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KXG'):X, Mm% cos (w valid for 04t £ Z/2 (%)
R R
:p-?—or%ct €T oy - G\r_z?\
) = Cs cos (Wit) + Cy_sin (Wpt) —Hm% .. (%) ‘
@ R
X(@ = g_/“mj C2=-3Mmg . [.C%" A8 avia 1y w biph
R R

5‘(-(:/2):0 “-&‘f-‘\MJC;McJCq

- Cym=0 =ph Cy =0

b e il i ~—

\

R R J

( X(f)-)(o-?/"mﬂ—- oS (Wat) - P s volid for £t ST
\/—\

_Wn Eup | couomb > L Wd b\ UiS@us b o

V\‘h“ - \.\“W' P
ra

~

cow|Bimpe \incan” Uigt"us s,

L [\ 7~
B v =RV A =

Five Apple




VIS cons : continous mokiove
columb + 5FoP of PN <«

| | Z‘ | —] | | | | |
ML) = (=X 2’;””%) x.‘

x(T) = (Ko —YFm% )
R \

)(P'- .

—

Y(t) = € oS (Wnt) + Co Sinwnt] — MmE
R

X(‘O) = Xo
C <+ Mm%y = Xe
R

Z 1 Imma) vy s-
/ 174N 7 . xu_) q\

oS t < in r |
N = = \ i l

=M ‘ ‘ [x - YMU

e pi M N = /‘lﬁf\x“ 4

X({:}: (X¢ - M )c_os(w"'t) +lN —-- (%)
R R L \/1 /

In ¢ 0 )
- ‘/'l tﬂ/z'

Z

A ) = (Xoo 2N ) cos(wnt) ='W ... (x¥)
R TR ' |

 tof hoff cyckes
tude

Y= X, — My —=mh pmpli
Vi§cous p foblém olerd#
t i & GRS

wope R :
ipade > MN—— (c:fur}ron

Al

R

}n RO*’GJJEOWO(/I i Xm = Km-—p — L//UN
=

3:9 ‘\'R-\:e = '.f.'T ; 5
= Now, (MN)1S v@?lmcca[ by V- e e =
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e 2-M
Examp 715
problem 97 - | DA
F;z}f_ z0-9H2 , Bindl cémP'mGL\)COV\S“’ame () I
ﬁﬁiu'tJ=%=0'75H2 ; m:]F%/
Whn = v/'g: ~> 7 =2%/wn
wy =28 :=2%(1L\ - K
R \z7
L= &
wy' Wl = 2K — ZJ =K > Wyl =09 R
Td Wl
Wd-‘— y]_‘]-zz WZ:@OL/;

Ié‘\'Cé ¥ W\S,Lf@ =0

¥
m
CC ";/'L/J’ m q/L =
N J
mxl?
Now ; 2 = C > (- CiCc
Co
XI. =J& A
Kigt | \“j A
S5=n(x ) -2xl
\ Xz / \ﬁ'___f
Ln Ug) =2r¢ "V"-E‘; =0-Y1%
case (V- f case(®
g =O'g'2,6 Z ’0296[
S = ~— assume Xy =1 Ka = ,.X\=
L - 2L

| | | | | | | i | | | | | | | | | | 1
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SO \'\ﬂA (\l ISCOULSS

__a*¥P

_problem 102 - M- o
_ W= booN , ; .f;,.,(gﬁ,[mpi%
m = 209 - k3 ik \ l
= v PR
50l \\“—// l \U/ )
Zn=02 = 2F _, Bromlol .
Wn
il = L,m%
02 2% awd e  tom® ol damging,
A (v) \ W\\
5= Ln(X ) b dhr 10 ] Fis
o TRIFMY;
= 5’1(2) = ZKE’ ol z ) fu/ { ! rl‘.?-
WA = Wn V[T .Ag_w'm -
Wﬂ :J:% —— R = (e
2=4M'8
R
Example. 2:194 -
____..—————-_-_'-_.—‘___— 11" ‘,
iz:ﬁo J :JL "
il g
R =50 N/mm ] Fingd  Xwax 212 LO"OJ —'——-—ug;———r
C - 20 N.5s/mm ] V= 10 m/s ¥
sol |
\ /fr\x"‘”?" R =50 xlO? N/m
(1) . 20 x10 H-s Jm
A\l 7 ’
k.ggr = ._E. +_kz__ = R0 xI0 N/m
> ,
\tsPl\ / Ceq = C = 20 xloz N-s Im
W T f
6-325
Z & e 0 , Wn - S’O*IO ~J© = IF vl
Cc_ znm ij\ I B




