observations

The reduction of the visual observations of auroras for the season 

1953-54 have been completed and a paper summarizing the methods of 

observation and reduction and a discussion of the results is included with 

this report as Appendix "A " .  The paper, "Visual Observations of Aurora 

in Alaska, 1 9 5 3 -5 4 ," has been prepared with the dual purpose, (1) reporting

y

the data obtained on Task B, and (2) fulfilling the request by the Comite 

Special Annfee Geophysique Internationale 1957-58 (CSAGI) that the author 

prepare a description of the suitable grids for visual observations of auroras 

and distribute the report to persons and institutions preparing for the auroral 

program of the International Geophysical Year (IGY). Reprints of the 

Appendix "A "  will be used as the latter report.

Although reduction of the visual observations of auroras for the past 

season is progressing, the method has been altered to use IBM punched 

cards rather than the UNISORT ANALYSIS CARD. The use of IBM cards 

for small amounts of data such as we are analysing is of no marked ad

vantage; however, for increased volume of data obtained by the U .S . in the 

IGY their use will be of considerable advantage. Hence, a trial run is 

being made using the IBM cards in the reduction of the 1954-55 data.

12



SECTION V 
CONCLUSIONS AND RECOMMENDATIONS

Task A

Measurements and computations arising from the new antenna system  

indicate that the new design is sufficiently improved over the old system to 

warrant recommending the installation at the remaining transmitter stations.

Task B

Back-scatter experiments are proving to be a valuable tool for an 

understanding of the modes of propagation of radio waves in the arctic.

It is recommended that the back-scatte-r experiments be continued and 

that a receiver and transponder unit be installed at an appropriate site.

SECTION VI 
PLANS FOR NEXT QUARTER

Task A ,

Present plans are to construct and to install the three remaining an

tenna systems during the next quarter, as it is felt that enough improve

ments are shown by the measurements to warrant proceeding; also the 

properly balanced transmission lines, with no r . f .  current on the outer 

shields will be less susceptible to seasonal changes in their environment.

J
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T a sk  B
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VISUAL O BSERVATIO N S O F  THE AU R O R A IN A L A S K A , 1953-1954

B y  C. T. E lv e y

V isu a l o b s e r v a t io n s  o f  a u ro ra s  a re  m ad e  at f iv e  stations in 

A la sk a : C o l le g e ,  n ear  F a irb a n k s ;  N orthw ay, on the A la sk a  H ighw ay a few  

m i le s  f r o m  the Canadian b o r d e r ;  Sheep M ountain, on the Glenn Highway 

about one hundred m ile s  east  o f  A n ch o ra g e ;  N o m e ,  on the sou thern  co a s t  o f  

the S ew ard  P en in su la ;  and P o in t  B a r r o w ,  on the A r c t i c  C oast ,  The stations 

a r e  shown (in  F ig ,  1) on a m ap on w hich  a g r id  o f  geo m a g n e t ic  c o o rd in a te s  

has been  s u p e r im p o s e d .  The a u r o r a l  o b s e rv a t io n s  m ad e  a t .th ese  stations 

during  the s e a so n  1952-1953 w e re  d is c u s s e d  b y  E lv e y ,  L e in b a ch ,  H e s s l e r s 

and N oxon  (R e f .  1). The zenith o b se rv a t io n s  m a d e  at the sa m e  stations d u r 

ing the s e a so n  1951-1952 w e re  a lso  d is c u s s e d  in the sa m e  p ap er .

S om e r e v is io n s  in the techn iques  o f  o b s e r v a t io n  and in the m ethod  

o f  r e c o r d in g  the data fo r  a n a lys is  have been  d e v is e d  f o r  the s e a so n  1953- 

1954. T h e se  techn iques  and m ethods  w il l  be  d e s c r ib e d  in d eta il  f o r  a dual 

p u r p o s e ;  to p r e se n t  the data f o r  the season ', and to d e s c r ib e  the techn iques  

o f  o b s e rv a t io n  as re q u e s te d  o f  the author by  the C om ite  S p ec ia l  A nnee G e o 

physique  In ternationale  1957-1958 (CSAGI) at the m e e t in g  held  in R o m e  f r o m  

S ep tem b er  30 to O cto b e r  4 , 1954.

The technique o f  o b s e r v in g  adopted  in A la sk a  a s su m e s  that the a v e r 

age height to the lo w e r  edge o f  an a u r o r a l  fe a tu re  can  be  u sed  to d e term in e  

the g e o g ra p h ica l  d istr ibu tion  o f  a u ro ra s  to a c o n s id e r a b le  d istan ce  f r o m  an ofc-



s e r v e r .  The a v e ra g e  height o f  the b a s e  o f  the a u ro ra s  has b e e n  in v est iga ted  

e x te n s iv e ly  by  C a r l  S to r m e r  (R ef .  2 ) and o th ers  (R e f .  3) and is v e r y  near 

100 km . U sing this f ig u r e ,  we have com p u ted  the zenith d istan ce  at which 

the p a r a l le ls  o f  g e o m a g n e t ic  latitude p r o je c t e d  to this height above  the s u r 

fa c e  o f  the earth  in te r s e c t  the m a g n e tic  m e r id ia n  fo r  the o b s e r v e r .  A g r id  

