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 Abstract 

          In this paper the authors treat the propagation of the isotropic mode of the 
     hydromagnetic waves in the magnetosphere and calculated the travel-time curve of 
     that wave emitted from various sources and compared it with the time of commencement 

     of the geomagnetic disturbance accompanying the high altitude nuclear detonation 
     at Johnston Island on July 9th, 1962. Since the observed delay time was too short, 

     the mechanism of magnetic transient variations produced by this high altitude 
     nuclear detonation is not simple. 

1 Introduction 

   A high altitude nuclear detonation was exploded in the vicinity of Johnston Island, 

 16.7N'-169.4°W, at  09h00''.09s U.T. on  July 9th, 1962. Detonation height was reported 
to be about 400 km. Its effects on the earth's magnetic field were recorded at all 
magnetic observatories in the world. 

   In this paper we treated the propagation of the isotropic mode of the hydromagnetic 

waves in the magnetosphere assuming its various sources, and calculated the travel-time 
curves theoretically and compared them with the time of commencement of the 

geomagnetic disturbance because its first movement had been supposed as a hydro-
magnetic impulse. But the observed delay time was too short, therefore it appears 

that no simple explanation of the magnetic distrubance can be expected. 

2 ALFVEN wave velocity in the magnetosphere 

   The first impulse observed on the magnetogram is expected as the fast elementary 

 hydromagnetic impulse, radiated from the source area.  Therefore we can adopt the ray 

path theory only to discuss the distribution  of the time of commencement of the 
magnetic impulse observed on the  magnetogram. In this case we treated the propaga-

tion of the isotropic mode of the hydromagnetic wave. 
   To find the distribution of ALFVEN velocity we constructed the model atmosphere 

above F2 region under the following assumptions; 
   1) The atmosphere has a spherically layered structure. 

   2) The isothermal diffusive equilibrium state. 

   3) The velocity distributions of ions and electrons are isotropic. 
   4)  H+,  He+,  0+ and electrons are considered as composition. 

   5) Electrical nutrality.
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   Under these assumptions we calculated the distribution of number densities of the 
ions above the reference level of 500 km. (Fig. 1) The initial values at this level are 
shown in Table I. 

   Below the reference level to 210 km, reference was made to the model adopted by 

H. Kamiyama which consisted of  0'  ,  02+ and nutral atoms and molecules. 

                Table  I.  Number densities of the ions at the reference level 
                                                  (after BATES & PATTERSON) 

             H+  He± Temperature 

 Number/cm3  1.8  x102  4  x  103  1  4  x  10311250°K 
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   Fig. 2 shows the calculated value of  Alfven wave velocity in the lower exosphere 
of the above stated composition after assuming that the magnetic field is the dipole 

magnetic field. 
   As the figure shows the maximum velocity, about 2500 km/sec, is held at the 

height of 3300 km and a low velocity layer is above the F2 peak. 

3 The ray path and travel-time 

   The ray path which is supposed to represent the initial disturbance should  be 

determined from the condition that the travel time T along the ray path is minimum. 
   Thus the travel-time T [r], must be at the minimum in the propagation. (Fig. 3)
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Fig. 3. Schematic showing of ray path geometry

where

     T (9))] f ds 
              J  VA 

VA is the velocity of ALFVEN

 14,1-1/72+  r'2  do  h
,  V  (r) 

wave and is 

r,dr   d(l)

 =j  F  (r  •  r')  d (1) 
 00 

 1/B021  47r0  , and

(1)

while

where  [F],

  6T =rF (r, r') 
is the first variation of T, and

101,1[F], 

  0

   + [Fr  Zri#1  -10
c

 o (2)



10 Y. KATO and S. TAKEI 

 oF  F
r'  — 

   The first term of equation (2) must vanish for the permitted paths. Therefore we 

can yield EULER'S equation. 

                    = 

 oF d   (  OF0 

             ) 

                                d(ay' 

   This equation is easily integrated when  aFilap=o  , that is; 

 F  —  r'  Fr'  =  C (3) 

C is an integral constant and determines the behavior of the ray path. From equation 

(3) 

                      dr  ri/r2  — C2V2 (r)   +  (4) 
                diri)CV(r) 

   Double sign in the equation (4) indicate that two symmetric paths for the source 
are permitted for the same value of C. 