T DT WV VPP O OGPV PP S PIIIIIIIPIIIID

f = 20 X0’ 2 O-F] mmia Umlﬂlﬁf c;lmf’lihi(l
Y000 \[{o
Tt
@ = O [, cos(uit) +Co Sin (uat) |
WA = wn | 1= =
x(0) = o Cy =28
5((0) = —c.(*' -5%:.
w &) = —an [Cr cos (wat) « ¢, sin ( wdtj LG ug[ C 5 (Wat) +Ca o8 (wdf)]
Copad2
i uté
« X =10 £  sw(wat)
e _suit -SUt
S (&) = lO(—ung)F sin(wit) + W wi € _cos(uat) -
W~

Méy ws (Wut) — )ro’wné z?é sin (wat)

ton (Wpt) = Wl s gt = tom (W) |
wn & we \Wn¢ / wol
Problem 119 i~ (o™ }*"Mﬂ k.
Find R, C 717 -m m E 8 &
\Y W
| \ﬂ,cl—eon
T-5Fm e
- }_JXH'J \J ; \n 10 CleICS MLQ
i l%'“\ ol ot dicp. is reduced by
| —— = 10em : Y
Cb] 4P\=35' N 80/
Mm% --RE-T -.---- O | tn = 5H2
) +‘m - LT
TR Ve Aore o Té. -CAMRT ... @
A Xz Ro b From 9 . |
= "
b 2% —m% ~ R (X)
r R
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T(x \ 4 ([ X« RmX+RRX =0
\R / \R}
(T-me\X +(Crz]:§(+(KR)7£ =0 R,V ~> in meter.
\R / \ R/ A
I PFEe .
Un
En =%:- —_— Wy =
Wr’l,—; /R R )
V 3 +Rm
R = :
W5 b (X )\ > st \. 2% ' F v o
% N \XH'N/ \02} fl__Z; _?_??56
$ Ceg Ceq
= Ce 2 Wn Reg
CliaPlzr 4
¥ Forced. Uibration
1) Hormonic Force. W 1S Flven

%) Hovmoni€ distance =y . M ¥
when—FE_1s hormonic {(9 4 @5 (Wt), sin (WHE =) j

F) &) M ] x

) Qesponceo’e on unalamPea( sustem Lnder harmanic Force i-
1 P S |

=, il A A

k

Mm% +EX = Flt) — @

Bk + EX = Rcos(WE] ... wow- Wewo .
| 2" wder oDE. 71 M [ FW®
steadi stete =~ XelE) _ o - Roos(w)
X (t) = Cy (05 (Wnt) + C2 5in(Upt)
L5 & Gy, €5

| | | | | |
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Xe(t) = A cos we + R smuwt

"

5
%o (4) = ~wW Asn(wE) + WR cos (Wt) g pw in ©

| g
Xp (t) = -W'A cos(wt) —wW'B sin (wt)

1]

m (-w'Acos we) —w*Bsin Wt) ) +R(A cos(wt) + B sin(wt) ) = h cos (wt)

—vwA WA +]:F)-E ',Q_,F.

k- mw?