(F ig .  2)  is o r ie n te d  in the m a gn etic  m e r id ia n  s o  that the o b s e r v e r  standing 

under it has the com p u ted  zenith  d is ta n ces  as r e fe r e n c e  m a r k s .  The g r id  

thus d e fin es  the a u r o r a s  in cident o v e r  the v a r io u s  zon es  o f  g e o m a g n e t ic  

latitude to the north  or  south o f  the o b s e r v e r .  A n  addition  to the g r id ,  te rm e d  

the " o u t r i g g e r , "  m a rk s  a c i r c l e  p a r a l le l  with the h o r iz o n  at a zen ith  d istan ce  

o f  8 0 ° ,  the points  at w hich  the p a r a l le ls  of latitude c r o s s  the c i r c l e  being 

in d ica ted  by  sh o r t  v e r t i c a l  m a r k e r s .

O b se rv a t io n s  a r e  r e c o r d e d  g ra p h ica l ly  on a sketch  w hich  is a p r o 

je c t io n  o f  the g r id ,  (F ig .  3). C oded  s y m b o ls  and n u m bers  designate  the 

v a r io u s  f o r m s  o f  the a u r o r a s ,  their  in te n s it ie s ,  their  in tern a l m o t io n s  and 

c o l o r s ,  and the state o f  the sky. O b se rv a t io n s  a re  m ad e  at 15 m inute in t e r 

v a ls :  00, 15, 30, and 45 m inutes  o f  each  hour throughout the night.

A s  the total num ber o f  o b s e rv a t io n s  m ad e  at f ive  stations  in one o b 

s e r v in g  s e a s o n  (S e p te m b e r  to A p r i l  at our latitude) is  quite la r g e ,  and as we 

w ish e d  to study the d is tr ib u t ion  o f  a u r o r a s  fo r  v a r io u s  fu n ct io n s ,  the o b s e r 

vations  w e re  t r a n s fe r r e d  to c a rd s  to m ake the data r e a d i ly  a v a ila b le .  The 

ca r d  e m p lo y e d  is the UNISORT AN ALYSIS C A R D , 5 by  8 in c h e s ,  with a

2



s in g le  r o w  o f  h o le s  around  the s id es  fo r  punching. (See F ig .  4. The upper 

i l lu s tra t io n  show s the co d e  fo r  punching; the lo w e r  on e ,  the r e c o r d e d  data. ) 

The a u r o r a  co o rd in a te s  a r e  the g e o m a g n e t ic  latitude and long itude  o f  the 

g e o g ra p h ica l  a re a  o v e r  w hich  the a u ro ra  is inc ident. D ates and t im e s  a re  

g iven  in G reen w ich  M ean T im e .  In addition  to the p la n eta ry  index  o f  m a g 

netic  a c t iv ity ,  Kp, the l o c a l  K - in d e x  is r e c o r d e d  fo r  both C o lle g e  and P oin t  

B a r r o w .  A s  N orthw ay is in the sam e g e o m a g n e t ic  latitude zon e  as is C o l le g e ,  

the C o lle g e  K - in d e x  is u se d  fo r  that station . A  p r e l im in a r y  in vestiga tion  

in d ica ted  that it was fe a s ib le  to use  the K - in d e x  o f  Sitka f o r  the Sheep 

M ountain and N om e s ta tion s . The g e o m a g n e t ic  latitude o f  Sitka is 6 0 ° ,  o f  

Sheep M ountain 6 2 ° ,  and o f  N om e 6 1 ° .  In the a n a ly s is ,  the c o n s id e r a b le  

d i f fe r e n c e s  in longitude b e tw een  th ese  s ta tion s ,  e s p e c ia l ly  b etw een  Sitka 

and N o m e , m u st  be  kept in m ind .

A  p r e l im in a r y  study m ade  o f  the C o lle g e  data fo r  F e b r u a r y ,  1954. 

in d ica tes  a high d e g r e e  o f  c o r r e la t io n  b etw een  the f r e q u e n c y  o f  a u r o r a s  and 

the l o c a l  m a g n e tic  a c t iv ity ,  as i l lu s tra te d  in F ig u re  5 w hich  g iv es  the d iurnal

v a r ia t ion s  o f  the index  o f  m a gn etic  a c t iv ity ,  K, the p la n eta ry  index , K , and
P

the f r e q u e n c y  o f  a u r o r a s  at the zenith . When the K - in d ic e s  f o r  a num ber o f

stations around  the g lob e  at high m a g n etic  latitudes a re  a v e r a g e d  to g ive  the

Kp index , litt le  d iurnal va r ia t io n  is  le ft ;  the r e a s o n ,  o f  c o u r s e ,  that the

K was defin ed . This p r e l im in a r y  study ind ica tes  that the sam e s tron g  d iu r -  
P i
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nal c o n t r o l  e x is ts  fo r  both  the f r e q u e n cy  o f  a u r o r a s  and the l o c a l  K -in d e x .



