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CI To supply the ndents with the basic und 

theories and methods of stochastic dynamics. 

O Further, to understand and carry out stochastic analyses in thin 

of the low order statistical moments of linear structures exposed to 

random external dynamic loads or initial values. 
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Motivation 

Civil engineering struetures are exposed to: 
Wind, Waves, Earthquakes and Traffic, which are random in nature. 

This means that: 
"the exact variation of the loads with time and spatial position on the structure 

cannot be specified in the usual deterministic meaning." 

Instead, these loads are only known in terms of certain statistical measures such as 
mean values, variances, spectral density functions  etc. 
"As a consequence, the dynamic response of structure becomes random as well" 

Based on a statistical description of the loads, the corresponding statistical measures 
of the response quantities such as stresses, deflections etc. are determined by the 
stochastic dynamic analysis. 

Finally, based on the determined statistical measures a reliability analysis of the 
structure is performed to decide whether or not it fulfills the specified safety 
requirements (reliability analysis not covered here). 



Aim 

At the end of the course the student is supposed to posses knowledge and unclerstanding 

of all concepts, theories and methods covered in the course.. 

Further that the student is able to apply the theories to the dynamic analysis of 

stochastic exposed Ample linear structures. 

In this course, only "Linear Stochastic Dynamics is covered. 
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Where dcrwe use random vibration analysis? 

Li Estimating parameters of a structural system subjected to random excitaltion 

based on measured excitations and responses 

O 	Designing structural and mechanical systems for random Environments 

O 	Modifying a structure to resist random vibrations 

LI Structural health monitoring 
1 

LI Acquiring random data 

Evaluation and Grading 

There are four evaluation criteria: 

Homework Assignments (10%) 

-80 exercises in 13 series 
-each home-work should be delivered one week after assignment 

Term paper (0-10%), .5491(cegy: 
-a subject on application of random vibration in structural engineering 

-a Powerpoint file should be prepared and presented at the class in 15 min 

-a brief report should be delivered 

Pro'ect 30% 
-deadline = one month after the end of the semester (Will not be extended) 

Final Exam (50-60%) 
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Introduction 

introduction 

 

    

Random vs Stochastic? 

0 Both have same superficial meaning. 

0 	
Random is usually used for variables (Random variable). Stochastic is usually 

used for processes (Stochastic process). 

4 The dynamic response at one instant of time t is a random variable x(t) but that the 

uncertain history of response over a range of time values is a stochastic process 
(x(t)). 
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Random vibrations 

0 	In the course of Structural Dynamics, various types of excitations is 

considered, all of them are deterministic (functions of time)4 the responses of 

structure are deterministic (functions of time). 

0 	In practice, many forms of excitations are described by their statistical 

properties, then the system is said to be under random vibration 3 the 

corresponding response is also described statistically 4We can predict the 
probability that the response in the structure exceeds a specified level. 

0 	The subject of random vibrations is concerned with finding out how the 
statistical (or average) characteristics of the motion of a randomly excited 
system depend on the statistics of the excitation and the dynamic properties of 

the vibrating system. 
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-.S.,9411tr* Okg ° ti StAS.14,)5L 

Y2 
thiw; 

)4) Litt ,c,siff 	„93 rajoi,tui 

1AI 

f201 

,t 	I .51 jT 

r.2)1.3 (A) ryistx,l; oyi1S5,4 L A2 ,A1  r "ILA. tsilbaj.i>113 

yl(f)= A's sin wt; 	y2(t) = A 2  sin wt 

:rob 	&4 	)IA 9 CS) . eLJS. ),s L,1,!).5.21÷ 

4  Ak 3k2  
in 	IV 

iablst. 0-21 Lk 14 

and co2  .13k/m 

	 215Li..7,4) cs40 ‘5143.1101 

lAY 



-2413 14 ya-91-N 	-1.astio 

q 1 	Aith + Al2Y2 =Y1 + Y2 

92 	All Y1.4.  A22)12 = Y1 -^ Y2 

ta+tbi..9S.  	...t.L9J1.1to 	 )12 yi 	ly 

41 + ski = (Aft) 4- .1.2(0] g1(0 

42 + wieh = 1;1  [f(t) 12(03 g.2(e) 

‘;''  

q2 	ql 
	g2  (t),g1(t) 	 cl÷).1  

:Csatul..) 	.0_5,16.0 

(Mt) = 	1(0)g — 0) dO 

— 0) dO 

'I:IVitt 011..4; ,6,,tilLai tr.r.s y.t.tt.tt'y 	 ..Vail>) 

Ar 

	

:14 ...a.i.)41,4 ).S 	44.)..ta 4j &oL Lyiy.7 ,h2 (0)" 14(0) _ Ii aS 

— sin ay 	for 	t > 0 
h (t) =1" o 	for 	t < 0 

>4> tr- ya? 44> g-4  >1-1411-! 0u415 0) 93  >3  j+bu• )1  01, k7°1> (12 5 ql c51.&&01-; ,Alcy I L5L-?c 

q i (t) tat 	N l(w)els'[ 	g 1 (0)e"'" dO]dco 
- 

t .12') 
q 2(0 = 

2 
— 
n 	

H 2(ar)e1"[ f 11 2(0)C hee dO] do) 

N• ;is.,  24.3.5.?...p...L  -• 	 t-wI4 &I.'S.  R2 (W) 	111.  ((0) E41.5ti t c.lr 

	

H(W) „ ; 	= 1, 2 co;  — CO 

(SUS for.,  _w  2.4 	211_16,0 AuT 	c-tuai 	 Atte!. :192 rL .1),  

tcw1; 	Qua-JI A÷tr 	 rimius zje )1  

1AL 
rctr c,U.k.4t 	 , 	-•t, tc,1 	't 	' 

-• 



01'1Yub.„5,41 Ca..? 
3,-..17 Lai T 

g 1 (0 — A(r) 	and 	g2(t) = f(t) 

csu,..s.., I) dasiCds..:4 tszl diT 	 r- 	 t.J.Uti 	(t) 

:t csaoIylq1 &1  

, 
gi (t) 	— sultry& — 0)3 f (0) de 
 ni 

F° 	
0

sin[co (r 0)] dO nun  

P0  cos[co — 0)3 II 	Fo  
(I — cos cult) 	for 	0 < t < T rnou  WI 	0 tile)] 

,st.C.;41.)). 

ults a!:9 	L541r 	10;7._ 	 -tab 2;..1„).6 4.4 	&Li LrischIS'A 

1 
h. (t) = — r H.Q.()) e t  do; 27r 

Hi  (6) = f hj (t) e-Iwr  dt 

t(t) 	q2.(0) 

Mt) 	i[qt (t) — g2(03 

,...:JILAiu3 )j)..1 c..agsm J&4 ,oty,) 021 L,Lho I 

r  tjAci 



1)+01.1 L7.§...)645 jt1-2•7 

-9 t..7C-1.1.4-"53.9- tY1,3 {9 9 liu0 Q$IlfrCLI 17-L4 iLas istA.)415.; 	(t) r2 	--(2)...vcs L241,3 (.1;ctro 

L.,Alrb LAC?  

Rift) E[fj(t)fj(t 	 1,2 

(r)e-  '6" dr. 
2n 
1 	a' 

j 1,2 

J.41Auda L.,..CLua+a e91,93 	61)9 

RI 2(r) = 	1(1)f2(t + T)] 

321(t) 	Er n(t)fift 4- '0) 

U411" Lg4 L.)11? e19-5  Cit'7^°1  

S .2(w) as, I 	R (r)e-  k't r 
fir - 12  

S 	1() 	 I CI) e "" dr 
zit - 

IAA 

q1(t) = sinicot(t 	49))110 	° 2  (cos[o ) 20 	T)] — cos w i t} 
ma) ] L, 	 mco 

for t > T • 

92 61,29 041-7-1"15  

Fo  
cos oht) 	• 	 (orOCt...5. T 

mco 2  
(120) =- 

--0i  ( cos[co 2(1 — T)] — cos oht) 	for t > T 
ma)2  

11/4.-" 	4, 
1 Fo  [1 — cos wit 	1— cos co2ti 

to, 2 
Lai 	

forOCt‘, T 
2 an  

2 m 1 
Fo  Scos[o.),(t — Tfl  — cos o.) t  cos[o.)20 	T) — cos CO 211 

2 022 

for I > T 
0 	for r <0 

1

.r,(01 

.1.2013 

%AY 	  
.>S 	 1.51. 	Air arzA>) 



-.bTicre.lnuel 	 es.? 
R12(r) EL( i)j2(t)] = R21( — 

r12((o) =2n 
	.R21(— )e-k" dr 

1 	'3  
— I 	R22(r)elwi dr . 822(— co) 2n , 

3,±61.2Li.k% 

Ryi(T) = Er 3'1( ).1.1(t +  

}E{[q 2(t) + q2(t)]Eq2(t + + q 2(t + 011 

= itgqi(t)q i (t + t)) + 	1(!)q2(1 + .0] + E[q 2(t)q1 (t + tj) 
+ E[q 2(t)q 2(t + .0)) 

, 

ryIR 1,11 cALLiby 

4-0624 .c-')I-.4:11-6“, 6124 jeLaidTh LrC.:0'..getb,‘„9.1 et3 ..9.1 	 eqls 	ticitt .SR4  4116.0 	-c tu 
,9 	(t) „i-Aux; ,S±},c; 	q1(t) cyHc 	 ) 	I 	q2(t) q1(t) 

	

1,1.?  414) J.,91 ro23 L.512..? 	o.WauI . 9  o-vut &id") /2  (t) 

	

E[q l (t)q,(t + r)] 	E 	-I- [fi(t — 	+ f2(t 	1(01 ) dO m 

j. 
 x 	[fi(t + — 02) + IA( + 	0 2)3111(02)(10 2) 

210.262ini 1 /45 )±cjiy..tuf 
OD 	DO 

	

Efrifir)ql ft ± T)3 r 	 "" 02 + 0/) 	R12(r 	02 + 01) 

+ R2 (T 02  + 01) + R2tr — 02 + 003/11(01)ht(192)d0i (102 

:1,1)1.2 yi(t) &d 	 yt3 644025 

E[q i (t)q 2(t + r)] = --RS 	Pier 0 + 	R12(r. — 02  + 01) 

+ R21(r 02  + 01) RAT — 02  + 0iflhi(02 )h2(02)0, d02  

( k rit LLL 
, 

j„.> 	 01, c1111..) 



1114  611)1141 41441) ..21.4,„? &c)  -.44-040 J,21 risys f1(t) c„:9-)Las 	 tioL .4A...a 61).4  

:1.6421.2 .9 	 J.411.7.2) Lyr.W.4_catI,5, 	Ln 0.:411/ /0).3 L 	Cy:,- 

flft° .R,er + o, — 02)[h1c01)n1(02) + h1(01m2(02)  

+ h 2t01m1(02) 	h2(01)h2(02)] dO1  d02 

ei is') )1 ht.."  au1 Jo ,I L4 &b.  

S, 1(w) 	Rn(t)e 	tr 

-711  f E[q 'Wen (t + I)] + Etq 2 (t)q 2(t + '0] 

	

+ E[q2(r)q 1(t + s)] + 	12(0q2(1  + -01)e-  un the 

fly 	  

www.vepub.com  
Publish Your Mind 

gq 2(t)q 1(t + .01 
I  co sco 

[Riet — 02+ 0)+ R 2(r — +0k ) 

— R210. — 02+ 	— R2et —103 + 003111(02)112(01)61  d0 2  

E[q2(t)q2(t + t)] = 	 [Ri(r — 02  + 01) R 12(T — 	± 02) 
- 	- 40 

lin(r — 0 + 0 1) + R 2(r 02  + 0 1)3h 2(00h 2(0 2) del  d02  

4(y1  (t) 	anA 	ts 412124 L.7.14o1 AJ.Mxo. I olA 4.1414.-0 

	S11 Jalosa L.,C:k4u4-oR, ‘17-9.-0.N.9. otlf r.> 	ts.220, • 

(o."5 Is-) „5„5.a..„ 614,...).3 sL3 1...4 	 64)T 	4.7,4..!..„ 44 	an3 4S 

13T cy.±.5 	3r1y3 ..S ,11L0 1.5.3-ckt coil J., 34.42 	(t) tual.2 „14.1' 	e41.4-  c)ntti.  

f2  (t) f1(t) t.7i.ilso.3 	&lc R22  (T) R 2(r) ti4AZo L 	 e43 ,r)3 	0.21 )1 Li A AA-2.4 

-‘4 	)1 	45-  —ALLAIA 

111 	  
(Inv c,tu .6)416a) Aa iS 6.01 



44 A124  (t) 	 els (t) 	 col& 

Saw) 
sn(co) -1-  M(002( — (0) + fiaco)lia 	 +.1112(w)!23 

4m- 

14 „r5 

 

f(t) tzwel L.,u.cz 3-411).i -ct  jou, 	)31 cusoty..2 0.st)T 4;..)3 	14.14u+AA., t.51,2.1 .Stt4. 

:jravLS 14+01.09 1,2 E(y) tsii4u_21 Eq.2.4 0440 	 ALL! So 	 t  Wsiel 

On 

Illaw)12 — 
(co?  

1  
If1(w)112(— co) sn H 2(co)H 1 ( — (u) 

(04 — (4) )(w2 	w 

1  
1112(0)1' 	(api 	w2)  

yi(t) 	L12140 	 d-ka,?1,) 

so r 	, 	 2 	1 
Sin" = 4m2  Utot 	(02 )2  + (0); - co2)(co 2 	0,2 ) 4-  (0)3 

Etyl(t)i) 	1°D  Sy acu)rito 	oo 

19£ 

1 

	

:12 I 	I 	XII • "A 

	

Cain . 	 9Z-1.99911.9 C..9...9.193 3,1 r 	 ,t).0 Jab) 

= 

87cm2  

U. fg, 

- 	
[Rar - 02 4 	+ R12(1.  - 02  + Oj 

+ R21 r 02  + 0.0 + R2 (r ' O3 + 01 )jealanh1(00h3 (02 )d01  d02  

11/ 1(o4 2 	 • 
, 	 [Sdio)+ St2(w)+ 521{w) + S2(a)] 4.nr 

:L<.ajs2-2.1-ku 151)4 -r 	C.)--ircd:b 44, 

Hi( 	111 21 - w ) 

Ha- w)H 2 (w) 13 	 [Saw) + S13(w) S21(c12)- S2(04] 4012  

Ill2(W)I 2  
14 a= 	CS ((0) 	S At0) — S21(04,4 S2(0)] 4012 	1  

,-iti.#2.31.3 S1+5 	cy.1.).S 	el,91 

Slyt(01) "It / 1  + /2 	/3 	14 

-4;',5/41 ‘,41..s,S=. 

,) SA. 	 j.> 

	  Cst(co) s12(w) 	sal(w) 	s (0)0 4m2  



!le 
Tii iiS 

06)-i J...Aul 	C.+-u+1 	 0.))5545.)4k 0T -444 CZ 140 .3.54 aso 	 1,15, 

J.2 12.141 cJ ba.24 tiyol 	L5.1,9).9 	 favb f1(t) 	 k.14 

yi(I) 	 y2(1Y 
	 ..sylatja °Saul Lputesio olet 

tS.NUT 	 4111.3.1.4 

im 0119,1 r 2c — 	r 2k 

Lo mj1921 L-c 2d1;21 L-k 
Iii(t) 

2k ya  = 0 

.11)T 0140 j.11-,.; 

   

to t  = ,firin; 	and . 0)2  = lirchn 

ki-±1-7-4A 

(02}=r2}-{ 1;912 	— I 

146 
(Irqr 0ttb.5/411-4),,r:  is,LCiYI I cylEy&x: y iyyly 	 c.U:tAA; 

24) 	c5.3.” 	..7AVCC-3  

= CV/71 Yi = 	(02) Y1 {:}Y(+{1} Y2  

CmJ[cit31 	+ [c)D1/3{ it } + CkM/d(Y) (I) 

04: tiPjf .)`N 

(*J1TCM][039} {411}T(C)Cin{t} (111/Yr[k][0]{Y) (01}r{f} 

ki4A's 	 t..5141"-!)91-° 49 “9--Y-u9 	-)-436 Lf,4 1/4.5)12-5)9 14. 

icuirtmEtlik = qiiir[c]Rfrd 	itkollik3{tfrk} - 

M,? 	Cjiti tKfl 	F,; 	j 1,2 

for) #k 

195- 



Al, = 10.1}11m3Itui); 

c,/  

.JcJ = OfirlIk3{kfri); 

M1  = 2nr, M,2  2rn 

sic 2C, C2 nt 6C 

2k, K2 n 6k 

F.1 n  { till} r  if 	CA; 	11 nf1,F2 f 1- 

ibm 0-21)+0 L"..)51- 	OAV-31° ,re.)÷ tr0-36  .1-414 

± 2 j01.117) 	COIYJ 	G j; 	1, 2 

J.s 

giro)  = ci/Af j, 	Ki/Af j, End Gj  •rr 

).0". 	 ditto 

:10°13 	 4.4).N 

{y}= {*1}Y1 ± { 2}Y2  {1}± 	1} Y2 t 	. 

y IJT mr..Lita)  

036nd 	,t.Sys JnJf j.&s. aJ.Lt 	L.512.? 	31}S,Z1 )1 

f GAi 7  0)h j(0)c10; 	J 	1,2 

:14 C.444:1 21124 c:V.ii14 	 

fi10/2n1 

:1? 	 r- _ to„..„ 	 cs_.?  6.4 

hi(t) =ex— 4iw1t)  sin 	— froit 
rod,,j1 — 

0.21)..s 

2Croi1 	(gm. 	2i 2w2  = 3011  

	

col = kim, 	(pi 	3k/rn 

VIA 	  
(11'.f cl,u‘4 t: 	I 



www.vepub.com  
Publish Your Mind 

!W.  