——MWZB*‘FB =0 N~ @;'O

= A= Fo

R[1- (% )]

D) = C, coslwt) +Co SWWE) « | Fo |

2, () Y o
Xp (t)

X0@=Xe T Ci=x, - Fo
X() - % | R[-(2 7T

e

Wi

F = ké e e
5 = _E ~—~—> /55*. = i:o X——? Stakic ﬁmPlihw(e-

B = S

- (g, )" S dyramic
L% =

'l/ -

Amplitucle

A() = (Xo = ¥ ) cos (Wat) + Xo 5N (Wnt) + X cos(wt)

w

Five Apple




57‘66@54 Stale responce of e s jsfam -

%

@) = ¥ cos (Wt) B
Dunomic omplitude ’

for stevdly state solution

4
= e e S Casés -
w (ase () ~
W — The same X (H
(4]
" Xe&)
3 A
L\ [ 1
L g
N
- -~
A %)
Caﬁ@:- A /
U N1
W, =1 /
5
T
il 2k
cose (3~
W, _ | A~ “QJP,COY\O\Y\CG/




s Exomple = §Eind steily responSfJT F—— 2500 mm

E = 200 G 5 Z ) 5
£ , F(4) = 220 cos(cz.832¢)
Reg - 192 £1 _ 254 wnim 24 Ppplied @ the |
£ ?/ .5ocm middle.
mx +Rx = F(t) '»--I'-L
| em
Xe = X cos wt Wy [Fet
mw
e P Brom F(¢)
Reg (1- (%)) _ Fe =220
' Wz 42832

= Lamped Uibrakion under” harmonic. Force -

MY +CY +RX = F(# FGE - Fo cos(wt)

Xp @) = X cos(wt -%)

e (t) = -X w sin (Wt @)

Xolt) = - X wWrcos Wt-2)

MY Wicos (Wt-F) ~CE W sin(wt-g) « RS (Wt -& )
= £

o

-

(W)
v /

[cos wt s + sinwt sin gzﬁ}!:-mx w'y kx] +Lfcgs wk sng +s'mw+ms¢;f

)’*’C{‘)C 1”7 = Fu C.DSU'LH:)
L o

| | | | | | ! | | | | | | | | | | |
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In q,endw{ , the {otef response of aalmpeo’ system subjected to
hamgmc. Bovece : '! :

wit] = :&e:lC cos(%!t' %.) +YCos(uJL' Q5)

WW:_ n(_{C'/ | co T
o i P = /(X.-X,Ccs(é)l-i- | r\fmm X2 Wn K cosgf -wX, snh)
Ce == | Wi

Wl = Wp vy I-5°
_qu'{zwnxc+fo'2wn$ms¢ WXSIH@)

PP P Y IPP?IIIIIPDIII

Wi (X=X cos¢) ' /

@ - ton' (221 ) =W

' V- Wh

L = F°

RS O-r P @

/ — A~
B Sy - Fo N - 1
4 : L, wv, W)
L) X =M = \ pgn.Ampllh //E\((
NN =0y, SR W /4NN
o AR
O DibJSooc s Mo ]P.r:wwc-, l‘ \%(
® @ Powprgd > 551 s Bufip ’:">E _ *\‘__& R
? (M) >y static amplitude ;1 T V= Eué
® Dampia )1 5ok x e _nfl '
@ este 2 el DjW'C Amplitucle Jael b o L) A T
® Oif rio, M -] s 5] il

D @ Reduction @ V250 Nwnce '\510{3&§'{'-

ety . - )
Gy (5o S5Ts Ak (179 Do o oL Lac ¥

MASS N Bok g Ay, W el o) sl W

-

| | | | | | | | | | | | | | | | | | |
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| | | | | | | |

&\'«'I I :
’ E xample :. o) K= o-0loel2

m = 10 F&— ¢° = =2 56,573'—[ el T
C= 20 N-s/m b) X = o0.0498 i
R = Yos0 tV/m g = 3.814° | |
xo = O-Ol m XD = 6.03‘?8 Lm
Xo = 0 Do = 5.5867
Pind totod vesponse it @ F-0 ¥®) - 1pocos(lot)
E)(ample- % CL C = 300 N5 [m
' % 3
L8 = —';\9—,}, \
. |
@ o7 e L‘l- " e('&)) % k, = 2000 NJm
o C,LIOON'SI”" i (
." ,j/f_ { MFMO (-°SWl'
- . : .
? =0 ‘._‘v:___-,f uAnp(g:Me-':?a NM,W:S’ODI(PM
e—— 5 ;
nd  totad response,?_ Lm =
56"‘ w = Zo0 (\Fe.lf .| min B \ i rao(/s .,’-; . sl
= mMin ' o
gosec rev / B .
ﬁf - 20{ x \ = - = f0~0(
\1goe /
k.,g.t
}(Q‘éz

S
J/ 3& —i
52 =53 o 52 -
T\ bl

L o lm el
1T o

x fesponce of adamped system -

._i_we_/
vecol| Ewler formudla
-to O
L = (050 +t7$$lne)
V-1 Wt
EOoOM- Mm% +X+RX:-FE

wie_assume thot the Steadl stode solution is in the Fovrum -

| | | |
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A A A S A A B A A AR N A N E NN N NNNENEKENREERENNYYN Y !