It should  be noted  that F ebru ary , I9b4, is a p e r io d  o f  lo w  sunspot n u m b e rs ,

0. 3 be ing  a re la t iv e  s u n s p o t -n u m b e r , during the m in im un  o f  the sunspot
t

c y c le .

A s  the total n um ber o f  o b s e rv a t io n s  at the h igher  m a g n e t ic  a c t i v i 

t ies  was not la r g e ,  we c o m b in e d  the data f o r  the K - in d ic e s  into four  g ro u p s :  

a g rou p  o f  o b s e r v a t io n s  at lo w  m a g n etic  a c t iv ity ,  f o r m e d  b y  com b in in g  K -  

in d ices  0 and 1; two grou p s  o f  in term ed ia te  a c t iv ity ,  f o r m e d  b y  com bin in g  

K  2 and 3, and K 4 and 5; and a grou p  o f  high m a g n etic  a c t iv ity ,  f o r m e d  by  

com b in in g  K  6 and 7, the h ig h est  va lues  during  the p e r io d s  o f  o b s e rv a t io n .  

The data fo r  ea ch  o f  the f ive  stations have b e e n  trea ted  s e p a ra te ly  fo r  the 

r e a s o n s  w hich  w il l  be  b rou g h t  out in the d is c u s s io n .

The f i r s t  study c o n c e r n e d  the d istr ibu tion  with g e o m a g n e t ic  l a t i 

tude f o r  the a u r o r a s  o b s e r v e d  f r o m  ea ch  sta tion , the r e su lts  b e in g  shown 

g ra p h ic a l ly  in F ig s .  6 -1 0 .  The f i r s t  group ing  was m ade w ithout r e g a r d  to 

the f o r m  o f  the a u r o r a .  Thus the upper d ia g ra m s  o f  each  o f  the F ig u re s  

show  the d istr ibu tion  o f  a u r o r a s  o f  any f o r m  incident o v e r  e a ch  o f  the la t i 

tude zo n e s .  The s e c o n d  group ing  was the h o m ogen eou s  f o r m s  and c o n s is ts  

p r im a r i ly  o f  h o m ogen eou s  a r c s .  The th ird  g rou p in g  was the r a y e d  f o r m s  

and c o n s is ts  o f  a l l  ra y e d  a r c s ,  r a y s ,  r a y e d  ban ds , d r a p e r ie s ,  and c o r o n a s .  

F la m in g  a u ro ra  and pu lsating  s u r fa c e  c la s s e s  w e r e  not d i s c u s s e d  as the data 

a r e  too s m a l l  to ind icate  the d istr ibu tion . D if fu se _ su r fa ce s  can  not be  c o n 

s id e r e d  as .studied; the lo w e r  b o r d e r  is  e x t r e m e ly  d i f f icu lt  to d e fin e ,  and

con seq u en t ly  on ly  when the d if fu sed  s u r fa c e  is near the zen ith  is it p o s s ib le  

to know the g e o g r a p h ic a l  a r e a  o v e r  w hich  it is inc ident.



that c o r r e c t io n s  and a l lo w a n ce s  m u st  be m a d e .  A c o r r e c t i o n  m u st  be  m ade 

f o r  the zenith  d is ta n ce s .  M o s t  a u ro ra s  a r e  thin in c o m p a r is o n  with their  

length o r  height, and con sequ en tly  one ap p earin g  at the zen ith  ap p ears  b r ig h te r  

b e ca u s e  o f  the g r e a te r  o p t ica l  path. H en ce ,  the o b s e r v e r  is  ab le  to see  a 

fa in ter  a u ro ra  at the zenith  than he can to the north  and south o f  h im . Y et 

any c o r r e c t i o n  fo r  zenith  d is ta n ces  is  apt to be  v e r y  c o m p l ic a te d  and p ro b a b ly  

not w orthw hile .  A s  any c o r r e c t i o n  o b v io u s ly  depends upon the ra t io  o f  the 

th ickn ess  to the extent in height, the c o r r e c t i o n  w il l  be  s m a l l  f o r  the a r c s  

w hich  a r e  wide o r  fo r  a r c s  w hich  a r e  m u lt ip le ;  these  la tter  ap p earin g  as a 

s in g le  a r c  f r o m  the s ide  and as two o r  m o r e  a r c s  o v e rh e a d .  F o r  on ly  an 

e x t r e m e ly  thin a r c  o b s e r v e d  a long  the m a gn etic  m e r id ia n  w il l  the c o r r e c t i o n  

f o r  zenith  d istan ce  bo  r e la t iv e ly  constant f o r  a ll  zenith  ang les  until c l o s e  

p r o x im ity  o f  the m a g n etic  zenith  is r e a ch e d .  A n oth er  c o r r e c t i o n  w hich m ust 

be ap p lied  to the data is that f o r  ex tinction . Its e f fe c t  is that o f  changing 

the th resh o ld  o f  in tensity  at w hich  the o b s e r v e r  b eg in s  to count a u r o r a s ,  and 

thus the c o r r e c t i o n  depends upon the f r e q u e n c y  d istr ibu tion  o f  the fa in ter  

a u r o r a s .  An add itional d if f icu lty  m et  in evaluating the data f r o m  the v a r i 

