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Sheckd\Waves - Introduction

gtiiematical description -
dihree, dimensionalmanifold ()R feur
IMERSICNEINSPECEN XN/ ")

=((0))— surfiaces in three dimensional
EUclidean space




Shock Waves - Introduction s

SGelchySproblemnfindingsolutionofMEDL
SguiaLiens o A, v, p, p on (2) )

SVhEnrsystem is indeterminate => (2) is so-called
rnrrrs teristic manifold

= JL, rf ace >(t) associated with a char. manifold is
= Wave surface or briefly wave

= -
—

- __:If two different solutions of MHD equations take
same value on (2) => (2) is char. manifold

— But first derivatives on char. (2) have different
values
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BPliGpagation off disturbances in fluids ->
Dy Waves

B/eve surface 5(¢) represents border
& between disturbed and non-disturbed
== fﬂUld

= --: -Tf Wave is appeared as steep (~ vertical)
In its profile it is shock wave
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rk\Wavesi= Introduction

——__ unphysical density profile
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Shock Waves — HD equations
S

e Rankine — Hugoniot jJump conditions
region 1 — upstream, region 2 - downstream

- conservation of mass
P2U3 = P1U;
- conservation of momentum
PoUy* + P, = PUy® + Py
- conservation of energy
172U, + h,= 1/2u.° + h,,
h = y/(y-1)-p/p — specific enthalpy



Shock Waves — HD equations
S

- far downstream far upstream

thin
transition
layer
effecting
shock
“j ump”

U2

Ul

pz, P, To, &

‘(nearly) uniform gas

P1, Pl) Tla 81

(nearly) uniform gas
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Shock Waves — HD equations

P
-

U2

| T2 shock “jump” if { € L

Uy

P1
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Shock Waves — Viscous Shocks
« /'

e Ax ~ /I, [— mean free path for elastic collision

P,
2

U1

downstream upstream

U2

Ax



Steepening of Acoustic Waves Into
Shock Waves

t
—___ unphysical density profile

A B CC
density profile at t =0



Steepening of Acoustic Waves Into
Shock Waves

density p — po

shock




Types of shock waves

e C shocks (continuous)

e J shocks
e C* shocks

_______ su N
T —— ' g .
| -‘h""..,_. Wo J_type

0*——Upstream (preshock) Downstream (postshock)—*



Types of shock waves
/—\/\

N

bow shock

supersonic

IDC 14 A | bOW ShOCk



Types of shock waves

shocks on an infinite wedge with a small
opening angle

- shock

uniform supersonic flow

~ shock



Types of shock waves

bow shock

bow shock

supersonic
flow

uniform supersonic flow

supersonic
flow



Types of shock waves

tail shock

expansion

fan tail shock

tail shock

expansion
fan



Types of shock waves

e farther away from the aircraft — shock wave
degenerates to a acoustic wave




Types of shock waves

e bow shock ~ normal shock

| 5 shock |
////l undisturbed

medium

bow shock

region of interest — =

r———

—————




Types of shock waves

slow supersonic flow of a body with a sharp
nose

bow shock




Types of shock waves

body with a blunt nose flying supersonically at
any speed

supersonic




Types of shock waves

e STRONG SHOCK:

jump in velocity

ALI — U1'U2 —~ U1




Blast WWaves and
Supernova Remnants



Blast Waves and Supernova remnants

the point release of a large amount of
energy creates a spherical blast wave

ambient density
P1

very strong shock



Blast Waves and Supernova remnants

the blast wave solution - Sedov and
Taylor r~ 25

- 0.306
: P1 / P2

T/ Tsh



Blast Waves and Supernova remnants

compression:

p,/p=4



HD phases of an SNR evolution

p2

blast wave -
(energy conserving)

shell formation
(radiative losses < E)

snow plow
-(momentum conserving)




HD phases of SNR evolution

m radiative shocks

12 | 3

cold gas moving
rapidly

£1, Pla Tl

U1

U1 /
P2

Uz

p1 I

hot gas moving
slowly
p2, P2, T2 radiative
U relaxation layer
L>0
Tz ]
p3
P
|
u3 Py

cold gas moving
very slowly

P3, P3: T3

U3

P;




HD phases of SNR evolution

m [sothermal shock
compression:

P24 p, ~ (Mach number)?