-(WE I I I I

| [ [ | | 1

X‘P[é) = x 6 > }(; = JC; .
_ Dheee~ {we-g) ﬁhmwt)"i-(c';f?
't T __ 7 Xp () reol
XFQ’) = Xro 6 ~
> Xp() 'mm
whese s
R F o= tei (250 )
kSO T+Gary VIRL®
m¥ + CX « RY = Fo (\qos(we) +i$\“(Wf‘J/)
—» Cose -

if F- A cos(Wt)

 Xplt) >real port = X Cos (W-9)

— (aSE€ @ "

l? F- F Sm (Wt')

X () 2(mma- part) - Ry sin (we-g)

¥ feesponce of o dammped system under Base -olisplocement g :-
dlisp 4 &) =Y sin (we)

M
let 2= %-Y . Jﬁ .
by Nl
c(k-y) klx-y) T S ubject %o
E.oM: base disp-
MX+C(X-§) + R(X-Y) =0 ---- ()

m(,éfg)i-C? + R2Z2 -0

- Yﬂ)'k-f—C_X-r—R)(:Cij-fkﬂ

= mMX+<X+RX = ¢ Yweoswt) + R Y suwt)

MY +CX + RX = A sn @, cos (k) + A o5 B sin(we)
CYw YR

| | 1 | | | | |

| | | | | | | | |

= Asin (uj£- - @t) Five Apple




W her® :

A =ﬂcvw)’-+(kvr‘

B - ton (k¥
\cxw /

X = X <in (wt-¢ -9)

7 \

K = [ (cYw) + (RY)*

J (Rmu)* + (Cw)*

d = "W.-’{ k _., ¢ = éwﬂ-—‘( QW \

)
ik \cw / \k-mw* )

fxoum?fé S

Z:c-E | \ w)

K = 29,000 N/m
o
m = 1200 Ry~ |

Y: 0'05 m. -

V:ZOFM_[h N
)

Find_#he moximam owplitucle ?

.
s

e
AT G

L=6m

F.V o 20kid i - o 95902
L 6 ()t 5

K o SO Y| 7948

~NJ

7 =—p MK
T W

Ce=2mw = [Ymk ey oz ¥ 1

d g Cne

I\

2 = /(cYw) + (RY)®
7/ (kemw)r 4 (cw)*
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R&sPonse of ﬂlo/mpeo[ sYstem

wnder Rototi LT balomce :-

Sol- £x

(08¢

5
%z
b

j ,’!\ ?%x L TR R Sl S
\ (L i | . L é
i X&) =L T’%
mew* sin(We) j I
t »
Fo . | B AN T j’/‘%/;&"g
M¥% X 4 kX =@sin(w&\ ."_"_EW"%(WFH \6&’/ % m
\.,_F___/ 7 - coS " . 2
Xe @) = & sin (wt-o)
o BEWsinwe) I ew® sinwe)
x = F-o = m e LU‘?'
R J(=r) s 2F) /-0 <230 :J/E
= Mewl ’ { = _UJ__
M an / (,_r!)"+ (22 {-)t Wn
= m_gfz
M (-r)*s 250
'¢ = Wh‘ {er \ \
d ¥ el | X
XM S \ 1.0 \ ncrense
Mme-" " JerPa@ic® | X o0
AW o.ﬂ o-"‘.
AN e 2=
max. point - gl _J sle & 5 ‘ 1 : ///
resononse % (ﬁﬁ)
o (XM . il )
or \me / | o
(\ b;,_\ = | Fr=M Yol
May 2¢ I’Zz Poics & m e uf" ﬁ x (._C‘:r h
Tronswittel (f-r2)2 iz
| | | | | | | | lIOBT;;cé—; | | | | | | | | |
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| 1 | | [