ous stations is that o f  the "p e r s o n a l  e q u a t io n ,"  that i s ,  the d i f f e r e n c e s  in 

the c o m p e te n c e  and r e l ia b i l i t y  o f  the o b s e r v e r s .  M o s t  o f  the o b s e rv a t io n s  

a r e  taken by  m i l i t a r y  p e r s o n n e l  a s s ig n e d  to a u r o r a l  o b s e r v in g  as an a d d i 

tiona l duty, and who m a y  have no p e r s o n a l  in te r e s t  in the p r o g r a m .  Although



m an y  d e v ic e s  fo r  s u p e rv is io n  have b een  e m p lo y e d  in an e f fo r t  to gain  u n i

f o r m ity ,  a l lo w a n ce s  m u st  s t i l l  be  m ade f o r  the fa c t  that the o b s e rv a t io n s  

v a ry  in quality .

A c o m p a r is o n  o f  the upper d ia g ra m  o f  F ig u re  6 with th ose  o f  F ig u re s  

7 -1 0  show s that the apparent d istr ibu tion  o f  the a u r o r a s  with g e o m a g n e t ic  

latitude at P o in t  B a r r o w  is quite d if fe ren t  f r o m  that o f  the o ther  s ta tion s .

The sa m e  type o f  d is tr ibu tion  was p r e se n t  during the two p re v io u s  y e a r s ,
f

(R e f .  1). Tw o explanations fo r  this d i f fe r e n c e  in d is tr ib u tion  a r e  suggested - 

F ir s t ,  the apparent d is tr ib u tion  ind icates  a v e r y  n a r r o w  a u r o r a l  zon e .  S ince 

P o in t  B a r r o w  is  ju s t  ins ide  o f  the cen ter  o f  the a u r o r a l  zon e , ,  it is p o s s ib le  

that during the tim e o f  su nspot  m in im u m  that the zone  p a s s e s  d ir e c t ly  o v e r  

that lo ca t io n .  S e con d ly ,  the apparent d e c r e a s e  tow a rd  the h o r iz o n  is due to 

ex t in ct ion , the d istr ibu tion  o f  a u ro ra s  fo r  s e v e r a l  d e g r e e s  north  o r  south o f  

P o in t  B a r r o w  b e in g  e s se n t ia l ly  u n ifo rm . The f i r s t  su gg est ion  is not v e r i f ie d  

b y  the apparent d istr ibu tion s  o b s e r v e d  at the four  m o r e  so u th e r ly  sta tion s . 

A s su m in g  the s e co n d  exp lanation  to be  va lid ,  we p lo tted  the data ag a in st  the 

op t ica l  a ir  m a s s  (F ig .  11), using s e m i - l o g  graph  p a p e r .  The c l o s e d  c i r c l e ?  

r e p r e s e n t  a ll  the data co m b in e d ;  the open c i r c l e s  r e p r e s e n t  on ly  the data f o r  

the K - in d e x  o f  6 and 7 to the south o f  P o in t  B a r r o w .  The data a re  r e p r e s e n te d  

quite s a t is fa c t o r i ly  by :

' N = No 10"ka

w h ere  N is the a u r o r a l  data fo r  a g iven  o p t ica l  a ir  m a s s ,  a ;  N Q is  the au rora l
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data fo r  o p t ica l  a ir  m a s s  z e r o ;  and k  is a constant. The constant k deter  -
\

m in ed  f r o m  the P o in t  B a r r o w  data is 0. 18.

U sing this constant, we r e d u c e d  a l l  o f  the data to the zenith  (a ir  

m a s s  unity) f o r  o b s e rv a t io n s  taken at high m a g n etic  a c t iv ity ,  K 6 and 7,

(F ig .  12a) and those  taken at low  m a gn etic  a c t iv ity ,  K  0 and 1 (F ig .  12'b).

S ince  the data f r o m  P o in t  B a r r o w  ap p aren tly  does  not c o r r e s p o n d  with the 

data f r o m  the other s ta tion s ,  p r o b a b ly  it should  not have b e e n  u se d  to d e t e r -  

m ine  the zenith d istan ce  c o r r e c t io n .  A lthough s y s te m a t ic a l ly  fe w e r  a u r o r a s  

a re  r e c o r d e d  b y  the P o in t  B a r r o w  o b s e r v e r s  than b y  o b s e r v e r s  at the other 

s ta tion s ,  we have no r e a s o n  to s u sp e c t  that they g iv e  p r e fe r e n c e  to any p a i t  

o f  the sky.

We find, a fter  the c o r r e c t i o n  fo r  zenith  d istan ce  is  m a d e ,  that a ll  

stations e x ce p t  C o l le g e  r e c o r d  a d ist in ct  in c r e a s e  in the p e rce n ta g e  o f  a u ro ra s  

o b s e r v e d  in the fa r th est  north  la t itu d e -zo n e  seen  b y  the o b s e rv e r .  The in 

c r e a s e  p r o b a b ly  a r i s e s  f r o m  the o b s e r v e r 's  in c lu s io n  o f  m o r e  d istant a u ro ra s  

owing to the d iff icu lty  o f  m aking o b s e rv a t io n s  at the la r g e  zenith  d is ta n ce s .

