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Abstract 

A nomographic computer is presPnte d whic h gr·aphically converts ge ographic al 

coordinates and universal time into g eomagnetic coo t·clinatcs and geom agne ti lo al 

time in the Correcte d Geomagnetic syste m of Hultq\"i s t , Th computer is fot· m u ­

late d as a map of high latitudes in t he North t·n He m isph r·e on whi h the position 

of the auroral oval can be projecte d dit·ectly for any tim e o f day, fo r any magne ti · 

activity, with account being take n of s easonal \'a t· iation o f t he geomagn ti c local 

time coordinate , Instructions for its us e , dis c uss ion o f its a ccu racy, and c xa mplc·s 

of its applic ation are given. 
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Auroral Oval Plotter and Nomograph 
for Determining Corrected Geomagnetic 

Local Time,Latitude, and Longitude for 
High Latitudes in the Northern Hemisphere 

I. INTROINCTION 

The coordinates of geomagnetic latitude and geomagnetic local time form a 

very useful basis for ordering geophysical phenomena which depend on the solar- 

magnetospheric interaction.    Thes<   :ire the coordinates of the auroral oval and 

many other phenomena, and form the logical basis in which to map the boundary 

interactions between magnetosphere and ionosphere. 
The conversion to these coordinates from geographic coordinates and universal 

time is tedious even for observatories with fixed locations.    For a moving observa- 

tory with rapidly changing location, the practical problem of coordinate transforma- 

tion particularly in real time is almost insurmountable without the use of an on-line 

computer.    This is the case for the AFCRL Airborne Ionospheric Observatory,  an 

NKC-135 jet aircraft instrumented with an ionospheric sounder,  photometers,  and 

all sky cameras (Buchau et al,  1969). 

Thus the Auroral Oval Plotter has evolved out of the necessity foi  rapid coor- 

dinate transformation, and is a descendant of Akasofu's mechanical auroral oval 

model (Private Communication,   1968).    Use of the Plotter has made it possible to 

approach auroral observation by conceptually navigating in the auroral oval frame 

of reference. 

(Received for publication 10 July 1970) 
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:!. CIIOICf. OF .OOROI~ . .\ TE 

The magne tic field of the earth is a pproximately that of a dipole , yet the de­

partures from the dipole particularly in polar regions are significant enough to have 

inspired a large va l'i d y o f c oordinate syste ms. Pendorff (1968) gives a surv~y of 

many o f the m. 

This report adopts the corrected geomagnetic (C. G.) system of Hultqvist (1958a, 

1958b), using the coordinate s computed by Hakura (1965). The details o f the fo rmu­

la tio n of the C . G. syste m appear in the above refe r e nc es and will not be treate d 

he r e . 

This sys te m has ga ined wide acc eptance by many workers, a nd the Feldste in 

a nd Sta rkov (1 967) auroral oval is formulated in it. Although derived from m e asure ­

m e nts o f the e arth's magnetic field made in 1945, it has been suc cessfully applied 

to the rganization of auroral and r e lated data for a long pe riod of time, Table 1 

l is ts e xamples o f t~e uses of the C. G. system including: date of the obse r vations; 

phenom e na s tudie d ; he misphere, north or south (N+S m eans data from both he mi­

s phe r es a r e combined to form a consistent whole); whic !-1 of the C. G. coordinate s 

r e m ployed (latitude, longitude, or longitude -local time , the latter two be ing 

inte r· -de pendent ). 

The m ost r ecent observa tions find that the C. G. latitude of the noontime aurora 

is the sa m e in 1969-1 970 (Buc hau e t al, 1970) as it was in 1957-1958 (Feldste in and 

Starkov, 1967 ) as we ll as in 1963 (Sandfo r d, 1968), 1967 (Buc hau e t al, 1969), a nd 

in 196 8 (Wha l e n e t a l , 19 70 / . This indicates the stability of the C. G. coordin te 

syste m - a uro ral phenome na r ela tionship whic h is of s pec ific inte rest to this work. 