:10.91.1 ki.m.311529 	„Ls 341...+5S4ts.., 

1 
Y;(1) = -7;7

- 	
j(co)el'[ 	G j(0)e-41. Add()); 	j= 1, 2 

411 	co 

:0T 	8.S.  

= G2 = f1 t)/2m ' 

.9 

2 	  

	

t 2ii(02CD 	44. 
 1,2 cod  — 

t, 5)4,  Lich-.01.- UOPbc; 

';,--ii1t&17-14tiAtt71 
f(t) l)Jo LI.A)T 6÷J .s 	(11"...!‘” y1(t) &A; 	 &ti 

:1?  

Rn(r) E[h(t)ydr + 

El,[4111 Y1(t) 14:412 Y20)1[011 Y10 + + 4112 Y20 + IA} 

= EMI Yli!) }W.+ + 011012(020 + 

± 012011 Y1WY10 	Vd1 Y2(:)Y2(t r)] 
2•2 

= E E ifr1di1kEEY,(00+ t)] 
/n 1 A ic•I 

;7...0  10,9.1 .9 j_91 LILL 	3LCLA-\)-?J.,I t-51.1/4-93  It/ik 9 01 
	oS 

Yj(t)
ST 
 Gi(t — 0)11,(0)(10; 	.1 *6 1. 2  

E[Yi(r)Ydt + r)] = E[f GAT 01)hj(01)dO1 
J 

Gk(t + r — 02)hk(02)d02] - 
Ist.• 

(Inv „it-tte 	-, • 	 L.: 



L.5.4 Jab}  . 

Glo)  5jil 	*sift (0  
friiirni (Oil 

JO 414) 

ETY1(r)Y1(1 -I- 7)1 	
M 

.0 I'D 	 — 	01 )17/03hA .2)d0 40 2  - 	.1 A
" 

 
CssSi4 n) cJ)ya 3Lt.:9 	 fi (0 Jj 

	

kj..404.0.121.3..9.> otb 	(T — 02 + 	4-64) °II 2..) 

R(r) E[11 (0110 + tfl, 	j = 1,2 

:(04)13 alizrukp, 6,s01" 	.1. 	.0 611....n 7N110 

It't  It 	012 2* 1 

Ali *At 2m, 	M n 2m 

R 1:11 4n, 

h 2(01 )/i  (02) h 2(001102u del  fig2  
V.' 

O 	. 0trb+SI   On]. 

c-A,..2 "so.? Lyatufas4-.),S. 	Ls') ..31 fi 	L5CLAy.i 	 Lica' 24 	yi 	t...w4 

:3..2k70 

S y (f.)) R, A  (t)e-mn dr 2n 
1 

,A? <41) .)•N L& C L  L,  

	

S,1(w)n 	OAP? 
f 	

°' 
27r J.1 A ,•• I MiMi 	

R 	— 02 + 01M2(01)hk(02) 
k  w 

x 	s"" dO i  d0 2  di 
-8-11-*0 	S ,23 	tql-3  •S!)-z:; Li.t" t.711-C? 	.).? 	r+.°1-1 L7* 	rii? 144 "S. 4-“,  JAI 

kxs-1-0)&ci=ZI 

I 	= S i (co)H j(w)H k (— to) 

(1,9/3  v;!." 	&14) 	L7L.L3-C11-:‘ 

	

2 	2 02 02 
Sy 1((0) 	Ca(0) 	E .7 	fif(WW (— in k avijivik 

3; 	LY 	ot.tx-e-.I 	5 	Ui- 



00 4 	'sly:, Sao. 

*11 " IS 	4/1 2 	1  

2m.. 	M2  -2m 

So(co) = 	[lli(0)11 2(— w)+ 81(c0)H2(— W):+ H2(0)1/1(— co) 4m 

+ 11 2(to)H2(— co)] 

Si (co) [ 	 
4m 2  (0)? (02 ).  

L.744- 
ji-eku 	4.$1.0styk1..0 1.4 t54a 64,...)3 -14 (7 	 d-1.11. 

Do3{ ± Cc]( 91 + Ekl{y} 	{f} 

(IVRY otz—lb Rs}.411...6) 1S3 ,r,ar. ,_42,i  

tAiss, 	,bp) 	,..51  ICU> .9 (C)) L.finIn  t..51.4em.31.5 .).4 c..”.t.lei 	o..j4..9 .,11-11t.0 4.16.0.0 

:10-1)L (y) = kb] 

CrillDPJ(?) Ec3C413(k) riaDitt]{}1 (f ) 

	

...Aux.,. I .9 	 ed3st.,0 

(0)}7Ena{lik) ' {01}r[C]ikfrk) 	{cfri}Ttkiheik 
	0 	for j 	k 

=fo,aib 

2e/Oft + cojY, = G1  

:4.6.?1,) oil )3 .-u.t14,..r. J.Nlsto 	et..?).N   n )1 ),±35,N,}÷.0 catz n (last, a_C 

41/1}TEC]{iki}  2 	{  
I 1 m 	A 4 j  

(02 	KJ 	OP j}1-(k3{0  
j  = 	= 	Al 

G 	F) mt,(0.1}T {f}  
j  Al )  

M) = (1111) TIMM rlijh 	n l,2; ...,n  



,H111),:3.0UCIraV,\AIWVV: 

, 	7 t: 

:.Sy .3.6,1":1. yJ  ca./y.0401a) 	6.1.A6.4) 

Y;( 1) 	Gi(t —11)hi(0)d0; 	j "I 1, 2, ... n 
- 

:6.14) 041 	6S 

Mt) = exp(  
   sin .41 	wit 

:14 '194 	ri 

( 

Y•O 
(Mt 014....43.6)461 	-r+60 ,5,9T 	,,,,EZL‘3,1 0.,,s 435)4. 	 („lc 

tilk41 t7:9 .1603 0476 

	

CSk°1 	Yi 	"/I-7-16'&L  L.41-"A+Cab3.9 eb 

R y 1(T) = El Yi(t)yat 	T)) 

Li/ UV/ Aar IVOYAO + 
Jai kat 

:r04,)14 	JAI 6.641) 	 Ca5" 

E[Y,10Y(t r)] E[fGN 01 )h j(91 )de1 	G),(t + 	02)hk(02 )ded 
00 

:14 11).4)4 65:914 (0+663 ‘5101.9..)-13 oS 

Gift)= 	(tif}r{f } 
m • • m I 	1 

r.,,41.5a3±9 4.6.212 	...„ke )5 ty 

	

11•5-  	
(1r 11- 	 >ir 	-5,L;;.A555,1 	 tr.:L..151)r at5.51.5) 



01)}{1h}r{f(t +1  — 03))] = —m JA, k  ECh { I tt 

= 	Ertl' 	-- m j A 
01) + 02,f20 — 03+ • • • + glai fsu 

vinww.vepub.com  
Publish Your Mind  

ECG)( t — 01)G2(t 	—.02)] 

X DP ski(t 	T •••• 02) + I I 2k f2(t 	— 02) -I- • • • 	1,6,2L0 ± ¶ — 023 

kg is DP 	kR 	02 4. (13 	IfrijihkR1 2(1. •••• 02  + 02) + • 
M k 

ktiljtiomk Rin(r — 03 + 04) 

1112,)1P1kR21(T — 02 4* 03+ 	24R2(r •••• 02 + 03 + • • ' 

+021111x*Rjn(r 	02 ± 	+ • • • 

+0„,01kft0;(t — 03 +03+*„.111/ 2kR,i2ce — 02  + 01) + ••• 

+ tfroonsur —03  + 
7.14 3y ....1161,923 kb.?Is <aetS 

1 	II 	it 

'22  m m E E tfrhAhAR,hkr — 0, 4. 03 
k 	mr.,1 

(Iny otz.44).,5).4stun..2 "11-.1 y461; ynT 	 tA3A tyl).N 	01,14 	 (,1c...an13 	eit11.,31,) Y-11 

:1.44 	f1(t) Lozt..0.2 	,s±  Leis „is,: 

EiGAt 	01 )Gk(t 	T •••• 03)] = 
JvtlV1

Vi titfr ikR1(r — 02 + 02) 
i2 

10441,S. J.0 1a..k9,2:Cr......4.55.3)1 

Ryi(T)- = E E !frooth. 	• 	 E 	cuipfr.s 
s .h 	 rho 	n 

* 	 J-;;ao i-eokflAtrkicltn.4 1 

x• Ri,,,(r — 02  ÷ 0 i)h;(0 Oka() 2) d 01  d 0 

ya.? 	 ff)• Jc k_5141.,92.fri tslAoJo .14116-..0 tin 	&I".3 R in, (T) .01 ,,LN 

Rim(t) = E[fi (t) f„,(t r)] 

Yi (t) 	. 	Abs- Ryi(T) L, 	E-45  dij 4-14) &13.-1  0114331flc 5Lq L  

t tu."•° Cit-!q 21.) 	 tja-40. L.,114 4134) 

Sy 1(04 =

I 	 i(le-1"" 
2n _ 

Y•A 
orse 	 ,frc 



PIMP 

uvot ja JaàJcuI,) )1 ilackt.s.,:::4..S.,S 	t.,LtAc>. 

	

Pi 	a I 	PI 

	

SAW)  Z 	 E E ottfr„,ksfrgoimeogik(— (0) loirl 	 input. 	reir. 
.—A?...)-93 „ht.) C-3 )..9.. 	sait„,.. 	....r.±,c3 	L51A440 JqLiz J6 	Sim(w) „Jr 	ds- 

s,,„ 	rc° Ri,„(t)e-un dt 

:10 .4444  4.:ala [1(t) L.,§.)besi 	 „;_91, 

0?)Ofk Sy (w) E E ____si(w)H,00)Hk(—(0) 
int hi" 1. AgiAllg 

: $1 4s.41,1..s f2  (t) 	(t) 	„Lk, 

Syi(C.0) =5 5 #IJIP I °P2/11/ 24  S 2(co)iii(t4Ha— o.0 Jai A.1 	AriiMA  

(itIr 	.,5,41 66, >3.   

j93Las 	 ,54,a 	ait   t..a01.1 

4-?   )I oSLI1? 	 4.?;), 4.14a. 132?1 	cy?.1 	—Sy.? 

1-5•NUT 	L514srl•“:•0 u1.9) 01-cabL, oaAt Jis jai. a ts.siji 	tslihiciamso 
ts..)UT   6.44.0 ok9) )1 o.Aliawl 	aJt.w..0ji.374 	cs-obl  

)1 ..ga.4.1 	fei..761 	Lys..11,a1 kis ...s.stikr) JI 	Lhkei 	_st.?; 
elyi )1 „..,A.Av5t.0 	(j.ilsto 	4,1246 Ajtamli 	eutictr! 

L.„4,6 Jtlri 
L711..H.-° 9 L}4 	(,)"% LCIAlt9-256 L-5'SUT 4"?).  -\ Int" ‘-"C- 	 413" 

[nillY1 + NUJ + RUA = ft) 
Ja1 	 Lt [H (w)] 

29„)   „)13..?* 

(y (t)} -=•• [H (oi)llaie "4' 
.CSJASI '14F oacil.c,ALU p )13.)1. c.a.> 	)as 4..L01. fa) ,c)T,.7,.) 4.1 

Yl• 

'' 'Jr cLM.a 



:.1.1.M!  06) )1,..,szAi -11).z; et, 

1 
if (0} =  

C1.7%.3.4; 

v(a)». 	tf CO) - t dt 

fy (0} = 
1 
— 	fY (co)} e' du) 
27/ 

f' 

:ot ,LN as 
01(w)} = 11100)11F(wn 

{AO} 1̀9.)fra J-14 

Jai 	43.31)T d"..1)-N4 fo.b.  Mt.4.0 1.,4diAtts1 L2= J.9.M6:o 

Mir 	u 	I brii *LC> 	
Q.; 	;ie.. oliuct 

	
Iji 

atJ -1-141.9S CAW 2-2) c-,),9-'414 6-NUT 6÷,'S ..9•S 	- 	Si4 .145) 

Y1 (0 = {/111(a0a1 + Hiz(w)q21e"ut 
:atiTntb  a.1,= 1 .9  a, = 0 u..NL,k,i. 

((o) = Pii((o)e l°1 

y1(t) Jr. pn Ectoet((A,t+oi i ) 

all (CO) .31-4 4-2,1) ,9 p11 (w) kicl•S 	 Ls!' 	II-1.13  &Li 241..P 	@DA L 3(4 )I 1111 (W) r)-3 
J,91 a..suT 44).1 	a.3.15&LøLS t ..c..i5a3A.Cs i1j tJ 4.4 	4÷).1 	21.-1-211 	JL ,..„),L?c,o14 	jjU 

k.5Ji)T 	 „31.74&4 Ojk(a)) 	4-2.91.) Pfic(a) ‘11.01-1 	1 k() A-1141-14 
rl k L.5..)UT d1 /44),N -149 cli-oiJ 	 d'? 

&hist° „).N fy(t)} = - (w)lla)e 	,(f(t)) = [a} e l' 	[H (co)] 	Lsly4  
inlil9) + [c][91 + 	= (f (t)} 

..1.415, -A- 	fru 
—w 2 [m] + ia)[c] + [k])[H (w)ila) = {a} 	[H (co)] = ( w 2 [m ] + iw[c] + 

es, -1 



ct.!  6.31)T44)Ls 	r  - 2. 	)1 gal j 	 yi  
fk(t) 	3 	

dlo.c1 	k 6..>1)-1 4 	) ess usi.„2) 
.9 	 ! 	&t.; 	.a.Ltst.4  Sk (CO) L7 44, „Art  Rk 	jaiu+44*,S.iicittl±a 

y (t) 	tosali &c ,512.?  S j  (co) 

--1.1.)-2-34 4419 
R(  r) = Efri(t)yi  (t + r)] 

:te 	2.42.!  hi k  (t) 	&It 	fk 	 •".,..y(  t) 6.4 

(t) 	f
f (t — hik  (0)de 

co 

 

).> L.,1,0.c41...., 14 
00 

k(01)doi L f t  + I — 02) hp(  (01)d192 -1 

--oo 

op co 

- 	14 (7-  — ± 01)hik  WO kik01)&11(102  —o; 
o..CoT 	.)..!.j 6.31)i 	n_Lii 01)4145 4.6.?1) 1 44+st 

R1  (r) = 

 

!It 

t 
L51„).? di tjausa olaca c546.0 

)a 	 [h(t)] 

:104.44..s :545 

hik(0 	[I I (w)] 	 tiA.45"..0 &sit? 

it)1 k (SASE tl)..) 	<9},th 4Fzs elf 

Pk(co) 
= J 

6(t) etdt1 

1 
Y 	= 11„ (t) = 	Yjeo) 	tho 2ff 

19(w) = lijk(w)Fk (co) = FW0) 

:(0,4A-1 142,,S 4.611),). LP 46.0 )1 ri 

hik(t) = t oho 2ff 	Jk  

co 
Hik(w) = 	hik (t) 

nr 
(1 t'if Q1LA 	toi,,  

k 

LA-c-,11 	.))a, QLC.,-31 



in•29i (k,, Ys ± k22 Y2) — (c21 	+. C22 92) 

Cm)  rot  

	

0 	
, 	(k + k2) 	k 21 	cc) .1(ci 	c2) 	c21 

	

1112 	 — ka 	k 2  j • 	 L 	 cid 

312 = Z + Z1  + ?co ,9 Y1 Xo  :(41 0.2A1.1 	oirusi L51A041.791,> 	 2.?  AJ1sta otsko L.5129 

[MI 

m2  m2 T2 	 C2 22 	0 	k2  T 

k2]{1.  

