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PREFACE

This Solutions Manual contains the solution to all the problems proposed in the
text Dynamics of Structures. To solve many of these problems, the student should
be very familiar with trigonometric and hyperbolic relationships, integral and
differential calculus, matrix algebra, and matrix structural analysis. The student
also has to have some knowledge of differential equations, and probability and
theory of residues (these last two topics for Part IV).

The problems were solved from the first edition of the book, systematically and for
no particular reason, when | was pursuing graduate studies at Berkeley in the late
'70s, without having in mind that these solutions would later be assembled in a
Solutions Manual. Therefore, the way the solutions are carried out may not be
optimally didactic or elegant; however, they present the advantage of showing a
step-by-step procedure that a regular student would perform in attempting to solve
these problems in a homework or test framewaork, or simply just for fun.

All the problems can be solved by hand, but in a small number of cases it was
preferred to present a solution carried out with the help of a computer program or
a programmable calculator. Some of the problems may be solved differently

(especially in Part IV); however, the answers are correct, and almost all have been
independently checked.

In order to prepare the Solutions Manual, the existing solutions for the first edition
of the book were revised to conform to the new edition, and then transcribed into
the manual’s current format. This procedure was checked carefully. Nevertheless, if
the reader notices any error, | would be pleased to be advised. '

Finally, I wish to thank the book’s authors for allowing me to have an enjoyable
time while studying in Berkeley. The transcription of the solutions was patiently
done by Mr. José Orozco, who deserves to be given all the credit for it.

Francisco Medina
Mayagiiez, December 1994



Problem 2-2

£:{' (2-24) : 'E()2'=-~——zl — W= L3 = 447 yac.
m 2

£p. (2-49)

Bl [, .
V() = ¢ 5 {(V(OH v(o)gw) sin wht v(0) cos wyt

wp

-Bwt -

» V) = ¢ ’ ( —Ew Mol ¢ WelBw oy, V(o)] sin ot 4
wp

{ [ D(0) 4 ﬂ(/o)/{w] -k (0)} cos wb{)

5w + [(5w)f+ 0] Vo MD%}
7Jp

- gt |
v(@3) - :7_5 {1)(0) cos ol _

E_{. (2-96) :
_Ewt

Wy = wYI1-5° _, D(&)-e
D

{thoJ coswpi _[gma) ,wao)] i wnf}
: 2Jr

_Ewt .
: Vo) cosrgpt BV WWO) Wa{}

J(#) = ¢ {

Eg.(2-4¢) : N -, ¢ - 0.0559c¢C
g S 2mw 2(2)(4.97)

(Q) c=o-—->§=0—5.zdb=w

D= 1) - 56 sin 4.9% + 0.7 005 4.4F — - 138 in
4.97F ’

D(4=1) = 5.¢c c05 447 _ 4.47 (0.7) 5in) 4.4F _ 169 infec.

BU() == 14in | D) = 17 in/sec.

(conlinued on ](onow"!rj Pi-m)




-Protaid'.m 2-1

(a) From jir:& ez oj E2-1:

5‘iﬂCQ Vmax ({) = U(k TD)I

"/.1172‘1"2 k:: [ g BFeg-

To = 0.64 sec -j 5 small, Tv=T

0.4 sac_

..k= 50 HP&/‘EH |

(b) E—,t._(a'—f:‘!*) :

sS=hn vﬂ“ = In :

5 = ! — = 0.052‘3
a_ﬂ)z ¢ 1
0.333
:)1rc-'%1z‘: from 77 2"55)
=‘37[5 — 3: o'z;E:L‘J

& kips kiP:,_
. k: ( ok 200 T 2 49.9 /h
380 M/sec?

(@'} q. revisited
E_i. (2-46):
L()n = 1J i- 32 -

. N _ 27
L} Q_{_(z 5): T= .

T:Tb]/, y 52‘

k = 4q.qa = 50.0 k;rﬁ/;“

Tl]zrejonz c= ? 3\‘}/— 5

From qul: (a’) o T=Tpy 41 - 3?'

.47 E . W
C = ' = »
T -1/1 -5 _j
) 47 0.0529 200 kips
v = . ¥ .
0.64 stc 'i/l -(cl-o.Sn.?.‘j'}z 386" /s0c?
¢ = 0.539 kips-sa /.

r,;f 1is assumed T=Ty,

¢ = o, 538 L‘;Fﬁ' “%/in

’C _ 0.54 -nfb-f,tc/{n




P.—ola]zm Z2-2 ( con'd)

(b) ¢c= 2.8 -—a,g: 0.0559 (2.8) = 0.157¢

Wy = +.47 ]/1_ (0-152)° = 4.41 yaec.

z)(é: f) - Q—(o.!S?](‘i.«zl) [ 5,6_}0_?(0_,5{)(4_4?)

sin 4.41 4 0.7 c05<441
4.41

J(t=1) = - 0.764 n

z)(?:r).: c

- (0.157 )(=.41) | |
[ 5.0 cosa4l _ 0.157(56) + 4.4 (0.%) sin 441 ]

Vi - (0.15%)%

D=1 = 1.10 in/sac.

(1) == 0.76 in, Y(1)=11 n fsec.

s w0

Problem 2-3

Eﬁ\- (2-33) : v(4)= Méiq 20 ¢ + 7(0) cos wt
)
£ (2-24): w2k _, w_f20'_ 5V,
™ 5

S U(E=12) = US) sin 2(1.2) + -Beos 2(1.2)=1.8

V(o) = 9.26 n/sec

(a) V(t=2.4)= 9'22" 5in 2(2.4) + L8 c052(2.9) = —4.454n

B V(2.4) = — 4.51n

w

(b) f‘i' (2-3%) : (o=)/[v(o)]z+ [1}(0)]2

e =1/ (1.85% 4 (—9-—22—%-); = 4.97 in

>(g._._ 5.0 11




Problermm 3-1

££. C5-iz) 3 R({):[l_'ff](sina}{— Bsinzot) -_,f V(0) = V(0)=0
From e -7): g =W 5¢)=|—_|(sinit - Bein Bt
tr 5(3 7) @_:‘: . R(m{)_[]_ﬁa]( “lw{‘ 3 r]u;)
P\'(z?)%)=[ ’ ](casm - ogs O )
- p* B

Therefore, Rmax whon g =2kt #E keoy,... (k=0 , only when the
ﬁ 55'-7)-' 15 .+‘ )

-1
ot = —_'_) TSP . W TR
w (I + 3 L | o 511'?{5 nﬁ")

Iy this case, B<=08— P\(zTJ{) = 2.8 sip wt - 222 sin 125 wt

an} wﬁﬁn z-(;%: '60uk 3 k: O,',a,.--

| R(w+t)
s +.92
“4.33
LF1
320 40
160 480 800 5 o
wt (°)
-3.21
-4.92
s TF/Z - £20
we(®)] o [ 8o |10 |240|320| 400 | 480 | s00| c40 | 220 | 800 | 880
R(wt)] o |.551]1.71 |- 485|-3.21|.360]|4.33 |- 192 “4.92] o |4.92].192




Fl"oIIJ]ETT’I i

Q) &g- (3-38) : R(wt) = L (sinwi- wt coswl)
2

R (wi = sw):_%(gﬂ) o

PR(BH):-*- ‘P’T!

Trom efs fa=an ) 5= & , and ¢{-(2-24): w%%
271 W

§= c _ c _Vi g
29[mk 2 (z0) 40
- gt

—gwdt
,6{. (573?) & (w{')—-——g-—[zgw = I)cos w{ + 52 5iqwf]
1 -(ﬂ—o-' )(BT!')
(b) R(wi=8in)=——0ow- |¢ \*° -{|cos8n =- %97
{5y

»R(871)=- 8-=0l
( )(8n)

(c) I?\(w{' 8 )= — ' -1 COSBT = - 3.10

=9

BR(81) = - 3.1




Problem 3-3

(a) At +resonance p=1 fran—, <g - (3-%) ﬁ:i — 0= 20

= %= wp
Since T = fj 9. (2-35) —» T
Bul T=05.572 sec. , third eg- of £33 and TF’= ?‘:F ,5zcondg€.9f£3-z.

Pﬂsrs <2.9 -}—nFH

’ - 4 2 |/2.
(L) Firsl - o_f £3-2 : Y - 1)30[ ! :(: 5A3) . ]
. L (v-pg%) + (258)
vfm= L2 1/1 + el 2 = 1.921 3y
[2(0.4)]*
PVUmax = L92 1
() B zf‘ . _:' _ T te _ (0572 sec)(g foec) 1.049
P L 36 ft "
2
vfnax = 1.2{ - [2(0'4)( LMQ)_JZ - 1,859 1
. 10 - ro49)?]* 4 [2(0-4)(1.049)]°

t
B Vmoax = 1.85 4n l




ﬁ'ob]d.'m S—==F

s
.o

a2

If 5-_'—.0,%{(3-4‘}) TR = 1
> t 0.005 11 B -1
ib where TR = Vinax eg. ( 3-
W~ 800 R 50 g %)
ék/z‘ k/e 10 i, 200
039, o 2 2
ﬁ’ = W= W rom afi eg. (3-
7777777777 3 P e P
‘ w = awf_
k. w2 W v (21F)% w
3 . S
TS
b OB B sspe R [zw(zo‘/uc.)]zaw"‘ =5mf%{
s G +1 32.22 Jt/sec? :
k= 56 T/ ,
Pmb'llm 5-5
L. (3-44): TR = Jmox
W= ¢500° - 700° @ 12 H | 1 k _.2
T =70 @RIR From P3-4: k = A o ﬂ(anfj
r ?p:'f‘l
.k/zv k/2
A
T‘j{;nﬂy = 50“5
'1_ = 00 = —_'_..j_.... Gsoouo
m, we = Krew kaor

pk = 76.5 TS

32.22 f/sec?

rE
[2“ (12)] = F6460 st




Roblem =-6
: Riﬂ—‘ml mass 1 —sv
5{1-u1‘, Conerete
call.rmn
L7 Yy

Mole that in thic model only  The
coivTrn l:arouiclas the aliﬁneﬁ and
Zhe enerau disei}:ﬂior-, of The eystem
B e v g P
or moverments in dircction w,
Hence The model and The column
hove the same FTOPQV%"'S-

——— 'U({} 3 F(%) = Fo 5'i|'| 'L—fj{

5 = 10 Tac‘/ﬁ(c
YA
PG‘:)
A
Ep= o.c0217
\ Smax = 0'39
| 1 >
I v(i)
|
. Umits ltiFs -j{

r F'l- . 2= . =
ta. Erove J i k("fémax

y s90!b

f 0.151n

k = ze00 " = 31200 47’
pk = =1 KPyYf

k_:_\)(;ma;.-_ 5

(b) From og- (3-66):

eg. = >
5S¢ =

ond "Fij. Z=IT »
2

i !
-E-s :'-._—2- Smax ﬂmﬂxz—é—k(

= £b = 26 Th-in = 0.0%I3

e{- -
4rr£5 471.(2.9 fb:iﬂ)

Sdnce 5 - C
Zmw
(chl_ Tesonance)

VUL,
,%{" 2mio

i R

TOTT'IQ-. - :- =
rem, 8, {Feese) SQQ_W

- (_'¢ o En _ 26 'b-;l‘\
] ,:3( 2 (10 Ysge)0.155n)*
C¢<: = 36.8 fb-sc:/;rl - a4y lb. s’uyﬁ

,5: 1% , ¢= 044 kire.m/ﬁ

(c) E{.(S-TB): S:ZS@
S: 2_5 (q% -resonqncz)‘

g = 2 (0.0713) = 0.1426

bg =142 %




Foblem 4-1

fa,sinz’"{ ; oct<oan
T
p(t)

o , 2M<t<3m =7Tp

From eg. (4-1,2):

co 0
('é) = g Z%Wh 2
F + nz——.l Cin o5 TP -‘l; + gl bn A1 %H% ) 'ZAJHQ_TE

y Tp =~
T
F <] .
z (T 211
a*['-:—-—f— ’é) s . =
e p(¢)eo 3 Ldd ¢ g (4 3)
-
by e 2 Y ity 200
n = Fpﬁ"l_T Ldi
o ] J

ina . ’ 2y
3 . P
Q, ._,__I_f Po smﬂ{nl{_ = .;'_[E (— cos ﬂ{)]a =0

IF 5T TF o
Z
T
2T, : [ I, Igewragt: (] obd
an =2 [ 2 L sin 2T 1 o 2Ty ) 2R s - i
Ll i P TPl 2 sren)l
Tp L 8
O = B, (3+2n)[cos(3-2n) 2 _ ||+ (3-2n)[cos(3+2n)2 -1
7[‘ 9__4,12 = =3
Qn = _E‘_ - -G+ (3+2'n) cos.‘f’.ﬂ’.+ (2-2n) cos 3TN
T 9-49* S 3
g, . 3 (J_cos‘*"" = SF 1 aaint2mn
T 9-442 3 T 9-49? 3
'ZFO 1 O 3 1]'.'-‘3’0,-..
g = ’ 2
; 5 =
T 9-45> (’:_5_) g MF Balyoen

(conlw'nucca’ o1 5gnow{nq [auurm)




?rol:lﬂh D=

(a) 575 5(&)) o From PES-LI::B_-_?J%

C¢{ _ Ep _ 2¢ Ib.in
7”"'(’2 T(20 Ysec)(0.15in)*

cm{,z 1.4 Ib-sec /in _ 221 u"“%ft
>5= ;Z._l % s C=0.22 k‘;rs-ayj‘{J

(b) S: $( 13) ~ From P3-6c : S= 14 %

»5: 14 %

(c) Dince ?he Jamps OTEes GV e
"i‘“"'i inde mj:r:% {rom the
-les!' jrecuanc y the sleretic
c!mmiafrj nﬂa ars _-rm}

B HYSTERETIC

Problem 3-8

e rausor,abk N

From z{. (3-66): Eb = 52{- (Zﬁkf’a),
Then if k and (7 do mot chanjf,

since 5:{ 4 5::{(5) hen
Ep 2 Eb ().

pEb IS THE SAME




Roblem 4-1 (con'd)
2T,
)Ii 5in(3+2h)ﬁ 3T

=i 1
P sin(3-2n
l3“l :._Z'_js rD 5ir‘|ﬂ_{ sinﬂ{(:]{:zﬁ TP_- Te
Tp A Tp Tp Tr 2(3-2mI_  2(zpzn)]
_ Tp Tr
Lhz fo ! [(3+2n) sin(3-2nM 27 - (3-2n) sin(34 2n)2
T 9-4n2 = 3
byt [.cs+an)sar,4"n_(3~amafnm
T q._d”]z.- 3 3
- .
-_E ' 11=1"1—"1f,..-
S AL EN
bn = T 9ot | = o
| 2 3 n=3,6,9,...