The~e meas ure m ents, couple d with the magnetic m e asur e m e nts pe rforme d as early 

as 1932, indi ate a ve ry desirable s tability of the C .G . s ystem spanning nea r ly 

fo ur decades . 

In a dd itio n , the C . G. syste m has been compared with othe r s yste ms and found 

s upe r ior. The tests have been the plotting of the da ta in ea c h system, a nd i n each 

one the C . G . syste m has been found to be the m ore cons istent in o rde ring the data. 

T a ble 1 s hows those ins ta nces noted by asterisk; the syste ms compared are the 

au r·o r·a l a nd ecce ntric dipol e in the cas e o f Sandford ( 1963 ), nd cente r e d dipole for 

the others . 

o com pre he nsive co mparison of geoma gne t ic s ys te m s is a tte mpte d he r e, but 

these examples do illus t rat e the bas is fo r c hoosing one syste m over another . In 

addition, T a ble 1 s hows tha t Hultq vis t set a comme nda ble example i n ass uming the 

burde n of proving the value o f the C . G. sys te m whi c h he o rigina ted. 
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3. C.G. LOCAL TI\IE CO'J\'E'JTIO\ 

The definition of geomagne tic loc al time is quite arbitrary, since t here is no 

regularly obse rvable geomagne tic time -refere nce (although Hultqvist and Gustafsson, 

1960, de te rmine d o ne a pplicabl e to storm -time c onditions). This work adopts the 

"equal te mpe r ed " time conve ntion of Mc Nish (1936) which is widely a cc e pted and 

ve ry conve nie nt. In this conve ntion, the C. G. local m idnight meridian is defined 

as tha t whic h passes thro ugh the anti-subsolar point; C. G. local tim e is computed 

fr·om that m e ridian on the basis of one hour be ing equal to 15° of C. G. longitude . 

With this convention, a particularly simpl e rel a tionship e xists be tween ( 1) a 

m a p o f the e arth in C. G. l titude and C.G. longitude , nnd (2) the r e ference fram e 

of C. G. l a titude and C. G . local t im e : 

One is a l"igid fr·ame of r e fe r e nce moving within the fra m e of the othe r with the 

passage o f universa l time (U. T. ). Motio n is in the di rec tion of C. G. longitude / 

C . G. lo al time . C. G. lo al time is thus de fined a t all points o f the map s i multa ­

neous ly a t any instant o f U, T., by the alignme nt of the C. G. local midnight m e rid­

ian with the a nti- s ubsola r point a t that value of U. T, 

l. UF:SCIUI•TIO\ Of -\IJilOIHL 0\'.\L PLOTTEil 

The Auru ral Oval Plotte r o pe rates a c cording to the fore going princ iple , and 

co ns ists o f two fram es of reference: 

-l.l \1••1• of tlw \orthern llemi ><Jihe re at lligh Latitudes 
( :;f•e ln:;t• rt "hil·h contuins truns parent map and page of directions ). 

This m ap e nt itl e d "Ge ographic Coordinates Plotted in Corre cted Geomagne tic 

Coo r·d inate s " is a polar azimuthal equidistant projection in C. G. latitude (cl>c) and 

C . G . longitude ( \ ) a bout t he C. G. pole (at B0°N B1°W ge ographic ). The C . G . 
c 

po la r· - coo r·din a te g rid is not plotted e xpl ic itly, although the cir c les of co ns tant C. G. 

la titude a nd r a dii o f constant C. G. longitude can be constructed from the fidu c ial 

ma r· ks a nd fro m the val ues o f Ac a nd ci>c at the pole and at the margin of the map. 

Ins tead , the grid of geographic latitude and geographic longitude is explic itly shown 

togethe r with the appr·o xi m ate land mass es and the locations of some points of inter ­

est. This avo ids the confusion of two overlapping grid sys terns which, in any case , 

are unnec ess a ry fo r the co nve rsion from geographic coordinates and U. T. to C. G. 

la titude and C. G. local time . 