At C o l le g e  the o b s cu ra t io n  o f  the fa r th est  north  zone  b y  the tops o f  t r e e s  on 

the h il l  im m e d ia te ly  north  o f  the G e o p h y s ica l  Institute a ccou n ts  fo r  the s m a lle r  

num ber r e c o r d e d .

The a n a ly se s  o f  the a u r o r a l  data fo r  1953 -1954  do not c o n f i r m  the 

tentative c o n c lu s io n s  draw n f r o m  the data fo r  1951-1952  and f o r  1952 -1953 , 

n a m e ly ,  that in or  near  the a u r o r a l  zone  the f r e q u e n c y  o f  a u r o r a s  is in d e -



pendent o f  m a g n e tic  a c t iv ity .  F o r  the s e a so n  under co n s id e r a t io n ,  a defin ite 

in c r e a s e  o f  a u r o r a l  a c t iv ity  with m a gn etic  a c t iv ity  is ind icated .

T h ese  data ind icate  that the a u r o r a l  zone in A la sk a  expands s o u th 

w ard , and that th ere  is  in c r e a s e d  a c t iv ity  at a l l  po in ts .  The in c r e a s e  in 

a c t iv ity ,  p e r ce n ta g e w is e ,  is g re a te r  a long  the sou thern  bou n da ry  o f  the e x 

panded zone .

The changes in the fre q u e n c y  o f  v isu a l a u r o r a s  o v e r  g iven  latitude 

zon es  with m a g n e tic  a c t iv ity  is  r e a d i ly  show n f r o m  the o b s e rv a t io n s  during 

the s e a so n  195 3 -1954 . The p e r ce n ta g e s  o f  o b s e r v in g  t im e that a u r o r a s  a re  

se e n  o v e r  e a ch  o f  the latitude zones  by  the va r io u s  stations a r e  show n in 

F ig u re  13. A ga in , the o b s e r v a t io n s  at the zen ith  fo r  each  o f  the stations 

a re  the m o s t  r e l ia b le ;  that i s ,  the in c id e n ce  o f  a u r o r a s  o v e r  the latitude zone  

in w hich  the o b s e r v e r  is  lo c a te d  is the m o s t  a c c u r a te .  The ad jo in in g  zon es  

to e ither  s ide  a re  a ls o  quite r e l ia b le ,  but, as po inted  out e a r l i e r ,  o b s e rv a t io n s  

o f  a u r o r a s  in c id en t o v e r  a latitude zon e  as m u ch  as four  d e g r e e s  to the north 

o f  the o b s e r v e r  r e a l ly  include  the high a u r o r a s  o f  the zones fa r th er  aw ay and 

the low  a u ro ra s  o f  the zon es  c l o s e r .

A study was a ls o  m ade  o f  the n octurna l v a r ia t ion s  o f  a u r o r a s  f o r  

the v a r io u s  latitudes at ea ch  o f  the s ta tion s , (g ra p h ica l ly  shown in F ig .  14). 

That the m a x im u m  o f  a c t iv ity  is  around  lo c a l  m idnight and that such  a c t iv ity  

is  a function  o f  the g e o m a g n e t ic  latitude is  quite evident. The re la t ion sh ip  

b etw een  m a x im u m  o f  a c t iv ity  and ge o m a g n e t ic  latitude is e s p e c ia l ly  apparent
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in the data f r o m  P o in t  B a r r o w  and C o l le g e ;  the m a x im u m  o f  a u r o r a l  fre q u e n c y  

o c c u r r in g  near m idnight at P o in t  B a r r o w  and b e c o m in g  la te r  tow ard  the south, 

At C o l le g e ,  in the g e o m a g n e t ic  zone 64® the m a x im u m  o c c u r s  at 1330 G M T 

o r  3:30 A la sk a  Standard T im e .

The a n a lys is  o f  data using the UNISORT AN ALYSIS CA RD  has p r o v e n  

v e r y  s a t is fa c to r y  fo r  s m a l l  am ounts o f  data and it does  not r e q u ir e  a la rge  

am ount o f  equipm ent. On th e  other  hand when th ere  a r e  la r g e  v o lu m e s  o f  

data as  w il l  be  obta ined  during the In ternationa l G e o p h y s ica l  Y e a r  (IGY)„ a 

m ach in e  s y s te m  fo r  handling the co d e d  data is  m o s t  d e s ir a b le .  F o r  a t r ia l  

run p r io r  to the IGY we a r e  t r a n s fe r r in g  the a u r o r a l  o b s e r v a t io n s  fo r  the 

s e a so n  1954-1955 to IBM  punched  c a r d s ,  using  a co d e  d e v is e d  by  C. W. G a r t -  

le in  o f  C o rn e ll  U n iv ers ity ,  (The fo l lo w in g  is a quotation , w ith s o m e  m o d i 

f i ca t io n s ,  o f  a p ap er  p r e se n te d  b y  N e il  D avis  at the Sixth A la sk an  S c ie n ce  

C o n fe r e n c e ,  June 1 -4 ,  1955, at C o l le g e ,  Alaska.) .