11 ‘n= 154;?1.-;

L. _ V3 R/(zm)

»do=o0, Clq:& #3k
) 1= (20| -1y =258,

2.Tn (== 5
£ y sin

FD £ cos i‘?ﬂ{ Eﬁr == S{rl
|°(U= - aﬂpa e T _ L
1-(&2 } : = 2
(5 i %) f—-(%—'l)z
1’1:2,5,...

n=(4,2),(315) -

n=1,44-.-




PrOblﬂ.Tn =2
({) F“ » O < '& < -'E:
]:’ =
2k geisT
From Q{S. (4-1,2) 2 I:(-E) = Qo+ Z Oy, cos E‘.JTI'I{ + z bh sin 2-_;.1'11 ;Jl;ercz
n=1 L s
e = -f P(+)d4
2 T _
Gnde p () cos = tdt o g (4-3)
P/ r
T.
Lz g I+ in 271
L”'T/ r(ﬂsvn T Ltdt J
Te/2
- Cb:_f P di ] (___Fo at = =t (T{:_Izi)=_z_°_
Tr/?.

2 X =< . " 27n
a’]-——_f_r—o roc 5_—'\’:&{ f ( r) 0s T’: {A{'
T [TF' sinﬂm{] ?12_ B[TP nzjn{]-&—o

| e LEWH T 1 Tl &9 %
L 2 Lo 2T
s Posin 2204 + ———/ (———f)-‘nn - Jccl{-
F o P Tp/2
. Trfa > T
R
F P o F lf) TFIZ
bn zafn {2[1-(—0“] + |—(—|)n}

(can?inuacﬂl on jﬁoT-o‘w-}nj F"lje)




Foblem 4-2 (con'd)

i =150
by = 2l [H—(“”hﬂ] = {Trﬂ

27N

»a.- I, o-0, by=ZPE =43,
4 w1
P 3R 1 27n
= sin
Pl ==+ nz_: ¥ ¢

ProLlﬁ'.m =

(¢-16) : V(L -__(an v ~ ! ]
® ) k : zz: (' f—”n)-i-(ZSﬁ"I)

{[aganp,,.;. bn (1 -,) ]sm nigt +
[Gh (I—ﬁn) - Zsbnﬁn]cosnﬁ,{ } )

From E4-{: e = L

Qn=
P". 2 y Nn=even 2,4,
T 1-n®
Fo/2 |, n=1

l:)r":"
o , Byl
g

1= =
F 4

From egs. (4-2,12) : Pn=mn/

( Conlinuec] on jo I'lowinj l:vi;?e)




Pu—olalam =D (cohld)

Since 5 =0.1 |

Ly b ! 9 ®
v(t) = — I - :‘thw-(:_.__(z)(oﬂ .
| R{W+(l_§_) (2!01"_)[ ( lb) 3 ( )

cosw,+ |+ " - i B
J nz=z,4,.-- (I - i%‘l‘f) ki (axo.‘l ){31‘]) T 1-7m

[z(o ﬂ( )nmhnw,{ (i-%n") 6061110'.{]]

V() = E" {1-{- Lo2T s it - o351 COE:-’:‘{-)-[{: +

L

2

| [(i- %"z)z‘f (0'371)2](1-—41)"‘") [6'3” sinznwit +
(l-;,%"'lz) cosznia'f]} .

> U(t) = ;" [1+ 3.21 sih wy £ = 110 coszﬁ,{—+2,2 .
T

_ f |
n=1 “'4#)[(1-211?)21» (a-?anf] |

[0.511 sin2nw, t + (1—2,112-) cos 2,1 ]} l

1M

- _ .
n ot 2 sin (2nw - #y) :
U(Jc)—-ﬁ[w.;?sm(w;* %) Z (4nt-N[(Fre- 1)+ 030)°] ]




| Foblem 4 -4

twi

For ptl=p e ; Jre 5p. (3-28)

jlf‘(“ = = 7)2( lf(r;{ %)

t(wt-4)

)[Dr('” = I.C;J(QQ

fsp th) = K e czi(_‘_"_é-ﬁ)

wﬁere_ 5 i
€= _.:i_[ (1..,ﬂ2) +(25@)] @{.(3—22)
& = Zov! [25{5 ] eg. (3-23)
=t
arid _
E) N zl
)
¢ = ;e.‘mff.)f
k/m = w*
"/Z‘_ o

@ = ﬂ - %ﬂ?’* [2(0115)(3]2_] {_ - 1.¥59 I;i |

PR [ 2 (2.15Y(6/2) ] _ qrc?an(__?__ . N
I = (er=Y® 1

e o T(BHL-0) 2 (ot -+4) i(it-9)
gt W 388 12 g - (=) ‘ _ -2.53
Jrpti=-m X (&) e = T253pe
N (-1 2 B i(-9) . (@i-9)
({i=12mwEW L7323 2 ¢ o W 4 )
jbl’ 1= 1 = ) _zaagx.?sqﬁz =10633p¢

' )Csr (4y="% ryse I ¢ 15t~ = 1759 p, Lt -8)
k

(".‘or}-j_{twecj ks jonm’ﬁ"? Pfljfe)

—




Hoblem 4a-4 (corn'd)

Im
A A I"'l

‘}5?(.-1:3

(2)
39.3° P P
Ty ’ﬂvr
‘:EDP(‘;')Q-—-—-_ \ . R!— / \ /“?‘
i —r:(-‘é) 395
£

JEIP(%)
j;r(z) \-)(Dr{:@)
Foblem <4-5
For p(t) = Z b, sin @nt s P = _.?'_E (-n"
I = . N7

From 2g. (3-21) ¢ 2(l) = Z P sin(aﬁ{ -8.), where
n=1 _

e[ (3] T s

\

G = %ahq[agﬁ“ }

(Conl‘inuec} a1 fo“o‘.uﬁn_g PO_-‘*’{)




ﬁji‘:l-!t!m 5-1

11 will be s2curmed @Ha%

e=10.
e "
(a) Firsl 2g. o} ES-1 : T_ 27 W oy [ €00 - 5,248 sec
kj . 1000 ( 286)
Since p s ) s T = T = 0.248 = 0.826 < | —» Vmax is in Phnsa T
0 T 2%, 2(o15)
From eg. (5-8) o< = <o - B = =
Rmax £, P+ 1+(1/8)
‘._ {o - 2 éf = 2(0‘!5) - 0. 136 =ec
{ 4 24 { 4 2(0:15)
I 0.248

P'éa — 0.1 sec

(b) Last eg. of Es5-1 f’

— Trom ez. (5-1) ! Vmax = fo R(=

erx)
Vmax = P‘- l (5:"']"."("'@“";"&-)1 b(:---——-—z'
k 1-pB* 1+ (1/p)
Joumex -3° 1+ (1/8) I+ 3
S =,___§29_"_’___(5in 27 - 0.8265in_.._%_7.r___)=.-'84?"°
SHWTE 1~ Co.g20)? t+(1/0.82¢) . 14 0.826
— or {rom Third % o1 ES-1: PDmax = F[’rnax( R’)
f ; 3
N
= j_:,,mgxz r’o Rmﬂ‘:{.
£, _ 0.5 Fig. 5-6

= = 0605 2~ Rmax= 1.68
i 0.2498

2 b
f _ 500" (1.¢8) = 8a0'®
-S’l'l'lal’-

3500 - o'e
’szmax = ? _](S,max = &4

|




Broblemn 4-5 (con'd)

= r 3
Cissumirj? the same PrOPZ*giﬁ Of E%1 5. €.y 5:0 y B = oy

_') sin(mw, 4)
7Tk Z g 1__ 9 1 1

V(D¢

Z 5 195

11(5,{) = ﬁ"_(.&sinﬁt{ +_§_::.i!‘] 2;,(_‘7‘ .é .__!_6;.611‘]3 ,‘&*’éléﬁir]‘f-k_},f;")

k
V(zal":)_—' (l 455 sin W {; + 0. 255:.1!7220;{ - 00524#7510 {--I— 00205117420,«[;_*_ .o *)
y 1—;- "U(i‘_jl ) .
<— 1L5F
Z¥0 360 _
90 180

90 | 120|150 |180 | 210 | 240|270 | 300 | 330 | s¢0

Hl o |. 214 |1.9e#| 1507 o5t | 437 | o |[T93F[Los7( 1507 | 1468|7914 | ©




Reblm 53 con'd

o w

2k

Tkan -j: Vmar s 1R Fl}asz th . 1}(_‘1:\}:

(51':’1 wi + wi caswé) =0

T osinwt + 1wt coswt = o
tanwd = - wd
wl = -t 40T, n=0,x1,t 2, ...

Bul 04%‘—1‘}1 —s O < wt < wf1=g——>‘7'l=

wt, = g s
The maximum isin [:"hﬂﬁ?— I y - Kwmox = Ymax _ L fy o3
P/ % >
B i, iz 1 + ity
2 -
Problem 5-4
(a} _F;O""‘ 2’12 zwo Zﬂf)% Q{fz- O‘f £5-1: ﬁqmalzkvmﬂx -_-.Rmax Fa
From T:ij.S-b " {1/]‘ =V b-.15 S R'ma;r_ = 0.94C
. (a) C 3
- fsqmak = 0.46(15)= 6. .
a) lkips
> Symax = - r
_ t =
(b) £g. (5-21): v(T) ._-_’_U Pmcnc] sinao ¢
m ) . .
& ti
; 1 1 4
Y SR NI (R CT Y . . .(___
o (o]

Umo)i =

i 2.8 _ Rt
mw (%I 2.{‘)-_ Z mw

(continuza on {oNowing page )




Froblem 5-4 (con'd)

Irw(“luo'%nj T = 2_7T/74,) ancj w* o f(/—m an Umax

Um 7"._{__1___@_.—7;'(0.15)_.%_.—_-0.353 n

Tk

. (b)
: )(s.m,_ = 7(——{-’- P = T (0.15)(15) = 707 -

Thn Fame | Rmx T _ ote 1 _ oo
A 15
e R T o
)
(b) j(ﬂ
; B, ki Symax
P Urmax = 0.351n ’J[s1max = F.1 ')5 i 0.98
_f.’},mﬂ'}’.

Prc;Ue-m 5-5 |
@ 4) y PO 50 R
“F— F /
35

L =150 15

k=480

/‘{o 0.05 0.05 0.05 05

|-e——-—4@a{ 3 —»{

Mozfs,mx L g L% V) L
1 2 = o0 < /4 , thus p(d) isa shor+ duralion Toad
T 27 y/m/k

L B :
x 1)({)5__1__[ If(i)d%]:’ﬂ'nw% eg. (5-21)

w

Uqu_ s

4 )
L RdE L e B [ pid

Mo~ & VA/m "f (Fo+4r=+2rz+ 4& +P) = 2370 k-.rsf{l




Roblem 5-2

The 555-1'2111 will be assumed unc}aml:»ecJ.

(@) A spoF has ¢o verify: MmO + kul)=pH)

, C=0
F -%_ ORI - = t < £,
p(d) = ‘
o] g ¥‘_= {—£1 > o
_ Phase I: o<t ity |
ComP]emanlar} mlu*ioh : Ve(H) = Asin wl + Bcos wi
Porlicular ::oh;l‘ioq: U, = {
¢ F({) k £|
Genmeral solution : V()= A sMud + Beosgpd + ot
k 4
13({-’)= Awcoswt - Bwsingd + {?{_
11
Siarlin rorn"'u:l resl" i wo)z o= B
j j —)A: —_ B, ] 6-"‘-0
B kwt,
k.
THQVQ ore , L ‘U(.é)= f;( t _ 1 5”’1&){)
f k {'1 w 1

_ Phase 1l : t-4

V(1) = ”({')5mw%+v({ Jeoswly £=d-t;%
see qp. (2-33)
. (4)= T ' o
where ()= k( nw-h)a .
'U({-) ~ cos w{.) kf si 2{::1
|

wtt

E‘_(%__‘%_sinw{) , o<t <ty

o S (gt o] 51

( continued on Following page ) —




Foblem 5-2 (con'd)
(L) I_f Umax 15 1n l:l'lo:’.-z 1. 1.)({_):-_ fo (‘_cosw{)

ki,
2P .2 wi
v({): & 51n 2_':0, O(-é({
13 2 ‘
sin_f’_‘é{_zo___,. %’i:’nn’ y =0, 21, 2,

gince {s0 4, M= 1,240,

Ze? wa chose Zlyefirsl maximum . | - ._fu_”: <4,
i’her-;, the moximum will be i Ia"m-.ae I -j Ly > :i_dl

In dhis cose, 4, = _131 , then 2he moeximum is 4n p hase j
when t- 27 .24

= )
Raras st W ! ain f ST = " .8
3 3n 4t 3 3

fe/ %

> Rex = 2

3

Hoblem 5-3

The spor sjg?em il be gesumed unrJamPecJ,

f PCY)

2%

s,

pli)= {Fo I

o ;".IS'E

> 1

%,
k- r\a-‘at L _.I._ r"nostz I

(Cor-.lmu:zo: on -fo"l'lowiry case )




ProHe'm S5-3 (C‘on‘d)

(a) Phase I: p(i)= Po cos i + po sin (ZB{+ l_:)

From eg. (=-8): v(L) = Asingl 4 E)COS-w.é +_ﬁ’_|: 1 a]ain (5{4_ g,)
-

_ ; i 1 g
V(l)= Asinwd + Bcosgl 4 k[“ﬁz] s+t +

where /SE 720 /20 2. Ca-7)

V() = Awcospl - Buwsingl - ®_ o)
3 . k_ I_PQ

S-ZOYt,'fnquoTn “a'{ rest . .