   We take conveniently the plus sign for the expression of ray paths. Thus, 

 CV  (r)  dr                =
,(00) Vr2 — C2 V2 r (5) 

                fr(h) r dr     T =(6) 
                             ,(00) V (r)-vir2C2 V2 

   It is mathematically clear that the actual paths are restricted within the region 
satisfying the condition 

 r2  c2  v2  (r)  >  0 (7) 

and the total reflection occurs if the equal sign is held, since such a point is the branch 

point of the ray paths. 
   To determine the parameter C, the boundary conditions at source area and the 

observation point is considered as follows. 

 8r  = 0 at  4) =  chi (observation point) fixed condition 
 8r * 0 at  =  rho (source area) free condition 

            for  ro  <  r<  Yo, where  ro and  To are the upper and lower bounds 

                         of the source 

   From the second term of the equation (2) we have 

         r'r       Fr'  =C—  0 atcbo (8) 
          rrC2d4, 

   This implies that the fast path must start with the rectangular emergent angle. 

Connecting the equation (4) and (8), C is determined as follows;
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 C=
r  ('0)

 v(r(1,0)) (9)

But in the case of point source, C is not determined. In this case a path starting from 
the boundary of the source i.e.  r(60)="fc, or  ro, C is not restricted and is chosen freely. 
But since  (/) and T depends on C uniquely, the travel-time curve is determined 

uniquely for the given point  (r-----ri,  (/)=-(/),). 

   To calculate numerically, we adopted the following equation, equivalent to the 
equation (5), as it is known as SNELL'S law in the polar coordinate. 

 r  sin  i  -  =  C (10) 
 V 

where i is the incident angle, at first the paramenter C is determined by the equation 

(9) and the mesh of the integration was chosen as  1/500 earth radius.

4 Numerical results* 

   Fig. 4 shows the calculated travel-time cruve. In 
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whose spread angle of the source is 20° and  10° respectively, and nearly parallel curves 

in each case correspond to the assumed heights of the exospheric base which is taken to 

be 210 km, 300 km, 400 km and 500 km respectively and we assumed that the energy of 

the hydromagnetic wave is propagated electromagnetically below these heights. 

   As the figure shows, the difference between the case of point source and others is 

large. This depends on the boundary condition in each cases. 

   The effect of the difference in spread angles of the source appears in shifting the 

curve horizontally along with the coordinate of time T. While the effect of the 

difference in assumed base of the exosphere appears in shifting the curve nearly 

vertically along with the coordinate of distance.

5 Observed data and discussions 

   The initial movement on the normal run magnetogram due to the detonation is 

sufficiently  large and observed at almost all the magnetic stations over the world but 

unfortunately it appears likely in the hour mark gap. 

   Furthermore because of the low chart speeds it was difficult to detect the accurate 

time of commencement. 

   But the specially provided magnetometer at the Victoria Magnetic Observatory 

recorded the commencement of the movement. B. CANER and K. WHITHAM reported 

and discussed the detonation effect on the geomagnetic field and concluded that the 

hydromagnetic wave propagated much faster than expected from the mean theoretical 

velocities and they suggested that it may not be reasonable to describe the propagated 

distrubance in terms of simple  hydromagnetic waves. 

   Besides the Victoria data the La-Cour type magnetogram in the United States Zone 

and induction magnetogram in Japan or France and other countries are available to 

determine the commencement time of the movement although the accuracy of the 

timing is not so high. 

   SELZER reported the observational results of the detonation effect on the magnetic 

field and concluded that the microstructure of the perturbation looked about the same 

at the stations in France and he reported that the signal reached the whole world in less 

than a second and concluded that at least the front part of the signal may have a 

electromagnetic nature. 

   While Fig. 5 shows our calculated travel-time curve in case that the spread 

angle of source is 20°, and the base of the magnetosphere is 500 km or 400 km, compar-

ing with the observed commencement time of distrubance at various stations in the 

world. 

   As the figure shows, the observed delay time is much shorter than the calculated 

value in the distant stations. Therefore it is suggested that the propagated disturbance 

is not explained in terms of simple hydromagnetic waves and it may be considered that 

the disturbance propagated electromagnetically in its most part of the path in or below 

the ionosphere. But the accuracy of the timing of the records is not sufficient to give a 

definite conclusion.
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