2 	 3712 

Ylfr 	  
(11",:t 	 ,., 	 L.4..•.uc.: 	 -r,J) 

, 

cyll 	.A-S ):9" eLila 3  die', 	1 1 04 ..9" 	06,1j" ,n) dia.' 64" t-C•NUT 4-?.)•/ 
A .(otaist. 444 ).s 4.1;.LsU 	bs .0La. 4.4.0) 	tS)-‘ 4(0 ,31'L2,  U o+1; 
„A-74 eo— 0443 t4 So 	b  jtr? sta., ottizsei L êUO5 .31111,i 	 4(0 

Y2(t) 	 -415-  C)__ 	 I) i r. L7paki 

I 

CI 

••••••••••• is 

111110101•101010101111101•1010201•1020111101111111111111010 
Ylts 

• 
SIMS 	 IrlalSOMMON91010 l'IY 	.„.5,411,4) ):S.). 	 , Lc, ,T ,„; 	

.7411 ol.Caila) 

;re 
;1  

:izz•e-oal 	_ 	ici,...1.16L0 • 

=. (ki 	C 1 . 0) — (k11  y1 	kt 2 Y2) •r• (c11 91  +. 02) 

[nom + [ci())) + [kll Y) { 	0 	.1 

(kIxo  c14) 



Me 

[111(w)) 	 , 
;
cihs I (DJ  — co?) (ico2p 2co1  + /4c4) 	' 

L(w2) 

co2  

(co2  ko2e7 co2  — col) 

c,c4,01.,1.46,c 
(In t' 	 t1/4,3, 	„JAL,: 

= cc4 —I  03(g, 	+ 2(1 + p) 2co2] 

ai2E04 + (1 + Pkvi + 4 12w1cv2J 

+ Jiggl e), co; + 2'2r02c0n + colcoi 

= H, „ (co) + 	(w) [col — icy° + p)2 2co2  — (1 + p)con/A 
Ha(w) = 1112(w) + H22(w) = ( 1o2ti col colVa 

ca.44 I.) 20 --v-u-7,3 1 ..).1thuse tAu 	&Hi; esti J6 

co? = kart:" 

c jaCh , 

cvi k2/1712, 

tem 2 /2472;7 

triabni 

:rota m.?  is )at ) )1 (:).Atos• 	ntl 	Jt Alms. ØjJo ajj,sj tt, 

L._ 1 — jiziiitt.  0 —2e,w, jit,j 	̂••• 0.12 	Z 

÷ 2E4.20121i il l r— cuf + 

-41:1 

15)6 0c4  jIkysi 
If 11(w) = (w 2 	ico2C 2w 2  01)/6, 	1122(10) (— ko2pC 2 co3  — juo3)/4 

H 21(w) = —&/a, 	1122(w) = (co 2  ko2Cia);  col)/A 

ckr 

:ra.t..ht1.5 Ski ...\i,m1)4 (AA 1.?  ...11)-its &Is 	;A 4J LUSA cy9,I 	eLf ir-ir 
S 1  (co) =H (wit-4c (w)S jo (co) 

Szi  (w)= Jr11 (w)2 js0  

YIA 
( 	

) 6331  3); -,3.:U3-3 3-43.3t-.3)1 03)3 3).)-3 jpU  

ky 1)-4'9 

= n (t) = 10 	- Ii JL0 	).s 

St.0 

[H (co)] = (—(02 	+ (co [c] + [kl) 



an otoalas 

Yang aW YL3 P.1j Lao 

11(w) = 
— 103133  — 	+ hal  + Bo  

 

Ay 	1033  A3 — CO 2  A 2  -1- ittiAi  Ao  

linuoi 2  did 

(fliA0xA 3 A 3  - A . A 4.) + 4 303f 2110, 9 +  A 1(81 — 2111 83)+ (Hi/ A 4XA 1 4 3  ^ A04 3) 
A i(tt 2, 1 3  — A1,41)— 

Ao 	w1/41. 	A i  241co1wl + 242w2cz4 

A l a 04 + (1 + 14)(.01 	l e 20 ) 1C 2 , 	4 3  a 241(.0 2  + 2(1 + p) 2w2  

44 -1 

o 	— (1 + µ)col, 	/11  = (1 + p)242w2  

B 2  = 1. • B 3  a 0 

Ian 
('rY 41 l; 

E(.2?) 	Sco f Illt i(C0)12  deo 

(ffs0/a)C2t1w1co3[p2  + pc! 	/4)2(02 /(01)2j 

242t020)([1 -- (1 + p)1(0)2/(01)12  + p(1 + 11)2(ca21w1)2} 

8 1aco1c01(1  + /4211  + (1  + gw2A0 021 

8a01(1  + 02[0 + + (eig1)13 

I 21.  s 



az 
yodx 

ay rids 
S a h Was 

jio,$)(..a I L$1,).11 .4.41.4; .)41)4 	ct.)4 chidloj 

ot-.9 },).) ,u-st,b,  L y(x, 	 1L.r 
(6.0 akJI J.s1zi a_641)) 

oxy  
in al(y + yo) 

 Ot 2 	 at 	aX 

..1-4114 C = 	k 

021 ,c, 3y 	1 82y 
a 9-  797 	572  

. (X) -1.4sam 010(4;J-sr  .t.:91as)lai9  4,..).;a•Lat.> 	dIcalgt-c ot.9) 
. 	• 	. 	• 

( L,a47 	0t,..9.4 Y./  (t) 
• 

y(x, t) =J2 ifri(x)Yi(t) 

al -N-3)4)4 L„,t)-? f+.7 tS 	0141-cat 
0/4 	sin a•-•!/-21 

c 

vrr 

241,0)4 .,9-41 

p(c, 
7,1 

= i'o 

flIUJ 	 vv: 

tit 1/1141 :44%./1 	 I 

	

Ly.§.MA03 14?.. ImWt1-44-444:15r+13,  CS I 13 	

tr..' .7. 

utth4  041 J.). 4.1.4 Lkia 	3..114ir 	 tS1 v-j-k!ku 	otalst3)1 	4.zwy.; 
rt-7-11 1/4.7"6!-21  Lyr-L*4 0-11-1-43- (4 LOT  ti4-1-7. 	A"9) 4t rotest-i. as sc?-sta.   L,êSLoJ 0t,63,1 

.-tro. A-a 	 L.,:v4 )43 J-Lt 41-3.94 ra--p.. 	 )1)3  J1Joa  01,1,4  ttS-LUJ JJMyJ islatso,iLu 	IAA)"SAiL)30-14.-7.41 ,L7C-Ij1 011:hiSj1 

istyLIS" 	 tsaidalc 

1 
1 04 ..).) Caw' 	 i;1!LçiL&Lu L,Ati4 Ath.) 14 140. 	 L,..t.E  6145)4 

4.41,9s &Z1J 	Lea 4.4  

vissits1W4 --ku÷C? i-litil•N M th-lp a4, ta›? ct Iso 	4kt•Aet List"' L th-6  aq }Y.) liCtt  tjati‘  .)"? 
aUT x •=-• L 	 ,9 	x 	0 ..c_.6.0;a0 ,s_4.?  _Ls 

..S.9_410,3 	01.  et.? 

Y Y1 
onr QIl)41 La; 	0).31 .af.f 01.1.,1“,ti9.ar nic a>lja 	atji altti.%) 



www.vepub.com  
Publish Your Mind 

L.92-M46 C.5IV"LaC):9 

TCC 
wj=c (2J—i) — 

2/. 
.3.41-0.‘" Isa)I 	..)...063 jAip.ta 

C207(X) + (DPW ct 0 

2 
.
J 
.L  IPAXV/k(X)dx k 

j 0 

.),!) 	yCy.  )4.9}S 1th&Li ,c) T 
(5 jk 	1 for) k and is 0 tor j k 

	

Ja41.9) )1 0.162.1 .9 X tsy.) 6).±..01A3l 41.1 	 .9 &Jai di.Astm 	E.41.3 Ja.“• .4  

	

%IL 	Jao6..).1) 6.11)T   )4r,m).4.± 41.1:64 

+ Ibt,(0 + TY,(r) GAO 

p(x, ft; [— yo(r) + 	j(x) dx 
= 	   

It; 01(x) dx 	 in 

?Yr 
riy 0W....U.6)41(.4) }Jr..% 	 >,c .„4.st,+.3 

	 C  

17)(0 = 	Gi ft — 0)h(0)do 

Asly 6.-!..pa 69 	,0T 	etS 

hp) = 

t> 0 t..5.1)..? 
e  -(111}fl 

hi(t)    sin[wi t, I — (A Pitcol)) 

	

co 	(fil/401) 
a.*4. 	s 	i y(x, 	e.,,,t1 c.A.44C ALA.-) 	#0-  ...Lc 	a Iso 

:airLy. cat.)  „,_2) 	 p (x, t) = 0 as-  tints. 

	

v(x, r) i(x)[— 	dx I 	0(x) dx] 	900 — 0)h(0)d0 
1* I 	 0 

YYE 



)41)-9Y(x,t) L,9‘o-i.k.711-7c11?. 	cni  

yoc, o 	0,(x) 
m 	01(xi) dx, 	0 fc° 	

p(x i t — 0)11, j(x 1 ) dx h j(0) dO 
1  

G. 

d c&nil 241)4  x 	 y(x, t) Lpo.; t.Y1L1 ,51).4  fiy(x, r) 	 etus 
Ry(x, r) n E[y(x, Oy(x, t + 

(p 	, 	= 0 44  .6,4).*-4641)) j43 4.6?!.) L.,.!JAAi 	 ,90(0 0,) 	 laza 

: 	 -1.21-kg3 cssA...14  

VIAX I ) dx Po' 1,14(x2 )dx2  
02 to 

112(x, x). = 	E 0,00114(9  2, .2  
i-i kit: 	 f cfri  (xi) dx:  ;ft ifritx2)dx2  

x 
 I

AA 	cir 

- 
120(t — 02  + 01)11401)ha 2) 40: d02 

:t? 	;41,4 Yo 	 Lii•ki!mt-Iss els 	•!ts 
R 0 (r 	+ OA) EU) 0(( — O1 ) 0  (t r 	612)] 

jI -IAA? .z.L...;,1.5 _154, p(X, 	4..1).Lta.  tr  Aas 	.6.iLe ,44  „AA.; Jtj 

0.gozwi Gj  (0 tug, ra,a5 	 790(t) 	 tYm 

(Int' 01.:43 .0)111.6) „a.% rtlic e;),T jr 	
>UT ott111.1) 

YY6 

:14  ..1,94 	Jim!" 01.1..,j et y 

tfrf(x)1,14(x)  Ry(x, 	E Z  
). *-z in A 0.1(x 1 ) dx j  01- iMx2) dx2  

1 L 

EEP(Xi t 00P(X2, 	— 

f 

.. 

. 

x 	j(xI)cbA(x2)110 IA(o2) des d02  dx1  dx 2 

:14 	4 .241.,)4  y(x, t) L*JAi L7,1.6"4‘ 	 ,timitS Ida 0)7,..> 

Sy(X,
1 f R

2(x, 2)e-  'I dr 
it 

,—j; 0  (0 44 4 wo.NI.o.1 
iv 0, 

sytx,. co R. so(co) z z, a jolt j(x)02(x)I1 j(w)11)(— co) 
2- 	A ••• I 

tirAY 	 zba: 	 r".1, 

YYS.  

03 OD 

J—  a) .:0 0 0 



:CAA-a.;  sxs  
So(ro). spectral density of the input ground acceleration ,P D(t) f L 

 I constants 	frifri )dX 1  f tbh (X2 )dX:  f 01(xadxf 	ti4(x2)(bc2  0 
%Mx) Jib normal mode 

Hi(o)). frequency response function for the jth normal coordinate ri(t) 

= 	2 
COJ 10213.1 022  

;(,„2,21.1,ibizz„ jtn.ini&15.  6.213.11,1L 43(13 , t) 0.2)-Taur L.7:2.21-10.3 ‘..12).7C.3 lath 	cJ1 ;)...) 

;IX, = 	.11 {Xi it,  bfrIPAX)111/k(X) 

oo 	coo TR, ft 
X 	 n 

kX X T —02 + Ojefite(t•-•Anii) 
co 0 0 P  " 

x 03(x ){fri(x2)h j(01 )e". de 14(02)ei d02  d 

nay 
( rr 01LX scVI Lai 	1&5hip6„ur 

:23 021,,, ,514, eke:, 

se.(x. a)) 	E E bat i(x)4,;(x)H 2(w)H2(— ru) 
kul  

I X L  p S (Xi, .1 •14  COW, J(X1)0k(X2) dxt dX2 

where 
:oT 

x 2, r) = space-time correlation for p(x, t) 

E[p(x.1  , t)p(x 2 , t 	r)] 

Sp(x i  , x 2 , w) = space-frequency spectral density for p(x, t) 

—1  I 
2n 	P R (x i , 1 , r)e- 

constants = 1 rti 2  0  4/1(0 1x 1 	*1(x2) dx 2  

YVA 
2:6-U 

L • I 	,‘"). 



(I 	(9 	.L9,...,11669  09 yqhis, k.5)91 Lys 1,9. L.9,4..191)1 (41 

?VI 

= a c_....1..03,9_0 	tyi..)1•403 „5„9244t 1-4.4421 L.4.431.a4 Ss,,sc (ticat 641.60 447414 

:14  c.-4.4.>1241).4 	Lj3Lcii-‘L,310) L41444.0,0, 

Etp(x 1 , t)p(x2 , t 	tt 6(x t- 446(x2 -.-a)Rp(r) 

x = a 	j4")..az..a ,asat4e4 „A..? ‘704,4e.Abs5,..s. els R( r) 	A641) Ott ,LN 4S 

Cy.S.0 5 Clo.Assi  

1 
4  ft' E[p(xii!)0(xl , t s)] dx 2  dx 2  4[P(OP(t 

. •
o 

L

0  
d(x 2  - (2)6(x 2.  - ez)Ry(r) 	dx 2 	E p(t) 0  

yfr; 	014,9244 
RAW 	E[Gi(t)Gh(t 4- '0] 

km 
 f

t  f it  th(x 2 )1,11(x3 )E[p(xi , Op(x 2 , t 	.0] dx, dx 2  o 

bfk ift f (a);14(a)R per) 

:Adail) 011 ).S 

Rp(X, t) =3 E[ y(x, t)y(x, t 	t)) 

0.,(x)Y1(t) 	tbk(x)YA(t + 
a k 	 k t 

co oa 

E E frJ(x)*k(x) 	
f 

 hoohkooR,,,(T - 0, ± 01 )40 2  d02  

(47) */*Ik(404(a)k(a)lik ni 

outs 	 431r.,9,) 31)0.11 kr =1. 1. 
h.,(9,),„(02)R,„ + 	de I de 2 

Sy(x, to) = L 	Ry(x, t)e-i." dr 
- 

Yr. 	  

9,9c1 

". 4 
uji, 7r-vii  

:14  ..:44.1 A/4 	 L5Ii4 	 e.44- kitci 



www.vepub.com  
Publish Your Mind 

Ok 	.61.4 T 	J1fz1 45" .sytt„,..5 0->A1,24a 	osai tit'": ""1-1., 	o-Au))4 

1 
 i-c„, " 

e.'  I e"'un dr = SPfro)II j(0 )1-4(—th) 

If j(co) = I h(t)C' dt 
- 

:‘-. `441•Nr4s. 	WI.' -609) ,r-.-MSF:t? 

Sp(x, co)l= Sp(0).) E 24 IP (x hi/ (1)0 (0)Vi (a)H (0)11 (— co) J. kni .11 	k 	k J 	A 

Iti 
orir,,th,u.d,,,ri La, 	p„a“- 	 tp,js 	

entli,1 

h„, 	igi-tot., 	• - 	 IttA•r Pet4104,4:711 
).6-90 04.rik-o L.51,11.1 StJE91.; alyj cyikpi 	siji -1 Lai )SaijL (.! Lttaiq 

tt. 0440 gssa„ (en) LILL Lieu...) so 	 -1414 14 3.4assi )4414.1.t1 

.sic 1-s+! -Ltd.?  kut1.1 Ale 0.,N+1 9 CON 024° ty,-11C,)3 oe  We. Et-,4  Lysit.c.a 41LiJ6 01),1 E [v:2  (x)] 
Sprts.) 