'U(O)=O= 5-{- FD'

~
N
)
I
o
Y
Il
B
~
x

v(0)= 0= Aw
The-rz-)corz’ v () Fo [ 1 2_](Q05 wi .;cosw'[:)

Phase 1| : i 4

'U(-U:: 2%0{_')_.5‘ir1 wz.q.‘l)({-t) coswz. %—:{-{1:;,0 J(rom e&.(a-ss)

where V(L) = =1 cos T
k 1-p2 23
TENL in __
1)({.15_. I( [_[_,’z (.5'12-/3’ ﬁ’)

( P/ % cosByt - cosw{) , o<l 2= T

- 3> 2pw
> v(t)= 4 -
\?[(SIHE%_p) 51N w(Jc—él)_ 205 E% cosw(%_{')J, i 2 1

( contirued on fo"‘iowa'nj pase )




Problem 5-3( ccn'c})

(b) If vmax isin phase L: D(y)- f; :;31 (:‘n‘n i F,:,'infa.(:)z 5

sin wt = A s1in 7ot
HOW“)&?’ 1 wﬁen W= W (ffa: 1) the above exr\wzssions are no? vaZiJ

anymore . Then , aﬂ:']g-ir:? L'Héfﬂq? rule ot the expressions of Farl (a)

lim v(y) = lim _F/k (cosfétu{- CO‘w%) Tim P/t (-t sin @20t )

il B e 15 -2

G = Tm': Fo w 1

(5—:-”1 V()= — 2-[-‘> ; s n/:'!wé

L V()= :::Jc sinwe — ()= R’;‘:ﬂ sihw, =_Fﬂ£_
: <

Pw 7/

” (Sih w{i—- w{ICo-‘:w{J

) Pou) < 1 3 i
V(t)= —a(smw% + wt coswt) — V(&)=

Thu’eifore., an Fhaﬁa ]I, H(E) w"ln.!:ya :

fo 77

W(%—)=z@i6inw% 2 oosgd 4 L =% =0

\
o(f)= Lo R L sin (wt - 0),-9 dors (--'g)——-s?-s"
" Bwt .
T singl 5 o<{<%;
P V()= 1 :
Fo t T['z' : -t g
By GRS PR

S i o~ s
(:)h]\"nuec ¥y _-_—:)Tlow'l'r‘}? Pciaz)




T’lol{z ‘Llo c]"lof{*‘-"’ o :

The solulions 2o Zhe chapler & problems were carried
ot usq‘nj a comf:u?cr program aveilable Uyrough F. Medina. The
resulls presenled on this Solulion Honual ore computed in
the same fas]')"ion as Those oHa-iq@Jj‘w £.:tami:>723 E6-1 and
E~2, Tzslbecz‘fw?} , bu? applied 2o 2he rofreslaono’-itpjv me thod
(simple surmmalion, rapezoidal rule , and Simpson's rule ).

]-lowavar , the pompulalions were corried oul usirj Zhe cJamPeo)

+alural j‘rﬂ_{[l?‘hc_lf Wp , which 'modifies U-,eiJroZ:?owi?jj :

col. (2): sin wyty

col. (3): cos wy ty

| b, 5"1!11[;10. 5umma%io.—)
Fo_2E ! ? = 2, trapegoidal rule
Smwo 3, Sﬁmrson's rule

Thie Jijjzwnm would cm?j aﬁ:ecgs Zhe resulls 1o

F-rouemg P6-3 and Pé"i-,s?ijh'uy.
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Prob]e?‘n -1

Fsl8)

From ei. (5-1) : js({)z Lk

ZL);EZT’Z =< =

k v(t)
I
L

1 5 .
= . | B3I’ X _ o111 R A
§yB ™ ( '

/3_2{,

L fs(d)

I

t /&; —>
T __ T T _ l
wt, ]/.E ¢ R R
m L 16 5ein e
-
s sinmdt sih 274 1{, in sec.
'._(__._L_._)Z 41 a'h
2t
327 sm { —_singyri

§XQ

I

1.2

COL.

0.00
0.00

0.00 0.00
0.00 0.00
40.45 0.00 40.45
26.76 40.45 67.21
-30.90 67.21 36.31
-70.06 36.31 -33.75

0.00
29.39
82.36
95.11
50.90

0.00

0.00 0.00 0.00
0.00 0.00 0.00
2%9.3%9 0.00 25.39
82.36 29.39 111.75
95.11 111.75 206.86
50.90 206.86 257.76

(a) Zimple summalion :
T(¥) COL. 1 COL. 2 COL. 3 COL. 4
0.000 o 00 0.0000 1.0000 0.00
0.100 50.00 0.5678 0.8090 40.45
0.200 B6.60 0.9511 0.3090 26.76
0.300 100 00 0.9511-0.3090 -30.90
0.400 B86.60 0.5876-0.8090 -70.06
0.500' 50.00 0.0000-1.0000 -50.00
0.600 0.00-0.5878-0.8090 0.00

(b) Trajbe@io'o.] rule

-50.00 -33.75 -83.75 0.00 0.00 257.76 257.76

T(N) COL. 1 COL. 2 COL. 3 COL. 4

0.000 0.00 0.0000 1.0000 0.00
0.100 50.00 0.5878 0.8030 40.45
0.200 86.60 0.9511 0.3090 26.76
0.300 100.00 0.9511-0.3090 -30.90
0.400 86.60 0.5878-0.68090 -70.06
0.500 50.00 0.0000-1.0000 -50.00
0.600 0.00-0.5878-0.80%0 0.00

7

7 COL. B COL.10 COL.11 COL.14 COL.15 COL.17 COL.18 COL.19 COL.20

0.00 0.00 0.00
0.00 0.00. 0.00
38.47 9.08 29.39

63.92 -34.53 98.46

©.21.34-167.35 188.70

0.00-257.76 257.76
49.23-208.53 257.76

CoL. 7 COL. B COL.10 COL.11 COL.14 COL-15 COL.17 COL.18 COL.19 COL.20

0.00 0.00 ©.0C0
0.00 0.00 40.45
40.45 40.45 107.66
26.76 107.66 103.52
-30.90 103.52 2.56
-70.06 2.56-117.50

-50.00-117.50-167.50

0.00
29.39
82.36
95.11
50.90

0.00

0.00

0.00
0.00
29.39
82.36 141.14 318B.61
95.11 31B.61 464.62
50.90 464.62 515.53
0.00 515.53 515.53

0.00 0.00

1 i g i .
{ contiTvued on fo*auhﬁﬁ paqe\
J Vo

0.00 29.39%9 23.78
29.39 141.14 102.39

0.00 0.00 0.00
23.78  0.00
43.62 58.78
98.46 -98.46 196.91
1.50-375.89 377.39
0.00-515.53 515.53
98.46-417.07 515.53

COL.21

0.000
0.000
1.871
6.268
12.013
16.410
16.410

COL.21

0.000
0.000
1.871
6.268
12.013
16.410
16.410

COL.22

0.000
0.000
18.466
61.862
118.561
161.957
161.957

COL.22

0.000.
0.000
18.466
61.862
118.561
161.957
161.957




oW s wN =D

Foblem -1 (con'd)

(c) Sim[:son's +rule :

TN} COL. 1 COL. 2 COL. 3 COL. 4 COL. 7 COL. 8 COL.10 COL.11 COL.14 COL.15 COL.17 COL.18 COL.19 €COL.20  COL.21
0.000 0.00 0.0000 1.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 D.00 0.00 0.00 0.00 0.0600
0.100 50.00 0.5878 0.8090 40.45 29.39
0.200 66.60 0.9511 0.3050 26.76 161.80 0.00 188.57 82.36 117.56  0.00 195,82 179.34 61.78 117.56  7.495
0.300 100.00 0.9511-0.3030 -30.90 95.11
0.400 B6.60 0.5878-0.8090 -70.06-123.61 215.33 21.66 50.90 380.42 282.28 713.6] 12.73-577.32 590.05 12.521
0.500 50.00 0.0000-1.0000 -50.00 0.00
0-600  0.00-0.5876-0.8090  0.00-200.00 -48.41-248.41  0.00  0.00 764.51 764.51 146.01-618.51 764.51  16.224

; : 0. . ; r
Method € . sec 00 }o.1 jo.2 > |94 |05 0.6
a. Jimple o o 185 |¢tg | 119 |16z | 102
1
Summation
Trapezoidal
. g o o 185 |69 | 119 |12 | 1e2
RU]Q
= - 55, Ib
C. TMmMpsSon 5
f> o) o 294.6 _ 124 . /G0
Rule
eg. (5-1) o 3.5 24.0 ¢¥.9 123 1694 /60
~

COL.22
0.000
24.621
123.580

160.120




Fro blem 6-2

The maximum response is reached W—"jt close 4o £ = 0.075 <ec

with Vmoax = 0.022758 and f5,max = &4.14% kips

B Jsymaxr = ©4.1 lt‘fP-fvl

N T(M) COL. 1 COL. 2 COL. 3 COL. 4 COL. 7 COL. B COL.10 COL.11 COL.14 COL.15 COL.17 COL.18 €OL.18 COL.20 €OL.21 COL.?2
¢ 0.000 0.00 0.0000 1.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.00
1 0.005 19.32 0.1494 0.9888 19.10 0.00 ©0.00 19.10 2.89 0.00 ©0.00 2.B% 2.85 2.85 0.00 0.000 0.00
2 0.010 38.64 0.2955 0.9553 36.91 19.10 19.10 75.12 11.42 2.89 2.89% 17.19 22.20 16.43 S5.71 0.160 0.43
3 0.015 57.96 0.4350 0.9004 52.19 36.91 75.12 164.22 25.21 11.42 17.19 53.82 71.43 48.46 22.91 0.638 1.79;
4 0.020 77.28 0.5646 0.8253 63.78 52.19 164.22 280.20 43.64 25.21 53.82 122.67 158.21 101.24 56.97 1.582 §.271
5 0.025 96.60 0.6816 0.7317 70.68 63.78 280.20 414.66 65.85 43.64 122.67 232.15 282.65 169.86 112.79 3.133 8- 459
¢ 0.030 77.28 0.7833 0.6216 4B.04 70.68 414.66 533.38 60.54 65.85 232.15 358.53 417.81 222.87 194.04 5.415  14.621
7 0.035 57.96 0.8674 0.4976 2B.B4 48.04 533.38 610.26 50.28 60.54 358.53 469.34 529.35 233.53 295.82 8.217  22.186
8§ 0.040 38.64 0.9320 0.3624 14.00 28.84 610.26 653.10 36.01 S50.28 469.34 555.63 60B.71 201.34 407.37 11.316 30.553
9 0.045 19.32 0.9757 0.2190 4.23 14.00 653.10 671.33 18.85 36.01 555.63 610.50 655.03 133.70 S21.331  14.4B1  39.100
10 0.050 0.00 0.9975 0.0707 0.00 4.23 671.33 675.56 0.00 18.85 610.50 629.35 673.87 44.52 629.35 17.482 47.201
) e — o M2
t) 3
Thich fzzi. oj: EG-1 : Umaz — [(A + ( B ) ]
From dalle ab [ ) pAE
From abl?z above : Vinax — L (675.56C + (629.35) N
F AL A 0.005
2muw 2 ]/ k (W{j) - 292700 (9¢c.¢/32.2)
; v-rnax = O 02564'?ff
E kl'f:vs
“ &;fES, max = <700 " O.t)ii!ic;*#-;i) = 69.249F
kips
| _ ¢9.2 F
1 Poblem -3
N T(N} COL. 1 COL. 2 COL. 3 COL. 4 COL. 7 COL. 8 COL.10 COL.11 COL.14 COL.15 COL.17 COL.18 COL.19 COL.20 COL.21  COL.22
0 0.000 0.00 0.0000 1.0000 ©.00 0.00 ©0.00 0.00 0©0.00 ©0.00 ©0.00 0.00 0.00 0.00 0.00 0.000 0.000
1 0.005 19.32 0.14%3 0.9888 19.10 0.00 ©0.00 19.10 2.88 0.00 0.00 2.88 2.85 2.85 0.00 0.000 0.000
2 0.010 38.64 0.2952 0.9554 36.92 1B.96 18.96 74.84 11.41 2.86 2.B6 17.13 22.09 16.37 5.72 0.159 0.420
3 0.015 57.96 0.4345 0.9007 52.20 36.64 74.28 163.13 25.18 11.32 17.00 53.50 70.87 48.19 22.68 0.631 1.703
4 0.020 77.28 0.5640 0.8258 63.81 51.81 161.91 277.54 43.59 24.99 53.10 121.68 156.54 100.48 56.06 1.559 4.219
§ 0.025 96.60 0.6810 0.7323 70.74 63.34 275.46 409.54 65.78 43.26 120.77 229.82 278.88 168.30 110.58 3.076 8.304
6 0.030 77.28 0.7826 0.6225 4B.11 70.21 406.48 524.80 60.4B 65.29 228.10 353.87 410.73 220.28 190.45 5.297 14.301
7 0.035 57.96 0.8668 0.4987 28.%1 47.75 520.88 597.54 50.24 60.03 351.22 461.49 517.93 230.15 287.77 B.004 21.610
8 0.040 38.64 0.9315 0.3638 14.06 28.69 593.07 635.82 35.99 49.86 458.04 543.90 592.26 197.85 394.41 10.970 29.618
9 0.045 19.32 0.9754 0.2207 4.26 13.95 631.06 649.28 18.84 35.72 539.84 594.40 633.27 131.16 502.12 13.965 37.706
10 0.050 0.00 0.9974 0.0726 ©0.00 4.23 644.43 648.66 0.00 18.70 589.96 60B.66 646.95 44.19 602.75 16.764 45.263
11 0.0%5 0.00 0.9970-0.0771 0.00 ©0.00 643.81 643.81 0.00 0.00 604.12 604.12 641.90 -46.56 688.45 19.148  51.699
12 0.060 ©0.00 0.9744-0.2250 0.00 0.00 639.00 639.00 0.00 0.00 599.60 599.60 622.61-134.92 757.53 21.06% 56.B86
13 0.065 0.00 0.9299-0.3679 0.00 0.00 634.23 634.23 0.00 0.00 595.12 595.12 589.74-218.95 808.70 22.492 60.728
14 0.070 0.00 0.B645-0.5026 0.00. 0.00 629.49 629.49 0.00 0.00 590.68B S90.68 544.21-296.66 841.07 23.392 63.159
15 0.075 0.00 0.7798-0.6260 0.00 0.00 624.78 624.78 0.00 0.00 586.26 586.26 487.23-366.99 B854.22 23.758  64.147
16 0.080 0.00 D.6777-0.7354 0.00 0.00 620.12 620.12 ©0.00 0.00 581.88 S5B81.88 420.24-427.89 B48.13 23.589 63.682
17 0.085 0.00 0.56D3-0.8283 0.00 0.00 615.48 615.48 0.00 0.00 577.53 577.53 344.87-478.235 823.23 22.896 61.819
18 0.090 0.00 0.4304-0.9026 0.00 0.00 610.BB 610.8B 0.00 0.00 573.22 573.22 262.94-517.40 780.34 21.703 58.599