Figqure 3-16
For v<Vz & & small —» Fe Small . pref A

refT F & \qigWP "’Ft Inigh-(—

For’
337 ,
. - F, aswt
Determine cress seckttan dimension \m-zicgje Ft) = F :asw? '
_ TR
i & max. ﬂmplif'udd Vibration = 0.002>m \ -25“’5( 539%t)
ﬁ/% | l tubwlow of
> .
M Aluminum rod
LA
Noke thot -
I rd
% Porce o-?P“Bd to ¥he mass : Y
¥ Poyce 15 harmonic '( \._——-
x 5 =0
¥ £ — Pram Yroble
* ke.g = BT B ] S fd:{—d?) , A58 M di =00l — do v
A 3 D
L di 22/ 1*op atls thikness Zaelb 15y
/.X; :£° - o0.005 'Hnikn!-ﬁ::[:l*_lfb 14'_. 5 s
R (s1-17?)

[3-us|

Find max - owibtable displacement (Y)? B il ,,]\
| Qe
* glisploc. applied to mass y) =Y sinwt k W\ = 2000 \7,R"°S.‘°(
x ¢ 15 howmoni < = Y sin (00K 'b) 181 _\
* Z_ =0 = C/CC \ \
* £ > Prom tobl€ K 2 i1an/m [==] I&% | MN/m
¢« Req =2k =2 “O; ~Nim ?omda{"ic’f\— Y
3 C =1EN5/m
e = e = ___I__X 10 =
& Ce 2 m W,
W= [2x0° . £7.6Y18
J 5000
| | O 1 | | | | | | | | | | | | | |
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A A - . A R R R R . A A A A A R R L - R

W W W

| I

[ I [ ! |

T
=W =

200 = _— 1O
Wn =
o= AVl S OV) "y oy e i
(k-mw®)" + (cw)? SAEG I § Bolis
Y= 203x10%m Lbmge ) sasian
Y2l | s et A
558 .59 :- kujé o) = rLl/ /; X(t) = X, sinwt
m = [0 k€9 '\]/ i el 7
Xo = | em e L2 bt (\T:'&’;E%:e A
= 10 rad /s Fapplied
I o vhe mass F-u—rc“e ‘-*:-P
= e 2 Sye
Rz 1000 N/m - Rk, Note thate: : :
C = 300 N-5/m disp. oGl g, R\ZIK)

A

k\5|

tMo - T O

g(ﬂj/ 52
52

-\ & 5 kl—-—‘5| + CL, 5; + Z:Fkr_ (5r~x)I/

6 = cgj' —t T S
TR 2L i L
3o +(k1 I_‘-_\z-i- R, (-Z-!—'-\z) e "'C'(%; (S) Z_k )(\slmvl- 4 & %
N2 NT S 7 \3_ ,/~—>
k_rcll‘ | = (<= :
R = Bk X pflied
kv/(l— Qi TID
Ep = & sin (Wt)
| | | | | | | | | | | | | | | | | |
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Chopler 4