4.2   Worul Oval I'loi in V.M. I.iiliiud«- und CM. l.wul 'IW ( \p|M*ndU \) 

This is the oval of Feldstein and Starkov (19«7) sliuwn in nine versions,  one 

for each value of magnetic index Q from 0 to 8.    The three versions of the "UT 

Seale"'marked "Dec.",  "Mar.-Sept.". and "June" are correct for winter solstice, 

equinoxes, and summer solstice,  respectively.   They arise from tin* Hcasonul 

variation in the C G. longitude of the anti-subsolar point for a given I'.T.   This 

point moves north or south with season at constant geographical longitude, which 

is not in general constant C.G. longitude but varies in the manner shown. 

The map functions as an overlay of th? oval plot for the desired value of Q, 

and pivots about an axis through the common pole.    This pole is indicated by the 

double circle which in addition is labelled   '^,90 " on the map.    The map makes 

one complete rotation per day corresponding to the rotation of the earth; for any 

value of U.T. its position is determined by aligning that value of I'.T. on the ap- 

propriate "U.T. Scale" (on the oval plot) with the "U.T. Index" (the dotted line on 

the map).   This places the C.G. local midnight meridian through the anti-subHolar 

point at this value of I'.T.,  and so defines C.G. local time everywhere as de- 

scribed earlier.   C.G. latitude and C.G. local time for any point on the map are 

read directly from the oval plot on which the map is superimposed.    In addition, 

the position of the oval is given with respect to any point on the map.   (An approxi- 

mate U.T. scale sufficiently accurate for many purposes is the C.G. local time 

scale as read directly from the oval plot at.the point of the arrow on the U.T. 

Index.) 

5. \(:tiR\(:Y 

The precision with which the C.G. coordinates can be read from the nomograph 

exceeds their inherent uncertainty which Hultqvist (1958b) estimates to be of the 

order of 50 km.   Feldstein and Starkov (1967) estimate that the oval boundaries 

have an uncertainty of about 1.0   of latitude.   The oval itself is derived from ob- 

servations averaged over C.G. local time intervals of _^2 hours observation. 

An additional uncertainty arises from the possible variation of the latitude of 

the noon aurora with season, or more specifically with "tilt angle" between mag- 

netic axis and earth-sun line.    Fukushima's (1965) work indicates that in the Wes- 

tern Hemisphere during summer, for example, the latitude of the noon sectors of 

the ovals may be displaced as much as 5° poleward of the values presented here. 

Maehlum (1968) finds additional evidence of this displacement from satellite 

observations. 



6 

6 . . \I"PUC.\Tit.l~ :i 

The Aur·o r a l Oval Plotte r has e volved ove r the past three ye ars c hie fly throug h 

airbo rne stud i s. It is, of course , not l im ited to this use but has applic:ation to 

gro und-based s tudi es and to the c onceptualization of the oval as a whole . The ova l 

fo r· Q =3 is a typical configuration of use in e stimating the location of the au r o ra i n 

gene r al . 

In fl ight plann ing the plotte r c an optimize aircraft naviga tion in the ova l 

fr·a m e o f r·e fe r e nce give n the o the r constraints (a ircraft pe rfo rm:1nc e , geography , 

geopolitic s, s un, m oon, a nd of c ourse the phe nomena to be studied). 

During flight one c an monitor the expected position of the ova l as a n a id i n 

m a inta ining his o rie ntation with respect to the aurora, which i s frequ ntl y v0r·y 

confu s ing if the flight path is a t a ll irre gula r. One can r a pidly de te r mine whe thc •· 

the au rora is northorsouth ofthe e xpe c te d position, and he nce if c onditions a r e qu iC'l 

o r dis tu1·be d a nd whe ther o r not this necessita tes c ha nges in flight pla n. In a dd i ­

tio n it is a n aid in c hoosing be twe en alte rnatives whe n c ha nges in fl ig ht pl a ns a r·c 

ne c e s s ary f0 r ope rational r e asons. 