ProbTEh‘) -4

H T(N) COL. 1 COL. 2 COL. 2 COL. 4 COL. 7 COL. 8 COL.10 COL.11 COL.14 COL.1% CGL.17 coL.l8@ COL.19% COL.20 COL.21 COL.22

0 0.000 0.00 0.0000 1.0000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.000 0.000
1 0.120 1.00 0.6812 0.7321 0.73 0.68
2 0.240  4.00 0.9974 0.0719  0.29 2.60 0.00 2.80 3.99 2.42 0.00 6.41 2.88  0.46 2.42 0.077 0.519
3 0.360 9.00 0.7792-0.6268 -5.64 . 7.01
4 0.3580 9.00 0.1435-0.9897 -8.91 -20.01 2.50 -26.42 1.29 24.68 8.18 34.35 -3.79 -33.99 3p.20 0.967 7.738
5 0.600 6.00-0.5691-0.8223 -4.93 -3.41
6 0.720 0.00-0.9766-0.2143  0.00 -17.50 -27.79 -45.28  0.00 -12.11 28.04 15.92 14.24 -3.41 47.65 1.526  12.209
¢, sec o} 0.294 | 0.48 | o.72
Y, 1n o] 0.0C¥¥ | 0.9%0 1.530

P



Hote {o c’mP{‘er o

The solulions {o he chapler 7 problems were carried
oul using o eomPuier program available ﬂ?ro::jjy F. qudina.'ﬁ}c
results presenled on This Solulion Manual sre compuled -in the
same Jfas%m, as Zhose oblained for Zhe Lxample £7-2,

577021.»7 on Table £7-1 1n ?he boo/q, Em.lfor oofurnns (Ie),xlo (19)
wf-,-ic’] a-k/oress: )

col. (1) : AV = AV - &y _ 379, ’ from 2g. (b)?f F:'j.;t—4-

&
B h

col. (1F): A% J Bav _=d, - A9, e (7-240)

h 2

Ai):_;umw,

col. (18) and col. (19): efim4qa1éci ;




R‘o‘ala,‘h’l F-I

s

Fo'['lowhj? E7-2: k_({]= k({) *

m.q.._é_c

(44) A
E({): & 4 __é_’.__(o.?_] 5 3 (0.4) = _3°% ";F‘-"/-:'h
(0.12)2 0.12 3
Ap(4) = Ap(d em , 3\, 4 [3my ALY
F({') P )+(A{ + C) +( ™m 4 ac)

A F(Jc) 2 AF(H + [_E)C?_Ia.(a.zhr 3(0.4)]1).1_[3(0.2)4._?_-21.?: (0-4)| 7,

AF(%)= AFH)-{- N2, + 0.624 U,

g s At 3 3 - 0.J2 =
=3 AV - 3Y, - — = AU -3, - v
AV —_d{' Us 2 o —— / VUp > o

AU = 254V =37, - 0.06 D,

COL. 1 COL. 2 COL. 3 COL. 4 COL. 5 COL. & COL. 7 COL. B COL. 9 COL.10 COL.11 COL.12 COL.13 COL.14 COL.15 COL.16 COL.17

0.000 0.000 0.000 ©.0000.0.0000 0.0000 0.0000 0.0000 1.000
0.120 1.000 0.010 0.2467 0.0789 0.0987 0.6224 4.1118 3.000
0.240 4.000 ©0.092 1.3147 0.7365 0.5259 2.7376 13.6881 5.000
0.360 9.000 0.371 3.5228 2.9680 1.4091 -6228 23.1142 0.000
0.480 29.000 0.903 4.8600 7.2216 1.9440 -0.1656 -0.8282 -3:000
0.600 6.000 1.405 2.891011.2413 1.1564 -6.3977-31.9063 -6.000
0.720 0.000 1.468 -2.279211.7480

.0000 0.00 1.000

L3947 4.93 8.329 1i01.3 082 9.5763 1.0680
-9062 21.36 2B.266 101.3 279 9.4261 2.2081

8.0 101.3 0.
B.0 0.
8.0 0.
-7822 49.10 53.879 B.0 101.3 0.532-23.9424 1.3372
B.0 0.
B.0 0.

010 4.1118 0.2467

ko
L Y =]

.8121 48.10 50.915 101.3 502-31.1601-1.9690
.7015 9.72  6.419 101.3 063-22.1933-5.1702

€ (sec) (o) DA 0,24 0.36 0.48 0.60 O."'FZ.

v Cin) o o.010 | 0.092 | 0.3F1 | 0903 1.405 | 1.946B




Problﬂm Fimid

oL 1 COL. 2 COL. 3 COL. 4 COL. 5 COL. 6
(a)

0.000 0.000 0.000 0.0000 0.0000 0.0000
0.120 1.000 0.010 0.2467 0.0789 0.0987
0.240 4.000 ©.092 1.3147 0.7365 0.5259
0.360 9.000 0.371 3.5228 2.9680 1.4091
0.480 9.000 0.302 4.8600 7.2216 1.9440
0.600 ©.000 1.405 2.8910 B.0000 1.1564
0.720 0.000 1.582 -0.4071 8.0000

Eﬂowar:j £7z: EGF k(4)+ & m e
/':({]= k(4)+ _ % _(02) 43 (0a) = k(1) + 9333

Af:?({) = ap(¥) 4 12 v, 4 0.024 %

AavV(1) = 254V -39, - 0,007,

ca) §=zj_- Uy, z‘}hen Ul = iqefaslic disfb]ace.mcri}: = VYmax

by k=0 w!’ﬁ?e. jramc; 15 jie.lcl%\jy.

(at)* At

(0.12)% 0.12

:froWT\ PF-1

COL. 7 cCOL. 8 COL. 9 COL.10 COL.11 COL.12 COL.13 COL.14 €OL.15 COL.16 COL.17

(b}
0.0000 0.0000 1.000 0.0000 0.00 1.000 B.0 101.3 0.010 4.111B 0.2467
0.8224 4.1118 3.000 0.3947 4.93 8.329 8.0 101.3 0.0B2 9.5763 1.0680
2.7376 13.6681 5.000 1.9062 21.36 2B.266 B.0 101.3 0.27% 9.4261 2.2081
4.6228 23.1142 0.0D0 4.7822 49.10 53.879 8.0 101.3 0.532-23.9424 1.3372
-0.1656 -0.8282 -3.000 5.8121 48.10 50.915 8.0 101.3 0.502-31.1601-1.9690
-3.1564-15.7820 -6.000 3.0904 19.44 16.531 0.0 3.3 0.177-23.4039-3.2981

-1l .

4 (sec) 0.00

0.12 | 0.24 | 0.36 | 0.48 | 0.0 | 072

v (in) 0.000

0.010 | 0:092 | 0.3%1 | 0.903 | 1.405 1.582




Hoblerm T-3

2
(=) - +{[-5(= ] Pol<s

3
zg. (#¥-22}) ¢ kit)= __‘”5 8| 1- &’_)2 |v|< 1.5
dv /, 3 X
Enow‘wlj EF¥-2 :’cv(é)z k(4) + 93.33 )

A F"(H = AF('E)"F 2y 4 o,(,z_q.-‘u'o ’from PI-2

AU(t)= 254V - 31 - 0.067,

COL. 1 COL. 2 COL. 3 COL. 4 COL.. 5'COL. 6 COL. 7 COL. B8 COL. 9 COL.10 COL.11 COL.12 COL.13 COL.14 COL.15 COL.16 COL.17

0.000 0.000 0.000 0.0000 0.0000 0.0000 0.0000 0.0000 1.000 O0.0000 0.00 1.000 8.0 101.3 0.010 4.1118 0.2457
0.120 1.000° 0.010 D.2467 0.0789 0.0987 0.B224 4.1118 3.000 0.3947 4.93 B8.329 8.0 101.3 0.08B2 9.5764 1.0680
0.240 4.000 0.092 1.3147 0.7356 0.5259 2.7385 13.6927 5.000 1.9063 21.36 2B.269 8.0 101.3 0.279 9.4586 2.2106
0.360 9.000 0.371 3.5254 2.9084 1.4101 4.6815 23.4075 0.000 4.7922 49.30 54.090 TS5 100.8 0.536-22.9996 1.4289
0.480 9.000 0.907 4.9543 6.3742 1.9817 0.6441 2.2205 -3.000 6.0224 51.48 54.498 5.1 98.4 D0.554-26.6224-1.2109
0.600 6.000 1.461 3.7434 7.9921 1.4974 -3.4B894-17.4472 -6.000 4.0733 26.97 25.039 0.4 .93.7 0.267-23.5329-3.505%6
0.720 0.000 1.728 0.2378 8.0000 o
4 (sac) 0.00 | 0.12 0.24 | 0.2¢ 048 | 0.00 | o.72

vV (in) |o.oco | o010 | 0.092 | 0371 | 0.907 | 1.401 | t.728




Rob"ﬂ.m 8-1

Since ag. ojf E 8-3¢ 15 e‘{ui‘ua'len} ?o)f-irs% of- o‘f sec. 8-¢4 ,

- TR AT S O
i Pt il RIS

T T

o i ol b s v bbbt LA

k
-"?Y'Df'n ™ 7( /'h?* qr‘lc’ T =27T/2 ""—"'T‘—"ZJTj/??‘l*/k*
J
T- 2n. [o228mL 1,320 L[ m
_T¥ET EIL
B2L°
Z = iE20 (-’-'6‘0)‘1')z 1o ' seet/ge = TR she
165 % 107 lb.fl-a
T =178 =ec
More " aceurate
mt (§ - f_) nl
' 2 iy
%« 7 4 L T= i (3_5_5.)__11:_ = L¥¥!| sec
K, T EX T T)ET .
32 L®
/
R
1?1=E2_1r1~£ SO 4\L27
b [ nr 2 T Ej
I =mér®
)
Froblerm 8-2
X lea ’ L 2
. pe 2
3 ; Weaw From zz.(s-l'a): m*:j m(;t)[y’(;\] dx + m¥Pe)
j”(z)- [— cos —— i

o TFrom ttz UfEB-Bb m fm tx) ()U(r.]]clx_ 0.228mL

Ao o Ib. mc/f{

(conlinuac} oh _{cnowirjj page )

- *er

EL- 1e5x 10’ Ib: f% and k*= ET-[‘;’/(xi] "32_ VE]
2
. m‘= o.228T L + —31— (




Froblerm 8-2 (con'd)

¥ = o.228 (1o 0:22¢%/01% ) (200ft) |

3 b
400 % 10 7430 /b-!:efz/f{

z2.22 f/sec?