< < 

toe  < lcul 

• 

.2400  aft, 	 rf% fare 
tett. e"Ftiliattraal? 	 ataiitar 	

141S1j4-41k. V (X, t) 4LLs 	 01.11.; eiA,ALo cp21 y(x, 	 tra,."..,A.1,.;. 	thi—;  
61.4.11 v(X, t) 	 &LI alaubc.. 	eS ,$)nat  Los 	 y(x , t) 

h(  e) oT 	asw.", 11/ (0) _tai, 44)....6 4.e  6.4 .u.).N 
rrv 

I 	kV 	 ‘5,,T 	 LL, 	jtt) 	 I LE.2- 	r„ k. 	Iettlt.  tit a, 



aa 04.Cafro 

E[,2(x)] = R.(x, 0) . 

4 
E E m-2—,1 ifrioc)mokitamAcaLtik Jci log  

Jsat 

hj(03 )hk(0 2 )R p(0 — 2 ) dO1  d0'2  

ci  
tOjWj_ j 	7T1.11C 

modal bandwidth r 
modal spacing 

: 	&Jai()) L YZ1 14  

Sp(w)w 2H j(w)I12(— w) dw 

).!3 '.o csc, o 	 i\s• aJLuo 	(E [v2  (x)] 4i0.41)) 3,1 4.6..,1; La )y-C2N-0 4k141; ,*.,_Clx; )1 

.44T,_74 	.44.14,70 x =•a 	p yiL,214  L, ,}...stscd 
fob ts .S9.4 	 AS-  24) ...-4:4X.4 )14.a.,0  	oZ„)...9 104)4? 2.3".4 	c I Jz (42.tsly=rir4  

cu..6.%14 

--,- 0 	for J 	k 

01.5aLra  p )11c, )14  tja:sk ji.r÷ Lyis 	-N4c. isikw  6,, tr.,:al..C4 

Ju no •for j > N 
t_te-uts-  }-4  o3aa çoLi L512., S(a) = So 0..‘1..\)1)..i 	/jk  4.1.11st..0 	 0.44l.a&914 614.25 sin • 

1r-1,11-s —00 <0) < oo 
ITS() ItSorn  

Cl 	'• • 

vrt 

1 	
1° twl j(w)g hal iii(t) in ;Ft  h 	

1 
s-r 	 dw 

4.91:6-7-cab 

iculli(co) = I;j(t)e" dt 
—to 

Oa 

RAT) = 	Sp(w)en dw 

try' 



. 	, 
4J CAcIA 

L5,9„)4 	„Ls j+.3 in 	pA 	(v., 	 0.11-u) jau 

J.,1, sal, 	f (x,t) 	6. S )1).:4 tzsc.)..Au 	L),..6) 	„)..1 C1 3,Cnt) 

.zsma-1,4 	dt.u6IA..‘ allisua Lis )1 y(x,t) 	i. 
ey 	ay0 2y El 	± C I  rt. p A -5-if  ra f (x, t) 

Y1"6 
, 	(Ili r oti.-4: .6 /4CIL6i 	 At 	ut,w,A 	06,6.1 	 ott:441 

:1t.4)1-1 	 otlyi 4 Js )I: 
OD 

y(x. —• E mov'm 

ifrj(x) 	.ja sin j2r1  

0) 	Orr NI 2  r  
.—rd) 

}45 isi}.4 as.  

3J..so)4) 4U—to )..) 

: 	d4ifr 
El --hi co.1 pAs, dx 

-cstui 	 ralbJat9s -6)-LL 

. f pififri thelx 	mi5 jk  

_ 	 !..:J•ky.c.:. 	„)4,9).5-  LsUJ 	lm= pAL oT 	63- 

bik 	1. for j 	k and is 0 tor./ # k 

- „as', 	 —.Li..< 	 ,,11-.1 :A/1  
- . 	- - 



ca.4,1i A cocia..,41 	‘5.91 	 4.9 tbj „LI 4.1.11.2.0•0A)..bsy6„9•4.1.162.0 	.613 

Solt; 

fi(t) = 	fix, Oil/Az) flx 
fol. 

Csisi )412..? 	 —Vat  

yi(t)  
-to 	I • 

. 	Ao 

” 
1? )91)4 3a19 4-.1.laO 4i tc.,411. egi5  14 9 

/71 	 tn2V 	f (t) 
day 	dy 

dta 1711 ' 

;.s 

0, 
"At)  = e-112(Pit) 

Sin pi t, alp)  

< 

t 0 

Y rY 
. _ (my ult...4;.0,,.0 Lai 	:(4.11 	 ackci 	(pi c aSt, 	ttat) 

). 4f 

.4 ---r—cu.1 	.19114  

C.J.)yen.? 

	

y( x, 0 = 	j(X) 	/1(9)f/ t 	0) de 
t 	x 

....I..? 06) 44  jsath is.nr tylko iiatito,  

	

Y(X, f). = 	it)(0)ffit - 0) tie 
'• 

11131a57 

:. 

	

JUALpx4 .3..2)4?Iiij 1,) X = a ttlaiii 	I fi 	
uLlsciA 

di 	241i.! f (x, t) 

E[f (x i , t I ) f(x 2 , t 2 )) = 6(x, — a)6(x 2  — a)Rp(t 2  — ti) 

-f124..\ tslth 6,13 51x1  - a) 45 -\504.144,:i 	 ,5,9).!; L.S;•:!fleb.s., 	Rp(r) „DT 

t4Asi, ,$),T 	 0.1c 	L7.9.444;7 el.:411z) 



41. 

.0 0 
I 	E[f(x, . f(x2, t+ t)] dx1  dx2  = E[P(t)P(t + t)] Rp(r) 

).41).! 	 LMiato t...„-Thal* +nits 

+ 

=I 	,r,,„(x,),mx,)E,f (xi , t)f (x2 , t r)] fix dx2  
0 0 

= tfr j(a 1,1/(a)Rp(r) 

I) X c..y,sti.„9-0 ) 	 ytt.,k5)iii Litt?. &La) °Pero 61)..? jL 

E(y2) E {Z j(x) 	hi(01)4(t -- 01) dO t  
Ist 1 	— to 

x E tlik(x) 
J 

h(02)f& — 02) d02} 
kat! 

j(x)114(x)1 j(a)h(a)fik 
P=1 /4=1 

reel 	  
(It AY 	 , 	 -L•L' 	?plc 

Rik(r) 

}r3' I 	!: 

YL• 	  



, 
0- 

»T  
)1 ,,C.C1411 

:1110:t.uokitiv.vvvivr, 

rob 	 &at  et3 ,51.7ct taataria 	clairchol ts,s- 	)44313 

= SA(0) [ f hi(0 1 )e-hat de 	13*(02 ) 	r10 2 j do) - 	- 	 - 

op 

I Sp(w)o) 	(— ca)11k(w) rho 
00 	2  

I Au  LAVasiZI mix> 0.4044, 151)IN P )S >i 	 ,174.3}..)  l: 44 Ion).* JLEO I 44..L.c, 
LA,..).S. 	 egilfro Get,. 	 4..3,-LUI.! )4.) Jai.* ,1416-0 	Sit4 L511 14 	 

—41,14 44)11 )1)3 WN-1-1 WN L'stm-10 ouitrii °id wc 	 0.61C 	,s124E[12 2  (X)} 

Sp(cu). 
0, 

<a) < 
< Ica! 

-Litt?  -Sti JaAIT ç5Aa,c L,ilsts,tatb 	Hrtzo 06)29 
r 	modal bandwidth 	Pi 	 - c 211  

modal spacing 	to/  — wJ..I n2(2) — 1),M1 pA 
YEI 

,.9.1 alji 

:(4.444  ktatl.N 

	

n 0 	for j 

jj 	0 	for j > N 
LTl 	O.\ 	 61}4  Sp(w)= So  ci.aN,1)3 	jk  41.1162.0 )1 la oSit ‘514eD;; L5I.P 

< 	oo 

Iii  = _IrSo 	itS0 • 
mlfii  mciL).' 

ur-Jau! An  	 )..0 0  r;14_,e, 

G 	'it E sfri(x)co./(a) = E 4 sin2 	
2  ilia.  

- 	 t 	L 	L 

L 'N) 
VEY 



:fact is jais aroas 

Yang trAIS' VS,  Li V.1 J.Talmuha 

www.vepub.com  

'4.6412 041 

sin(2N 	1)rie 
2 sin 

x = a alcuu 0)).$1 „IC?. Oa 646. 

441 	_bill; &frit?  )1 J-7 2.6a4,4  x = L —a 

44  o3.1#1 al/A:La 61.0o 

13433 )1.3.11.4 dat  1/4_,65),-,  &lc 	=40 

-1,5•41k_7° -> 
tot 

flig. 7.3. Spatial variations of the ensemble mean square velocity for excitation bandwidth 
corresponding to (o)N 10,1b)N w10, and (e) N 40. 

YLt 
.1 /45 411,1) 	f .,L-tAL,  ,5i) 	 01{1,44 	rfric. 1.5 

61T)..6 L5)LaT 

)41)4 	 tLYI-J• 1/44,15-  -6-11,) 	5Ld14)-N 

tj_ 	as3.io )" AS 's,iLL.r° J-01" 	 ry../6 	 )1  ..)y.c 19 SI)-76  I in ‘t.rx 	)1.}i 

ThS} q:).1 )3 AS 3)13 343443 	J J.51.fl /L.-A...LW)1 ditto 1fl....ki.2,911/4.2.4 )3.143: 1..31.  

CS )Y-c Otial tk-al-31$5:9  )t!t" 6129 	-453 	57 sitb,s-,), A —C))4 sliad-LI•NI LOA 

--0.A.3.31 deo 	 31.2) 	 roi÷ 
	

uI oSo-o Nf19  LP..  LpieuiLiii )3p 

1_5)/4: 

ell 041 	 aLsit3 2.2) JC/I  j. &me. 	01)..? (CO)  	 t-Auti b)& 	/31e/..1 

--a÷li) AS 1-731-  A•-kst.x° l-fr.9's (7 	 cr-d )1  .).”c 14 LK: 'SA? )453  .14 CAn't" di,r÷ 	C)616  

Ly.6Is)A 

, y (t) t.Asst.:  

4.47.4)1.5 p .z.4.491 .._S4)1L,  

464,1) &Lai 14 0u4,44-.4. 	-14 >Kt) 

jcsz 

Fig  S.I Narrow band response of a resonant system excited by broad band noise 

tEl 	  
,,Mmr 



so  
Ate 

^so 

L51th  &11  )^11M Y L.At in vart. "-biA4 	0-4;11- Jr" 	)-1 I My 	Y cr!-Ct9,-. 
ciut4 	 etti  	 J.4.5 JCL 	 „J 	(0 = 0 2..) 

.•=1-WI My = 0 04:44SbTI Cfrg 	0.2124;4 

CJ)".10q 	L.,.040 t ..711-c? 10÷.4.1/4.7.0 Ji 4.6,....fr0 2.) 

Sy (0)) = 2S (a) 
C410 fray° )1÷3 in5. by 0440 0,3)2,1.1/4  a0JOLIO ,-11.fr 6121:, &b.  = 0 ).s 	 &1.7 

csAul oaat 4.11)1  \1.  AS 1-‘?1,9)  CaC 	di; pU3  LisA3i-v19&sL 
DO 

= E {y 2 ] = f Sy(w)tho  

oo 
q --= E 2 ] r- f 	150(000) 

-3421 f:fio A w << wo 61)1 44  C 

:I.?  ..:,....1„,42.4  o.s....fa jlop ouilt)19,0" ..:.„-yr_1tc-U3 

_ E 
ayo-y. 

2_,IILd.;  _as> 	), r 	
,..-.511Aul :Act 

YES- 

CO 

" ouilcse othi..10 ).3 „jig Afrag4 	1.51AN tritriS tad! 	.1/2S uoja 
_14 

—NAL, (a) J.C.,t, cao Sy  (o)) AUU L,41. 	lirt 

(b) 

„AAA.. Ilf V I, VW 

:(0)) LIU) 	 ).2.) 	klk.? 	tariusf04„N 	.?15 	kr 

Sirl(AW 72) 
Ry (T) = 4S0 	 COS C00  T 

Y JH LE,0,93 LSi>Jta 	L y L51)4  I) dlo.b.1 61).5a 
cauol 91!.s PU,SO 1.9a 4i59-0 JLINI L,M4 &Li 9 P (Y) Lb] 64)-- 

01p,44 	L'ampr 

e46- 67 or iy.:  k7kk 

j4i4-1.614.1  u.u.isau.k„)...1 2?) 6)Lor c.A.c3Lls1 4.Q.21 	.6,2-4,-o „si 	k...et.22,3 	et3 

Trly, 'My, (Ty, ay fSZ pyy 

Ytts 
Y 	FS-a - 9 „k- I 1.9 Ly^ 31)1 



.1.1.4 )4.) %L.,' )..9.Je34 JTin.stz95 ‘514tt..0 .• 	015:IL,* iya 4s  
-d 

E{yoi} = — R (r) for T = 
dT Y  

olt iJaao 	L71tri. 	4.3.).0 die 	 ,e41.3 fl 

1.3 	CB )..) 0T ....-;;.sciboL “zsaAil c,9)   &I5 	 td1-10  L,JIa t'113  Lk"? 

:04)44 	4.419.S. ).iuo „Hi).4 Jc.? JAI 

E 	0 

(0÷..0.1 	 L,11-C.? el); 	kir r4 x fixoLS 	 0,01 
_y2 

2 	 1 	 2a 	 ;PT.? e 	&Ky,9) 2Tuir 	ci. e 	Y =I)  (Y)P0) 11271'0'y  
Y Y 

(nevi ,N) 3144 )-? &t3  _5-SA 

fly 
iru vlst-JU „al AS.> cy,-* 	I 	p 	.ssly 

(0 Sy (0) 

^ So — so  
thw 

Fig. 8.2 Characteristics of a stationary, Gaussian, narrow band process 

.4101-1 	La}S4jj%-°±11°,93 	Y(t) 	 t-5'S,`" I" JO 0t4  Fe 
j„,.• • "a 	461 (t-Luli) ..1.0)29 	i 	iotai &J.'s 	0,93.4.4eti ji LA -sjo 	tjT 

10"131-1-? 	ti 	JuSjafi 	 -1-LiT)4  y1 1 	 d)L ar.° SLUT'? 
.(24.) 3C-it 	L,A0 y = a )i }5 	&Lob 61)1,s ,y(t) 	jc!. 34. 7-'( 31,0) 

VIA 



/Of 

f  Miff 

        

  

--- 

   

        

        

        

        

        

        

        

        

        

        

        

        

        

        

         

(-nit 

Fig. 8.4 Conditions fora positive slope crossing 
spry = a in time interval dr 

4"? “),43 	'rirsa°  ')1134.9.)  'St! '1,5:%144W Aalol -1,s‘?” 	frkais Lea' 	 cylAtu JCZ, t_511 
ol..um 4.4831? AS Jib 	y = a )1)3 it;ca."0- 	Ls.  Ills 	alaiu am, T L.,310) St Q1 9  

03.43 	cyb.1.6 

tvf 

Fig. 8.3 Typical sample of a narrow band process 

-Lyn 1).y(t) oluvel 	 c E41,5 )1 kr,o,,ir )1 curi. &b. 	ky.4, 	1!)..0  0,6),i 0541 . 
3.‘41.?  diru 	&Le) ojt4 	y---= a la.:‘ 	.;_wat ,51„t 	.A1AR3 At4a  rt(T) 

:4.1 AijsJ 	L? 	aJ 	N(T) ).412.4 	(0145 L51.).? Gereco 

(T) = E[74-,(T)] 

rg 	oti.,L: .0  ,+c/La; jra • 
,,1 -)1)T Ca Vat.) 

tr .c? 	j'i „sixo 0A4  )1 yAS oJjo1M,T tsame 16) Ole 2.3.1 	 •...kij)..4 on 

	

(...±.41.9.> (2T 01.0) US le) yt3a 1.? 	„9-N tsl.)..?  -145L70 

Nj (2T) 2Arir (T) 
:0?.12.4 C..1.11/ 	 ty$1.4.) COL? 

