2.1)

T=2sec, m=20gm

Chapter 2

k=r’m=r"(20)=197.4dynes/cm

2.2)

7%3;:50 Ib/in.

k

m = F ' w_-l
l_..l._ _,._:,. =1 10 )b,
_ k

m, +my, = E

_ k
Mype =—3—M,

kg kg
W. . =m =——-m g= —
kg pkg g 0)2 2] g ( 2y )2 P

~50(32.2x12)

kag - 2
[27(3)]

~10=44.41b

2.3)

Fig. 1.8

Fig. 1.9

ky  |[12EI 3EI
D =,|— = 3 = 2 —
m mL mL

f kg ,48EI ,3EI
D =,|— = > = 4 3
m mL mL

The effect of clamping the roof is to increase the stiffness and, in doing so, double the natural frequency of

the structure.

2.4)

o= \/E = \/E =1.225rad/sec
m 4

From Eq. (2.16):

honclm]
X4

A=\x} +(v /o) =\(2) +(4/1.225) =3.830m

Xo=2m
a, = 4'”/fcc_

From Eq. (2.17):

¢=tan” 2o | = tan™ _ 4 =58.51°=1.021rads
ox, 1.225(2)

AWA

From Eq. (2.15):

x(¢) =3.830 cos(1.225t -1 .021) meters

Time (sec)
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2.5)

wz\/zz\/gzﬁrad/sec 2k _{\_X(ﬂ ,
m 2 XD = ~lm 06

A

§E-+f%ﬁn Ay = .

A=1m, ¢=rrads o

x(m)

From Eq. (2.14): x(1) = COS(\Ef—ﬂ) = —COS(\/Et) meters

Time (sec)

2.6)

A=7zR* =z(125) =491em?®, E, =6.90x10° N/em®, m=20kg =2x10"g

E A (6.90x10°)(4.91)

k,=——= =1.13x10° N/em =1.13x10"' dynes/cm
L 30
11
W= \/E: % = 2380rad/sec =378 cps
m 2x10

2.7)

1, =mr,? =20(5)" =500kg-cm” =5x10° g-cm’

_zR* 7(125)'
==

J =3.83cm’

2.76x10°)(3.83
From Eq. (1.29): &, :EZ( )( )
L 30

= k—T:
\’I
P

3.52x10"

Sx10° =265rad/sec
X

=3.52x10° N-cm/ rad = 3.52x10" dyne- crn/ rad

2.9)

K21042_SM_Cover.indd 16

If we treat the fluid as incompressible, we may think of the confined fluid as an incompressible/inextensible

rod with vanishing bending stress. We may then recognize that the components of displacement, velocity,

and acceleration along the path of the fluid are uniform. That is, they are the same for each fluid particle.

Let us isolate a typical fluid element, (1) moving vertically and (2) moving horizontally, and draw the

kinetic diagrams for each. Hence,

VERLTICAL HoR ) Zonu7RL LES:
LEG: [—‘-/4 dm s .
g,:_}dfﬁf}afs = [ﬁ 6"}0‘,’;\);1_)1_]’?9/,4 =
(}:H—dp A A tRLI-LE Sy

AREA DE TvaE,

Adp — pgAds = § dm Adp=35dm

-10-
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f:AdP‘fjpgAdszjjgdm  PEPabe (12)

A A4 A4 E | B S

[ Adp—| pedds=| sdm i{,, S jg_../ — 1 (1b)

B B B A I/ Al

[ 4dp—[ pgdds=| sdm // g (Ic)
ol L 7L 7 /)6

jo‘)'Adp =j0°"s'dm (1d)

Adding (1a)-(1d) and recognizing that '[Z =— J.: gives
R e
A(po=po)+ APy = p.)— pgAl = m§ @)

where m = dem = pAL and L is the total given length of the manometer fluid. Let y measure the height

of manometer fluid above its equilibrium position. Then, since acceleration of all particles along the path is
the same, § =y and further, / =2y then substituting into (2):