165 < 107 bFE2

4
k*= i} = oz2780 'Yt
32 (zoof{)3
1 ¥4 30 = 311 sqC
k’“ I/ 62780
BT = 3.31 sec
More "accurate”
' I
m“:(é— i)am—%(, T, ¥
2 j j .
. Tl [(2_1\2 L WL /
R g, N mr L\ 2 W)L,X amrt (lf-j)
= L3
Foblem 8-3
L2 2. L2 ya Py
e 1< 7 < he—a b/
 p(¢)
Efé!I u lese b T
/R'g?d massless bar L]z aj2
| L
W l, .
L ”-ipz?'m?[:la;f I,=m o2+ bz
F(H - mass 16
area —‘T ]Tﬂb
T

Vxt)= #x) (), Pix)= x/(3L/2)

o 2 sinoe’

o

(cohl{n-.-po: on _—foﬂowinj PG"E)




Poblem 8-3 (con'd)

7 m(L)(£/2) g r® ye

<+ T8
2l s (¢/2) _ sput
Lo 8 ¥ 16 sz ¥
Forees ac{irﬂ over the 5‘95{&1—::
p)
= = U(‘Li' = —1( £ = E
Js =k vltt)= -k Loz = - 2 k=
fo=-c V(/z )= -c =22 2(@) = Lc &b
3L /2 3
(flv = -1 ':'.}('-'3-&/2, -&)::—- T 7r(1_)(4,/2). e e % =7 ﬂLz B
4 pyma o
Ia
jlu = Im LL(—?-L/z {)- m —_— 2 (I—Cosm) x>0
\[710 e Ly S

.____TTL

I, = m 3_1;2___ ﬂ_L 7“- 9L 149
a=lo4 (2) T-Sh?_ - *Tsxa

(1) Divecd z{uﬂibrium:

ZMa=o, Mp - F({)('é&)
'155 fj (£) “*~k3({]
ﬁ(fb -fu (-¢/2)=~-=c¢ 2 (4) (L/2)

' B} " _ e
Mep=-Ia&= 18900 z(u{ Mﬁv—ﬁ‘"( 3/2) = ‘BALE( ) (32£/2)

512 3L/2 /V(L sl o = 80y + 2 ()
Sik 3L/2

3L : - 2.
2= p(+)- 24k <(+)—('—0LC3(%)—?%3[4)—X%K(ﬂ=0
2 p(t)- LK) L e d(y) - MR- o

149 m
¥68

ra-i(e)+_-6&(4)+ Ekzed) = 3; p4)

(eorwl-muea on following pise)




Boblem 8-3 (con'd)

(171 Ha‘h—.{”on'-s -Princi[:?z:

The //arni]%an's FrinciPh leads 4o
m* Z () + o* &.'_({} - E Ft) = ]:*('H jirﬂ eg. oj sec. B-4

where :

. 4 2
[ m‘ :j ™mix) [5'0(2)] dx + Z.{‘ ™y '7”{2 + Z‘l I°¢'(g,f")z
L - 2
-rr]*' :[ —rn(x) [%ZJ] Clx = i Z‘[ (Ioi-{-mfrfz)(%’)z
* y 2 ' 5 2 2
¢ =/ c(x) [5”(1)] Jx + a,jE.I(x) [5” Ot)] clx +Zi C{S‘f—

Q{. (5"’8) o

//(cx)“”(x)] d +[ ET (x) W(x)] dx + 0.k Y2

-[ u(x)[ﬁu(k)] dx

o

“

L
F*(\U =/ P(x,é) ¥ix) dx + Zi p; (4) “r(x)

In u*ris case :

X [W(‘_&/z)] +1, [YJ (- &/2)] 'IIL. {ay, 5,,31( ; )z

512 3L/2

3
I

1152

\ . \ 2 4 2 2 2
or e [Lam e ][Fava] = (Bl 22 1)

‘l"n* = MLE r
1152

It

c* = ¢ [9”(-!-/2)2]2——- e (1/3)° = c/9
== % [#c)] = 7 (2/3)=4k/9g

PrE) = ph) #(34/2) = p(H (1)
bm*: :;1-592_ Z_ 3’( 5 C 5 k*z %E M P*({l) :P({')

Din

—




Problem 8-3 (con'd )
(it) Virlual- Work analysis :

5'U= }V(J: 6€ =
P oSS oR
Sex= 5K
3L/2

Z dW=o0 :- S\A/ PG) 51}(3sz 11:) P(H 3L/2 o

SL/2

OWfs < Jo sule, 4) = - 2ka(h) 1o

S\A/jibr-"fc; éU(‘L/Z,'éj= @—:;_%.Si 7|—{€‘)[

[ 8 Wi, - X _womwlty 3L/2
BUy, = -I, % 8 i Jz bv(-3t/2,4) = 112 R

-«

SW, - _y HInL 6% 5W o 571‘4 5
. T%B {(‘3L/L o I X foc = - T Z () 5’2

0 = P(HB - k(4R ~ L RS - 11 553 +
-y 5nL ﬂ%)&i)

1152

0= P8 - Thewr -5 ex@)og - ¥ I "gg" 2182

Dince ¥ # o,

e TR+ SR+ ke pd)

1 L r -n . Y
("‘Oh*\'l"?'.teo on jo awmj PS?Q.;




" Broblem 8-4 (con'd)

1 _F_Oi"025 q(‘%‘ihj ouvet ?HQ !30'{": F= —-{é— m 2({) -’_k{({-)J

Z/‘[A=0=

jD:_ eV (3L,4) = - ¢ = (1)

N‘IAB = ]—Aa [Io + m(3L/2) ] Z (%)
.y %

fqlmz_(sml. i Qmez) Z(¢)

= L

p(t) + =

F = FE) = - [ &k ey

MjszD(EL)=*c é(-&)(aa} :
MIAB:—-TT"L .{({') L

[‘?F / F({ Xu:}x- F,({ '(4L)

Q=

- g—mLi({)-ﬂcL((%)— Sel B(4) - mL T ({)

+ 2 ) L8

L S Z(4)+ 3eE(4) + 3k 2 (4)= 2 PA)L

B m

()
3
fa

il

plul

3
¢, k= 2k, pfr=proL




F’rob’la’m 8-4

2L

‘l‘: E-,.I-; L ‘;!1 L )11
2
/_)/ Tolal mass - m I,=m d
_ (un%jorm over area ) ’ &
(4} load/langlh 7%7
Pkt S
i’ﬂ{) Inextensible
1 /‘massless cable ) = iz
Riqid un3j°rT“ bar | . Sl %
T&lq'l mass=m '

A

V(x,t)= j:: Z(4)

He ] )
E - = ’U(3Lg£ B _2__
/F({‘) i (+) -7 el Z(t)
rT v _ L% mnL?
Mts A g S0 8~ 8
(+)
) 5 % [veed) So| & Taem (32 3mi1?
1 A 12 =
! s 5
» I~ {3= E.('H
3L

It is assumed the cable on'ij transmits compression.

. forces qel’mj over the disk : Jcs = ‘ki(“

F= 7 -
> Moo _/‘[55~:_f5 (£/2) = —k Z(¢) (£/2)
Meo == Lm e £
Me = F (r/2) apibpoes

/‘?Ia:: —L&:-

o

-k 2 (£/2) - T MLE) + F(4/2)

L

2

2 ()

following page )




Foblern 8-5

le — ¥ g 2 | Ll
s 1€ ,r T ’]
T p(t) RJuJ massless bar H) .- sk
2
77%7 'IcJ unmform 'bﬂ’f'
(J;‘O"'Q'] Tiﬁs m\
E(HI /%7 =] ¢
77777
| FH:I
Wy / y
_ L
_T_ /t IH(-H | 1 e Yet)
A s
' se e —2 2(1)
| - jsl B L/2
I ' ! 1,
' ’E‘{i = v . zw
S | Jo Z/z
Zi xa

. Torces a.:%inj over the sgslcm :
p(t)
Joi=-kv(xi=,8)=-k L Yo
Jso =k Loy (= 20, 4) + 92 (e =22 ,4)] =-k[Yer)+zrn]
ﬁ, = —¢ Vp (xa=-2/2,1) =—c (-1) &(4)

Iem.L_a
o I2.

ZHA=O: MP=P(HL
5= for 0 < -k 2 9o
Mfse = s (22) = -k Y+ zenr] (20
o= p(HIL - Lk YL -2k [+ 2(0)] L @

(mnlinuecl on :foﬂow-'m_g po‘?e)




‘Pro'blem 8-5 (con' O] )

L Me=o: Mg = £, (w2)=-k [Jar+ew] we)

C= fy (4/2) = RA(-4/2)

. L2 2@
= - = - 1T ——.
”]I, 1, < =R

o= -z k[Y0r+aW]e - perwiL - Imiwr  (3)
(+
From (D yoy=- 2zwr+ 2 L=
# . -
in (2): o §k<(a+3 P(4)+ ”k%({- 2 ex) +7 i
> = Em, *= 3¢, (o 2_';“ P*m:—pm

Foblem 8-6

— - & L
trom a{. (B'H): m*-:jm(z)[%x)]c’x=[ m

[

(- fernlpeane o2 {232 T2
i

¥ 2
~EI[ 4|l1-2Z% :’.‘.) = 9‘51 i )_ SEL
A El 4[1 2 +(L ]clx L(L-2+312)=

L 7.2

From ¢£(8 18) : F({] fr(x,{)fy(x)c]x /P({ -f (5-—2}:)61"‘-

F*(fcl=;3(t)f%[3(§)z—(%) ]Ax— A L2 (-1t = 2 pait

= (33/190)@L , K*=3EI/.3, p*)= (3/9,):_ F(4)




Boblerr 8-8

Ca) Firsk ep. ofter . (8-20): m;.// é’m(x,j) [#x90] o dy
- // r(sm TX sin w#)'z dx dy

m* - H‘j:’:m——c]xfosm——-o’} 'a*(fsm )

1 [ ) e - 2]

et @ (E -y

<
\5zconcl e{. oj%ﬂ" ?{- (8—20).’

// {[a P(x.g) a*;u(x,y)r

ajz
2(1-9) [ o* ac ‘?af:j;ﬁ _(azir;ﬂ 2“4,14}

SU(I,B()_—. 51”%{5“1 W}
To¥ -

Y 2
Fralat s 5”‘1%_* A a2
T 2

B (B o (2 Yo
oxdy - a) e R waa DL dulhe - Z;fr(ql)z%x,})
= 2;}: = -2 (F) Yeuy
e

Y o’y (¢ <
257 Sy* dx dy

( continued on _—fonow%ry f:gye)




E‘QBTG’T!‘I 8-F

T kG 2. (8-16)
k& - 3531 , j‘rom PB-G
L

(a) Trom e{-(s—"‘ﬂf 1( _—_Mf )'p(x) A?——N[«(d
y Q ZL
I: .;Mf {33_._ 3 x° erx
G O\Lz 2 42
L

f<‘%=~[ ;1[(% (2]
' N
L

- L
(b) From eg. (8-18) : RZ =[ N(x)[()”'(x)]adx




Froblewmm 8-8 (C‘Oh'c’)

Lk w oj[ {[-2 Wﬁ] - 20-9) () (sn - ol
4]/ sin X sinf T2 dydy - 2(1-)
Uj{n_u dyd -[[H Axaj]}
=D<%)“[4-“—2—2(1-w(/ AT o [3y- [ 2 4]

q _
/clu = cosz-:— c’x =§G ; then

(+]

o

(b) Thivd op. afler o (82311 pi(g)= // Pory) Yoy ey
Fm—[f P(#) sin TE <in
P (b= Pt /‘m——cfx/ Am——cfg P(4) [[asin—c:lx]
P = Ffﬂ[%[ e (2 T)] - PO () (e T

Pit)= P ( )( 1—1) = M S

'H'Z

2 ol dy

$)= 1
P() = P()




Roblerns 8-9

x . _
4\_7_ Ti=3%5 . Uhﬂ?—‘s 2 f-nf?f; -_f?.
e S =g
. 9 = 32.2 \_F{/‘ﬁﬂf.
Flx) = | = cos IX N
== 100 Y
3=
Concrele : ¥ =050 f
4 E = 0,430 10° /\ .
I == = —
L_
= =100 £
bsmforn e () e
o . Y
o > H0x) m(x)=_(A£x)=-3;—[2‘Ir£1'cx)]
l_'__-> Tb 2 82/-3 { &
T, 0= 1,,(x) = 3 1+[ ]}
u w(X) =T{r (x) P
x) 2 T3 x
- .f:-irnf)soh's Rule: I“FF"”‘( )2 ()
T 2 Tt = ?ﬂ"i? A i = EL= | H#'= =
T — 2 - 4
(r{'rb)% T a'ﬂ'{:'ﬁ'——- |- cos% mi %Z. Tf'b'iaE. (—21-:-_-) COSM E.Ii(%ujz
(51) (54) (Kips-sec /f1°) (ligs - sac™/£2)| (kips-f7) | (V/82) (kips/ £42)
o| o 8.6667 — ° . o. . 0.59444x10" e.masxlﬂ'_i 2.26190
1 | 100 6. 166T 0.120331 029289 - | 0.103225 0.214 1ex10! | 4.3612x 10" | 0.40%30
2| 200 3. 666F 0.071548 1 0.0F1548 —_ (o] o
+ A A AL ki
m =._2( +‘*m|+ma)=3?é o _/f% k= %([(,1-4[1[”(?) =1297F ‘7}{;
1] /] W
= E.xnc'!: $

m f m"‘)?’?ﬂclx =/ [Z‘T{'“Tfﬁ][l cos X ]Jx an%rbg(o 040752 + 0.186008 *) e

4.04——
k*=j£L.EI(x}[L/}"(m]?cix =[L{TI'{E|T (X)) as T(I)]]{(ZL) cos 2—:} dx

&
£ 5/.\3
i T v
k =("12r_) (Tb) t 5{0.430?% 0.31561 — + 0.184388( —

1 \2 T
ol +
: + 0. i
- ( 1,6) oeqazs( P )

b

& Ps
+ (-—%) (o.?oze4+ 0.29% 36 %ﬂ = 136.7 P/t (=303, using lapfsrox.)