 

IV:(1) cc T 

1\1 -J, (T) VitT 
rattits,ici ...1.4,L? 	y = a ;to 	

. vc*,_ 
..k),9T CALLS? y(t) jlcasI ty)5,5 	01_93Lrii 	F,aIA, 

.0e) JCL) 	„).6. 3)..N 	Lte1.7 	)1 f) dt ots.,s otco 
--Minirniam slope 

for a positive 	
et?ii S, y(t) 	..kieT)i 

crossing in dt — 
dt )11 	 0,9 .34 	cd,m) 

2..)) Lyil.o.) 	61..a.zei 	;II) a43L SØ crib' 0 ji_n•il 

1; y = a Joa 	Lict; si211,si 	y < a a -4-613 

e.6:9 

Yo. 

; :5); 

 

yft./ 

  



ry.P) 

- • 	 )123 (:)..sj„),LIA 0,1 041 ,LN37 ,y 	 j±i 4.641}  .2_,),a14.1 
.CuLI fagely*; 	 021,-N in ..s}h 	dt 06) }. y = a .6.i 14  Ca44• 

eS 3),T 	p(y, 	-S.  ;LILO j1.4.1...>1 L)Lc As A 01,95L,..0 	...13).41 )1).3 of 	641 JLI 
ogr   )4) 49.t; 	oia2 	(a) ,j_cz 	 r 	-F% 

Prob 
(Positive slope crossing \ 

of y = a in time dt 	p(y,y)dydy over the shaded wedge in Fig.. 

= d9 

fa 

dY 50 
0 	a-9 tan a 

My 
febi' :5 ,27 	 Lil 

^ 

Vt>1 

www.vepub.com  
Publish Your Mind 

:14  ca..I )41)4 	oil al _Oct, 	oe  16.) ...v1.s 
a — y 

dt 
:ravi,1 	dt 	 y = a inks.t..) 

:t 

dy 	a — y 
y < a and 

dt 	dt 
dt 	 EA9 JLaLJ J3,. i tathA 41.9) L:HI )S1 al CSUJI )frmics 

)I tLAS 	oly.4th 01,0)A „LI SIL? 1,41).Ati t.ja..) 	1,..*!!  

.-13,41/470 	 p (y, 9) olta5.1,L0 dLoil L7111 
y < a )4.Atta 	laiLl .0.11).4 _Asa!  0.1.1 	dt 	0014  y = a Ia. 	ukia 

dy a— ji 
y = 

dt
> 	

dt 
trp:1 L..y.U)...)4 	.31:EUSA )9) Li 	CAS )3 57 9 37 24.31:6.0 )1 03).)...9.11A 0.0* 	 'SS 

:41 3.,1k.TO ,,...31thjj1 (514i; 44 a ..)41 ).?  0.9s' 
a — y 

tan a = 	= dt 



:r013, a = dt -4 0 05S ad') °VI idt 

co 	a Prob (PositiVe slope crossing) f d.y . i 	dym ,y 	. 
a,y)

, = 

	

of y = a in time dt I- 
_ 

0 	a•-jrtana 
:(4  ..7-...wl )41.)4 L".Wa ()IA.!, 3 j4 saii,..;,..;y tyls j1,,SzI j.:13.(0..).3 pa . 

Ja-y tan a 

tan a = dt 

. 	asa 0aiLa 	.v+aT 	)41>i  T 	0)14 

4mjtin,tp:  

4.'  ""1 	 ;Vs, e*  • irrIcn.W. •WC-3-,-;-, 	r  .]...,rieSe;n4.1141it:;• 

ca.t.to 	 (Ake .1.47.as" 

fate:kb 0),•71 eigr,_14tjA• 
471 

	
fekiPS  , 

.yd-cit 	dt cm) ).) 
0.02 l? )41y4  0.01s 	 cy&Cika 	 .Va = 2.0 	dt = 0.01s fo.!is 0.62i dt 	

.).16-if 	 O. • )1 LIC1.7•3 u.stlyir 

?Or 

• 

(iNY 011.1U .0 )41 La; ,aS.s TrtV“; 	 Lej.) cp,),,. thaw,' ..1.1.A.Its rylc 	 .AC4;1.1) 

I 	.55 ‘71.!:‘ ,Sol4  si14.L.51A-Li,j).a law,93.0 	 dt 	06)1:9•34ii .Lsi 	Js 
&Lca :10/500 = 0.02 :cut* sa.?1• 	 (.51,A .ss1aJ 	LiLyARLi4  01,5,..„..0 021)414 .a.4.141?  dt 	..v..9.&;,),i3„mailU 	tjucai 

twerrn,,age,..m51,.„4410140„eltir:stnig)0.. 	
. • 

1.16,4,12,..,ZnaitnYleSt_hitinic4gt: 	
ITERMIZintreai). rtlik(tr,- 	karnripttf-tvs,,, .21-4  foirr->tariktf” ""e dtrtt 

.$)> 	)I (:).44 4..c.,),M 3.4 	y(t) 	y ,s dt cts-  caJ.01 	L711a) tQi  

diALL.Li  
. yzy.AN N (T), = 	 LPL° 6-10-"Il )1  0ab)I/9 11.' 

vcit, =dtf p (a, Y)ydy 
o 

"Jae!) 	dt 0T 	as 
0.1;zitv,..4•:417:'' 155 	-Fl•t"fr,r1rF 

r'Sti(abli-)3;td.; 

n)lf 

 
"j31:'in"4:1-11. 

,,./1oiNIe.2)...95A 1_554 	&b4 	cni 

Ybf 
Irtr 	 )  IT 	 ouia 01/4).01&t 5 	 u1 

op•Wialem•••••••ft 

00 



• 

Displacement 
Y(t) 

"4-1̂ •A\ 	;Ai 	4:26E14 crAt 
L7L'a 	LILL 	84).s..1,1 	 61-).4  y =. a .)1).; 	‘514.3)...)4  i.731,91...,)_e 0:was  

..11„).3 So .)41.).!,..„.6!k L;11..rt 	kyn 	 i ).?  

= 
it° 

—77/0)2  + iC(0 ±.k 

: 

130,51j = 	
1 

e-a2/?q 	
1 

e-Y2122ais 
v2itcy  

L74.).rel4 

V2irry 
	e-42/2cY e-Y 	5/1:13) 

2 f a 1

•  
	

c 

0 1/2iroi  
V+ = 

1 

:1!...._-1,„41;i  914  JIALki kixt 

+1.4 
:12: 	. 

5)1.0T isu,15.1.* 	 6,29 414)  ,z_hlts u•?.1 at" LL a = 0 as 	oc>e: 

.U.Cst Cseli34sAIs y =0 Lc4cus, 

YDIS 
(11•ttl• 	 i..C.1..(4144; 613T 	 014.1 “..lagas r3.14 	„..J.4.4141)7 at1;1-1:1 

.„ 

'4144.tia,9144±7v4  
14140_,-1.40•SA Tara  

co 	•1 

.-co 1—inco2  + taco + k
l Socko = 

kc 
c..,.._1., ).2 ) -7,),..cy ico )..1 H(w) ..,.,),:ila.L .)1 ..)_is.. J0,,}.. x(t) 	1 )  yEt) os 

VAS--  •  
I rli" 	I !...J,• 	, 043T • „J.4.1.4," 	04., tWe. 	 3 

y(0.  

H(w) = 
--1nco 2  + icw +k 

2 
TrSo 

L7t3t•C)i &old e91; 



in- 

Y6.1, 	  
orr utzmml: 	 i$/31.yr 	 (#0,- 	„IL., M.11 cltakil.)) 

.61.63 JLcisI 	ii 	 oljs 	I;.z,14Liobr...4 	custi.s y = a .6s.L 	 )21 
ayszcsswi 

).1 	 L,a.mIct; )).64 	 Asia> es 	I jt.c.W pp  (a)da )51 
A.? -....L.L..01 .)41).? 	)s.S5..s.? 	a )1 	L).ss Asa. Cu Jicaz.1 	(.546.0) 	a + da Ls a 

Y ttl 

ts1)1.sLQT vg•T .616 a.s- 	 .S4! VP: .11-W cyl.CiLo 	€11 	T 	0)4  

?OA 	  
( Iraz, 	 --±114-71L"')';  

:U).11)4 	 y = a )1 LiciT „Sp, 	 (>4. 
va  

vp  

aninmerserronwrese 



o.s1.1 0613 ..,v4.) JLt 	j 	L.,49 ',Ft, J,3 AS - 

Low density for small 
and large peaks 

	

utt 34tita 	 y 	 -i12.31 0.61,$.  a = cry 	pa(a) fop YSTI-c •- 

	

..9 ts..oI oS L.C.).j..! Asa.? 	 0..)).11-1+4 	 (1.1-3.6.3 ,JIa. 101

Ii zoi

;  

241.).4  aLa ..),t..?ti a )1 tate, 	LkiiI e,iLa AY S AL. ,)1a.a.0 ASbI 

Prob(Peak value exceeds a) = e7a2/2 533  

Y5-• 

_AZ-L.7a ),L.?J y = a 	,A.÷.531 	..).0:4 	ke6 .A42i0 as -5tL 

cyta, 

f pp  (cz) da = 
110  

:ro.L.A.N 44 	 Link°  1!  

1 d 

vo  da 
sit.? 	 01.53t..70 4191) cy2.1.csualAn-IN big dial 1..)1.4. 	 AS 

duat,IN 	y = 0 04.C. >14.-o )1)5 14  	-ult.?  )1..9.AAL sk,J).4 osLiti 

)12.5ia 0.?.1 29.) Ltbioya+Ly, 1oLi y =0 	Lot?  tkr,...o.slo 	aL.S.4).9.104  

Pp (a) ol,, 	lal aS &ciislt4 1 /47.4,91 y(t) 	Lat 	 64)..9.3 >i (51.), 

1 a- 
- va  = Tn.  T—TYy  Ca2/26Y2  

:sob (1/2A11.,,S. 

—pp (a) = —
da 

(e-a2/24) = _±e-a2  /24 
o 2  

........... 	  
(Wit' ttkr-,rt' 	 r 	 -stir 

I 	 (....rt 



:L. 	- it ta...LLH A.)1 

ad..) Lo...7.13ay  Abb. y(t) orwesir ..1.2)14 	 u-t±i 	A-Sii4 414 ifroy,,NI 

Rr*,1Hr *,11 ftA  
I 614,..101.e 	 W t I 

:14 Cadmi ).?1).? )26 	jua..,.1,, 14 6,641) „LI a = 3 Cry  .t)...).5 

= 0.011 
),L4c.T 3ay  Asia 	1 • jis 	1,54 	.ba#yo 2L 1  

3414 	4.1 	tykii 0.21 	4.4.1 	Lre.NIA..45 isl.o)..144T.,,..4 61)4 ti.t) 60.93 44 43" 1Lc , j-OUT 
el)93 4-en1P4 14 01,93‘.70  Loàii tall Alai --1413-h.,-ch 61-40  )14  44,91)., d-La) 	 C5"3  J-014.-• Y(t) 

"k,}C 0.'4941  L.5.114. tf9) cS9 Y(I) L7J-7za 1-51A0-"W.,:01.° 
65 	0.04)st, ,}c4„ r 021Aui 0;4 	 1.).1-suri 	y 	dy/dt = 0 L76, cLao 

y(t) 01.4(4,..4.4)51.0 L,31,91).a 0.21241/4 	 d2y/dt2  014) 01-44 
.)-!1.)-i >bits° 021  -NAN 	 "A).9S,ie 	'Cj'44) 2ve A (-51,)`? 0,3% 	tL 9(0  

t'S-1 
Ors r 	I 	 ,s144.:3;1 	 ctt.:41.s; 

tst--54 0-2 	11  

	

+ 	Y 

	

Va 	e
-a2/2q, 

2.7r Y 
.1-2) 	 = a = 0 .51)-1 oLsAA Lattloty,  ay  01.74  as, u!;-7.4.4. 

"9 	y(t) ro,„:„.2)stia 	 icy ci 0.21)411.4  :ay.?  J41. jr(t) 	 >Ivo 

y(t) L )a).0 3j„ii,T,a mu.?  4„;..0  
+ 	• py  = vy=0  

eon& )1 4,0  ,0T 	45-* 

....C.12A4 	L,s.2 	y(t) „).403. 	 sta L,A.91)..4 	 Jr 	ç 1  

:rob 	t.? A 0.) << 0o y 	;Li , jC,L  (.447.4 oT 	 &IC?  

s,(,)) 2 	C°  2 = 	J 	co Sy  (6))dw 25064[1a) 
Rso so  

Aw :&l  aka 	 
co 

a? = F19 21 = 	6) 4  Sy ((Oda) 25'04-aco - 



)y! ft9-0-2-5-a° oil,TJ-§ 5 

_• 	ris  k (IS 

2 cr? = E[572] = 
3 

= E[92] = 	w S y  (c.o)dw = -
5 

S0  (co 	w) 
2 

?it 
.c.5 	 _N 1,41:3 - 	 Ajsi J-S jj- 

Ali L5144 5  &aux.° 0T ji2 k LAct  41 	-U2TA 	 y 	 L tjI  
oT „--as-53 	(02/27r = 141.4 Hz 5 wi/27r-  = 70/ Hz 	 uT 

catcl.xo 	1010 Hz 

so  

www.vepub.com  
Publish 	Your Mind 

:3-2Tva csas--N& c-Qya? 1afro0-114 	4-tail) )1, 
wo „ 
27T 

(.5 lttIS.„1.5,..)4  L,i1512.:3 49 ..1054).4% 4.1s41.) k oc1Al4.1...EL0 

1 a. CO 
V+ = 
	0 

Y=0 27r cr 	27r 
‘1,4  -C2 i as 06.).1 021 5 -Nala )41)9 lte (0,9,30Sto L,11,1›à L c.:Aaido eau) (51ko.1),S.,4 L,31.915..4 yiaW 

Lail •sila 

Ato <<tOo 	ciSyylai aalda; 	LOU" 	44 -CIA ail:, 	L51.2.1/4;:,  4_734 

)÷1.i,s 	‘5,41 . 	. 	. 

:14.-1-.)-.11.)-4 .9 Si' n 	 04th-c' Yct) LAW'. o-114 C3al-e 
co 

	 so 	se 	
ctz  = E [y2] — f S (w)dco =-2S0 (w2  oh) 



v-2) 	oi-.71).(4 4 

1 ay 	1  
fly = --=---- 	 

2m o-  2w45(w23 — 

= 115 Hz 

:4.64 11.,) 	,9 

1 a. 	1 
= 

2yr a 	271 3(coz  — ) 

= 108 Hz Y=0 

••• so  — so, 

00 

y(t) 	,}410 &LC?  4..c4;1<b) 	 ,:41c 
14L,w,izaio 	c./1,93 	-1-411-Ja ,^342)19 U1)12 	t..512Ice .4141-123  

(422u.03- 	 44„91) „.9• 4445 

YF-0 
firi 	 s 	1,A; 

„5io„k40 ,s,at  &I 	JC 	,5)20.1s- 	_GA sat j:t t,  taitz? 251 ,s1. 0146 Cra ndali 
1.5125 /0.9-44)no 1.1110.*-6-Lob 94.1 437  jart..70 -st-Tc41  ;..?"..9-14--"'r )19-.216  r."-e 	 si4 

(Ayala 44 

($) 

js;t) jr.4.) (L,4) LLD,/ t5t-?4) 	Joli; „sin  Weibull 23,_,Ls" 	6095  °-> "I  

cho!..sta 

Newland UV 84 U 8.1 LW batio 

tn. 
. 	;Int' a...4 	 ,5},1• 1>r 	Ito; 	

zit!" ou..atra) 



Displacement 
Y(t) 

 

    

     

mos  
in 

force 

x (t) LILL! 0.1.41 OA) CIAW.1 C-Ltiea 

     

     

61.44.1.0)1 04).u1S totAmiso 

000 	
• 

.0÷ JLJ r  %.   4_744 	 )1 

C-s.usats .14-ksis.' c-J 	taul; -ikyst ài-LiAm.).1 A.!  ...Ilya- 	Lac )1.5..w0 L.Q.1)+,2 

A14.4 	dthlsta 041 s 	5I4 niwut c 5..sy.0 S.ALSL ,$),t; 

&Sys 	 64.5.Sys Lithos% "Sr /0)4  4...c.41 .6)..z. 4.1 “Istli  

atpsi „win 	(Li _ 4191.0) .ELY21 	sa;twit 153,../a 	04g.fro cw.4.23La 4Jtiss.c 

°sit ri.?..1. 1 si+5 01‘..*,i  „Ls 1/4„.11.1.0 ).1.4.FJA,La 04 4AAo utiliLICI (5.s.v., 

wS0  
E[y 2 ] = 	 

kc 

YYY 

Shaded 
area. 