Three basic flight patte rns will be illustrate d : c ons tant geographic pa th, con­

s ta nt loc al time, accele rated loc al time. E xamples co m e fro m a c tua l da ta flight s 

planne d , m onitore d , and analyze d by the aid of the auro r al plotte r. 

b. I Con,;lunl l ;t'O(.!ruJthic l•uth 

T he s i m pl st fli ght path is tha t \vhi c h patrols bac k and forth along a fixe d geo ­

g r·aph i a pa ll-.. Figur·e I (lower portio n) shows a geographic m a p (no t pa r't of the 

uval plo tte r desc ribe d in th is wor h), o n whic h the ~ligh t le gs are a ctually coinc ide nt 

but a r·e s how n d isplaced fr·o m o ne a no the r in orde r to r e s o lve the m in ti m e . The 

a ctual rout o r igina te d and te n11ina te d a t Goose Bay, moving alte rnate ly north a nd 

south geo g r a phic a lo ng a cons tant geographic lo ngitude. The times, give n at U . T . , 

ide ntify s pecific po ints in the two c oordinate s ystems . F igure 1 (upper por tion) is 

the p lo t of this fligh t in . G . latitude and C. G. local time superimpose d on the Qo: 3 

ova l a s g r a phic a lly tra c e d on the oval plot using the C . G . map described earlie r . 

6.2 t:un:<lunl Lf.. l.ocul Time 

An e xample of a constant C . G. local t1me flight is the flight of 8 January 1970 

s hown in Figure 2. This flight originated in Eie lson AFB, Alaska, and terminated 

in Keflavik, Iceland . It sta yed within 2 hours of C. G. local noon fo r a duration of 

approxi mate ly 10 hours , simultane ously scanning in latitude. C . G. local midnight 

flights be tween Labrado r and Alaska have maintained the midnight sector of the 

oval for similar pe riods of time. However since the midnight oval is at lower 
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latitudeB where the velocity of the earth Is greater, the aircraft ran make only very 

limited latitude scans, the greatest component of its velocity being required to keep 

up with the rotation of the earth. 

6.3   WrH.-riUfd (••(•. Lor«! Time:   The • ir.um-OMil Kllifhl 

Flying in the direction of the rotation of the earth accelerates im-al time.   Fly- 

ing along the auroral oval in this sense affords the opportunity of examining its 

continuity over extended sectors in a manner not possible from ground xtationn. 

The navigation problem of computing the intersection of the path of the oval over 

the earth with that of a rapidly moving aircraft is in general quite complicated,  but 

greatly simplified by use of the auroral oval plotter.   With its aid it has been pos- 

sible to achieve a flight completely around the oval (less about one hour).   This 

flight (5 January 1970 shown in Figure 3) which originated in Keflavik,  Iceland, 

and terminated in Eleison, Alaska, succeeded for the first time in examining the 

continuity of the oval as a whole (Buchau et al,   1970). 
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DIRECTION SHEET 

INHKCTIONS 

The AUHOKAL OVAL PLOTTKH conHlst« of two clenu-ntH: (I) the tranHpuront 

mup titled 'GeoKraphlc Coordinates plotted in Corrected Geomagnetic CoordinateH," 

which is enclosed in this envelope; and (2) one of the nine auroral oval plots.   Both 
elements have been constructed to rotate about the same axis (the center point of 
the C.G. poles). 

Plollrr Wi'mbK 

1) Lay the transparent map over an auroral oval plot.   Adjust them so that the 
C.G. poles on both coincide exactly.   (The C.G. poles are the crosses at the 
center of the double circles marked ♦90   on the map.) 

2) Place a pin or tack through the center points of both crosses to serve as an 
axis of rotation. 

The U.T. PoHilion 

Rotate the map until the U.T. Index (dashed line on the map) aligns with the 
desired time on the U.T. Scale (near the center of the oval plot). The C.G. local 
time (and C.G. latitude) can then be read from the oval plot for any point on the 
map.   For example, aligning the U.T. Index with 20 on the U.T. Scale marked 
l)ec. places the oval at the correct position with respect to the earth at 20 U.T. 
for winter solstice (Fairbanks, Alaska (FA on the map) is seen at 08:32 C.G. 
local time J. 

The U.T. Scales marked Mar. Sept. and June correspond to the equinoxes 
and summer solstice,  respectively. 
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