Foblem 8-11

TJC
777777777777 i,! . v = ;Zi [3 == %)SJ
S [Z}/ /” L eg. (8-25): y(x,{)= Px) Zo sinzwt
/ A Pg= 52 (E)

,7;%7 ng_/ —Y 5 Yex)

o laaFd: g =t /E_I(x) [W(ﬂ]dx

e =5 % /'EI{Jx [3‘“(“) ”

. RES se 12 ot RET
ymax {51[3 pr dx @EILBJL—% I (%)

2

L z
From * : ! : i
eg- (8-29): T‘max': —2—2’: 0 /‘h’l(x} [(//(I)] CIX—

and e (8-18): -m* .—_[Lm(;x_) [SU(x)]zo]x T Z‘mi ‘}1{'2 + Z Io; (5”; )3

Ttz [ B[22 dur m s ]
Troi= k2w (2 [ [0 (% (5 on #4m)

0 (. (I YRR A PR
wa_nag;[z.(;g) Lt 4] (e

é{uai;? (*) and (:) . 'l()2= 5 24EL — GEL
L [a(‘;—g)ﬁ:_+4m.] L (%r’ﬁu"m,)

( conbmued Onfoﬂowirzy Faje)




Boblermy 8-10

EI,m > 2
) x (3L —49x )/@—BE.I) ocXk< &
— J T ] / - x TEEY = { F ’ =

::ymmm%ric TstEC% L o S ]
L_ = ~|
| <s2 272 i
U(x)

Lot

V()= Wix) Zo sinwt eo. (8- 25)

e

S Wix) =z,£ P-.ﬂ%)zl

™ - | . _ | & ¢ I . 5
From cp. (8-27): N == %/El{x\”’ (x)] dx

g LY R, MY,
Vrnax =5 R '2'[ EI(T,E{TI[?’“*(%) ]}) dx

.r../z
_ 2 2 2
U‘max = Zo E-If Sfé’%dx= %o’ ET St 1',£'-)B=
o

2% 3| <

(%)
TFromn z{‘s. (8'29) anc { 8-18) :

2 / HE e B
e o el oo sl
L ;n. o




Problern 8-11 (con'd)

T=27
6 EI
34 —
—mL+4mL
cal T=27 ( ): 27 = m L*
GEL 35 £1
> T - 29 mLt
a1 35 ET
5+ - :
- . . Ve mz_ +“m|
Ck) 15 : mil,. =8 M T= 271"/ ) ) £.2, MO distribuled
A T
mass 1N C‘o’lumﬂﬁ C“"Cl ™My = 94ml + x My = j’ir-::]e_r- Tass +

o{.f(to'lQ? colurnn 'mass), 2.8.,

Myt = ZFI'I_L

co{umn weﬁl‘l% Tum);ec} w-jfhj'irc,er, whqrz

L3[0+ (4L + o 2mL)] E
T=21r1/ [e+ (emp e mme)]  _ J2s W
CEL 35 AT
— 4
ol i d
2."_‘/2.+ . il =27 2‘} 'm.{_
3 EL 35
2+ 29
> 35
_ _IF
35

PO
25

48.6 4




Hoblern 8-12

ooy eV e = me = 2 NP A,
\\ l‘(| 1(|=:-£‘1(Z=L3 5 = k:cmok‘l”‘/'in
W zrs  N{LZIIIIIIITI)
\ kz
vW=vs  \J7777TTTTTITI s
\ 1(3
\

O/ EETELSIL AT T

rol

<el v W)= B 20 sinwt ¢o- (8- 33)
‘H}ET? }Ulm)=! 3 %f"): 2/3’ V o

(o)
= :’/3 ’ {o = ]

_f'—oﬂow:lnq E8-GC:
=4

Vnor™ 37 [—'%o"“-']z —gk—

£ s * Y. 2 3k
gy (and (§): w3, 3k
_ F1
Treo= 2T - = 0679 s
P Tkoo = 0.679 sec
Laqo'-:'rj 1he Aructure with Zhe ir;er?ia?fovnzs\:rimh 1,:,.; oz “8-27)

(o (o) : (o)
pi®= 2 m; v = 2/ w? mi YO

—

s : .
(for-.rmwo on Jronowm !—:.aw_)




Froblem 8-12 (con'd)

777777777 mw* = av, -
T Q=mw® —— k 2
Smw
77IT77 777 % =" 2v: =37
<t -;-35--7!1'1.()2 B =
1 2 2
7777777 — L mw Aiflg s BT
«—1— 2mw? Q;
T7ITTTT7 77777777 ol bt
(4]
.
! =1}
From eﬁ. (8—38)':. Vi D= w2 %u) % ' ancz) knowﬁ'?j]' Z’;a? Vi =Z 41\}]-
(@] rl ny \j=3
(71!/ e ’, =_ , ?U“)__ _i, , (l)_- —5- _E_
2 2 .k
(b) _ 1 a4 _w= l fo)—( 2 !
Uma‘x _Zw %" { Zm (’V >U 23 ’:("-”m(H?'%"'g'%)
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Il[k]-wle”]H: ’23 det -2+ 3-4A o ='ZE: c0(1-04%3)(A-0.5)(A-1127) = 0
= o o 3-6x L .
where A\ =z° ML
Z2EY
- |
= £T _ £T _ ET
v, = 5.81 e 1 w‘?—aoo.l"mlf’ s zUS—C).Oi]/mLB
her | 4-%x —2#x o D,
2 A A
.[.‘.f.(“—‘f-):[[i‘-]_w [h“l]]{'u} 5{0}‘-"—*‘? = -2+A 3-4A O Vs :{0}
o) o 36X ||V,

E 1 r 3 y i
(C‘on]muzd nn _;-01 p1ing |-a5e ;




Peblem -4 (con'd)

For A= 0.947%3 :

) . P
z.108 -1.52% © 1—’:1 3 @ for Vy=1, Uz = 1.37
—1.52% 1.108 o Yt =40 .
-}-—_O!' )'Z = 0.5
5 1(79 > D
2.0 -1 o ?rz 0l __, Uz="Vzz2=0
-1.5 1.0 o Uzz =1{o 2
o o o |[vs o et Usy =
For A== 1127 :
A A A
—0.508 - 0.8%3 o Uz = fo"' Vis=I, Yoz =-0.580
» A
-0.8¥3 -—1.508 o Yoz} = =
n —
o o  -3.762 ||V o Us3=0
5.84 1 o I
£.1 A
> {w} = 2 S [U]= 1.379 © -0.580
9.01 ) ¥TE o 1 )

Pro':]zm -5

E”ou)‘inj i s jor- 1he d!ej‘rze.-!:- aj -fre@o,om ch'l"nea‘ 25
7

(a)
=Ui=13 gk Sk Stk
(‘Uy=]) ) e -
| kZl k l
: 1(3{ b : ‘(ZI-_—_-O 1'r12!_,-rr13,.—_-o
"
-V ko 4 =-kZ
(continued on Ffollowing pase) 2




Roblerm 11-5 (con'd)

_ 1}2—:; | <
; & : —1— k12=0 TMiz=0
k22
L k kzz‘—'Bk TMzz2=m
32 12 l
L8 kl ._11_ f<32’=C’ T3z = O
- Va=1
(U3=1) _;:k e il
’,/f ¢ 1’3:!(1}'3-—-!)\\ t(|3=-g—k T3 = 123 =0
\’/ ) 231\'_ \ £k 2 2
‘\ kz,s 13/,39'/2 1(23-_-0 ] m.s-_,s:mL +4L=_‘.‘:5_1—an
\ - l',__k 12 12
Y i 2
L
sk
- (12 o =22 : | o o
»k]=—o] 0 12 o0 ’ [1’?‘1];‘11‘1 o 1 o
£ 2L o 2% 0o o %Lz
(b) 12EI =l B =g | @ #
H[k]—wa[‘m]”: — det o 3 o -aloe 1 o
= 272 o (4/2)* o 05,°
12
. 3-A (o] Lr2
12ET !
J-ef Tl = BER ded | T aon ’
L (1.5 |
£/2 o (1-22)(42)
1I2ET 2
“U‘]"wz (mlll = Ve (3‘1-)(§) —g—(}\— 0.3F1F)(A- z.228)=0 ,
>
where A - 4 ME
I2EL

+ : | o - 5
‘Coh]x'n‘\u(:o oh Jo]’-owwhq 2a2¢ ;

==y -~




Protle= 11-5 (con'd)

. L1
-= TN =0.4F3 3 =
ml
Since 3- A o
o B A
< o
2
Z.62863 (8]
o 2.6283
| <£/2 o 0.
Aa = 3
o) (@) L/2
o o (0]
2
L L) 0 =
Az =3.228:
-0.228 =
o -0.228
1 L /2 (@]
0.4535

el Y I
2)_ = 0.]16F ' = 0.lbl
T e mL> s L
- A
< [,
2
A
O < UZ = {O} 1
s 5 Y £V Vs
=3 2K 3)
- AN -~ A A
L/2 ’U” J(or 7)" =4 ’ ’U_3|=-'5.25?/[_
A A
(@] Uz[ r = 4 ) —> 'v2_1 =0
2 A
3805 (4/2) Uz o
J /
F A N ( ] A A
12 )= Vp= s =0
V i A
Voo 0 =4{ OF% ?z{'vza=l
A
1| Va2 | O
- £ A ~ N A
L/ Y= -
= Vs [a] 50\.— 1)'3-— | ’033—0.45%
~ A
'®) 4 '1)23 i o) — 'Uz-_:, e
B A
—4.38(4/2)% || VUss o
= )
1 o i
A
£1 3 [U] = O 1 @
mL>
526 0.456
£z Lo




roblem I1-6

(a)
- v,
| k7 B> 1 R L3 43
o Ja 3eL ' E1 | SEL
L ¥ P B BEC &0
2E1 ET 2E1
2, ~ J'c“ .
.};3 ’}_—)] o= =1 t (2{_)5'“-]..6_
EL L 2L v o 1923
n =~ Jz21 (2L = :
4 = ( )‘9' oy ==
3
~ ~ L
. Hau= SETL
2
ik
o 2ET
o I ~ r . 4/
f5 1 f'l"")gz_" (2L)8-=—=5
t' - ~ 3 |q 4
- L
)]C“ [ﬂ‘{’ ‘;1 2(“ 3EL [ ]
: 4 1
vy=1 My ‘n'l“(ZL)_fI 3(21.)_-_-,0
£ =1meD °
- My = £ ‘rT'[L
2(20) ®
’1‘7121 (ZL’) "‘fz l (EL) = O
Mza _ S
Mat = ..'_ m L
3
Ji= %171 (z1)
ml |2 1
= = 31 B
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Problem 11-6 (con'd)

(b) Aek[%l-f*ﬂ]=0
% 2
i ey 4z2-A Z2F
{ot 1= 9£1 ) AQ%[I I_jm]z mL det
R A w2 T LT 9e1 g A

(42,—1)(6,-13—243=A2—48).+9 =0
A,z = 47.818, 0.188238

@, = 0434, ©91_[ EI
’
mL*

=
|
)
(4
| <>
Ii
|O

wz
o 42-A 27 _D = B
9£1 9 6&-x|Z 7 =
A, Fobbams  gxe ] [.p,u o3 ? 3 .
: = or UV =1 1. = 0.21522
| 9 _4].8]8_ 'DZ' o j 11 ? 2)
- - A
A : [ v . s
5 41.812 27 1 iz . o jo'r‘ Vig= 1, Va2 =-|.54857
L. 9 5.818 1| Ygp o
A
' 2 =[__ 1 {
ik 0.21522 - 1.5485%F
norrqal-i{ihj : AT A
fﬂ_ = ’!2 m 1_)- = -mL |oB4il0 o 1
‘ . | o 1.2330 |
A
A "-_1/}7 = -
55 = ¥ M = "—”y 0.91%  1.110
’ 0.19¥4 —1.720 ]
1.00 —_—— 1.00
= /
(022
- 1.55
THIT TIIIT
E£1

B %), = 0434

B W, = 6.9 o]

™ L*

S e




Pron'm 12=1

—l'—o”O.,u"!h £ IR~2 a;ssum1hq Hm% {ﬁa e*fcc.. o*- Q;Q}—np'nq mj( l)Q - zacfczO‘
the ﬂﬁoﬂx] +esporse—ralio” mal be ex

esszd’ b‘i ag- (s ) (—no{rz"%ha

the case ot hand is a .oljj? Saration ?oaoma\J

s1n
n K =

.'F'rom Qz. (.5-”): Y’ﬂ({}: Eﬂ (I—coswr,{—)—_:f_ E)h . 2zt

in which Kn= M 2n = m, w5

== {7 {p)

( qunfb?d' ™mass \

Usirlg the given daia

f—
[3.61)° 5.213
{K} = m {wa} =0 faaal = | 243 f(ig:?}{_
(77.2)? 2415 | -

- ¢ |° 0.406 3.2
(R}=121{p:}=[#] {Rof = po {#n} g5 %

t =84 o870 } = ©.96 kifn:n
-0.281 -2.2498

~

( .2496 sin® (1.8054)

{Y(f)} =1 00594 sin(12.1¢)

i
-

| ~0.0018¢2 sin*(38.9¢) |

s )
1.24% sixc (1.805¢)

3
For w5 , v (t) = Z B, Yn(+)=<o.915,—o.402,o.oea> { 0.0594 sin® (12.1¢4)
n=1

g

- 0.001862 sin’ (38.9¢)
S i
Vz(t, = 1,138 st {1.8054)—0.0222 in? (12.1%) - 0.0001200 sind (38.04)

B Us () = Li4 sin® (1.81L} - 0.0239 sin? (12.14) - 0.00012% sin (38.9%) [ﬁ]

%. d ~n . )
(eoh muz or j’o-'—.’)';)-rﬂ Da3e
| 2




Hoblem 12-1 (con'd)

Us(t) 12 -

(.
: 1.0

Problim IZ—=2

(q).F-onow'inq Plz—l, j‘rom e{. (3-—”) and (5—12) :

/o1y = _fom : (ain{u'{-— n sin gy, %) ’,W:"«z""‘"- 13’1-“-2‘
Ya (1) K. 1-pe P n 20n

ZAance :

0.406| {1218 1
{P] = Pao {pfzn} =3 {0.870} = J 2.0l k{rs
-0.23l -3.845
T]—‘ga-g—fore.
0.2335 lﬂ —[(sin=3.0t L =2 gin 3.@1{‘)
l_-\’i)" “ i
4
{(Yttj =1 oonie ! sl gl -2 B0 24-2%\ (
’_(g_z.sl)z 4 4 24.2 /
-4 232
; | b = = ; i
—0.000 344 51N = Rl 4 - = = SMFEET,
(3 3.&:!‘]2‘( § ey T EF =
F= 4 zzz

L o ((.‘Ol"l‘.".;"_',l.?u. on ]EO'?O“‘;:-"'J, Pcbhl




~ 1
RPN

&

oy JD - (’."J’“."':;.