2•C 

0 oll,-9u.s, r41;“; 315T I 	 clC.L.,1o) 

,...(1)14 	06).a" lt  'X (0 ....k0.Au-  otlAs.td 	et's ,740 &Lc °Arc 	 15)1.3.a‘ So es 

odiu- 	ds 	 ....II 61)..1 	6..7...41.3 01) 01,11L7.0 4:1,4 rb.e..14.b? 	 Lye y(t) &Ate  4..i.).123,s °Alio 

k y 

	

:f13.2,1•1 0 VIII,  •641,#) OAILOIn 	r 	4W N  = ;;;-. 	tioN  — 

E[y2] = 	IH1/4)12Sodo) = 2S0  1°°111(co)12elco 

LULUL L- jTj8S 
1 

—mco 2  + icw + k 
0.$) „),9,.;,thi  &cLa ,s41..s.s L14 6-64) j1511 	(a) XI 	(t) „)...,1),.?  „Ls IH(0))12  e.41.3 

taC-)T )3  

WialAum `Ssi (oe -6-1) t-1-4 J-;.  (b) jna,  )-S 

°Lab S caaal ca./ o.s„) 

‘ty 	
•

)91..).?  dtkaaLe EWA 

re,F; 
Moan squat, 
bandwidth 	

OT LIZA S44-4.1.1.4/4 2k2  • 

e 	 eCte/e 

- re' 	oT 	‘,21,÷0._cfrs- 	a0„sip Iffico)12  

_NJ 	 -1-At 

(.1 	 ,5), r 

 

J-0 

 

Lye:J..14)T  bi.r..:1:1.0 

  

  

H(w) = 

(e) 

11/(4412  

(0 
Approbin lion lee 

lel1,412  1 	I 
'Cs,' c ." 



_  
%la •-c2)--i es -IA! 61244 	 0434- siticUi rti? .sitt suit.: 0.21 

aisstS. 43,21 6.4Aubtso k_s1}4  Lyszu_tu 	
CON 

4.64) )1 astili3 c4tSx  ((AO ..41 (4-tia tt4i &1 	a 0L-Ciko ç341  444441.,c-o 

c+Aulvta 

E[y9 = Ic°  fli ((OP Sr(co)tho 

,n) 	6.6,4) asi S (011 .414  
smcc 

.csoj )L3) Ltits" cJ. )1...\4.9.0 „usl t_s1)4 oJ 

L5.1-33/4C Ca,1,9.act.? 

:410,124 CStui OSA; 	op 06).0 AS 01.9.ita.4.1 614.1 .51 7rf co Ar  t 	cys.c.a!, _04  oti,,4 	 44,3 

Iff(0012  = 111-1(6)012  
2e(AiN  )41)..?  t j.äi ,9 

Yfi 

Ltb .2.4u• 0 	 y(t) 	 ,t_rwfrr stk. 	 151)4 

1.?  csiali 
(ON  

2n- 

	

219  ciasil241.)4I.ASoz„:1,3 ,L,Ausgr 	.1_1411)i t.51fl. 
a 2  

0 < a < co 
ay  

.1.44 	ts.w ,s5-1 Ltia ra4,31.1/474, 	 iskiti )1 .044  JUL. 	)..!1).! 	-Nya 
JUL 4,4T)i Ali41 	,a4,143 ,tua 	)31 ‘0.4,4.4 	W14.3 
4.64) .9.1 A .c.”4,1 )1..\,),„H 	ais )1 ;tins- ,51,4 	 1,„ 	0...cityp sok:  

cy1/4 	 n1y, jib 	 ,_6440,4 61)4  L.,411csi 14 01_95L,,, II) JO 

VV. 

Ory uLl (ilc I 31)T 

.r.t.b.0 4 di) 	.„Lizia; trV 'A).)a, 	,A.intx: rfrit:L.,14  ,4..st-lz.1)T °tr.:34) 



0  o 

0 0  0 
00 0 

0 
0 

0 o o 0 

0 

° 0 
00 g 

vvww.vepub.com  
Publish Your Mind 

tsjir), 1-1:slm's  t...srab34:)'  larj:e." 

L.7.7.0,s3  )14,-11 .)! L.7,1,(3 	t,  	 .01,63)! )1 

„aws 	 L7osco 	414/3) 	 Ls1014 	 1114 °La 

-L„.0 .N14) 	 eS 	 -1" 21 ...‘,..J.1 LyaJo1 Lyrisui 	ts.).9.13 (lAal.  )1 L.,êL3 tsLto)l.! 

Apti_ro 2.4.kao 	..siyatLya .114) itS )14S tsc L.4.16 & cs!as 

	

3.3s3 N „s 0.143/..A.! &Lob 11;144  S .(jsz 	 cMS N L,s20A 44 ....i.s2sto 	 ij-o.;  

ayt.1/4 6 Liz-&!...r  44 	(S cael; )1,12/.4-  14) otal/i14  ,,,s1‘Ict m 

tog  s =log (Stress amplitude) 

log N -= log (Number of cycles to failure) 
C 

YYS 
(rr0 	1S11.6) 5,5/5T 33,  Ma; 	 al)T 

1/4„...L13 1/4„.0...oc.i.u.S 2.! rarl. 	 .3.i.A.kra -0146 ojLa 	 L,eta'• 	t_Skiy-oir eat" ...LS 

aS S csdi 4.1.01.N 14 0..)13.3514 ‘511/41C!.. 	)4129 N (S) ci In....,,  OLIVA Ls14,IC!.. S.jr...c.  

Lyti.21.05r 	)1 ti-i0U. JOS 	 S 	L,CIALS).A.0 	aq 4S) Siot? AiyAliso LI stir  c14 

).2) 	 0.6.14}..0 	(5 	t V(S) 
S logs 

  

log N = a b(logS) = log(NSb) = a 
10a = NSb  = c 

..4 CZ11 

&Loa 	 c 	04,34ti 

isirao-L01.1 	uku/ A tsl kic... 

A 	o Oita ot1.26 )1- 	S yaw.* t,iUa0kma ..S1.1 

	

lotN 	1A-2:1  b N isitajiva -11-1.32.7 .3a41T,70 cssa..1.4 

.syst.t,a,  cs4 S 

--55-1\70 

	

v44123 c_i12.11 	 oS 

VYY 	  
rSr ch._?o ...5241' jL3 t3ii.3)  6,2,1 	 Q)) .A. 	 0114t) 



,51)4  c..>„sli isw.“3 	 4S" 	0÷it.C. )1 JAI 	 j6).N 

.6.21eAL 4.51).1 1}111.:̂ras .z4e44 	 .1).! 	 L.7.4.Nbco ,114).1±1.3 	1/451.4e2A2; 
istn  4?..).1a3 0.21 	Palmgcen-Miner 4.2)11; Air 	 c_vai caai 4i1,1 LOSisol t5j1.3.51A 

I ...IA) .12.91S- 	L.Q.lautht 01.5.1..5.1)1,L.7ca 	‘514,1(!..4 4.r 	.14 

c-vra? Si  4.1-4)1..s I otiziektyvs 71.1 )1iyai D 	 attaci; „:4,6 
ni  

	

:1? ciao! 	c.))1.4a Jr 

	

T1.1 	7/.2 	n3  

	

D = 	 
N(S1)

± 
N (S2) IV (S3 ) 	N(Si ) 

	

—4..).).23 7.1 • • 	Lvisat  D = 1 L., 	 trcayus- c, 
S 41.1.1 te 	 .41 4.4 	 t..74.„9.)S 	)L 1r, 7  14  

n(S) 
D = 	— N dS • 

s=0 (S) 
ota51...n.?  J4 	sc Ni  4r1),124 	t5)1).1 	ot.13/A1 3.Cyn Ssz ni 	 0.ta.9)  y1  iI, 

	

n1 /Ni 	 Asa Tit  )1 LTiali 	fo.e. tL- anCit  

ntr 

D = 

,I.> ç5I)L A 	steh.• 	 Aiir,b t. ,$)1).3-3.19 F1 Jima "...Lc 	N(.51) ,c1 

JC 	14T _AAA; 	).9.6 ? T c)143) 	 ,6.44 	Si jlacl )1 igai Sç)L au 

	

44 44.93 Li 	S ELS ti S 	 Ask,- >pp (S)dS islAs of 	b a , 0.1.:..13/)14 
.11-La3 rao1-1 A1;a11 T ,J1.;) n on. .3,4 aI 1/ N (S) 	lava 	S o.i0b t.?  jr.e. 4  PI(S) 

:14 	jai; )i )3 0J1 ).s 	 cajta.1 	Lyti3/A9  )I).; efil )1 j11,,, (47)(pp  09d/ 

, 1 
E [D] = (v T)(pp(S)dS ) 

N (S) 
6) T 	of 	t51Z)1,3 rola oliel(!..0 )1 L,Atli 	lcuu. 

° 	1 E[D] =-- 	1 	pp  (S)dS 
s=i) N (S) 

-!. 6s. ( L,C,LakIv ;4,0 •s..)-LAC4 	t_9-5, )1  JO 	t-1,00 	t-51,njIi 	I) 414) chd 
;.15,--43L74 

T 

foce  (1s) pp(5)dS 

caassl 04ticitui Lpti.  4.,2i 4 	S — N 	asp- 

1 

YYL 	  

(1 rit 	 )1:3 r4i5 jj,I kc , 	 cALLA.,) 

taf  06,14 “n7c; 3 rylc. -”.13 



YYD 

1 (Int' 015.43 	RAO; 	y 6,0 I 

YY5- 

°Lad )4) Litt 	L7a4.1° 

Ls,' pp  (S)dS = 1 

.)91,)-g 

E[D] = 
(vitT) (coo  T St, 

Si.) • 

)1 t....,atti) 	&Atka A4Aol-w-a 	oil —tat 411) JO otL*4 „Ls pp(S) jVitsi I ja (4,31 It)  , - 
)1 gt14) 1/4712,1C-4.011 ottaiti 3).1-  Omar, L7H).41.7 ),.6.!  1)4T 01.91L7o 4S (,)Los.1 &kat  Lvial.4435 	 

	

.3.41.0. al.)4,1b 	43.Aubto JtiaS 	nta\ epuo to),..tillo )1 c.).. )S.  

,}24) -1-44; 	 3-2.3.45 cJ1 	j 3.0..! (Ski 13"1 ca4144.-act jAc ..)„% 

L,41.C49.103)T t$11a: Aka. 0.1o.0 .(eN > 103 4S±).911) 3-4414 .112) 	(N(s)).  .7rt4y.C. 	L51  k i(±, 

3T n 0.3T )4.36.-A o3.9.3.2co )3 &al,oaiL1 jacIlfrksw (j- 	0,11.e)l 03).V.A14).so ki.,stA3) c34A1 

&IAA 4.1.1141.0 4 = w0/2ir Cp..; 	„Alai.t.OT alc41)) .54; -latA; LA) 6,),,5  )1 e 

-1.1161, 

	

S 	 2 
Pp (c) --2- e' 2 / 2c's 

o-s  
0 < S < co 

N(S)Sb =c 

E[D] = 
coo  T 1 r°

S 1e 	ds — 6+ 	— c10 T 

2n c crs  0 	 (11-2-cs) r(1  ± 2/1- C  

uu• e43 ).41)4  F(1 + x) = f: e —Y yx dy 4.14i )  

uL12it_wit b t cif y(t) &AI  45-  L„.74„..  L5,)  X(t) 	 „9./4.5.r —.C2)14  
1 06.)..4.0 )3 1e.1•4!“, 0.t.1 )1 Jana 4.! trtsu- yat 	 ()Lad ST0 szs.wS. H (w) = i+i( 	hoo)  

.c ISbN = c 	'Jac 041S — N L,Ltio 	y(t) )1 Atu otz L74.sLaiTi. 
ada! Mat Xeq  = A sin too  t Us.0 	sc A 	Pa I mgren -M ine ris).5.11 0..6.1)4  

CASII ).2) „kb LAC+  Is it c x(t) L„.e314.a3 	)1 L, OLJ c.4)L4. 14 	 ,a44Lc. 

,ir  L-11..?41 

sx(w) = isc0(4  + (4)2)  for  
elsewhere 

(I 
	

La.P4+3-1.403-, 	-vs" 



Tantleiltenlearn771WORMISIFAMWASMINVINeelleeflanallnalannemeelnifICW17171IS7IntrmnSWReleffrOWIlancrrefilaaneifienitnianellwIRMS•91("frpm.ovese.oareeriew  
jrill 44 t_,SAai cvlarNALAII: cLiA.A.4,1aA0,2,3   

WOITb 	b E[D] = 2n. —
c

(12-as) r(1 + -2) 

YYA 

:aim' a-114:1 

Xeq  

5, = 	Cfs  

A Asab t Sa tika 
)f Sr  (CO) r,Ista 1.,46 

11 ± 

et; 

Nit? 	4_10.4)..9.10..Nla)1)..51_4,91Atco  

om  

b lib  } 

441)  as CSMÜJI 

14  

.3.24 dkoi 

(4  i)3-1 &SY!) 

X(t) dZio05 Cs 1/4)3Lia3 

(44.1 
°tar, )1-94.4 j1).761 

Tea-PAL. 1.9-1? 

:rt,t J.91 ru- 
Deterministic Excitaion A Xeq  = A sin coot = — 	t _ e  i- (oot)  

2/ 

A 
Response 	y = —

2i 
W1/40)eiwor _ H r_oi  ‘ — kept] t coe 

A 
Lt.- - (sin coo  t — cos c o  0 o 	= —

A 
sin (coo  t —0) 2 	 - 

levy 
{In!' QL6..,1; .0,416a) 	a .f.E.tku ,5),1 	 oty".01-,,taarts 

, 

kA Response Stress 	Icy = — sin(coo  t — 0) 
12- 

:1,1  ca.! 241.,4 L,Li3 otioLA 	 ..)41)4 k ,4134u cyg „LI ds 
kA 

S — 
a  ,ra 

(i}zUcas 	 utrz 2  t_Si 
Clo -FE 

a1 	E [S2] = k 2E(y2) = k2J SQo)dw = 2k 2  f 	11-1(co)j 2S,(w)clw 4E k 2  So -cog 
400-5  

:29.) 414) .).s j+ele alcyl) )1 Sa  1/1?  4.641) )1 as  

\i2as 	+ 
r- 	b 

i/b 

	

A = 	Ir(1+ -i)] 

	

ddyr 	 ..:A.‘Wit „fro JS c.,.j4.ots 	 5 r".I.E. 



P(X) = 	
 e 

v2nar  

:..Ny .sAI., )-±) J.Cal.4-?  414) 

(Fraction of elapsed 1 . II I  _ 1 2 _ :
-- 	

2 ( X 	) ) 

— e A Oar d   
ttime for which x > a) 2 \ 	\fir 	jfax  

= I 1 — er 1 —a  
2 	"far  

.....ittis5 )4).:..• . 3 ..) "in.! l..a eit; scir ...)..) diS 

a 
erf 	

1 	e_.112„,1 

if a V 7I a 

VA. 

(Fraction of elapsed 	1 a _ e  a War' 
ttime for which x > aJTh a 

c".412414 

(for:a > .a). 

www.vepub.corni : 

d1/44 	i 

;cot  ka )1 aW tp*.isar  gi-Lo) c.s.k.sr1idi1 	01.9.3g.„.a „Si..1 	 jasa,)1 )1 A2,t; Jz4mc  ts14,0 

	 'a.1.1.4  '444 	)1); )1 0.s..4, L.,10 olo) LIS" )1 J.,43 j4ti .).oS —f.!  )1 tiky, 6124  &It ATI Site 

t) .„,caes. 	rfrima 61)4  osit.r...iiva )1).; & J,1 440.1 L51)4 tOu5 ,n 4/4 t.±. (a ticat)..sas.st) 

• 	 .(b „pi) 
=to 

Publish Your Mind 

it(t) 

i 	tl I 
11111 "nflflill"' 

(a) 	Failure occurs if x(t) > a 
for more then an acceptable • 
fraction of the total elegised time 

b 	Failure occurs when x (r) 
first reaches the level 

).S) to+c ilauz 1) 4.3,..4.; 	)I 	 J„.k, a41L SS5I x(t) 	aCi41 0oØ 

a )1 x ds-  0_1.4 —if.° 06) )1 ors* 	 p(x) itl 	Jl2J L5),11 

:14  c.......1 )41„).4  

(Fraction of elapsed \ 

1
pfx) dx 

\time for which x > a) . 