Mach number = ¢/ v, 1



HD phases of SNR evolution

m First phase — free expansion phase (M, < M,),
till 3/4E, — U (M ~3M,),
(for 1/2E, — U, M= M,).

m Second phase — adiabatic phase (M_>> M, )
till 1/2E, — radiation

m Third phase — isothermal phase — formation
of thick shell

m Forth phase — dissipation into ISM
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SNRs — MHD

« MHD
e Alfven waves — transverse modes

. | B=Bo+B;

\ wave fronts



SNRs — MHD

 fast and slow magnetoacoustic waves
* longitudinal modes

B=By+B;




SNRs — MHD

* entropy waves — contact discontinuities
« discontinuities without flow

AMBIENT
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SNRs — MHD

* shock waves in the magnetized medium

’u.n or B“ é
: \ Uy or B|
| !




SNRs — particle acceleration

* transverse adiabatic invariant
p12/ B = const.
P12+ p||2 = const.




SNRs — particle acceleration

* |longitudinal adiabatic invariant
p”/ = const.




SNRs — particle acceleration

PHYSICAL REVIEW

VOLUME 75,

NUMBER 8 APRIL 15, 1949

On the Origin of the Cosmic Radiation

Enrico FErRMI
Institute for Nuclear Studies, University of Chicago, Chicago, Illinois

(Received January 3, 1949)

A theory of the origin of cosmic radiation is proposed according to which cosmic rays are originated
and accelerated primarily in the interstellar space of the galaxy by collisions against moving mag-
metic fields. One of the features of the theory is that it yields naturally an inverse power law for the
spectral distribution of the cosmic rays. The chief difhiculty is that it fails to explain in a straight-
forward way the heavy nuclei observed in the primary radiation.

I. INTRODUCTION

N recent discussions on the origin of the cosmic

radiation E. Teller! has advocated the view
that cosmic rays are of solar origin and are kept
relatively near the sun by the action of magnetic
fields. These views are amplified by Alfvén, Richt-
myer, and Teller.? The argument against the con-
ventional view that cosmic radiation may extend
at least to all the galactic space is the very large
amount of energy that should be present in form of
cosmic radiation if it were to extend to such a huge
space. Indeed, if this were the case, the mechanism
of acceleration of the cosmic radiation should be
extremely efficient.

where H is the intensity of the magnetic field and
p is the density of the interstellar matter.

One finds according to the present theory that a
particle that is projected into the interstellar
medium with energy above a certain injection
threshold gains energy by collisions against the
moving irregularities of the interstellar magnetic
field. The rate of gain is very slow but appears
capable of building up the energy to the maximum
values observed. Indeed one finds quite naturally
an inverse power law for the energy spectrum of the
protons. The experimentally observed exponent of
this law appears to be well within the range of the
possibilities.



* Fermi acceleration (“Type A" in Fermi
1949




* Fermi acceleration (“Type B” in Fermi
(1949)) — affirmed in this paper
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* |n both cases

AE/E ~ (v/c)



SNRs — particle acceleration

e diffuse shock acceleration — first order
Fermi acceleration

« Bell (1978a,b), Blenford & Ostriker (1978, 1980),
Drury (1983a,b), Malkov & Drury (2001)
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SNRs — particle acceleration

« second order Fermi acceleration —
turbulences in downstream region

« Scott & Chevalier (1975), Galinsky &
Shevchenko (2007)
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SNRs — particle acceleration

 DSA — diffusion only in pinch angle
e second order acceleration — diffusion in
velocities

* hints for future research — modeling of
both processes in the same time
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