S B

(
i
|
'r,-f(«.";' = ll 0.01:28 { cin z.708%4 — 0.1119 sin zq.zf) ( It

Ly

7 .
D.2232 (51N 2.708¢ - 0.72 sin 3.611 )

—n.0093439= (.51'»1 =.7087 - 0.03485 =in ??..If)

Uiy vy (4) = Z B Yo(L)=< 0-05%,0283, 0957, {Y{f}}
h=1

V()= 0.0216§5in2. 7084 - 0.02162 sin 2.611 — 0.0003572.51n 2424

+ 0.00001166 sin77.714

7, (t; = 0.031F gin 2714 - 0.0216 51k 3.61 L - 0.00035F sin24.2L

t+ 0.0000 11 ¥ sin 77.7¢

(b)

L

{fu}=+

\

-

0.054 0.283 0.95%7

{v(t)}z[f""]{\{m}: 0.40 O0.8¥0 -0.28] {Y(f)}

L0.913 -0402 (068 |

-~

0.03169 5in 2.70Bt - 0.021625in3.61{ - 0.00025%2 =in 24.2 ¢

T 0.0000166 511 7.7 ¢

0.226F 5ih 2.708% - 0.1626 sih 3.611 - 0.001098 sin24.2 +

+ 0.000003423 51h £ 7L

04829 5in 2.708¢ - 0.3656 sin 3.6t + 0.00050%4 =in 24.2¢

t 0.0000008282 s1h 77.7{

(corﬂ'inued on fonowinj l:cge)
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Roblem 12-3

From cg- ( 3-21) ,for Zhe sleady-silale response

Yﬂ(é)=(“ﬂ sin(wt —4,)
whetre = Fn _Rl B o]~/ rom eg. -2
il L KJ(' Bn) + (2upr)’] T from e (22

2B
4, = {an —I—_—Fi_-"— 5 fl-om zg ( 3-23)

(Z—U—S‘E'wl)

& _
LA
Trom P 12-1:
. 5213
{K) = {2343 | kips/pt
2415 -
Trom PI12-2: .
- 218, i
(E}r-‘l 2.6l t kips

-0.843 )
. - N - N
= 1 0.¥5 015 | 18.92°

4- 04315
=] 3. 36l{_ }omg {- —‘r'_lao.l" Br \_lan')o.02238 _ 11298
{8} 4 ze42( | ’ {'B'}‘ﬁan . 3 PR =8 1ogsrs(=]"" |
; = [~nh
2 26l 0.034 85 0.0069% 03998
= FRr ) ‘ o988 | 7
4 * /7 o' M
0.5052 smn! 2.0t — 18.92°%; :

{Yw) = 1

0.21128 =in (2.708¢ - 1.298°)

Y

[ ~0.0000%495 =in (2.708{ - 0.2533")

3 )
Tor Uiy Uilt)= 37 & Ya@)=< 0054, 0.283, 0,957 > {Y(é)}
n=|

/

Vi(ti= 0.0272851n (2.72084 ~ 18.92°) + 0.003192 sin (2.708+¢ - 1.298°)

- 0.00003245 sin (2.7084 -0.3998°)
B U (f) = 2.0272 zin(2.71¢~ (8.2°) + 0.00319 sin (2714 - 1.2°]

— 0.00703%4 51h (2.%31t -0.4°

\
|
7/




Foblem 12-2 (con'd)

Since the :*on}r':bu}ion oJ( the (‘ﬁjI’lQ?‘frt?c[fQﬂCfQEu is less han f-2%, {‘/12
winximum s almost simulltaneous in all masses. The d{ﬁfﬂacamcznf

for each +moss 1'5:-0521"7601 lj{ an eg. ?f the -Z;Fw:

-U(-{-] = q s1inh 2. zot _bsin w+

A
27

fe = 50,
= o
2T .

w
Vmax

Umax -isjov—- t m _iéT_T_]_EE)({_( =27 1.¥5
3 o 70

ez « =t . 135
2

€ L¥10 LEN L712 LIS L¥14  L315

W(t) | 0.0519% 0.0519F7 0.05198 0.05198 0.0519F 0.0519%

V2(¢) | 0.3%95 0.3795 0.3¥95 0.3795 0.3%95 0.3795

Vs (¢) 0.8270 0.82%1 0.8272 0.82¥2 0.82%2 0.82%2

r0.0520w

v

ft

> {vay} ={v(E=1713)} = { 0.380

| O-82F

/

_Lo_osa' J_ o.380"

Io.e,z?‘




Pro(:la_m 2-<

zg.(12-3)2 {U} =[¢]{Y}

~EBatntl «
¢ % [ Yo (0) + Y (0)En @ 511 wohf + Th (o) cos wD”‘\!:]
Zdpp,

2g. (12-26): Yn (+)=

Yo (o) =M‘— {sﬁn}T [m]{ver} or {Ya)} = [MT [Ff]T[m]{v(o)] ;

eo. (¢) n[l: £12-1
L B |

2. (12-27):

g (122817 Y, (0) =5~ {#a] [m] {9101}

T ] [} o (][] [l e oo

0.3 - -
Since {'U(o)} ={-08}n , { ‘D(O)} = {o} i
0.3
~En -t E
Yn (.{_‘) -y cos (mp,,, ¢ -Gh) Y (0] -S}h:{an i — 1 see ezs-(z-so}%o
2 N -|f |- En (2-52°

V-5
Howe ver {Yf-‘))} -‘-[M]"] [?S]T ['m] {’U(O]} = [[.?5]1’ [m] [?5]]—![?5]1- [mj'{'U(O\}
(oo = L2 LteT 1] [t ] {ucor} =[] {wcol}
(@) En=0, ¥,—>Yn(¢)= Y(0) coswt

- 0.05623 cos 1.624
n

{Y(f]}‘: 0.30B30 c0s z7.5¢
0.047%B3 205 459t

—0.05623%
{Y(_ezzo_sm)} - 0.2060% ¢ in
Wy

0.9452<%

7- L g gl 2 '
contrnuea oOr +o'/loza:v3 pase ;
J = =




Foblem 12-4 (con'd)

Ry
-0.2167¢
27 27 .
- {'U({-:T)——)}.—_[?f]{Y({:__ﬂ_)}-: — 0.00928 in
o : 0.71959
- [ -6.21800 |
P{'U (T)}: - 0.00428[ 1N
: 0.72000
(b) g'] -':.E- =0.1, ‘V'h—?'wnh = 0.2050 Wy
4 -o.1162¢ 2
-0.05651 ¢ P cos (I.564 -8)
1 - -275¢ . - L
{Y(é}} = J 0.20080 ¢ cos (27.3c£-9) } 1n,-9-=%unla.|005=5.?4
: —<..59¢
| 004813 < cos (as.674-8)
= l &
—0.05260
{Y(El:o,54—0?—\‘}:: -0.03693 n
e ]
I 0. 003453
- - 0.086!15 -
» Z.Tf 27‘[’ s
Pt - — -— = — = 005 n
{U({ w,)} [95] {Y(-LL {227 )} i
0.063501
' -
- 0.0B8%10
> -u(_?;lf_) =1 o0.0058% I» n
W
| 0.06360 }




Fokl¢~ 2-5

£ (12;3): :‘U;"[’d]‘ryj

o

Frao— 19.53—2]}2 Yn({}=‘anﬁih(a'é—&h)
~

& [(t-ﬁ:)sz(z g,\p"ﬂ

oh
kn'

-/z

2g- ‘m-225: Cn=

2p.(Z-28;: Gy = {on

< (12-12¢j: fon = {th}T{f’o} or jrom ¢- (), E12-2: {Fg} = ["ﬂT{ﬁl
2g- (12- JZ.:‘:\J:_ KY’I = w: M
% (R-iza)s My, ':'[FS”}T (] {9‘“} or ¢g. (12-18): [ m] =[#]" [=][#]

T F"'\. ! :00
{E} = [75] { © i: For (95I} =3 {0-543] = {2.‘;4—} k-':r:s

I Oj 0.198 0.99

5 To o S 3 1.340
. 186.6

~

2.680
[M] = 8.154 kif:s- 54_(?‘/1'11
a¥Fz.2

(1.62)° 2.¢80 361.9
{Ki={w*M}= {c(ex5)2 8154 = clet kips/in
(45.9)° 3¥3.2 ¥ 86300

- = = -~

B 1.1

{P}= 111 g:é’ . {0.4048 L

Ly 62
k 45.9 |

0.2%85

(cohjc{nuao!‘ on foﬂow%hj FQQE)
o




Roblews 12-s (con'd)

-

4 _'/2 - o0
0.01382 [(o,n"’- + (0-22321 5.F19 x 10~
2 = iz -4 .
{f’} = ! 0.00044944 | (0.5552) +(0.0929¢) ] = {8181 x10 ¢ in
-2 e

Lo ooooo;:sq[(o.?als)z +(o.055?)2] j | 1:F40 x 10 J
" 2 :
( o.22 - 65.50°

o.1

o' 009296 — 9.854°
{9} =tan 0.5352 [ j [

0.0557%F 4_4_“}0
0.7215 J k )

\

?'fezj?ec%inj’ the comlribution of the Zwo hjjhcr modes - {‘U} ={?‘:} b4

) 5.719 g
Theh ; H[g amrl-}%uc}e zo1 1l be = {(D.U} =4 O.-584 5.¥l9xloa = 13,3940 r x loair\
0.198 1132

and the Fhasa qnj'le will be common, @ = - ¢5.56°

nl/dw'ez!er , if the eonzriéu{ion cjra”‘mc\c’es is considered:

—

[ I I 5.%19 x 10 ° sin (Bt + 65.56°)

{U(“} = 0.584 -—-1.522 -6.26 8.181 x |d"" =10 (15{ — 9.854-°)
[0.198  -0.8¥2  J2.] 1740 % 10°° 5in (0t~ 4.414")
| I I 2.366x10° sint + 5.20Fx10° cos i
{u(%\} = [0:584 -1:522 -¢.2¢\18.060x15* sinwt — 1.400 x10¥ cos w ¢
L0.198 -0.812 2.1 J| 1.%35x%16%sint0t = 6.1239x10° cos ¢ ]
g a= — B °
2.448 sin ot + 5.193 cos ot _2 5741 _, A KA
{1)({—)} 1 1.258 sihzotf + 3.062 coaot FXI10 in— {Fv}: 3.310(X10 fn,‘e"-" et
0.40035inZo¢ + 1.043 cost LIE ' |- 69.00°
0.0574 | -64.8°
P{(’}= 0.0331 ¢ 1, B={ ~-¢cF.¥"°

0.0112 - 69.0°




Froblem 12-6

Té”owirjj £z -4

1
5‘ 0.05 G2

B |oas| *

Clo
| I =

45.9 Qr

0.2986 '/sec

o.15 0.006399 sec

[c] = 0.2986 [m] + 0.006394 k]

- 3 . 7 N
Dire_cjc fovmu]alion of”’)z m™mass Orie 5213th€55 1oTrices:

my = m

U= 1
I 7 7777 ——> U I --—b-{(ll'—'-I( ———»‘(13:0
: k=L :
Mz =1m
T T TTIIT — VU, -——-—)-1(2l:_"< =3k —-—>kz~=_-21<
TTIz =TT 1(2:21( o
////////f////x-—-—-—_—b")e e = 5= 1 ——%*1'{3'5:‘-&:((
] 1(3:4;’1'{ 1(
: <4
TSI TENTIE
. ) 1 =1 o T
s A : 1ips/-
[ﬂ“l] .‘:’.‘h‘lI y TE Z 1FJ ch/‘fh [k]':k =i = T 1 .t(_ = 00 P/'”'}
o -2 @
i -1 ol [ 4434 -3.836 o) r—
K c7=0.2959(213+o.ooas-drteoo} -l 3 =2|=|-383% 12.106 ~F.C¥3|——
1] 2 =
0O -2 & o -7.¥F3 23.616
’ f o] r
Qise , B el 1 2vs55 ;929BL | _ 400334
2 " 215 | m.006394
4.43 -3.84 (0]
l<1' 5. S€C
»[c] =|-38¢ 1211 -Fexr | ——— +E2=19.33%
i
e —-7.6F 23.62 |




Froblerm j2-%

‘55'(12—5%): a; = = e
[

Qz,(:a-S?C)f §n=§h‘§°(:j:>
eg. 12-5%d ) : [C] = o[ k] +[m][

From PI2-G :

clg-’g

n=1 /'7n {f?—"n} {é} ][m]

' 1 -1 O
[‘m__\ =ml, 'm-——zkifs'suzﬂ end [k] k[" 3 =2 |1k= éoa’ﬂf_
o -2 ¢
Trom PI12-5:
2.680

{M} = 8.154 It{r's-.ﬁ?.:z/;-{q

2F3.2

+[e]= 252 k]wi“" = {#n} ()]

h= M
(0.12) =l 9 2 ?-(005 0.12 456',3)11 62 f
<+5.9 -2 G 2.80
- 0.198
27.
2(010-0.12 52)2?.5 i
{1,0.548,0.98%> + = _ ~1522 } <I,-1.522 - 0.872>
Ry -0.872
[ 4 =1 o] [ 0.548 0.198 |
[’:] =303¥F53|-1 3 -2 | +1.7212| 0.548 o.300 0-109
(0] _2 & 0_198 0. qu 0_0332
B .
1 =l. 522 =0:87%
+0.1896 | —1.522 2.316 1,527
| —0.8%2  1.327  0.7,0 |