Ufbe{OVl UMU{Q/{

(Genernd Forc‘m%, Condifions
x For requlor(not lﬂafmon'lc) periocic Pun ctiown:-

/

m.).(+C§(+P\X=F(t) |

v A - S

periodiC T
e - a_
MY +CX +RX = Qe 5 Ay (Jwe) + S by sin (Twe)
2. J=i
L
0o = 21 [ Fr)olt c A o (A es(Jwt)ob swee L. T
L —JL il —)(: ‘
by = L Jf F(#) sin (Jwe).olt
@ W\X-!—C)H—RX ‘a"
@ WM X +CX + RR = cu COSCT“”L_) y1=12,.
@ wm X +Cx+ R% = by ek Tl o = L3
Poy @ ==
Xp(t) = O
2k
Bor ® 3@
o = A W =W
% ()= ) coS (Jwt - 915 9
R [(-@r)')* « @) | B=toi (2T7L )
Y 5 YTy 4
Xplt) = b7 sin (Twf - ¢5) E
R\'r ¢ B
Xp(t) = Co 4 S cas(Jwt - @) +Z b1 swn(wbfe
2R I=l k J-(30)) « (28)0° J2l R\ <
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liﬁ’ IF(,{-JI = iIS even Pumc;l—lov\
&
by =0
o 3
IP_Flt) s odd function F¢
e A AT A
Qo =0 7 S A W T
F % Wl
% For irfeqular periodic functions:
F @)
t {56 /:r ’&2 —-—-’ 'I[}m ' o4 i
FIR|R AR |--| Fm Vi 71, /\
% o
Q.- 2 el g el
M t? ¢t b tm ¢
M ;
a -2 3ZF COS(JW{:i)
M = W= 2%
bi=2 3 £ sin(iMdi) 4
M =

@ PPV YV Y VY PV O YV PP II?IPIPPIPIP

3 QPSPOV\CQ Uneler non- periodic |Oadin%, CondliHow -

@ convoluf-ion Infe_;gfra,( -

e e L

% Iwupwlse fovee -

wmpulse = [ At = MK, —m¥

P f"LF({:)
ity > X fnon perioolic|
e 7
/|
4
/
1 ot
e — T
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[ | | | | | [ ! | | | [l

; bimé olelléa lﬁwﬂél—iov:

5(\{_—} = )f[ t =0 1\
[o t#£0 o \__ o
S(t-t) =  E=to Fe [
LO ' t ?'—'f'o l
sans DMIE IW\\:MS:— to £
P -1 5(¢)
‘(’r_l? =11 1
LR
™ >
¥ Recod| ok - |
w5 C X s RX =0 Sunder glamping )
gt — —
M= (‘Xo cos (Wat) + Xox EWa Ko sin (witt)
Wd
Wd: wﬂ \J/ ’_;2
R R e
< M Wy
Wo = [E
V m
Impuwls =1 = F 7 \
g M (Xl I \ --YY\/{/‘X‘ I \ ] _~
t=of 4 7 N 't:O-/ — 0 «— -
Xz as miH cond. ~~s = XK, =FX° -\ ’
/WH_\ s
S L+ —_—
e T el
(X(’E) : 6 9'\V\(_W0‘JC,) 5 (3&)\ ﬁcsponc&oﬁ%e sys fem
m Wl / clue to writ Lmpuls.
W
1 ‘é(i:)
xt) = F G(f)
Tmpulse= F SE) " AW
X&) = Foa(¢-ts) 2 i
0~ Ty < B8 (&-6o)
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9 9 9 9P I I @

4o L
F('t) / . |
lon
A\
¢ =t ,
t=o { =2\ i) = Foq(t) v foq(t-te) '

e W W W W W W W W @ W P WP W WO P 99D

Five Apple




+ Sw,(£-T)

xit) = | (E(r) € sin (wu (b-[))ol[_J

Wl WL J

m
Ca5£ | :-
Ft)
£9 (%) :- LT |
xe) = Fo_ [P sin(uate-0) Jar %
L ]
=IWal

Ao Fo [y 1€ cosfuyt-gp)---Q

R [ 1-§*
#o toni'( & )

\[i=5/

Case 2 = = R

" 2wt ] FE)

yxtt) = SF [¢-28 4 € [2¢ msm_lw;-ifg +)gv W¢+\} r
R [ v \Wh Vs wa /4;}/7
> 1F the sqskem is_Undomped , [§ -0, w,nw,.]
Fov sl coses.

COSE. 5 - £ (+)

tis replaced by (t-ta) in Eq O

cose 4
£ 18 replaced bj H‘-’Co) in_€Eq D)
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-
l

)
+
-f-—

it I\ : 1

vl
7/

CAasSE 5 -

|

W j

o L
h st

= | I A
_ \’ /.h.u R V oo /
3 L L

cose 7

e e e e effrfPerere e B AAARANMRR R COFPFC @O A O OGO DD a & 6 0 6
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Exomple. -

s -
m = 5 kg ‘_"“T/////’
F- 20 p-s )
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