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THE ESTIMATION OF 'WHISTLER PATH LATITUDE FROM 

THE NOSE EFFECT OF LOW LATITUDE vVHISTLERS 

:\[izuo 1\.t\S lfl \\'.\GI 

Abstract 

Some results of estimation of whistler path lat itude from the nose effect of 

whistlers observed at Moshiri (geom. lat. 34°) are described. In the calcula tion of 

dispersion, we have adopted the gyrofrequency model and exponential one for the 

magnetospheric electron density profile. First, the observed d ispersion in the rout ine

base observation is utilized to determine the factors specifying the models such as 

density gradient etc. for varying path lat itudes . The nose effect is calculated for 

such models and is compared with the observation. Then the path la titude is d eter

mined such that the observed nose effect is closed to the calcula t ion. And it is found 

that the path latitude determined for the exponential model is closer to the latitude 

derived from the experimental formula by Allcock. 

At high latitudes the estimation of whistler pa th latitude. which is a field aligned 

path intersecting a t the Earth's surface, is easil y and accurately made by using the 

nose frequency of whistlers, because the nose frequency shows sl ight dependence on 

the distribution model of electron d ensity a long the propagation path. Whilst, a t lO>I' 

latitudes such an estimation becomes more difficul t because of the close rela tion of 

the nose frequ ency with the electron density model. Moreover , a t low la titud es such 

as Moshiri th e nose frequency becomes higher than seve ral tens of kHz. so that no 

nose whistler is detectable because of the st rong ionospheric a bsorption except in a 

few fortunate cases (Ohtsu, 1967). Even the reception is. pract ically , diff icult of the 

whistlers displaying the nose effect that the frequency versus t ime curve deviates f rom 

the f - t curve given by the Eckersley's law in the higher frequency above lOkHz. 

During the special observation period for nose whistlers made in winter season of 

1971 at Moshiri , some whistlers of which the frequency range extended up to 30 kHz 

were observed. An example of the sonagram of whistlers observed at 18:32 J. S. T. 

on M arch 1971 is shown in Fig. I. Fig. I (a) shows a whistler in the low frequency 
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range below 8kHz obtained from the 

routine observation. Fig. I (b) reprcsen ts 

the higher frequency portion of the same 

whistler. The f- t curve (B) based on 

the Eckersley's bw is inscribed in Fig. 

I (b). As seen in th is figure, the devia

tion from the calculated dispersion curve 

becomes greater as the frequency in

creases. The nose effect begins to ap

pear at about lOkHz and it is clearly 

confirmable at 30kHz. 
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Fig. I a The low frequency portion of 
whistlers based 011 routinr ob· 
se r v:11 ions. 

Fig. I b The higher frequency ponion display ing the nose effect. An arrow shows a 

casa tive a tmospheric. A corresponds to the observed whistle r. The so lid curve 

Iabell eei as B corresponds to the f -· t curve based on the Eckersley's law. 
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So, we try to estimate the whistler path latirude by usmg the nose effect. As 

IS well known, the delay Time {T ) of whistler at a frequency {f i is given by 

T 
I 

2C 

where, C is light velocity, f0 is plasma frequency, f 11 is gyrofrequeney and ds 1s the 

element of path len~th. Hence, the dispersion (D) is given by 

D 2C f 
path 

f 0 fu ds 
(fH- f) l~ 
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Fig. 2 The centered dipole field line and the geoma
gnetic field line ca lculated with the higher 
harmonic series of 5 orders. 
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At low latitudes the centered dipole field is different from the real magnetic field 

of the Earth. Therefore. we adopted the geomagnetic field model improved by Cain 

and Sweeney (1970) for the calculation of the time delay and dispf'rsion. The calcu

lated field line with the harmonic series of 5 orders and the centered dipole fie ld 

line staning at Moshi1·i arc demonstratively illustrated in Fig. 2. For the distribution 

models of electron density along a field line. we adopt the gyrofrequeney model 

and the exponentia l one. The adopted gyrofrequency model consists of three regions. 

In the Region 1 from lOOkm to the height of F2 maximum, the elect ron density 

being null at lOOkm increases parabolically with height. 

The F2 maximum height (r,, ) is assumed to be the virtual height of F layer (h'F). 

In the Region II from F2 maximum height to the upper boundary (r2 ) , the electron 

density is followed by a Chapman distribution with the scale height of lOOkm. I n 

Region lli, the electron density is proportional to the gyrofrequency. Then. the 

electron density profile in each region is expressed as follows. 

Region l 

N for r "'-....... r -....... lOOkm 

where, Nm 1.24 X (f 0 F2)2 X l0-8jcm3. 

Region IT 
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Region ill 

Path lat (georn. lat) 
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Electron density jcrn-:1 ) 

Fig. 3 Examples of elect r on density distributions 

along th e magnetic field lines. 

for 

where N2 . , is electron density at r 2 • The height ( r 2 J of upper boundary of the 

R egion li is determined by maching the calculated dispersion value without the nose 

effect along a geomagnetic field line with the observed dispersion value a t 2kHz. 