(con{{nucc' or joﬂow”ﬂﬁ i::a_c’;e)




Problz.‘m 12-F (CDn J )

[ 5048 -2.483 0.1¥5 |
[c] = |-2483 10.36F -5.835 ﬁﬁf,é,é“/m
[ 0. 1¥5  -5.835 9.035 |
[ 5.050 - 2.480 - arzs |
»[c] = [-2.480 10400 ~5.840 | fipe sec /in
| 0.1¥5 - 5.840 19.000 |




Fonlen 13-1

Trom P I}

e T, m e 2 m*{

Foltowi-a EIZ-1:

-

1 =[f10+]=m(f]=

[D] { ,U'(o)}

=]

(5} (o)

n s 2| 1 15 f
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RISk +-é-—C£.’1+§2—1(g,=F({')L

ij 2 5mal1:_ %‘mg, +—§cg,+§_—k% =PE)L




ﬁ-oblzm Iz — <
p(y) - 58 _
k é 4
k e
Z"
fad ——m

21 .//5%
T
521 P

I¢

k— L ——fe— L ——kes/250 22

— T =L &2 b l iy
= 2oy l.l{ I,="m ,_2
SN = = /_’i'? — of = aresin zf'
i 22,/L
22,
5 =5
2 e 52
redmt T m &
£ 2 I—(?&)Z G | 2g,\2
3 (T)
ar . m & d (aT), m El1-(2eye) ]+ 85 G@n?) 24,
33, 3 2z 1=
: (=9 i/ = [V -(2e10)?]?
4 = > C]— of =0
=E s dt \o¢.
3T _m.2_ 2(4/L%)& aT _
3¢ M [i—2gmy? T 3g

+=k

2
2 ™

({‘O!—:i%nl'pn! nty —ro“owir-a [-404? ;
L] . 7

-~

but v, = g1+ 292

:%k[zgﬁ--?({ﬁ 2‘52)2]:”2{!*5223

- -—




Froblem 16—+ (con'd)

%—’Imr:sosihﬁ; 58, . 522 2 éwnc = F‘(%) 682 - C‘Q\..' 62'

cornr:qr{rj w'z“l Q{.(FQ"‘”C): ‘5\4/nc=Q1521+Q25£z+“‘+Qu52u

iy = - CE.‘
Qe = P (¢)
4 ST 2T AV _ n.
QFPI_'}inj eg. (16-15): E(a@)— 9gi M 92i =8

v 22 2 2 ]
m &1~ RanY]+ & (8/£)8  m .2 S+ k(g +2g.)=—cd

3 [1-(za1/0)*]* e~ [i-tza)T

k(zzl + 5{2) =P (t)

. m [l-(?-:z:/z,)z]'gr o 4(315'2/42)
e [1-(221/2)%]7

- k;g, = —g—[ p() - Z-kg:] i Cil

3 - 5 .,z
i;f,g. smoll — 2/, #, o
o == B ék,g' +~§.’;~P(~&)=—CZ:

> im [f‘(2£|/L)z]ét+‘1-(£u,‘?:f/42)

5 . I _
o [1-(22172)°)° + 5 ¢4 + 5 kg =-p()

‘Ef{, small : %mg, +—25—C§é, +- -é—k% =“f’(’l:)




Pranm -5

vl(x,4)= Or(f)(_?_)z+,‘gz({)(%)3+£3 (ﬂ(zx_)q-zi%(ﬂ(zx_)iﬂ
}U"l)——(é)l“ 3 izl 25 =l
2g- (I& ~22): J }m(k\‘r” (x)% (x)dx ,/ m(-—) (L)Jno{x

L
— 1+{+2 —
my = [ (EU 0 —m =Bl
443 1+J+3

1+1

L
o
Firsl co. above e2. (16-22) _'-i z”: m - _ﬁi > 8o 4
Z 2 < Y2 = —3 i+]+3
J=lt'—'| J=;1=|
T *_L('—-2+—'- G pd et I 52
=¥ 5% b%}«‘q_z _‘«-F_g_lzﬁ_f_'?&i’ +_8"'zz_ 3+—§-23)
9T _ — 2 - I
B ami 2 1 'l d(dT\_—, /(= §
T h e b)) — FBE)=TL (Zar L+ i)
aT__— lI 2 | Cl [
=—=mL [—0p —_—— s 3T ey rl 2 !
G+ (o B O 5 &) dt 35{:)_mL\?€'+?€a +§'3@)
AN - ’ 2 d BTy =
Z_=-mL [ = 3. = =N _ | 1
p T (FEs e 38) — f)m biber )
1 i I & . glt=1) j-1)
co. (16-24): ki =I:I(x)% (x)ﬁ(,z)Jx =/EI(1'H)1 (J'H)j =Y ds
= _ A LT+ L(H)
ki = (i% NG+ ET - /x"ﬂ 2) §,, - (+il04]) . L=
. . £ b T4j-1 Bl o (f+47+2) B
o D (Ej) L. ET
k\'j I J 3

*
—

/4 1 S r& . zt‘ xj
eg-(10-42): RC_U- =/ N (x) Yj'(x)dx =/ A!(IH)——(I-H} (j“)'-(-j-;,}— dx
A ° L L

52 '+ 14 7)
B . N (1+]) P N _z_(l 1
1‘%!’1 = (th'U)WJ ¥ 4l = CHH1(14) P A AT

o

1 (1+#0¥1+3) N

W Ireiey L

[eortinusy or -olls20in) pase '
i ; P_. J




Froblzs: 16-5 {conid)

Sivice k'\] = L(U mk{f‘j 1
i Qri)(i+5) .. £ +0)(143) N
I gaes Ll
- L L i+j+1 L

~row eg- (16—17F) ¢
s Y
I
??Z kif

_]:" i=

g

&

CET (1+1)0+)) N "y
L+J—l L2 +j+1 T] &5

«t
i
N[~
M
™M
| e s |
&
te
~
x
-t
S’

-+ 1,%—,:)5 . (6;;.-.;% (-2 )en
f(lz'z_; - *ﬁ—) g + L )2233 (ﬁsﬁ% _’7‘_6%)53

since v(0,%t)=0 and U(0,1)=0,there isnoncczssifg {0 imFosc_ 'res'@'ricfions,

then :
oV _ o /EL 1 NG E£1 1 M EL | o
= e e vt e (E -1 e
av EI 1 N EL 3 M
2z, (35 zr)%*""( 1?“:5‘:)82+2(9%"f—)33
V _ofEI 1 N N £l
w0 (T stfur ( ‘T)& +32(%—g——;i{)£3
2g- (16-30): Py :fp(xwé) Yir(x)dx = F({)(l)m” =p() , i=1,2,5
ag. (1e-31): eif = a:]EI(x) %I’(x)‘i”/'llfk)dx =0 o, 1=1243
” -
Qg.(!Q-SZ): Q; = pi — ch gj = p () , 1=1,243
J=F
d [aT
Qz.(!fo—JB): —(a—€;-) +'—— —Ql , 1=1,2,3

(coniinua& on followins page)




P-oblem 16— (con'c:) )

L+ g ler3h)+ 55 (e ron) - (5 ot S v Be)-pu

L (_é‘gr +‘__§2";E’z 'l-—-z

3

)+ 5F (ot 2hareg)- L (Fo+ 2t )@

3|

L (:'f—g,!nu—é;o;z + —;Lg ) - ——-(8214—!822_-!—28823)__( £|+2£z+ 3) P@)

1008 420 300 ’,'Ei.ff)‘ 4 3 4 [ 560 315 336 rg.(éf 1]
,igo 420 20 315 [{&@) >+ 35:31_ 312 9 —-l@i 315 ¥56 420 |{ Z2(8) b = ‘LF(H
| 260 315 560 | fsfﬂ‘ + 7 ke 336 420 960 2:@) ) I
Problem 16-G
(a) Ry%,= P\z-
»G;—FU—{}

(b) #=>T= % m D=+ %Im (ﬁ* ?;_)Z

x|= -(R‘-I-Rz_)s'inﬂ-a—a- ;&‘: - (KI'*’R?) co5ﬁ-z.éé
BaTl ju]:\))Qon to two rotations ‘l:_'l':: (R|+Rz)éos-&z—>3|=-(Kl.}-Rz)sinﬁé.éé

- Cg ro{'o%es h -0-2 re«_-,f)ec% oo

L 2= (Ri#Re) 6
- Ball votates in B Tctfxc‘li 1o cq :

Im: %miRl

(conl'ihuczd on following page )




Roblem to-6 (con'd)

‘LIIIG'T] T:%ml(RI+R2)2-é; +-"2l—'-§— m[Rf(-ﬂl-f +.9.—Z)2_
[ ‘2 1 2 R z = AR 3
T=omMiRi+R) 4 + 75 MR (= +4 ) =5 Lm (R +R:) 47
21 E - 3T
aél— Sml(R|-.-R2)-eiy a—-gé=0

=i V‘=‘I’l’i,jh;1 l’), =j;= (R|+R2.)cos-95_

then YV :?Thj (Ri+ Rz)cos‘e'z
' oV

a_&'— _mlj (R + R>}sinf

*— Qz’: o

_ ) cJ 3T\ T
ez,(f@ 15): (82'},3_{ a& = @

‘ » 2 R -,
‘5_"-'1('?1‘*‘ Kz) 'e‘a_mlj ‘(R|+Rz)5in'6'z=0

3 ANST .
B’“G‘z_ Wsmﬂ-z:o

()

| ' - t \Z
¥ T = 5m (R +RY 6 + 5= m.Rf(ﬂ;H}?
. 9T
. —._—-é—m,R, (6; +4,) 3T _ 5

1l
o]

a_{-)?.:mz(ﬂ\'*ﬂe)ﬁ"i" m.R. *9-4-'6-);

Uin w
s 3

> g le=39): V = V(8 921-13¢) = ("l‘]cﬁ"z}cﬁ“ T ’\rnfm)
V. =mi g (Ri+Rz)cost,
fi=Rig-Ra8; =0

V =r}q(R| R? CDS'G’ |(R|6~,—Rz'ﬂ’a)

aptirine a s LeMendes
LCJF“]N ’QO ’?:,:.-ol 'Jtu__; Faje)




Foblem 16-¢ (con'd)

<

<]

then 5= MRy
;Xzz—mj(R1+R2§éﬁnﬂ;_+ X Rz
= &
Lf (16-40) : ( ;’) aj :;: =Qi y E=1, 00, 6
%‘ ( '95) A\Ry=o0
M) R+ Re) B, + 2R (6 +4,) = m 9 (Ri +R2) sin g, + A Rp= 0
‘p\. & 2 u ) 2 - I -
%%Rx (&+8,)Rz2 + (R;+Rz)zw_6-2‘R\+ g?{lal (8 +8, )Ry,
““7(5('{1+R2355ﬂ'92\ =0
since B =224 [%R (‘—"'I)Rz‘i' (Ri+Re) + 2K} (—H)]{é_;_—j(ﬁ.wz)sinefo
[%(R§+ZR!R2+81)+(RI+ Rz) ] 3 —j(R|+R2\.5m-6- =0 |
._—_._Si__ e =0
-Gz ?(Rt"’ﬂz‘;:h&‘?
2 e e
%mlm ('e?-fﬂ:?) m](R;"‘Rz)'é
2
3 . B
M (Ri+R2) 4, FeR; = 32- miR; (&+8,)= AR,
. Pl
{’fi " 59
: > 5, e im0

e !
)\;jri:-"lor* jrorce Dz r

twz x bollavs cvi‘nder

(continued or Jollowirg pase !




F’roblzm -G (Coh'cJ)

(d)
From above sketch: F = M8 —> - m, (R +R2) & = M—m,j cos-B
Ball leaves cglino"cr‘ when N=0,i.c., .:— R cosd, =0
From 2. of movement : ~9£ = —%—5 sinb,
'92'92 = _;z%a -"'i”'eé‘é'a
) %-9{=- %cob*&zﬂ-A
@t=0, 6,4,=0. 'o=ﬁa+
‘:= ?.(%lt‘_’_—za_z) (1- cos;)
Hc:'nca H:"“f&z{- ( [— 005‘9-2)“ _"m cos 9, =0

8]
cos -B-z :'_.

—> f =arccos A8
% 2 I

10 &




Problerm 16-7

m, : fo{n] moss

o &

. T
- Kindtic energy: 7= 3(L) & + 3 ma

_ AT 25 2
(L)I = Leg tm) (”z‘) =, R TR NN gk

X, =ga2sing, —=%,= 72512 + g2 ¢, cos g
j,z_ :zz f:oﬁg: —ﬁjzzézc%% —g;_g, 5"‘”}7\1
. . 2 .2 . 2 ‘2 2 -2
S = %t =% t2 4

L T=g MLES + Sme (65 + 23 47)

— Rtencial eneljg_: V = “m.j '1. + Tnajhz + :21' kg: (no{e. :5t>rir19 fcryﬂl=0)

: ],‘I =—].|céi =-% cos g,
ha TP N9 K.
V'—"'m!j% cos g, —'mzj 22 cosz,-l-zl—k;é'

A G,Q'f‘léﬂlli{&c’ jorc-irjj j’unc{'iohs; Ql = Qs =06

(COnéinuecJ on o/lowity Paje)




Roblem 16-7 (con'd)

_ o _ d [T \_aT , 3V :
élgmlvbrwm eguations : &T(&E‘i )—8&' + ey = Q; for i=1,2

b (4 m t me)E + 2mag it + (5 ik gema) going = o

ngz - Wz{ag ~ Tz §.68s X1 k,{z =

Problem 16-8

For small amPlit'udz oscillations:
.{itfja%‘éj o, :n'hg,':k:%, cos&-kl (i, =12)

L .-
b -3—_€| + zlzl =0

mefe + kg =mzg