"T h e  p o s s ib i l i t y  o f  tw elve  punches in each  o f  the 80 co lu m n s  on a 

s tandard  IB M  c a r d  p r o v id e s  m ore  than am p le  sp a ce  to r e c o r d  d eta il  in f o r 

m ation  about the a u r o r a  in ea ch  latitude zone  o f  the g r id .  A ll  o b s e rv a t io n s  

a long  a m e r id ia n  fo r  a g iven  station  f o r  a s p e c i f i c  t im e a r e  punched  on one 

ca rd ,  the f i r s t  e le v e n  co lu m n s  be in g  u sed  to r e c o r d  the station  w h ere  the 

o b se rv a t io n  is m a d e ,  the o b s e r v e r  and the t im e o f  o b se r v a t io n .  The latter  

r e q u ir e s  designation  o f  the y e a r ,  m onth , day, hour and m inute . Tw o 

co lu m n s  d e s c r ib e  the g e n e ra l  p r e s e n c e  o f  a u r o r a ,  e ith er  on or  o f f  the g r id

I

9



and the p r e s e n c e  o f  in te r fe r in g  cond itions  such  as c lo u d in e s s ,  tw ilight and 

m oon ligh t .  Other co lu m n s  give  in fo rm a tion  about the g e n e ra l  a u r o r a l  

m o t io n ,  unusual c o lo r in g ,  and p a rt icu la r  g e o m e t r ic  f o r m s  w hich  a re  not 

c o v e r e d  in the d e ta i l - in fo r m a t io n  co lu m n s  a s s ig n e d  to each  latitude zone o f  

the g r id .

"A t  le a s t  one p a ir  o f  co lu m n s  is g iven  to the d e s c r ip t io n  o f  a u ro ra  

in each  s e c t io n  o f  the g r id .  The zenith  and n ea rb y  zon es  m a y  b e  o b s e r v e d  

in g re a te r  d eta il  and so  a r e  g iven  m o r e  than one p a ir  o f  c o lu m n s .  E ach  

co lu m n  p a ir  has punches f o r  e le v e n  a u r o r a l  f o r m s ,  as w e ll  as f o r  the a u ro ra  

in ten s ity  and the e x i s t e i c e  o f  c louds  c o v e r in g  the s e c t io n .  It is in these  

d eta il  co lu m n s  that the bu lk  o f  the a ctu a l a u r o r a l  in fo rm a tion  is conta ined . "

The cod in g  fo r  the f i r s t  52 co lum ns o f  the IBM  ca r d  is  shown in

F ig .  15.

The o b s e rv a t io n s  o f  a u r o r a s  at the f iv e  stations w e re  taken a,t s p e c i  

f ie d  t im es  in o r d e r  that synoptic  m aps  o f  the d istr ibu tion  o f  a u ro ra s  o v e r  

A la sk a  m ight be  co n s tru c te d .  A l l  nights dar ing  the s e a s o n  1953-54  on w hich  

o b s e rv a t io n s  w e re  m ade f r o m  three o r  m o r e  stations have b een  r e v ie w e d  

f o r  the quality  o f  the o b s e r v a t io n s ,  that is  la c k  o f  in te r fe r e n c e  f r o m  m oon  

o r  c lo u d s ,  and f o r  the d e g r e e  o f  m agn etic  a c t iv ity .  The m a g n e tic  a c t iv ity  

is  d e te rm in e d  f r o m  the sum  o f  the K - in d ic e s  o v e r  the s e v e r a l  th r e e -h o u r  

p e r io d s  during the o b s e r v a t io n s ,  0600 to 1500 G M T .
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One night, M a rch  2 6 -2 7 ,  1954, fo r  w hich a ll  f ive  stations had c le a r  

sky a ll night, is s e le c te d  as an i l lu stra tion .  M aps show ing the d istr ibu tion  

o f  a u ro ra s  w e re  co n s tru c te d  f r o m  the o b se rv a t io n s  at each  15 -m inute  in ter  

val beg inning  at 2100 A S T  and a re  shown in F ig .  15, The m agn etic  m e r i 

dians through each  o f  the o b s e r v in g  s ites  and the c i r c l e s  o f  g e o m a g n e t ic  

co - la t itu d e  a re  shown as dashed  l in e s .  The o b s e r v e d  a re a s  o v e r  w hich  

a u ro ra s  w e re  in c ident a r e  shown e m p loy in g  a cod in g  s y s te m  to indicate  th-; 

f o r m  o f  the a u r o r a .  The fa c t  that a u r o r a s  do not a lw ays extend  a c r o s s  the 