Second ly. we consider the cast.> of the exponentia l model. Similarly at the case of 

the gyrofrequency model, the electron d ensity increases parabolically below F2 ma

ximum heigh t. Above F2 maximum height the d ensit y decreases with increasing 

height as in the form. 

N ~ Nm exp [ -k (r-r,.) 1 

where, k is the gradient determincl by matching the calculated dispersion value with 

the observed one at 2kHz. The calculation of electron densities is carried out in one 

degree step along the field lines terminating at the Earth's surface from geomagnetic 
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Akita 

I I 330 I 
Wakkanai 

I ""- i 

.f. S. T. geom. lat. 

I I 35° 29. 5° 
goo 31 " 32° 34° 35 . .1° 

- - - I - --

I 
f0 F2 7.6 MHz I 

I I -1 I I 
I 

8.0 I 18h OOm I 

h' F 235 km I 225 
' I 

lllh 32m 

I 
f0 F2 

I 
7.0 

I 
7.0 

I 
7.2 

I 
7.3 

I 
7.5 

I 
7.6 

I I 
7.6 

h' F 233 233 233 234 234 234 234 

I 
19h OOm l f0 F25.9MHz l 

I I I I i I 
7.2 I h' F 230 km 245 

Table I The values of f0 F2 and h' F obtained by the interpolation method. 

latitude 30° to 44°. The values of f0 F2 and h' F in the relevant time and latitude 

are estimated by interpolating the values at Akita (geom. lat. 29.5°) and Wakkanai 

(35.5°) . At higher latitudes than 36°, the ionospheric values at Wakkanai a re used. 

The interpolated [0 F2 and h'F values are given in Table I. A few examples of the 

results obtained on the electron densities arc presented in Fig. 3. 

The ratio (D (f)/Do) of the d ispersion (D(f)) at a frequency of f kHz to the 

observed dispersion value at 2kHz (Do), which is indicated 'the nose effect', is calcu

lated along the field line starting at the F:arth's surface from 30° to 44° for the 

gyrofrequency model and the exponential one. 
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The similar ratio obtained on whis tler data are compared with the calculated 
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Fig. 4 Ratio of the dispersion at a frequency of/ k f-17 to the dispersion at 2kHz, 
versus frequency. Solid curves correspond to the ratios for the dispersions 
calculated along the geomagnet ic field lines intersecting at the Earth's surface 
in the geomagnetic latitude from 30 to 44° . Vertical da~hcd lines cor respond 
to the ratios for the observed dispersions. 

Ia) for the gyrofrequecy model. 
(b) for the exponential model. 

3 0 It ttl 
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Ma rch l:l . 1971 Mo,hiri 

j. S. T. 
Do Gyrofr<'q. 1110del Exp. model 

(sec. ) (~earn. Ia t. ) (gcom. Ia t. l 

ISh 30m 30s 62.1 32 ' - 34° 38° - 41 " 

lllh 32m 57• 61.9 33° - 35° 39° - 42 

ISh 34m 13s 62.1 34° - 35 39o - 42° 

ISh 34m 49s 62.3 34° - 35" 39 - 42" 

ISh 58m 04s 62.0 32° - 34" 37 " - 40" 

19h 14m 31s 61.4 33" - 34 38" - 41 
____ ! 

Tabl e 2 The es t ima ted whistler path latitudes for the gyrofr<'quency 

and exponential model,. 

one. Then, the lat itude where the observed ratio is br.st fitted to the calculated one 

is chosen to be the whistler pa th latitude. Examples on the ratios (D(f)jDo) arc 

illustrated in Fig. 4. Solid curves correspond to the ratios for the calculated disper

siOn. Vertical dashed lines correspond to the same rat ios for the observed dispersion. 

The error bar is the consequence of the diffuseness of whistler. It is found from 

the figure that the path latitude is in the range from 33° to 35° for the gyrofrequency 

model and from 39° to 42° fot the exponential model. The path latitudes obtained 

by using the nose e ffect are summa rized in Table 2. 

Allcock (1959) represents the experimental formula of the dispersion (D) versus 

geomagnetic latitude (0) given by D -:::- 2.2 (0-12), so that the path latitude is 39° of 

whistler with the dispersion of 60 sec. '"· The path latitude is also found to be about 

40° for the calculated dispersion of 60 sec. '1 by using the topside ionospheric electron 

density data measured by Alouett 2 satellite over Japan (Tanaka). Judging from these 

results, the simple estimation of the whistler path latitude can be done by using the 

exponential mod,el. But at low lat itudes the use of nose effect for the decision of 

the path latitude may be thought to be difficult considering that the higher frequency 

component of whistlers is not detectable and the accuracy is worse at higher frequen

cy as a consequence of the diffuseness of whistler even if th e higher frequenc y 

component is received. 
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