SECTION-7
The Global Solution
of the
Riemann Problem
for the
p-system
Math-280: A Mathematical
Introduction
to

Blake Temple, UC-Davis




% Riemann ?MMQM anw *()“S%U(Qﬂi‘ &Q\\ v SND&);B
° Lfk%‘v(\v\wm &'3&\*@« Rv K\V\WVQHJO(V EU\QW

e Ve b ‘ﬂ?ﬁt\ml
Uy + iy u"V&\“&f\ kL\
6‘\; N QP\/\B =\ '\D :‘.P &\J‘j&\ :PVQ&(UV‘P
%g% D & st e
° T\\% \lg\é&v\-‘» atgume P ‘?(V\ w}%\
Pap S M

o Reeoll: polybagic egn of chade.
= LD gy e ) e
Py = RT ®
el = P2 5 R~ G
e S VS 7ok it
PIV=R o

@
» mi‘ &t:B X\Bv &Ml‘dw §blv{\\5t\c b

g;‘\m\(x{‘ M &\:WD\( Qw Q\MDG“Q S()[A'(

Mweweve recall 13- vgudadies
= e
>\\)§‘+ v )R\jg\ }W\
0

T\M& ]m‘*&&Wj Curvt ] @\“3 \/\Me SELDN*
Sinte shack — torvtl have 26d ord e
wutodd ak U,y $=00 @ ov\m«%] dhock -
evel s sy Ssumet i< o guod appro X
&mv VA &\M?H\;M S\RV\‘( \Y) (B[\/\'( \Ni{h
Watal S\r\m\L\ B>

'l M W vmtm«k\ol'@ uciutu@'\tlém.




R R\%\CU\V\ \‘\m\)\g\u ‘Q\w *{*&éd@ﬂ‘. Q

?&s\v el g Py Pag

"\ : =

@&) U PV =0 ‘f“\*o i P \‘7\( 1<Xe
2 By U\\Ja\\)eﬁ

vl - Pl
‘ﬁ\ B
} (U\\ ka\\ Lﬁﬁx 2 Xj» C’X
|A-»T) - \“\3* \ - NN =n

Nl n ;m - L‘SBUV\A S\NQ&['

t

>\‘z>\_ y RN

L SeY U QA\ )= @@ v psaghen

8 Qt 4 S\TW\ X 4

< '&0}\5?\@\

[A-NT\R, =0 & \f;f \‘W\&‘X £

o laey S i

vl )

chs Wt g(ﬁ 'M\A\\\c& N LWJV m (D)
. \LV»\‘\%VOL\ LUV R S <\3\\ Sm\\ix\\\d

OWN

R
Q\\ = ;V\\*Q%V(l\ SNIAVIN D{ Q\ SW}\Q

W= XW\T S i ongT

() E\%w \) QL\\\\F\ :




., = el oy of R, sadicdy P

L EWQT\‘ B %Wwﬁ .
Q/W\O\W%P : T\’\‘t \\/A\%‘PDJ CuvvR{ \PV\WU%\’\

‘_\__/——A

R ojﬁ (VL W) goﬁ\ﬁ‘&\& R, 00
NAUAT \W’w\ v +o =4
\/L v A

/ V }
Q&K\j% S ”Xv'ﬁ'f@\ Av v = %(Vﬁ N | ; /

AN _d T 4 il_} ! CE} LD

- Ne: = = )
e RN 2N-p A
= oX !
° L D e ( i 2\ < . = — al :l
e }1“ k\t. X \‘LD.L> y \7>\2 Kl dv >0 :




Q/M\(,\é\ ’l)\'\g - S&B&&W\ e S)rm*l }\Aﬁ‘%\
& %‘U\\)\\«Q\\& ww\\»\m M \MAX UL\ ADNO\W\
+
TERAN 0 5 >

™~ '
=
. - .
,)

V3

D Foe wodkh UL S0V 00 e

2 -vartTacotou vy @ @(: e Yhe puv%m
o &) Ou\wa whit X5 > AL (0
W_L \\M 2 '¥\§V Q&L\/\ IURGQ’\E f\\{ﬁ, e

tentered 3 -swple wave (ravetaction wove)