T e r r i t o r y  often  re su lts  f r o m  la c k  o f  o b s e rv a t io n s  ra th er  than n o n -e x is t e n c e » 

o ^ in g  to f i r s t  p r io r i t y  be in g  g iven  to o b s e rv a t io n s  a lon g  the m agn etic  m e r i 

dian through the o b s e r v e r ,  s e co n d  p r io r i t y  g iven  to o b s e rv a t io n s  on the 

h o r izo n ta l  c i r c l e  at 80* zenith  d istance  and with litt le  o r  no attention being 

g iven  to the in term ed ia te  a r e a s .  The point in qu est ion  is i l lu s tra te d  b y  the 

o b s e rv a t io n  at 2145 A ST at w hich  tim e the o b s e r v e r s  at P o in t  B a r r o w  noted  

the three  h om ogen eou s  a r c s  and a s ing le  r a y e d  a r c  c r o s s in g  the m e r id ia n  

and the o b s e r v e r  at C o l le g e  noted  the a r c  at th ree  p o in ts ;  h o w e v e r ,  t in c e  it 

was fa r  to the north  it was im p o s s ib le  to d istingu ish  the m u ltip le  fea ture  of 

the h om ogen eou s  a r c  and the ra y  s tru ctu re  o f  the n o r th e rn -m o s t  one . The 

o b s e r v e r s  at C o lleg e  and N orthw ay noted  ra y s  on the m e r id ia n ,  but no dcubt 

o th ers  w e re  p r e se n t  to e ither  s ide  o f  the m e r id ia n .

The f o r m s  o f  a u ro ra  a r e  in d ica ted  b y  the fo l low in g  cod e  s y s te m : 

S tra ight lines  r e p r e s e n t  a u r o r a l  a r c s  and i f  the a r c  is r a y e d  sh o r t  p e r p e n d ic u 

I
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la r  l in es  a re  added. A bundle o f  l in es  r e p r e s e n t  r a y s ,  a s e r ie s  o f  sm alx 

a r c s  with sh o r t  p e rp e n d icu la r  lines  a re  fo r  r a y e d  ban ds , w edges  fo r  d ra p e r ie s  

and an a s te r is k  is a c o r o n a .  A double lo b e d  f ig u re  is  a d iffuse  s u r fa c e  and 

with one o f  the lo b e s  f i l le d  is a pu lsating s u r fa c e .  A dotted  a r e a  denotes 

fa int ex ten s ive  s u r fa c e s  or  v e i l  o f  a u r o r a l  light.

A co p y  o f  the m a g n e to g ra m  f r o m  C o lle g e  fo r  the h ou rs  o f  o b s e r v in g  

is shown in F ig .  16. It is seen  that a sm a ll  d is tu rba n ce  b eg in s  sh o r t ly  a fter  

2100 A S T  M a rch  26, 0700 G M T M a rch  27 , and la sts  until s h o r t ly  a fter  0300 

o f  M a rch  27.

The m a jo r  b r e a k -u p  o f  the a r c  s y s te m  began  s h o r t ly  a fter  l o c a l  

m idnight, c o r r e s p o n d in g  c l o s e l y  with the beginning o f  the m a g n etic  b a y  in the 

H -co m p o n e n t .  Within a v e r y  sh ort  t im e  the en tire  a r e a  o v e r  A la sk a  was a 

m a s s  o f  ra p id ly  m ov in g  and act ive  a u r o r a l  f o r m s .  F o llow in g  the m a x im u m  

dip in the H -t r a c in g ,  the a u ro ra  changed  to the qu ieter  f o r m s  o f  d iffuse  sui - 

fa c e s  w hich co n tra c te d  into a be lt  o f  d iffuse  s u r fa c e s  o r  v e i l  o f  a u ro ra  near ly  

c e n te re d  o v e r  the p o s it io n  o f  the m a x im u m  o f  the a u r o r a l  zon e .

We con c lu d e  that o b s e rv a t io n s  o f  a u ro ra s  f r o m  one station  can be 

m ade  with su ff ic ien t  a c c u r a c y  to d e term in e  the d istr ibu tion  o f  a u r o r a s  o v e r  

an a r e a  w hose  rad ius  is 300 to 400 km  fo r  e ither  s ta t is t ica l  studies  or  fo r  

co n s tru ct in g  synoptic  m a p s .
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U N ISO R T A N A LY S IS  CARD ciuum *.hâ hyco.. fathnhomi. in mutt, ui ruNiiti, ii» itii, Miitit •» Hi «

TOTAL
AURORAS

-©

o

©

o
o

-©

*-o

© ©
I t, > 
0  0  6

I
o

z t 
© ©

I I ► I 
@ . © © ©

©
©

i FIG. 4



-I
N

D
E

X

5.0

4.0

3.0

2.0

1.0

0.0
0000

GREENW ICH  T IM E
MAGJET1C ACTIVITY AND AU&O&AS. FEBRUAB.T 1934

-  75

H *0

-  23

—  0
24 0$

FIG* 5



£0 -

40 -

30 -

%

20  -

10

0 L~
04

30

20  -

X

JO -

o L

to -
%

0 *- 
64

GEOMAGNETIC LATITUDE 
FREQUENCY OF AURORAS SEEN  FROM PT. BARROW, A LASKA , 1953-54.