—2pgAdy = pALy
.. 2g
or +—=y=0
y 17 Yy
2g
w=. %=
Thus, 1
2.10) k£ =4001b/in, W =2001b
= ko_ 400 =27.8rad/sec ! T
w/g \200/32.2x12 326 e
T =27 _0226scc ”
27.8
z(t) 0
From Eq. (2.14):  x(¢) = x, cos ot + 2 sin wr o5l
w
0 |
x(#)= (I)COS 27.8t + ——sin27.8¢ 0 005 01 015 02 0% 03 0® 04 05 05
278 )

x(t)=co0s27.8¢ inches

K21042_SM_Cover.indd 17
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2.11) x, =lin, v, =13.9in/sec, @ =27.8rad/sec, T = % =0.226sec
A=(1) +(13.9/27.5)" =1.12in ‘3
LI/J/
t leecs)
¢ =tan™' 139 =0.464rads .
27.8(1) oL
t,=¢/w=0.0167sec
x(1)=1.12 cos(27.8t —0.464) inches
2.12)  From Prob. 1.6: X(+) 0,//33(%71
k= 1261 _ 3 4EL_ 4(4001b/in) =16001b/in .'T '
r r l %
Tlsen)
!
w= k__ 1600 =55.6rad/sec " '
W/g 200/32.2x12 l/
T=2" _0.113sec
55.6
x(t)=c0s855.6¢ inches
2.13)  The spring force is non-impulsive. Conservation of linear momentum:

m-0+mv, =2mv,= v, =1y,
Thus, the initial velocity for 2-car system is v, =1,

_4EA _4A7R’E
‘L L

Y [k _ \/47rR2E ~ \/27[R2E
2m 2mL mL

VO .
x(¢) = x, cos wt +—sin wt
10}

Yo 2V _"

ml
X =0, = 2N ,/—
"o oaRE/mL 2R\ 27E

27zR2Ef
mL )

v | ml .
x(t)=— sin
2R\ 27E

-12-
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2.14)

From Prob. 1.7: k=2.25x10°1b/ft

x, =1.0lin, v, =0

3
= E = w =19.0rad/sec
\}m V200/32.2

x(t)=1.01cos19¢ inches

2.15)

From Prob. 1.15: k£ =32201b/ft

x, =0.447in, v, =0

= \/E = ﬂ =22.8rad/sec
m V200/32.2

x(1)=0.447 cos 22.8¢ inches

2.16)

> My =1,0

~IF,,, sin0 =10

I,0+IF, 6~0

buoy

2 _ lF;moy _ lmg

2 2
8l _322(3)

=7.341t
47* 47*

2.18)

ZMO = I(gmd)a_z + f;wb X mahob
—acosO-kasin@—Lcos@-mgsin@=L-mLO

ml*0 + [ka2 + mgL] sin@cos @ =0

K21042_SM_Cover.indd 19

\ : 2
mlO
3 2 g
sinHCOSH=[9—9—+..}-[1—0—+..1z¢9<<1 m~Le
3! 2! Mj
.. ka2+mgL ka® g
JERR—— = w = =2
6’+[ "z }9 0 L L
-13-
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2.19)

T p(rod) —
Z:MO—I0 a+r,, xma,,

—Lmgsin@+k,0=—L-mL0

&
I
3
I~
@:

ml?6 + k.0 —Lmgsin@=0 [ MJ MLE "
sind~0«1

AL %6

mI?

e g{k_r_} Pl 2
L| mgL w g[kT—l}

2.20)

The solution follows that of Example 2.8, but with the moment of inertia now corresponding to a sphere

rather than a disk. Thus, / = %mR2

From Egs. (h), (j), and (k) of Ex. 2.8:

R—7): .
Ip( . j9+mgrsm6’=0

where Ip=IG+mr2:%mr2+mr2:%mr2 and sinfd=0 <1

R=r). ..
%mrz( rj6’+mgr¢9=0 or G+-5-9=0
r o

where L, = %(R—r) = %(100—1.5) =137.9cm

o= |5 - /ﬂ =2.67rad/sec
L, \137.9
2r 27w

T:—=—=2_36Sec t”.m:z:l.lgsec
o 267 2

2.21)

Y My=la: 2kR*0=-16

2
§+2kR 6=0

a):ZJE
_wm

K21042_SM_Cover.indd 20
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2.22)

@, .
0(t) = 6, cos wt + —sin wt
)

o(t) = 0, cos 2\/Zt
m

2.23)

Wheel: ZMozla: —PR,cos f=—16

16+ PR, cos =0

F
P
B<1:10+PR, =0 "D}E_’_)b :m;—E] (1)

Block: ZR =ma, : Pcosy —kx=mx

v <1l mi+kx=P

(2) into (1) [0+ mRi+kRx=0 |9

Need @ — x relation 2> beaxd

x=R,sin@+L(cosy —cosy, ) ~ R0

(4) into (3) (R;-kaOjjc#kRox =0

0

kR,
0= |—7
I+mR,

| g
€sin |\

2)

N e
Epeaes 2 A

;{;‘L (ot \’;'— L —;E/'L‘(cp)%'wl)l{)#.o
Loy

4)

2.24)