Wm\’t&%\\r\b\\ AN A\T'K 3_305\ \
+ t
? - RE .
T Un -
-OL U\

B Shodk -nwavel foe - S%S*QW\‘.
o« [}

&Y/-\/L\ Ctﬁm X
U-We POy PV

0 s () = = eu)

@ slu-ty = POY-Py

> Vv = (P -Pe)

F =8 POY-PvY
S A BETEY

S\)\Y\¥ 'XTU\\\‘\C)\ K\) m\m \S e OXA&M N

e \)\Lt\r?(\ ?L\J\ K\} \]\

F U RO A
Q) T 5.
W=WU_3 l ® KVL\-'\)W\\ N SR D




©

8 Donsidw: =ty | By - D) (V- Note - mv\\é& :

e o : A Cl\,)\ :

E‘\{%: = P VO + (R %‘,\\ b V=N C\\,Q J‘m +\]~J?(‘«\
LU - RN v-vo

v o - gt :*-W\

e =N —>
ST By
"{\\\}& &%‘g\;\i?f

o N -V
= (\,u)‘?(\b

1\5U\n\ O \% P+ N~
. N E DR

o el 5‘}% (O): U=
? k\i\ ) J? K\“\\ &4 ( ! uL“} @(\]L\\?U\)(\f “\}\/\ v>'\fL
s

‘ %MX o W 121 (GENUARNINE gu“ (PO BT VaY,

PN
VooV \ UV Rm- P vy Vol
: \%?—*—’NL\R\}L\I\% V<V, Sy \)V\oj

\ :
+ P =
- Py vy S?\ \}l’ .
& S \*} Q)\@L\ W *Q’\\%Q@ T @t ® U=V,
3,G) is m%e»:} T @1 @ U =V,




@)
LQMW\Q: The coln 0* (AR ISR

gb\r (w\ = O =l WM;di O\Q U\QQ\WAUJ@)

MWQ\W Y, J;\v U € %‘ L\k\ Wl Wwﬁ “\&Le
=~ .j_ Py -y
: Ny,
ard fw U € %Jr LU Vako
g o \" i '?L\’.\“\.\v"/)

=5

. @
e Ag (N ’k,\\MEQ\\xQ/»\Ce '0\& [O\X'S &WQVOJ

JF)\(\WJQJ"“\3 we know J ; \’\Q& @‘—&oﬁad
bt

o Dedine the wove QUrve(

E@jmg Vv,

W, =W (T =
‘25‘- (UL\ V<V,

4 O0): v =y, IR OEN VA

N Thn By | out C\\MLJK(/J com (33 (W) UQ W, = 1\0\ %@fmb\ NZAVS

47 [T V>V
%lﬁlxlu:uL*waqumva , Vol

N(fre on \r\T N O Sm ﬁ \f SO wme

Cvirvel neviv ‘m]k V=0 = Vb && \v\vawauﬁ M(ﬁlbv\




Lomha | ¢ R decrearet e Pé\‘&\h\
, L

—_—

. s Naw T W e
QUM \)&\ Loy O MDVRIN R

o8 Q) AATY < S Y < xg ()
e @ | e e
/QA\ oN YAQ' k_\]b\

vV
Pﬁ&i\\i fide vol the shodk wrvey 95; Honewonk Prave QW\&‘
ot mgve i the dwechant oF @ Cov -+ shodk waney [o. oy ’Oeg{mq
whidh A deereateS | it there ave Qt the admanblv 1 -thockt ooy el

C\\\T;\\,\\\%‘f\g iv\ \m\md/\ W Conn UJT GNGCM S\v\“&\hl\o
LIANE Sb\ﬁnbv\g

e \\M m fhe shodk m\\g sl i{

Q SMKBQ‘*\/\QU S%[\A\!—W\ Vo oo ‘

%\T (j? .-UL ‘

Nomswerk * Row IWENS Cle “‘YL' o3

W\«FP\L\%Q 0N QW i-&ML“ %V Xlg%g(w?
M gmtyal?




