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Stable Unstable
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FIGURE 11.1 Stable and unstable mechanical systems. Here, gravity is presumed to act downward. In £
upper-left and lower-right panels, a small displacement of the round object away from equilibrium will be opposaz
by the action of gravity and the object will move back toward its equilibrium location. These are linearly stabis
situations. In the upper right panel, a small displacement of the object will be enhanced by the action of gravity and
the object will move away from its equilibrium location, an unstable situation. In the lower left, a smal
displacement of the object does not produce a new force, thus the situation is neutrally stable. In the lower righ:
panel, a sufficiently large displacement of the object may place it beyond its region of stability; thus this situation s
nonlinearly unstable.

F LY
¥ } -

Y

Avs \1 AT W f\i@awz N @Af\w@-%ﬁ%}»w- AN, s&«e-\)’&&-ﬂm

5

\

GL\’“{*L 5 L»r,.&,’ “f. ""N . L;‘wr ot e Ny / At& %VM .

<\ o\ e { N
SA\Aa ‘e"&v“l LW v LAl ) D\ S R e .
\
% it . N = 4 -\
PPV P; \‘Q"Q“ "»J A, LS8 Y. '\'n - 2N 7 \WS... [ . Mo i;;" égﬁ'—ﬁs’@:wk’e&,, (‘; »éﬂfz}im&m
° Y
ST ST MR
S A M\ \;‘ ¥ AN Cornimg, R Ny g""i\ A‘@ (S, .

N Lo O'X\W\,w\%ﬂ-ﬁl



B | "‘t) B S U= NV AVE N & 'S

v
, w\@\ e Peo. T o, \§/\,~\M \!- %’»«v\w—ﬂr\k‘ %/Lu"@

:3*’5\4&’\« P S ‘ Q\\ QNMM 3)(3 C,@ww‘«\t -Eé

é\.&!& L:l‘;' r&xﬁm%»&w , uu*\ (ﬁ“\ /\iwe&\am xﬁ\m Q»\-&M

:-;——.*‘\.""1" é’kkg’.&tmf DB Sl e

Cbveay AN Heao e

S “"‘"}‘;m hes, M}\» A Noa v Ve, M.\‘s&«.q*«)&.ﬂ?“ y o
Reoed vk 3@@ ~ta P‘L*v\*'\wj _ m&w%rA
RS -TOO W) N év\/uwa-)\ MWX\,\ e
O Loy %-)\wv\ Ootang N AR, Ve XA..A»MAL\L_
N VI E VO i W AV\\VM\ —

DS W T Y, U e S—w\(».\.vw-x_ \*-Mw*-
ek 3G et Ao »é/ux"w*&v4m~?\<__ | —
L) e %t«m’l \w%_ Ve slada . 2o M'\Q_

WU o VR .08 S PRI SNV ¥ PN [N ﬁ.w_a.w\ ASYuv\enen,

4\ d\'\l——\wgs.. &“M"M - QL«-\.&,&»\ g,{-u\}\
Lﬂ»\ ﬂTé Q—Q.M'“{;al« stg ﬂbgw— L:»!M\Ah. “‘"‘%Aﬁ»% ‘?3‘\_
) %Q\. mw*% '

PN M‘%N\ﬁ\ M;'M««f’c;_



,4_,_}22&,;%.,., R

Mé\ak -

0

Wl A Jgj ") P T

: %ﬂmw'}wﬂ& k\&\m/&eimq__ W\f”\J\ e Su&m

M_&‘B&&L‘AVM ; \.f%\-)\l V'\w &fw\\ﬁvw gm‘\)s

. ‘l:r&ﬁmm \3««»3\« S&{I.L. ‘p,‘f&w M WA %(‘&:’\ u%
7 xr-fCJm‘C,!L—'a‘;(_,

* A= K“h“‘\(ﬂ&; 15} ’?A(."k‘\ By Lk«ﬂlx \-a,\mc\r& d“-&)

ex met)
%’\' WW &M\_)&,\MA\Q_,

L8
?;:‘{JJMM -’a(q‘ 5

. = @) eyp L‘.\@_‘\é
o

= (2,m 0] €y =% /1) \4—-\\&\ /u..aJ\7o
S = A—M\Qowﬁ\ ‘van%\ /uitg. - (./A-L,G"
&=