K21042_SM_Cover.indd 21

(a) Execute the following Matlab code:
theta=0.01:0.01:3;

g=sin(theta/2);

m=q.*q;

Tbar=(2/pi)*ellipke(m);

plot(theta, Tbar)

-15-
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b T=——==F
(b) —=—Fm)
. = 1 T= T
1 T=——=105 F =—T=—(1.05)=1.65
® 1-.05 (m) =51 =5(1.05)
6, =0.873rad
.. = 1 T= 7T
i T=——=101, F(m)==T ==(1.01)=1.59
(i) 1-.01 (m) 2 2 ( )
6, =0.400rad
2.25 a =1N-sec/m
) (@ c N
VA
k6 7 Hhy Xp=2m
a):\/::\/::l.225rad/sec G v W, :4.,,,/{,L
m 4 c —>¥ ¢
c=—5 - ! =0.1020
20m  2(1.225)(4)
w, = o\J1-¢? =1.225«/1—(0.1020)2 =1.219rad/sec
¢ =(0.1020)(1.225) = 0.1250rad/sec
2
4/(1.225)(2)}+0.1020
A=2 1+[{ ( )( )} 5 ] =4.020m
1-(0.1020)
4
——+0.1020
L (1.225)(2)
¢ =tan - =1.050rad
J1-(0.1020)
X(l‘) =4.020e 12" COS(1.219t —1.050) meters
(b) c¢=5N-sec/m, w=1.225rad/sec

K21042_SM_Cover.indd 22

¢ 5
“2wm 2(1.225)(4)

w0, =o\1-¢7 = 1.2251’1—(0.5100)2 =1.054rad/sec

$w =(0.5100)(1.225) = 0.6248rad/sec

=0.5100

-16-
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. 2\/1+ [{4/(1225)(2)} +0.51]

a1y =5.368m
4
———+0.51
¢ =tan™' % =1.189rad
= - =1.
1-(0.51)

x(t)=5 36870028 cos(l .054¢-1.1 89) meters

(©) c=10N-sec/m, @=1.225rad/sec

__c _ 10
20m  2(1.225)(4)

=1 (critical damping)

x(t)=[ 2+{4+(1.225)(2)}¢ ] =[2+6.45]e ™" meters

-17-
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2.26)

(a)

(b)

¢=2N-sec/m, a):\/zz\/gzﬁzl.ﬂhad/sec 40/m Xo=Im
m

c

6= 20m z(ﬁ)(z)

C
~0.3536 F—>x

®, = o\J1-¢* =1.323rad/sec

S = 0.500rad/sec

2
A=x, [1+-5 al ! =1.069m

=i J1-(03s536)’

¢=tan" {L} —tan {23336 [ 0.3614rad
J1-¢ 1-(0.3536)"

x(1) =1.069¢ ** cos(1.323r —0.3614) meters

c¢c=8N-sec/m, w= \/5 =1.414rad/sec

c

6= 2om 2(J§)(2)

=1.414 > 1(overdamped system)

2= 1= (V2) ~1=1

K21042_SM_Cover.indd 24

S = 2rad/sec
x(t) = e |:COSh \/Et + x/fsinh \/El:| meters
1 T ——
08F
0.6+ ‘\\\ .
04} N (b)
= N
= :
< N
02f 9
(@) e
NI v G . S
-0.2-
0 ; ; ]
0 1 2 3 4 5 6 7 8 9 10
t
-18-
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2.27)  Kinetics:

ZMP =10 +7pg xmay

—(kx+cx)R =150+ miR (1)

Kinematics for no slip:

x=RO, x=RO, ¥=RO= a:é:%)'c' )
1 >
—(kx+cx —(1 +mR )
R
. 1 .
(2) into (1) E(; *+mR*)i

Thus, ¥+2<x+2L£x=0 or ¥+2w{i+®’x=0

where o= %fz z ﬁ =0.7454rad/sec
V3m 3112

2¢ c 8
2 =Z_ = =0.2981
3w T  3em 3(07458)(12)

@, =o\1-¢° :O.74541[1—(0.2981)2 =0.7115rad/sec

228) Y M, =1""a+7, xma,

L-cLO—Lmgsin@+k,0 =—L-mLO

mL’0+cL’0+k,0—Lmgsin@ =0 where sinf~0<1

Thus, é+£é+[k—fz—§}9=o
m L

mL
@ = ke -4
ml*? L
20f == (== <
2mm \/kT g
m _&
ml* L
k g ¢
W, =of1-¢7 =, [+ -=—
g > L 4m?