S_B‘\__‘V\\ From @) , 1=
e —.J — Py -Pvy
=N

)‘F AN x \)~(P 1) /\ ;
\f <VL QN é; : t> ;

l-'\) " ?(\;\“‘?C\h I
Py < —mﬁ <Pl

an o ?\)l? M Ml S(%'m(“;

®
brom (1) we tet hal L -Shodke

SQ*\Q N "P\\Q \m\c\\ xﬂbt\ ‘T\\OC\ Q,\v\m ()\d*ﬂ “‘\‘f(;

o Phe va\\\q o) %\% inL \MPV\%\O
own *“\/\Q \\\\& \?3 LV\&vo\uL%MwLm |

j\me %ﬁm&aﬁv %\wlq Qr by “Hu &£\0LZQ
N &VQ e & \x& &ghd;%mw\%}lm
OJANRS oW bc o\vh *\f&r\\n KlYWV\QD

while Caxs thm i< local ¢ S
- £ b
AL L]/ 1% %
B Ax_y (51
8 .
v \;B Q\}\l\ ; 7\X




@ To sove the RP guon Uu ) §o O
QA Ug * (DFW talh Ut AV W
wawave curye W, (Tw) ® qwen Te y dind
UW\ &\ - ‘UV\&W‘LQ\R«»\\ ® T\W Ry i% SD\\)Q%
\5“6 Phe (atg tpeed) Fwant "m\’x\wfg\ U, —>Un
’ \N\'\UW
WF\\\E\NQ& \15“5 WQ o \
Qv m&\»\" .- &vm&\ & \ \
210 *OV\A\M \ o
K/vv\ _ﬁ'\) K . \\
Pickvrs - Uewi) A
Oiv\ € }Ci\} \ (U A Y)): k_\jh\\\\

Un
‘Ox v R

.
8

MUgel o) Astaan
have N &?R&A b
all 2~waney ot

7. = X
Spty

e %:@_)L\ V\B & \FQ%\,\{\Q% -%V\ Emér%‘v\(\l o RP SQ\V\ [\\j L,U(:\\

5 @
0 V\\sw\o\ Ssrs?g :

B We need Phal Phe curvee .\WIQUM\
fw U €W, ) 1l up o\l ot
PR AU Td (N 20 M W&QV J\XV\C& Mtl\

‘U\\ \'\(ﬁ N k‘\jg\z\ \* RORS\V\TLR\\\*M

B) We nesd Shallt W, (Ua) N WL (04 < §
%Q\/ QOJ,X/\ -—U’N T/:.O(MI N EM )UU"\{ ewl CU L\ -

Yov = R O

@ = VQ%T\\\;Q& S%w \W\\jg‘\x%&ﬁfﬁ Qh\\ R? SB\\\ [\jl_)\)(;\\
v SETNIVIN




-WQMT\Q@\ ®

-N&M%\L«W

1 Sedew 1.0 E : @0y P
) Sy o O Iy
e e : M
o wiva Y, NB AR i L =4, - J@("o\'?("a\\b’k‘\’w\ .
o Onoone Ug am 1 y U= (e o), Lﬁ(\lu,ﬁ\ - ’iwﬂv":‘l‘i\
e !‘EOO/\Q A’L W}’\}v\ ub__UL N ‘ivmf)&
@ 0= 0= (Plvay PN -4) V. VEv
(0, N \/X bl Fix Vo Vgt .
= k 0y Yh Y ) e @ : =N . U‘L+ Wﬁ\a\ = )U’Wo\'?("ls\wu‘\)o\ :\Q(V‘%
W s Thad Yoo ot PeTA, 4 v

=(y, o L
B ' 0

vy, Fen tangautons y w8 v,
( PN RN - (e P

P v\ = -V -~

et = 4 IRINEA

ooy Ve = U = B PR
c 83 s tend TA — [9,0) .

b= Plog s U< TA) = A

i et :
#% , , T oA ERIG N
% )% D Bhot f(pyru. bovtoe P €T ={-% - g \}&“Vo\ Ve
v\/\r\) : ,p = -
Tuter ne t\\@“ ~ V—“—_T k\}/’(\&
Valve ThEvy M v ~Vn
r P

o RN >6 oy b =0




sy ool
(Ns\sxw ; @ W@MQSMWOJ U\\
R v=U s SWCX\

W ARG . JWM uﬂw W —> U 0aV->
A

R, (T
- I\hm = @\L(UM T //’,;j”*
dretn mh s oM NQ»&A ‘ &‘@
B/L W\ Joj)\&l . 41——* L o