C%\‘&.a.‘l\ (B Y ot . %\\a,a)\ "‘L‘-Jn’n«é.h

"\’ uoum e Aﬁ—&J\M = (S.-..\fxs.vs,m ,
ﬂm g,\e\. sl ‘vaxa"-*‘\t\—:’v::k

2.0 froon &

AN “Uan SO AL
A i e

tbﬁ\u\u\:.&. S \irle

S 40 o Slen ShwA
SFo . &L 20 S Y
Tedo e Lo g et

) \ﬁ&«k«\ ar\.Q«L.. ch,ﬁﬁ, ALk -&—Mw—«-@

Lrosa oA\

A

' w\wn mﬁg gl h

kﬁ. JMJ..@‘\W A e % -e‘.,.,ﬂ? e

m T\/., UAS &1.1_,____,,;_;____‘_“



EZM% L.A.wa—v- ssﬂxm /\,Mxm -»JM
: \NMJ\MK $§—-»it- oY i S '
N e lszn B sx»»\w.,,..& A\ o s
Eell Lo v Mumﬂxﬂm/ &Mw«%.. -
AU LS By 3 %wa - | S
D) S0 e bR D =Xu v\\é% c—«mﬂ.—w J\G

| \eowu\‘ su,a\ b,\ it g X gs,.:& \.»ér\,\
M 6{(' == »"&'--‘-Q J_ \n—(‘Q-"‘MF M‘\"Y—-& Sm )
%-‘)wm}»ka&:w ;.,.)\ %M%\“W\fek

= Y o
:S:- A fflﬁw.\a Aﬂ@nw § A &W. N :jf&&:\wﬁ-% ¥ - a
. CE

o
) mw& Do |
TN S g?/uo-o’\g W /""VM &oMM
Barn oA '

;..w«-.\t),zf‘ Qt\% QAV M &, =




W&i-m&&—; SR

7(%41\) ‘\d»w\\’“iz(\ f.&‘)»_\‘ Y = \wﬁhwi “
== MM%“I (\q *“s
- é«%v»*'r

bons (N _,ﬁnm,r '\?&\«e‘ - AS'L% o? =g, \pasanmArta, Mh‘&[w\

o = d@!_,\mgnﬁgn %’»@u&gﬂqk

RO Sl OY PN _,.,‘.‘EE;_"‘-'%!*"":,";—-{ B

T D e = P

= v\ ve Ak

N b, ; ; %
™ o= éf“J!ei R . _;'?“M"‘,'%%i T

%g - f'Af{,f’!“g.”j_,*f‘;"“‘ B "3 F s Ao e aA Deinn W’T’_M\ \& + x“"‘”“j\"‘aw‘ﬁ""% vﬂﬁstrﬂt%

fa = ?‘mﬁ‘g i Jhl o % ﬂwm%‘r f‘«#""\l& — A“Mﬁ\“ﬁoﬂ .

- ‘. _ = 7 i
TR A G /’lx“w*&‘)” e ""'"39"\'*"»"( = Rl

SN e ,_wéxq_ M zon ) pPhetes 2wT
) . V\-, W\-Ayk(gf\_,
L( 'Jim.»r.\“" L‘ﬁf\)” LV\W = fl"*éﬂ& Q'ﬁ '
Keohe= (WANEX Zew/A A Mg S (VAL
e | | N =/
A Sad Sqeednn Sa L eI e
M &\‘...LPL«J\_AQ gfwgm%\w "\ A-..th 4 = ‘,_,/)2_

W et Aaedn ot Suds ot swxw ;~ws-/-f?£

S
e i‘\..»,,%«;__,“ Sr 5
= NX



e W‘A\E..&Ayﬁi\‘
! : \
T = Al (Axa vz — etV T acen (L 4 —ot)
~
=W/ & =/ K = (h, 0w
M~
€. = % /) A\EF =2 AT AR
- \f:_/ \& N = 2w L
C)
“‘Ar‘;f!a@_ /\ﬂwg,f‘}/nﬁ
Q= f2 ’) .
Z:E= L:);P'Q
Lo = LW
A S e Y
potn el d ik ot
= . = X

PRt

FIGURE 8.1 Wave crests propagating in the x-y plane. The crest spacing along the coordinate axes is larger @

<> {2 t}’ s . the wavelength A = 27r/K. The inset shows how the trace velocities ¢, and c, are combined to give the phase velocis
| ' - vector ¢.
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