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INVESTIGATIONOF LAMINARSHOCKS

K. Ice, C. H. Aldrich,S. ,T.Bme, D. W. Forslund,S. P. Gary,

J. T. Gosling,K. B. Quest,M. F. Thomsen,D. Winske
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bS AhJ.IIOS, NM87545 USA

u. of

Abstract: Studiesof

M. M. Mellott

Iowa,IowaCity,IA 52242USA

leminarshocksbasedon ISEE observationsof

terrestrialbow shocks,simulation,and theoryare presented.

1. Observations—

We report several investigations

sho~ks,motivatedby him time resolution

distributionsacrosa quasiperpendicular

of subcritical(laminar)

dataof electronand ion

terrestrialbow shocks

from the ISE&l and 2 spacecraft.1-3Contraryto the conventional

wisdom that at subcritical shocks the hulk of the energy

dimipation occursas reaiative heating of the electrons, the

observationsshow that the ion temperatureincreaseexceedsthat

of the eiectrons. The increase in the ion temperature is

typicallv a factor of 10-20,predominantlyin the perpendicular

direction,and due to heatingof the entire distributionrather

than the formation of a high energy tail. The electron

temperatureincreasesYy only a f~ctorof abouttwo, equnlto thnt

of the magnetic field jump,and remainsfairly~sotropic,while

the dowmtream electroi~distributionexhibits the characteristic

flat top seenalso at supercriticalshocks. An exampleof suchR

laminarshock Is gj’venin Fig. 1, which shows the plwm]

pare!neterprofilerfor the shockcrossingat 2105 UT on 27 A~mt

1978.3Plottedare the lo~rithnw of the dmoity (solidcurvefrom

electron measurements,tJymuoLafrom the ionmeasurements)nnd the

maximumand minimumve.lueain the dingonallzedion and e19ctron

temperaturematriceo. The verticnllinenindlcntethe locntionof
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the ramp in the ma@etic field profile. The upstresm ion

measurementswere made with the ISE&l solarwind ion instrument;

all othermeasurementswere obtainedwith the ISE&2 R& Plasma

Experiment. In this case the electrontemperatureincreaseacross

the shockis a factorof 2.5,whilethe ion temperature increase

is 10.

& Simulations

These o?)servationsare interpretedas evidence for the

possibleoperationof variousplasmainstabilitiesin the shock

leyer, which are being investigatedby means of computer

simulation. To study the effect of short wavelength (ion

acoustic) modes,simulationswith the explicitparticlecodeWAVE

havebeen initiated. The simulationsare initializedwith uniform

upstream and downstream stat~sconsistentwith Rankine-Hugoniot

relations,with plasma continuouslyinjected at one end to

maintain ‘he shock. One-dimensionalcalculationsshow that a

stationarystatecan be maintainedfor long ~riods of time in

this manner. In this case cross-fieldinstabilitie~cannotbe

ex~ited, smd the shock forms by reflecting some ionE.

Twdimensional calculationsare in profress. In orderto study

the effectsof longer wavelength, lower hybrid (modified two

streemand lowerhybriddrift)instability{’”,sirmllationswith the

implicitparticlecodeVENUShavealsobeen conducted,similar to

previous celculationcfor auperc-’iticalshocks.4 1.owever,such

lowerhybridinstabilities(ionacousticmodesere not resclvetij

are not ~tronfllyexcited;rather,a SW1l ~(lii)lt of’ ion reflection

occure. In this case the shock is createdby the piston, which

may be flivi~,some extradissipationin the downstre,nmre,qion,

> Theory

The dempin~ of whistler:]ohnerved an precursors~tnnilin~;

upntrenmof laminarshockshas alsc been addressed,5 ]~fln”lt~ ~j’ (,

linenr Vhu+ov unn.lyL~imchow thmt electron IAndm dnmpin~c:m
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attenuate obliquewhistlerswith dampinglengthsthat are the same

order of ~itude as thoseobserved. Fi~re 2 showsan example

of such calculations,the ratioof dampingrate to real frequency

(y/wr) ss a function ofpro~tion~e for one V~U of the

wavevector (kc/ui=5.0). The fi~re indicatesthatthe determining

~ter is the electron bsta {fle),that the relativerateof

dampingincreases

definite~ of

here).

L&E!!?!Z

with Be, and that ly~/~ is maximum over a

O (ro@ly 5@ < 0 < @ for the parametersused

We have presented results of various studies of lsminar

shocks: an analysis of ISEE observationsvhichshow strongIon

heatingof subcriticalterrestrialbow shocks,preliminaryresults

of particle simulationsto understandthe microscopicprocessss

whichgive

dampingof
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