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choice of burss parameters is disscund drisfly, along with the pessibls affenss oa loag-haul iehphons Nass

sad the slestrie power grid.

I. INTRODUCTION : : 1. THE MHD SHOCK WAVE EFFECT

(V) Nuclear sxplosions at high altitude produce (U) The skock wave Is the first hydrodynamic signal
sirong hydrodyaamia motions over large volumes of  to arrive at obsszver points away from the burst
space, For oxample, while o 1-Mn burst 61 328 level  poist. At high akisude, the shock wave is driven by
produces a shock wave that is jonizing outto distances just the debris kinstlc energy, sinos the x-ray eoergy
of the order of | km, the same burst a1 400-km. - (typically- 70 percese of yield) is not absorbed appre-
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altitude makes shock-induccd lonization 10 distances  ciably nesr the burst point. (X-vayscomingdownward
of several hundred kilometers, When the shock wave  are abserbed by the air typleaily between aktitudes of

s conducting, the expanding air (snd bomb dedris) 6010 100 km.) Thespeed of the thook wave is initially
tends (0 carry the gromagnatie fisld with (L. Hence  set by the debris apeed, of the order 0f 2,000 km/see, -
explosions st high ahitudes cas put significams (rao-  but cannat be Jess than the local magnetosonis speed.
tions of the yield into disiorting the gsemagnetic field. ~  As more ale mass is twept up, the shock speed .

For bursts st 1,000 ke or higher altitudes, most of the . decrensss to the mugastosonic.

debris kinesle snergy—typioally one fourth of the  above sbowt 139 km, oaly the cha

total yiekd—is expected 1o go into geomagneticdistor the magnetls field are invoived
these

tions. Tha time-varying megnetie field implics the  waves, 1nd the speed of

* existencs of electeis fietds. These fieids are ganerally 3/V/éwp (ogs Caussisn ualts Bin

clsctromagaetic puise (EMP) und are importang (or  cestimeterk; collisions with asutral patticles ace too
tong-wire sysiems such 43 power iranumitsion Naes  iafrecuent to involve the nevtrals hydrodysasically.
and jong haul telephone lines. . (U) Thecharged particies are those presxistiog inthe -
(U) The generition of the magasichydvodynsmic  {onosphere plus those crested by the explasion. The
.stzvgiiitzgf latter include fon pairs created by absorption of the
anisma, bt 11 Appears thar two priscipal mechacisas  lowenergy tall of the x-ray spectrum, by elecironand

are domicamt.
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ticles. Inclusion of these processes and the tensor- HI. THE ATMOSPHERIC HEAVE EFFECT
character of ths magnetic stress results in fairly
complicaied calculations. Only a simplistic description
is presented in this paperd!) .
(U) The Alivin speed », has a minimum at the peak
of the ionosphoric Foregion (spproximately 300-km
" altitude) and is sbutt 200 km/ sec daytime, S00 ken/sec .
nighttime. At highér altitudes 'y, increases; at 1000 -
. & i is 2bout- 4000 kenf doc daytimse, 6,000 km/sec
" sighttime. The speeds are higher in periods of low
solar sctivity. The incresse in 4, with atttvde hasthe -
result that magnetosonic rays curve downwerd toward
- . theeanth: the shock ways a1 higher shhude outrum ;
. thatat lower althude. The radics of curvature of the ..
. oeagnstosonie cays s of the order of S00 km. The
result is that, for bursts Between 400 and 1,000 ke
. altitede, a downward-going shock- wave reschus the
bdottom of the. Foregion (approxiemately 150 km)
* simost sinultanously (8¢ < | sex) over & targe geo- ¢
graphicel rogion a fow seeonds sfter the butst, u is
scont {n the experimental duta (Seotion IV).