-19-
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2.29)

(a)

(b)

T =2.6sec, T, =3sec

o, =ao1-¢* = cjz:l—(&j =1_(
2]

w@/1,Y (1)
22/T ) \T,

x, =lin, x, =0.1in, n=3

X

From Eq. (2.89), 5—— —=llnL=O.7675
n 3 01

n+l1

0.7675

é/ - 2
Jar* +(0.7675)

=0.1213

2.30)

d M, =Ia: kT6’+clz6"—§Wcos€=—lé

cos@ ~1 for 0«1

§+—9 —O0~——
I 2/
or
2
g+i B+ ke ﬁ Owhere B(t)=6(t)-0,,,. = H(t)—%
T

]:

I:

W=

c* .k WL

3l =t [4(2) +1] = i

L

W=

LR = 1B _ 340 95lug - i
: .

3 322

yAL = 48) =6721b

3
13.45x10 =39.45rad/sec
\I V 340.9

5_=—1an0 7824
5 0.02

Va4t \[ar +(07824)

208 =cl’ /1=

5§ 07824

=0.1236

w1 2(39.45)(0.1236)(340.9)

L=73 A= Zﬁl YPy=
2 = 45 X0 ;C/—tz,/,,

=831.11b-sec/ft

[ (

2y’

16 14/ 14+
J B2 f

K21042_SM_Cover.indd 26
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231) Y. M, =1{""a+r,, xma,,
0| casinf+ kasin@ |~ L-mgsing=L-mL0 1
— + —_ . = . /
acosé| casin asin mg sin m AR P
a \g
mL*0 + ca® cos® 00+ ka* sin O cos O+ mgLsin 6 =0 ; - L
casin® +dasmo mLéL
02 2 m[.é
cos’f=|1-—+..| ~1
2! ’”g
3 2
sianosHZ{9—9—#.}-{1—6—#.1z0<<1
3! 2!
mL2§+ca29+[ka2 +mgL]9 =0
2 2
é+&29+ ka2+§ =0
mL mL™ L
2
ka L&
ml® L
? L ka* g
20 = = c=2{m| — =
¢ ; d (a ml* L
2 2
L ka~ g
c,.=c|.  =2m|— =
¢ |4:1 (a ml* L
2(39.45)(340.9
232) =1 ¢, =21 ( )E ) _ 672410 -sec/t
! (2)
233) D M,=Ila: -ca’0-k,0=10

I=Lmh® +iml* =Ltml’ [%(%)2 +1J ~iml’
o=k /1

208 =ca’ |l = c=2wll/a’

_ 20l 2] [km
21-
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—4 <-1 v

2.34
) 1250
1
Eq. (2.100): ¢, = i+——————=1.290sec
|-4/2||-1.225
1 1
Eq.(2.101): ¢ =t +—=1.290+ =2.106sec
w 1.225
Eq. (2.102):
= _&e-(mun) _ 2 ef((Lzzs)(l,zgo)H) — _0.09588m
* wt, (1.225)(1.290)
2.35) _ 2
1.414(1)
Eq. (2.100): ¢, = . =1.706sec
||—2/1||—1.414
1 1
Eq.(2.101): ¢, =t ,+—=1.706+ =2.413sec
i @ 1.414
Eq. (2.102):
= _x_oe*(wtﬁl) __ 1 e—((l.4l4)(l.706)+1) —_0.01367m
wt, (1.414)(1.706)
236) m=4kg, k=6N/m, y =y =0.1, x, =2m, v, =4m/sec

a):\/E:\/E:l.ZZSrad/sec, T=2—”=2—”=5.1305ec
m 4 o 1225

f, = % - (o.l)mjgl) = 0.6540m

=2

stick

no= 2 o1.029> »n
v =721 0.6540

Ly =1, =

2)(5.13
L2)=5.1305ec

=x, =|]2—2(2)(0.6540)| =0.616m

" xstick
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m=2kg, k=4N/m, u, =0.12, p, =0.1

2.37)
g=i=0~12=1,z
yA .10
m 2)(9.81
Eq. (2.116): A=4f,,=4yk7g=4(0.10)( I ):1.962m
a):\/EZ\/EZ\/E=1.414I'ad/SGC
m 2
2.38) Eq.(1.92): WY =AT+AU

Xy

(NC) _ |1 2 _ 1 2 1 2] 2
J.F dx—[;mvz —5my, ]+[5kx2 —Ekxl :|
Rl

over ¥ cycle: —jykmgdx = [0—0]+%k[x22 —xlz}

_ﬂkmg(xz _xl) :]Ek(xz +xl)(x2 _xl)

\/

—Hmg = %k(xz +x1)
:%k(_Ac +Al)
:_%k(Al _Ac)
"
A=y E
23-
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