\%
A TECR

Vi

(Fm ExAMMLE

SHIGAS

\&w

v o5
Geu gl B
V\,
.
u-w\m«sch
y N
L
A CI AN &m&ﬂ +% ‘S\Fﬁ
v Yo
ey - Vi Ve
\\IL/?{L
A Aaan—
Vi
sx \F‘mc}‘g
\\V*(\ \Y
:U\Lq- ma% o’




ie. 3mm§ﬂv&ﬂ4 R, “WN\WDM 3

v
é/\ms RN @W)O = W —~ 0 BA\ >
5 Mgl i eb N
Ww e #\A)
S,
HW.  Recll m\x&lﬂow e Be v

Ti \U\\‘NE\ 2 {- ot D = %,

Ago Py=RT o \sﬁi\wm\ > pe &
S\l\\\n ‘&V\*Y\?\b ) NGCUNM ISQ\\&\\VV‘U\\ SN V\Q VOLUV M

Z.

B Wave INTERRCHONS ;
\AM W W\NMU\JZ

ANS&%&W\\ o0 2- M?QQ“M\YL\JW

Ty\%\\m \)\(\E, m%%\cu%(m\ A\\ ‘\‘u\)\ 3 SWC\QQ

P\)BC\VuQQ % Lo V(\\QQ&L* (o, WAN € QY\A Q
7 &\\m\’\ WONE .




D)
2
SN = 4 ] - PO P
\/I"\ = \/L
> SO = + EETARITY
Ve~ Ve
somssnd P an sy MJQ T M—.—S\““\“\ =
\ \ ‘s‘k”\“’w
] ."“>
\/L 6 e
=~ A T Do mond iJenad o3 it
XKQMR Te the alc ma&m%c)x o) \L\«L \\w w Sy

e pu opend w
u

R Y = U= Uy, +Uy=U 2 U, -,

J):m\ 5@/\ VR
Nassd - O < Ug
IEOAY NI LR E A

aéi G L DR @\"WW\\@W U >Vp

= TP AR (- Vo

U = 0 - TR my- Py iy
T TNVENS

= -HERM-A0W ¢ HERL)




@
-

R GR 3 m '
N T R A RS

L) W(a, By = ) oy p(h-a) = W, a\/\

“Q\}wa\x’

M E‘\KO\ A e \3\ Moﬂ 0<Q<\34Q<@

HWN S)N:\mx\kbd\\
ICTARNCINES B9
| solen ©4ashel
e

- @
Honenorte Soln | fet

RO 3N = J (-) (P -Pody
Show %‘\— N (X)t\ b \‘\(XIV\\\ kH&“&;ﬂ V X >%>2 :
Foe vao’&\) [ANVNIAN {le Qc(km)(\,\q @fﬁ_@ﬁ}

VPR > (e -a) + ety
(x-2)PE T > Gy (PLY-H) + (V) A

P(z\-%g(%\* ey H2 RO M\

E (x(P@)- D) * (B-2)(P P

= PEVR | p)-Pw)
= > 2o B

= o(%B>1J:E

: A :
B 0 ® >y




- Sy < R A el

U, Vi
Tohs alech 0w 050 r\n_ﬁ @%\aﬂ Ww&
poion Ll < 7 o, 4 A1) I
U;\‘»?)J;UY\,\
Thi) o whed o Mﬂﬂwn\%w

Mkmx 3
OpEn PRt 5 &@M&WM iwu)w M}\w

iV vx&&ﬂm’&f\) &V\f\ g} '*W@i* )Mu Q\ger\ M‘UJN
’G\o\»c\\

CBV\\} . UA\

Exerein® v (Sbrn) S
\ B -0 NN \ SV \

Uniauf st (Ereeny) N\g&&\%\e-ye Qi Schiew

ont DEe (St A TV boond

Globo) Excchence @@Jm / CWJ\(‘&\\(GJ?J %wcﬁt\gﬁ