~ (U) in the onespheric E-region (100 to 130 kny).
cotlisions of lons with nevirels cause damping of the
shock wave. The plusma physics of this effest is much 1
.. debsted, the debute contering on which of the many
possible plasma. resistivities (inciuding snomatows) is
operative, 18 scoms 0 be generally agresd thet may-
aoti¢ perturbations 1hat manage 10 get Ihrough the
E-region then reach the ground unhinderod. -

-{U) The sir hoated by the shock wave contaiss &

" IN. EXPERIMENTAL DATA

{U) The Sirfish svent—about | megaton(Me) st 400
" ken over Johmston Island at 108 p.m. local time July
9, 1962-~cavsed gromagactic perturbations that were

pulses vecorring before 10 seconds a8 due 1w the
" MHD shock wave, the chaages ulter 10 scconds a5
Gue 10 the heave effoct, On Sohnston lstaad, the intter
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10_.. (V) Electric lieide inforred fora

Salid curve, undermesth burst:
dashed curve, 1.500 km away.
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e = ,
) ’ - Time (sec)
la first an increass in intensity, followed by a decreass.

The change in sign is thought 10 come from changing
position of the current loop as the hesve proccods.

{(U) Note that the' MHD shock effect is larger ot

Hawall than st Jobnston feland. This by atiributed to
"%
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(U) If one triea 0 push & ia&:ﬂo the
conducting ground, inductive electric fields arise
which drive cusrents in the ground, tending to oppote
the change (n magaetic fiold. The solution to the prod-

lem i governed by s diffusion type of equationsnd is

the well-known skin cffous. The skin depth ot } second
in ocsan (¢ l‘!vas:...:i-l. ......
tl._"_e-oh".ﬂ!rsul.wt

(s pragortional w
8‘8.-. the ougnetie pertwrhations flow in this
- tages, from which & cun be estimated that o change
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the actual event; decause: of the lasger geomagnetic

" field over. ihe northern-Unlicd Siaics. Taking his - -
" facier of 2 in magnstic smplitude and sssuming an
average soll conductivity of 10° inho/m, ous cols

leaguaes J. CHidert and N, Goldman have used Eq. () -
to duterinine the electric Tield at the ground for this
hypothetical case, The rosulis are shown in Fig. 2(1the
plot there ls dolayed by | sevond relativeto Fig. 1) It
cun be seem that the peak electric field under the burm

* (corresponding 10 ihe Johaston lslaad messurements)

‘s about 10 V/xm, while the peak clecirie ficd at »
distance 1,500 km away from the bunt (corrcsponding -
10 the Hawall mesvurements) is sbot 13 Ve, -

7 (V) The direstion of the cleitrie field teads 1o be
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lines are concentric circles about ground zero. For a
tipped geomagnetic field, the electric field lines are,
erudely, circles (nonconcentric) about two aull pon\ll
north and south of the burst.

VL. MAXIMIZATION OF THE MHD EMP

viL. EFFECT§D0F3MI3& Q&POJSYSTEHS |

(U) Electric power:and_ 1ockphone sysiems are pen.
erally grounded. 10 reduce personne! and equipmen
hazards and sometimes 10 use the ground as a return
path for current. In the presence of the MHD EMP. a

long wire grounded at one end will show cither a large
vuumommumm.unumu
ground thete, ora large current if it is grounded there.
Bork cases ocour in practics. Long~haul telephone
lines are designed 10 turn themselves off If ground
posentials exceed certain limits. Electric transmission
lines generally have the aewtral terming) grounded M
‘both eads. The MHD EMP then cawses an ossentially

. 4, ciarrent -10- flow: feom e grownd m one end,

through the Mgh voRage side of the transformer
windings, along all thres of the phase wires, through
thetennsformers to grouad at the uther end. Cusrents

' . inthe ground connuctions sre generally monkored for

Cm siepuiegens
. ) "‘_' A 2, -f, X R SRR A R A L R LA S8 P

unbalenced load. ltlhwmmluwu
value, the-ciecuis breakers ase opencd. .
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