VYS 
rir ou..4; „st.41 La/ 	ttac ..s.2)1. 	 47'; rfrir 	blz It) 

rAY 	 ttik“ 	T kit 	 0114.34 



Time interval r 

-L„.6 VitT142.!1)..., 	 x = a ia:‘ UT) OA. 	 oi. &Lei-) 	.(a) LILL. 
‹s-  ca.wl iao 041 est  0,11 ..Nyt 	V:dr ,41.).? IA.V.9:1).t. 4a7Z.S.  13.777,3.43 .dT 06) 	_SALL?  

--Vely -S),S;4' 	Ly1)1.1 L00)14 041 raw vi'-or 2.s çì . ,e,2A 	dT oaix 8,4 014 L5.40 
0C-0 1th .$)-61* 0)14.—c..bs 4),1).! s-c, )10:44  AS 	 L5)..1.5ô dT 	ok,$) 

	

1J14"1 udini l q  sh1so  vjdT j4p dT cit.) 	 JG: Jai 	41 .zsakali 2t.0 0 1)  

C•34•01 )41)4 (0+42114 diltba dT ).163)."..;).4  
1 — 4-dT ---- Po  (dT). 

s-C4 _As of 	 z.1).9.6 01-o) )..9=A 3512 ,ja 3àS1Ac3 c.i,ky.eo4 10‘.3,)5S.)4 OS refl.  0,6„).i 	t_JL 
(pas. .a.kilL,4 did 	L5L4ojk 61 je kats-  JAL,. sjiasl &In) 

Po  (T dT) = P0(T)P0 	= Po  (T)(1 — vitdT) 
:roil 441) 021 	.schai 	T CIO) ) ts..).9..:).)-? AC ca-mig jloaa' Po CT) of 

Po (7.  +  dr) — P0(7') dP0(T) 
4-.  

dT 	 dT = Po(T)  
"19A.re Lia )4) ).9-24 ,as,i1 Po (T) tst)4 J51 4-Pro Jla Isis° as 

Po(T) = CC T 

YA1 
(1111' c771:i 	p-r-7 y7127.4 7  ,7,77T -N7S •LOaL-'1  c-4-24- 5̀A 	j-1 /4.1”°1 Le'stu  e)3 	 LCZJI.‘) 

&z,ZLsi Aso L.,36) o..314  i,s 	 4.1 c....kus.21j1m.W Po  (0) c,), 	 C .0T ,a of 

:Jy-aiLto 4.74.15 	 C = 1 0,,.1.241.4 awl .149 	1e...0t14 

ik4 
of a a ti CIO) cyj 	a),S14 ().1-11/ 2? 1) .Si akr cswaji JLazd):?1,)4 T 06) ),N crti..*es 	b jLaisi 

;14 	 ols) 	jaat-S 	t_ 	ji.s.s..‘113414,3 y 1 	Po (T) 14 	.e1 )41.fl 

0.S4 calsu)...i )4) jT4 

Probabilityof failure 
in time interval 7" 

Fig. 14.5 Probability that a narrow band process 
x(/) crosses.  the level x a at least once during 
time interval T 

as ..S.351 aiT1j 	4.51)4 ii.).pa 4...7!zi oil 

stirts te0).1 a 40 	ty.79.11.03 yyliO4 

SUL J4LIA, &Lob Lolscf,9, of LTsiT )1 .s.41 cc-ea 

teba.1.9S 	L,a1.0) ei)L! 	t (5,14,4:4,1) 0 9ai1 )5,10-! 

S y 	 hsu,sc 4-LO1S A 

414) 6.-÷10 aT )1 T 0143) 	JT...4t.i.eS., _.v.1LeW 

dalir 

VA? 
(Inv Q 	 6.771 k71,77ta.:.:_.12.47;710.7., 07),, cAtsc.1..e' 	e".k. 	L,..71...)1 7A)1 .711.:A7) 



j+i 4.641) )1 01,5,...,4. p(T) 	 I j4 	....so 
0.4).4 _same  T +.dT y T 	17-liceS dlait).1 019.1)31 	T + dT 5  T 014.1),$)4 ,11 p(T)dT 

Jii . 4-641) 

P(T)=4e —v(IT 
At, „,.„ I 	Lerr;.! ...s"  t 0.14.w...) 06) cgilfro )1,14.3 Q,.c cyJy1 JLatJ114 &LS ol,:s.59  

'Ott 	9 

( I 	t; 'SI Lt) pt t 	1,5i 	A.  tyiA 

—‘.11? t, o   U.4) sa cM I iLt%4E; 	JO S.1 6,) 05.41.13 	/.70.1a1.013 

.C1.1111 o_120 o_11.) oLtsiaS J,J, „Ls diaole )1 Lyzeli 	 ZI-•  y 	.(o1r-1y).1 

tysitcyi istAcLiJr  sit?  Er, J51, I.! 	 d-Loli )1 ‘94li y tlas.)11.3;41 ,01,4„i )..e4a:g. 

....ufJolito M4 °LAX/A 14  ,51_12,440 oti,S cyo 35.6 lt L5Ukjollitzo1i 	aL0) o 	°tic' 

.;),1 (rad/s) _Nab Li  (.0 614o1) 

wave-number c'ea..J.cL 4164....a 

(rad/rn or racl/I0 	g y 

t2; 03i.tb. olsbi eS.  ..s.,ALLTo 

„s±-.1-0 

t.711.43) 2.010 411).0 T 

06)..i...N1..9 14 T =Leor 	L uLas-ilf)-1 

.z.ual )41)4  y 	3.14 t_711-40-e-)4ele diJya 	A Cy. J5.6 otriT 	 0.si3 

, 	men,‘,77100,ifyyt, 

Moan square 
spectral 

- 'density 
Sr  4) 

Wsvenurnber y 

LLl 



,.$•••••Mminw•le 
ja .9 (t_5144„91) 0..6135.6 t51.7.4) 	 ,L,91.1 X LW) .flitto 	 0.tritt.o 	t 	0.01 .  
J.9.42 	Axis L5Letio,kii 	y ts.)4101341 4 01,k,,31.)Sy(y) Lakt.0 	.C.1401 (b) jtat &Wu. 0-T airs 

)3 73..,3" 	- jlicw 	tiolS 	 Ls..).4.511.? one 5 r 

:04.1)4ti? i y 	eu 

E[y2] = Sy(7)dy. 

	 ,stsb,_,, !mai4.  .Jptia a 4-4.wy 	t....14 apubr,.. to.sLas c.dhlsciA 	 t5lia...H..)15" 
es- 4 7a 0Wis 	 rause 	dafrw, 	64ff 	jaa 	(C) J.C.4) 	47:1b 

1.5.9) 	„)J614 	C.J+LLIU ajg t..741 Sb 	 j V 	u 14 
:14  c:_kaal „s41„)4a 

	

	 4.1.31.8.0 .9 all'usis 01.0 „31 1y2.4.; 	Z y 	I  Le‘240  
kz = ef• + ky. 

...IAA? Sy (W) idtt.12 L.7114 t_SIA-N 06) 	 )31 C-1.11.11 y (t) &La) 	„).1,01)1.?  ,c4.4".3 ratinva t_s3v, 

:le 	Lust )21)2 Sz (CO '14E6 4•14.A09 &21-2 L-4121=" LAC) 
SAO = ill(c91125,.(co) 

YAO 
(irir 011•44;.‘5,41-11.6).fral‘ 	Ws,,5),T 	 ot#,A 	 ett.L31.>) 

a.; J.36S 

Mat) 	. •city  + k  

osL  0)..±.r0)1a31 L'Atio 	14 	(w) 	cjL)4 csfaisi y&ab ,J14. 044 4.1,41) cite; la 4.16.40 

-1-4)(?‘7.3 Sy(r) 	4-1401e 
: 	„a) ..:-..oya4  Sy (a)) 43)-6 5..1 &La) 	 j1.4 	 Li45 th-ac:th 

Sy(0)) = 	Rytt)e-t dz 

'•194t.r° •-42Y6 )2) c-')Yani 	L,;143) L,ni. .-?fr: &LT 

yk,.3 	2.0 	i R3, (X) 2.161..ila ,..71.14ae 

Ry(X) = E [y(x)y(x + X)] 

24„)..tuyo4  (44)12 „9.) 	_44> 	,QT 1

• 	

Itilo 

Sy(y) = 	.1 '33  Ry(X)e-  dX 
211 

YAP 
( rAt 

°:).• iaI J,.thJ 1.51 Lat.) 



Sigl 	 4_1341) Sy(y) Sy(CO) 	 ca.41; g V ..,i,11)4  4-11113 aJ 	ctC141 

V ...tax)su t at* 	efi 06) ipj 	414) .S.!  X L.,±1.Aa...e 	I I Lyle) 1,M yo 

:14 c-LuJI 	t)31. Lt.9.6 „LI 	sS jf X &bolãa 4.1aid 	044  

X 
= — 

V 

:feck)b ,.1.,ALLTo o4s otatxT 	)3 A = 2n.  ly )4124 	ttgb t LICLku 	:Lop 

T = 
.V 

YAY 

i 	ic r =IC  e-iwrxxon. I dx  .V0.) 	v')=_- _ 1 ' 

24  

f
= I  • I 93  R.IX)e-ladX 

Sy(w) = —
2n 	

R
Y
(T) 

2m 	:2u  
= 	= v= v7  

Sy(o)= Vy) = Sly) 

,>41 	C.S.U144  &gal ty14:1 Sy  (Y) L.7±1-bal Lia,". in  &lc) tsg) )11 	S y  (0)) L,:ilo) L,417 

y 	(4) 61),.? ,iajoi61.  „9-Sitb t.! 	 GOU —CO flyyt0 	 ki).6 	Suck, L.,11.5:p. eti 

.9•• Wy (f) 	opt.) /Hz ,51.11,...L1.1, 	 )fl 	 ,..n.tysa CO 13 0 

y4)1.1104414 641,-0  Wy (1/ A)1.!(e)-. c_44.) (J9k -3-4,)-!Li c="1 ) 

Wy(f) = 44(co = 24) 

b Sy(w) oT _..)a di

H 	Ii 

. 

WytAl= 4nSy(y = -211 

	

yI) 	Ri g3 Sy(y) oT 	isS 

WO) = -17 Wy = 	• 
1 	(1 

• 	YAA 	  
tif vt—A: 	 ) 0,) y _a 	_,:irr; -,trans}10..)a 

www.vepubscom 
s 

(If ir °Walt; .0)41 La) ).L'a tt6i5 1,52 	 - 



1 

(11411" 	.,5 „err be,) 	 ,5,p3I a )1 ,7:45t,,i bjit 	 CAig, 1  I 

01;1-.5 &t:W QI 04-1-313 	 4-C-40) Ji ti-CA) c4-14-1  4ka09t1)-0 044° 	 tinti 

04-61-55-i 
1 c 

= 
2nm 	

1-5 Hz  
2 link 

Eh 	0,9) 	yi.".9.41 1 • • 4) ,9 	 r. -(a) csJE 	)-pm can). ,9 aati?  

.- \IL? (c-,4) (cycle/m) „2.. mm2  • • 	4...4)Ja .1! 	Lai L,.1/210 

.c.1(cycle/m) mm 	194.6 ,11..c? 	es• 3.a3 e÷y.; 

-I.!  cssul )41)9  ALL Aib .1!  &It° Lyiki.k. J14 

100 WO) = — mm2  per cycle/s 
V 

ota! &U.? 	03,1-6.7.1,01 I 	 &AI-% 	(51..7.? 	MiS 	 },S af 

LTLAs4lS-2.9 tmuli &LSz4Lcyg 	cym.s.  I," 

CitO + k 
—mw2  + cici -1- k 

?Ai 

1h".4 je.S 

--mw 2  + ciw k 

=1.-tA11 	1LoAJA.91 i."14).A; C)1,13L1 Ly/jitAy e, Ai A 	101 

!Average value rof Wy(f) in liPeak value \ 2IMean square 
Ithe region off=-- fN  = ai,,„/24tof H(f) 1 kbandwidth in H4 

cr! 	(101( k )2(nci.
24 

 ) mm2  

)ll!  41941; 	 1.1 

riff (74110 mm2  V 2C 

A = 1-5 and ( = 01  

3751r riam2  — 
V . ;F110-0 , CC, 	.WWW1 

Hence, for V = km/h, = 12inm and, for; V = 100 km/h, cr, =65 mm. 
-s 	-  



:rabajt9a tSJJJ  O #3 04  

Newland urstii 16.1 Law. 

r. L>) LH-1,  1 ri cia.iu 

)1 6.1.9).9 	 .9 -1.114,70 &LXSU S2  )1 ut÷i.. 	 tyl2aL4 	Slyzsta 

L5-k9), 	1-14713  i(t) tw11 	j•st- ‘51)-! .(44.-63 	 .A.÷) 	43-V 

)5,-4 s2(w) ts'At '-A+6  "N,AL  JJ°L  Y2 (t) y1  (t) 

szko = lit(w)Hi(Msn (w)+ Hrfrom(w)s71y1(0 ) + 

+ Ineogit(w)s40)) + tr(w)H2(a)s72 (w) 

:(frte.1....1):i 

Yi(t) = ehat with y2(t) = 0, 

:rekt.)1J 

z(t) = 14,(co)rt 

Y2(t) = el' with yt(t) = 0, 

z(t) = H2(w)e' 

-42-=3  WW-0t.,A4o. Jr? ‘,11-0.) ,76410. L714 )-11)4 S3,2  (w) 5Y2Y1(w) S, (a) SY1(w ) ,or 	44- 

Y91 
(1 t•Q 07,43 ,,stifItai 	yebz ,$),T 	 • :321,,..” 	 („1,..>%1, L,..v >UT t.v."..t;IA) 

kili±t-o)i )1 14. °-!-ssb'" 0195va ‘51.0 •=-3' )frio4 1)112(W) 9 Hi (CO 4...,-;11)-4    fra  
issaca..*.125 r  	J1 is 	£)JL.a 	624:01-1.31 .4-ni 4-14Ao, 

c_tsul 4+1.ubta, Jth J.0 4.14, 	eta.. isliao-SLOL 6.4  €34ii 4.1?#), .4!  ,13613)1 tasti  

o#1 troy, c).21 	 j4ti 	 -Jac 	 L5Laa 

-s.9A711 	 4-5.116 644, 41-0. 	 r-te. 51-(4 4MAt )1  LA c"01  -1".t° 

t

www.vepub.comi 
Publish Your Mind 

fly 



• WI 9'&w  

21)  • LC,L.A.), eir.-st4a-6 csni. k,Lr LUjI 4.” 	cAA.l 

	

t;,4.424.4: li1:91)13t.law:)13,ic 	akta,s,. 4 	--b 
..„).s V e....3.41 ce.c.)-eu 14 41 C 	syà k 	„.4..t. in r-'14 Lfroa:4 6,43 44.,9  j_kcs 	CytitLa  
-cro ..).1ao. I) LISA, 041.64 ...U.,Akrt, X = Vt oS y(x) 10.a?  en. 	,9 

(I rir 0t 	6).+111-Olfz--‘ 	,S.),T '.17-12A 	 3 (31  I 

tbag 5.3L3T64)-11.!  olterri. 	F. <UAL* Iii y(x) = y(Vt) 

:14  tzssul )91)4 	L5.9)+1 

)-a 	 01$24 	x = Vt i y(x) of) Ldo. 	 etS y(t) &Li 0.01 

reescLyo Lciaroli.Y(t) rug  a_LITA 	1.4)..t4O 

ossils"):§ a 4-L4s Uolo) 	Lnilmc 0•NIA0  e41-7  L? (3-.01.m4 Y(t)sir! 	-s Los Js. 	f°44141, LTC  

L74  t 24.4  ° )(29 	 (t)  L-5164,1) 

C-SI  )44 

y(t) = a cos• 	 (cot — (9) 
N ac 	 0.16 at: 	 „LIR; 19 "w " a ,..5ictc,ito1/2  ,a641; 041 ,J..) 65 

