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* Instability.

* Definition of Instability :

APlasmainstability isa region where turbulence occurs due tochangesin the characteristics of a plasma (tenperature
density, electricfields magneti fields).

Asthe name suggests, instabilitiesare unstable, though they may appeartoevalve through different formns (morphology).
Svilartypes of instability are commonin fluids (liguids and gases).
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 Types of Instability.

* Coalescenceinstahility

* Non-linear coalescenceinstahility
* Cyclatroninstabilities, including

« Afvencydatroninstability
Cyclatron maserinstability
Hectroncyclatroninstability
Hectrostaticion cyclotroninstahbility
loncydatroninstahbility
Magnetoacoustic cyclatroninstability
Proton cyclatroninstability



 Rayleigh-Taylor Instability




* The Rayleigh—=Taylor instability, or RT
instability is an instability of
an interface between two fluids of
different densities which occurs when the
lighter fluid is pushing the heavier fluid.
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* Two-stream instability

* Thetwo-streaminstahility isa very conrmoninstability in plasma physics. It canbeinduced by an
energetic particle streaminjectedinaplasmg, or setting a current along the plasma sodifferent
species (ionsand electrons) can have different drift velocities The energy fromthe particlescan
lead toplasma wave excitation

* Two-streaminstability cananse fromthe case of two cold beans inwhichnoparticlesare
resonant withthewave, or fromtwohat beans, inwhichthere exist particlesfromone or bath
beams which are resonant withthe wave.

* Two-streamingtability isknowninvarious limting cases as beam-plasmainstahility, beam
instahility, or bunp-on-tail instability.



e Two-stream instabili




e What are Herbig-Haro Objects?

* Herbig-Haro (HH dbjectsare bright patches
of nebulosity associated with newbom stars,




 Historical overview

* Thefirst HHabject was dbservedinthe late 1%th century by
Sherbume Wesley Bumham when he dbservedthestar T

Taun withrefracting telescope at Lick Chservatory and
noted a small patch of nebulosity nearby.

 TTaun wasfoundtobea veryyoungandvariable star,
andisthe prototype of the class of amilar objects
knownasT Taun stars.




 Historical overview

* Both Haroand Herbig made independent observations
of several of these abjectsinthe Orion Nebula during
the1940s

* Hoerbigalsolooked at Bumhamis Nebula and found it
displayed an unusual electromagnetic spectrum with
promnent emssion
lines of hydrogen, sulfur and axygen

 Harofoundthat all the abjects of thistype were
iInvisibleininfraredlight.




 Historical overview

* Followingtheirindependent discoveries Herbigand Haronet at an
astronomy conference in Tucson, Arizona in Decermber 1949.

 Herbighadinitially paid little attentiontothe abjects he had discovered, being
primanly concerned withthe nearby stars, but on hearing Harosfindingshe
carmiedout nore detailed studies of them




« Historical overview

* The Soviet astronomer Viktor Arbartsuman gave the objectstheir name
(Herbig-Haro dbjects, normally shortened to Habjects)

« and based ontheir occurrence near young stars (a fewhundred thousand
yearsald), suggested they might represent an early stageintheformation
of TTaun stars Studies of the HHabjects showed they were highly ionised,
and early theorists speculated that they were reflection
nebulae containing low-luminasity hat starsdeepinside.




« Historical overview

- Confusing question

Why H-H doesn't radiate infrared?



 Formation

T Tauri stars : (protostar)

TTaurn wasfoundtobe a very young and variable star, andisthe prototype of the class of amilar objects
knownas T Taun starswhich have yet toreach a state of hydrostatic equilibiumbetween gravitational
collapse and energy generation through nuclear fusion at their centres.

Protostar. [

Hydrostatic
equilibriumbetween gravitational

collapse and energy generation
through nuclear fusion




Formation of H-H objects.

Herbig-Haro object

Polar jet

Accretion disk

\

* HHobjectsare formed when accreted matenal isejected by apratostar as
lonized gasalong the star'saxis of rotation




« Some Numbers and Inforations.

HHobjectsare named approximately in order of their
Identification HH beingthe earliest such objectstobe
Identified Morethanathousand individual dbjectsare

HH2 (lower right), HH34 (lower Left), and HHA47 (top)




« Some Numbers and Inforations.

* Hectromagnetic emssion fromHHobjects is caused when their associated shock waves collide with
theinterstellar medium

* The spectrumis continuous.
* Thetatal massbeing ejected by starstofamtypical HHobjectsisestimated tobe of the order of
10-8t0107° M, peryear.

» Theabove massisabout 332946 timesthe mass of Earth (A4;,), or 1047 times the mass of Jupiter(M).
» Thesolar mass (M) isa standard unit of massin astronony, equal toapproximately 2x10¢ kg
* Thetenperatures observed in HHaobjects are typically about 9,000-12000K

* HHobjects conaist nostly of hydrogen and helium which account far about 75% and 247% of their
mass respectively. Around 1% of the mass of HHabjectsis made up of heavier chemical elements




 Mathematical Description.

* Basic Equations ..
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Fromcontinuty equation:
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Basic equation for lon beam:
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Countinuity equation.
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Poisson's equiation.
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Simple Curious Conversation.

 Many newpapersand Astronomical ohservationsled to some HHobjects nove anay
with change and several velosities.

HH34 Jet