GEOMAGNETIC LATITUDE 
FREQUENCY OF AURORAS SEEN FROM PT. BARROW. ALASKA. 1953-54

FIG. 6



GEOM AGNETIC  LAT ITU D E 
FREQ U EN C Y  OF AU RO RAS S EEN  FROM C O LLEG E. A LA SK A , 1953-54

FREQ UENCY OF AURO RAS S EEN  FROM C O LLEG E . A LA SK A . 1953-54
FIG. 7



60 61 62 63 64 65
GEOMAGNETIC LA T ITU D E

66 67 66

FR EQ U EN C Y  OF A U R O R A S S E E N  FROM NORTHWAY, A L A S K A , 1953-54

FIG. 8



GEOMAGNETIC LATITUDE 

FR EQ U EN C Y  OF AURO RAS S E E N  FROM S H E E P  MOUNTAIN, A L A S K A , 1953-54
FIG. n



%

56 57 58 59 60 61 62 63 64 65 66

GEOMAGNETIC LATITUDE 

FREQ U EN C Y  OF AURO RAS S E E N  FROM NOME, A L A SK A , 1953-54

FIG. 10



a
FIG. II

I



INC ID ENCE OF AURO RAS. K=6,7. 
FIG. 12 A

IN C ID EN C E OF AURORAS. K=0,l. 
FIG. 12 B



K-INDICES 
FIG. 13 A

1«2
O  20

GEOMAGNETIC LATITUDE

F»G. 13 E



T IM E
A V E R A G E  N O C T U R N A L  VARIATIO NS O F A U R O R A S , 1953-54. 

FIG. 14 B

AVERAGE NOCTURNAL VARIATION OF AURORAS NORTHWAY. ALASKA , 1953-54 
FIG. J4 C

AVERAGE NOCTURNAL VARIATION OF AURORAS. SH EEP MOUNTAIN, ALASKA, 1953-54

X

TIME
AVERAGE NOCTURNAL VARIATION OF AURORAS. NOME. ALASKA . 1953-54 

FIG. 14 E

hr- '



VISUAL AURORA IBM CODE

3 4 

Y E A R

6 7 

DATE

8 9 

HOUR

10 II 

MINUTE

12 13

AURORA

15 16

COLOR

18 19 

SEQ.

20 21
SPECIAL

FORMS

22 23 24 25

R

X

0
1
2

3

4

5

6 
7

. 8 

9

20

10

1
2
3

4

5

6 
7

e
9

o
i i

8 e
9 9

DEC

NOV

OCT

JAN

FEB

MAR

APR

MAY

JUN

JU L

AUG

SEP

ALL NO 
HOUF OBS,

0 0
1 I
2 2

3 3

4 4

5 5 

6

SCAT
CLOS

? 
0 0 
T LN 

M E 

T*M W 

LS

TO
EAST

5LCW

asi

tlJ >■i*. at
K  i
s i
T

M

T+M

AUR 

♦N 

+ S 

+NS

M

TO
WEST

SLOW

ESSI

0  SCAT 

G N3 

Y6 N2 

RL NI 

RU Z 

R SI 

BL S2 

VGr S3

ALL

PULS
BEG
PULS
END
F

BEG
F

END

PEAK

SEQ.

HA HA 

RA RA 

HB HB 

RB RB 

DS DS 

V V 

D D 

R R 

PS PS 

F F 

C C

~1> N4 

C ~  N3 

_> N2 

C _  N I 

Z

S  SI
^  S2 

J t  S3 

DARK S4

R

X

0
1
2
3

4

5
6

7

8 
9

26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52

N4 N3 N2 N ZENITH S I S2 S3 S4 MF

R 2 St 2 St 2 St 2 St 2 St 2 St 2 St ! 2 St 2 St 2 St 2 St 2 St 2 St R R

X HA ? HA 9 HA ? HA 9 HA HA 9 HA HA HA 9 HA HA 9 HA 9 HA ? X

0

1

RA

HB
0

1

RA

HB
0
1

RA

HB

0
1

RA

HB
0
t

RA

HB 1

RA

HB

0

1

RA

HB 1
RA

HB 1
RA
HB

0

1

RA

HB 1

RA

HB

0

1

RA

HB

0

1
RA

HB

0

1
?
1

0

1

z RB 2 R8 2 RB 2 RB 2 RB 2 RB 2 RB 2 R8 2 RB 2 RB 2 RB 2 RB 2 RB 2 2 2

3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 DS 3 3 3

4 V 4 V 4 V 4 V 4 V 4 V 4 V v 4 V 4 v 4 V 4 V 4 V 4 4 4

5 0 5 D 5 D 5 D 5 D 5 D 5 D 5 D 5 D 5 D 5 0 5 D 5 D 5 5 5

6 R R R R R R R R R R R ft R 6 6

7 PS PS PS PS PS PS PS PS PS PS PS PS PS 7 7

8
9

F
C

SC

X
F
C

SC

X
F
C

SC

X
F
r

__

SC
\ /
/  \

F
C

F
C

SC

X
F
C

F
C

F
C

SC

X
F
C

F
C

SC

X
F
C

SC

X
F
C

SC

X
8
9

8
9

FIG. 15

1



FIG. 16 SYNOPTIC MAPS OF AURORAS OVER ALASKA MARCH 2 6 - 2 7 ,  1954



FIG. 17 CO LLEG E A LASKA  MAR. 26 1954