}-6a  %)-1  2.1) C-I.),104 &LT  

y(t) = 	cr cos(cont — 
n=1 

&VIA 019 

y(t) = 	a(w)cos[ot — 9 (a0Aco 
co 

.).e) 	uT 	klzi, jlf-CLI 

Y(t) = f a(0)) ei r wt —9(w)1  deo 

VIE 



www.vepub.com  
Publish Your Mind 

"..5„N.sti zabL4o ).1 0(4)) J.9141ataa ).1. On  4.215) 1.0.?..icro 06 ji Ji 	 jaa y(t) L41,3 .1,..3.41(3 

dassin 	643 .,„6„..4 csi 	b.  • c...),..1.2c.o 	eti)..13 1 kJ  5 0 ob LO-1 61.-ikniaa 

-1.1161,1% Y (t) i .11...al- 4J4T 	.s..±  7-my.,  ..6.tac  

tjaya 	 ittifte ty.U..)H 	( 	t".e.gtiai ..etato )I J,1 abts“• 	.r  j13.241 

n F 1,2,...,N 61)1 4...) On L51).! jtal-1.1 	 0.1titisul I) E [Y2  (0] L9)-0 ofrC114-4 E [Y(t)] 

0 < On  < 2n 

otherwise 

E[y(t)] an  E[cos(cont — On)] = 0 

:14 C4JAII 	L.4!)..9.; 041,  1./.4 

it=1 

no 
(Irt 	.,52÷11 La) 	s 	j frc,0T .>„4' Q 	-QUAL,X.; 	I, 	.s1 iT sILLA.A1 

 

E [cos On] = f 2n  (cos On) (2-7-7.1  ) den  = 0 

E1112(01 = 

:14 ,14-011  .t?in 1..71:s9)3.  eV-a 0-1-Ca±i' 

cos(cont — 	am  cos(comt — Om) = ja 

m=1 	 n=1 

rOLS 	 JAWAda „6.AlAcks .5(tA).01,0 Om  On r.,,sys- 06,:q ast, 

E [a cos (wt On) am  coAcomt — Om)]= anamE[cos(cont — 6)]E[cos(comt — Om)] 
a2  

= 0, form # n = aE[cos2  (con  t — 0)] = 	cos
2 
 @on t — On) dOn 

, 	121r  

2g 0  
1 2  

for m = n 
2 

  

di...21 	Y(t) 	si41).:saJA.s ,a 0W.9( edalto 

	•••••••11101•1100 

(\Tit' 	,c5,,,Y1 Lev fr3-L‘ ?Lae, j ,j),T L>.; 	,LALLIS..)1 (fru o) js. „kis] .L.L.tre  ;  j rfris 	 Is 



°= 

(Y2(0) = fins 7.1:.1 
r-tco 	

a cocuil 	0ne1 t _ 	am  COS(Wmt 	70 9 	dt 
L1 	 m=1 J 	n=1 

 

tlrAY ..LIA4)10..)>*•3)„,. 	cALts....C. 3 r3.1.a -1.13 L.,..a..141:ir 

6 4 1  

	

:reit) 	ttair 	4.1.5,351.1-41 	.).51 
briM lut 	i tf rIzca,,,4; 	I 

T N 	 1 rT 
(Y(0) = lim 	I et„ cos(w„t — 0,) dt cos(w„t — 0,) dt 0 

T 0 	 T 0  
n=1 	 n=1 

:041-7-tas y 

1. r 	• 
lim 	cos(cont — 0,2 ) a 1  cos(ainit 0„,) = 0, for in n 

T 0  
1 T 	 1 

= an2  Jim — cos2en8t — A,) dt = — a' for in = 71 
T-.03 T 0 	 2 as  

ty:41-1 L514504, t-! 	tstAotrilta LyiatI.s )-9: I) 0-sy .1!•1,5511-1.,1- As 

fly 
(Irir 	,5,011-3)20 riliu ,5,IT 	 0.v4 	 nic  

SLOT otivalr, 6124  .ritt,3 0w W(CO) 1.! 	 4.4).6 	L.,11Se. 

tx01.3 

(Y2 (0) = 	2W(0)71)AW 

n=1 
„s1i.,4  AU) =6.),t4.1  — con  AS 

wit 	443 & 	c_SAsti-o W(w8) di" c 06,fri 	So) 

aco 	W(w) 	 L7-ots5i sil4 ski a)-0 	t.,-utr)3 	(sum 
ocA.S. LyuilS5i 

: _)135(0)8) L.7.1.9)1  vittio &lc 1.! Ccon) L.,i-!AtTN JO 4-6-!!) 	,syt. 

an  = 45(6)„)Ato 
:)4) 4).11.2.43 ).3 an 1.7i.2)1Ab t? 

y(t) =a8  cos(con t 7 00 • 

n=1 

47, 

jr71.: 
0:e1.% 



tyAtJJJ 	 .0.1.4R3 aa.) = w1 S (wh), S(W2), 	 (CO7) 	„ W2, -4, 00 7 	drat is)) ;Alba 

1.4  Am_as) aff0 Lkisl 2m is • 	0.A4 Ftt LAN L,L kali 01  jle 4,1) 

I) 01,02, ...,07  AW 5(W1),5(W2), ...,5(w7) cob  (02 , , co 7 Lstsso...t 	)3 

)?..) 

y(t) = 	1/14S(ton)Aco cos (wt — On ) 

n=1 
3.4...9.1 	&Li ca.a.ca e..<4. )41)4  y(t) ol"*.ts ti 

csula4  ew44...ur J.1.43 t,...,k41444".t.4.si ().4) <1..Th1s.0) .614.-*4 &Limn ti-La 1-51.4 

y(t) = f a(w) eiEwt-110' )1dco 

E{'(0] = I:a (co) e'E 	ndco = 0 

:14  ....-su41 )41).4 L.,..0.9).0 	14-.0  

www.vepubscom 
rubliott Your Mind  

y(t) = 	4S (co„),6ao cos(wat — On ) 

n=1 

L7."140-3 	 S(con) L.7cs,)-C tit?b L.7114 E!1-1  att )1  oc,i-cLa 43,46  e"?1,3 4,3  L5 L1+4 Ar  

4i1  

4-1.36tA Lvist.2) 	r 6.).sa 	 0.01.4.'4? -LIU.? 	.S.0)/ S(CO) LA.9)3.  oklz,  jtrt 	u )39 

t.433 Y (t) ‘74.sLas 	)1 t_5c,bem 4.3frai eic 	 (y(t) = 	an  cos(cont — On) 

0 )14 	ty.t.31.S5..4 	oytu...o c.)14 N 44 I) 5((0) Ltiti 	ou.31.S3iC.sAia 	LILA 	 61)4 

.1,41S-Lx„ ,5)1.11011 JC t.p.Uo-o S(Wi), S(0)2),,S(w) )131a. (op  £02, , oh,/  tst_katii  1,1 
S(w) 

SI 

0 rir ou,..4; 	1,a, „If 	„.5,).3T a4s' cL„,f.; cy)÷.. 

G̀E 	b .0)411-• 	 )31  LL)IL )cp)44.  



A .$."7 M1' t4 pLs 

i[e(w)- gong = 1  COI  = 

*„9.art7o daiir 601  44  co_tai J1)113 

# w 6124  Efei[0(w)-9(eV )11 
r.1 

E[e-i") = E[cos O(w)] — iE [sin 0(w)] 
2g 	1 	 27r 	1 = 	(COS 0) (-271.) de — i 	(sin 0) H d0 = 0 

2ir 

-4-!  Joiti CA-o) .Nytu 4..te)S.  )213)-1 .1a13.*4 ,zaira! Y (t) digt,>) .R(r) 	jLA  
c.v.,' 	4:3is kiai 	ur 	 

R(r) = E [Y (t)*Y (t T)]' 
416t i..) 	24..1a; „RAF 	)IY (t -F -0 .9 Y(t)* L.71.2)1 	Y(t) 	Y(t)*  J).S 

914 

CO f  00 

E fa (co)a(co')eit9(4))-°] dcodwleit(w l 	÷1°' 
00 

= [a(co)&012e 

co 
R(r) = E fT j 	a(w) el E6 (w)-(uti dal f a (co') elk' (t4') ((1)1dall 

(Int cylawl; .‘sy,r11.0; 	0;)-13)5.  

:10-2)1A S(w) 	LA,k, 	 CLiti "dY-'1513  
OD 

R(r) =  
-0, 

J*5 a-641)  

a(co)dco = S(co)dco 
: )..0 LTV:a &lad} 	111.9  4-641)  

y(t) = 	a(0)) eirwt-o(w)idai  

Y 	= f 	S(co)tho e 	(co)] 

cakir )..63)a ).4,0 olAy, JI.Atil 0.111;  aa 441 .-Llik7o  	).•J6.3 6Jalsim JIAiiIre)-4  os 

0-2A1*(of691-3) 01,10.4.4,li ota? olfrii_74 	l) ,..7.4; 0-1 9 3,4-1  e4 01•-• r 	ll i/1)1131  
942,44 J.s0 , eammur jam itla.; ALA) 	a...,./timU QI);um Valli is.t.cyà 	L,iato  

AO) t5L7r..? il-ETO r,„,3 jou EL, csi 	 l MS -S-rk4  



.9  (;t' 	 ,)i)T 

	

r•t- 	
onv 	).;S:. 	 sf,T 

c1144,‘13 • Lru:. ,)? 	 .1:LtaAl 

r, 	a(t) 	ii(t) 	0+4) 4,5-14.93 ‘,Aut 1.! 64..j.1) 	)Th..141S-7 	o jtAo 	)1 jlo-bi 

, 

)..s 	 Lich ,2,46.0 c 	 .9 k 	)2.4 }4.i  an  Lis 

).C")...L0  
' 

.•••••••••• 

- U)+ 

L5LAc).9-4. 9-1.A 1-4)4r1 /4.7., 	x(t) )41.)4 1) 	 itIALL Ck1.94 '4° 

:t4 	 (0)4 -ski, 

;)41)-? &A-4  k.,41-34 --E.-4),RJ 14 

:4-_•31s1 

- m.9 + c,9 + dy= —miI= —ma 

V = ky + cj 

„ILO- c. 4.1.sts“, J.  )1y ,..714.3 L,tcL 0l.)11.1_,A414  

41.A.145  j-ka 14 jAtszo 	dik9.1 	.4.1)J) )..?1)4 	 jsz. 01)9  4.1" t.„1.5a ed-to 

(il(t) 	0..v1, A caRt+6 	 011 L,Loi 	 S4.5  

,$)UT L,Loi caLioya 	a..iZ14 tzmej s1/215.1 4.2 	Ek-- 	re)1. t JER)4 .4.4a3 	6114-4-* )3  

L,rtin,i5  	 su:11).2.9 ..4J)..3) 	 t Qt.) )1 

- 	41.4)S 0-1..1.1-1 	.V13 &LULA 	 a-47)i 	06) 

( 	4443 44 5,, Lis* Y asiTyi y 	ail. 0.41 X .3.1.21-#0 X 	 

A-4 

alOjt 411). 



L 

a 	 
°La) 	A(t, co) L„i+.25 eAi 	 aa2TA „to) Lynn* 1, 1...1 /42q1 	ty1 aamumr 

rt.74/ 	1) M (44sli 	,tta istua-±I Jsa 
)..2) .:J.).9-gat 	(a(t) 4-1)U   X(t) 	% jaa 

zra.fr"."-2,9-3L7A 

xo) = E A(t, co„)a cos(co„t:— ON ) 
"ti 

J.) )—?r4) 	4.46.ZLO 4.416 	ja..o „).14i bisto tsii&she 	ckblto 	X(t) 
.(-tist,.. tot?  i) Aio 044, t4 	N 	Quo 43-• A(t, co) Lripa elt; 

"194 al 	fric4 LA,,Nr 044-3 

E[X (I)] E Att. woaft qcos(wa t — O.)] 11=1 

A.9)-s- 	14-41 

E(X 20)] 	E A(r..ton )a„costion t — Oa ) E A(t, to„,)a„,cos(a)„,t 	0,,,) 
1•1 

jA 20,co„)a: 
I- I 

rub 

 

 

uti,(5,5)41(-6,),)-71A•taz -C)3 	 °la 	 .1!..1310.  

1,777-7,.; 7:71.7)(,-77-1:77777170-7 12,44, (.07-------577- _95 

= (0"i  — (A)n tjuuts" 3414 L5(44,4  (on tiaii 14  

2(t)] 	E 2S(t. con ) aat 

	

41 	i 

eL.frA1.9.S. Ja&EA) y.s &watLo A 

wn)a„ = j4S(t, con ) aw 

ahlta us_a_iSit 

X(t) 	E 44s(t, (0.) aco cosccoft t — on ) 

Cthilia ;in 	L5)..1.al ALLARD 	)5.1 LSr.tit.76oSAIatLo 

(a).) 	 ofs47...t 	34-45 11444.41 -1-14TA 	4.4  X(t) 	alliT 

a„ NI48(w„)tico 

1-? VI! 4-64) cuLAA4  

Aft. tun kt„ = si4S(t. EDO Aw 

clauL4Li 	 tsjiT Aji ..,t1Le; .LLLAcjil 	cALL.c1.‘LIL-i 	yLc 	4j, eir..4.2a) 



t

www.vepub.com  
Publish Your MN 	 

)4) 	11an .9 Lum...,.1 L A1O  Jr?. 

s(t, co.) 	A20, co„).S(o)) 

..1..L2T 	c1.93„. A(t, con) iaLgi 	 13...‘41).1.a if.Nbas 	 r4)11 

0.1,2,06°1 'swig 3.;411).:s c...)yea.s ijX(t) istiask2i)-±a 

W-v 
	‘.; 

t...,42.3 	L.74)5w l# kiau.9.4.1 foii 	4.Kwa iJolizz) 	 ji LTIL:5) vau.41, 06)-114  LCa 

X(t) s 	.4(t, co)2(0.)dli01a 4'un do) 

.m...1 _pt.)?  idb..9)SystLe 	J.1_1+5 	 .$)"..0 	4.4L.1..14  A(t, co) = 1 61/4.4,1.0) 

:14  

gX(t)] = 	A(t, Ma(w)ekat(e-41" )] dw 0 
co. 

-33A2a5A 	o, 01_.14 thAai rtir iI 	SLal-I 

intir 	kii-40 	i)x(r) 	 0L0) . 4„..R(t, 	L70,y; L.,  

	

:10,,i1.5 (>4).4, 	1231 cd r!ii% °irk— 

R(t, r) = E[X(z)* X0 ÷ r)] 

j÷:9.  4.14)  g.s )1X(t, T) p X(t) * L.,kj....c1.? 

 

RU, r) E[ f A(t, to)a(w)e"wfr.01  do) f AO, algal) 

 

x easo own da, 

   

 

f 

	

[AO, .co)rx(co) da]' e"' 

 

    

:14 c.o....1;41)4 	 e.41; 	p 

 

R(t, .t) 
	se 

S(t, ca)eiwy do) 

    

Li+5 da.4.) 

 

A(r, co)a(to) deo ...„150, w) 4w 

     

( 1 NI' 	.3,41 L&" 	tdsz. 6)) 1 &„S L La LLta} 



.; 

X(t) &bet, 

X(t) n 	..,/S(t, co)thoe'l.""I 
	

• 

A (t, 0.) = 1 ti.L.istc, 

c:(co) .tho Sirai 
L 

:rob J.s ..641.9)  a....41.it0 )1 

SO; 	A 2(4 

214 	1.1.4 -LA.% y-S 	L.411.10 	t3  04± 4-1a41.) 6.5 

: ;MOO 	F. PA' 

I 	tc2;N: 

•T 

1,11".1' 	 y.tbz 5,31 	 v.ds c,. 	 (plc a."*. • 

041 	wm.v..n 3.4.5 	1x.9.6.692, 9 ‘L'ial.4-43 "..klAss 

IlitriSa3=c1ragiPtRIA:  
tr61,0";-4,4 

'an" 

'1  v.v-S'Ai.,0 

www.vepub.com  _ 
Publish Your Mind 044 

onr 4pj .5/inn; "la ?Ili:1_1,5),T 	..e.14)10•)).1 0,)>. 	 eLtzals) 



1 

www.itiepub.com  
Publish Your Mind 

qevlNww 
;bniNI -10oY riaildug 

• 


	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130
	00000131
	00000132
	00000133
	00000134
	00000135
	00000136
	00000137
	00000138
	00000139
	00000140
	00000141
	00000142
	00000143
	00000144
	00000145
	00000146
	00000147
	00000148
	00000149
	00000150
	00000151
	00000152
	00000153
	00000154
	00000155
	00000156

