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(n>

I’// ---, 3p’ ---

&I
p=-+

_--- i-‘(:1,, (9)

(u)
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F
na1¶Jk%4  = -y,q . . . . . ...7.1
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F sin 8 = F, bba’: F cos 6 = F,

66add A sin 8 = A, 66a= A cos 0 = Ay

%nfJ"7&u"l~  7.4 nl9G?uaiaJunla  7.5 o&%

. . . . . ...7.4

. . . . . ...7.5

F Fx F

x = xx = x

. . . . . . ..7.6
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nalu6hd3Jlm  = fl-JlW%
I-=p  = A *.......  7.8

A L
fla1wl~um~m  = r . . . . . . 7.10

0

i-----b-i
- Ai

F--i
- -
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a’ -

AV
. . . . . . 7.12

. . . ...7.13
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= F,/A hFl-
x/h A X . . . ...7.15

= F,/A
AV/V

B z-g .
V

272

. . . ...7.16

. . . ...7.17
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5.5 2.3

1.6 0.56

11, 4.2

9.1 3.6

36 15

21 7.7

9.1 7.0

20 6.4

7.0 2.4

3.7

0.77

14 .

6.1

20

2 6

10

16

7.0

.
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aooo N=
=4 x 10e4  m2

2 x 10~ N/m2

2.86 x 10-2=
1

= 2.86 x 10-2
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=F, F=n
A 7lk-*

12.000 N
= 7C(0.008  m)* = 6 x 10~  N/m*

A L
n?1aJm=hl&  = - =

0.903  m
Ll 10.0 m = 3 x 10-4

¶JO~~~~O~~  = 6 x lo7  N/m*
3 x 10-4

= 2 x 10” N/m*

h=l=i  m
I=1  cn
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5 x 10-5 m=
l m = 5 x 10-5

6&66VlWilTJhY F, =
(8.4 x lolo  N/me)  (10+m2)(5  x 1o-5  m)

lm

Fmld s (91flw191.J) = 8.4 x 1010N/m2

= 4.2 x lo4 N

4.2 x lo4 N=
10m2 m2

= 4.2 x lo8  N/m2

33?hw'ol~~lnufll~  7 . 1 4  $0 y  =
F,  /A ”

A L/L,
&u996v96 A L  = !3$

AL = (15,500 N)(3.50 m)
(120 x lo-4  m2)  (9.1 x lolo  N/m2)

= 5.0 x 10m5  m

= 0.05 mm
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9d 0

ami I%llXUl~¶Jfll~  7.16

B = -!&

V

Y
~u996u96  dV = -;dP

= - k V d P

uwwi~td~  dV = _ (20x  106)  (135 x 10-3m3)  (135 x 1.05 x 105N/m2)
1.05 x 105 N/m*

PH 111

= - 0.367 x 10e3  m3

= - 0.367 liters

LWJlXR=PdU  d%JlPl=ZWN  0.3'67  k14

2 7 7



F, = kx . . . . . . 7.19

4d 0ami (n) fknsm~aun~s 7.19 ;o F, = kx

k = 16 N
5x10.‘rn  =

320 N/m
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28 N
x =

320 N/m

= 0.0875 m = 8.75 cm.

tnJ=hmll?  = 15 WJ. i 8.75 VU.= 23.75 WJ.
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O$ na11~ha6dB  (phase fifference)  {FI G ~X&JU  fig

case = sin(e+g) . . . . . . 7.21

&.I 0 = 2x = f . . . . . . 7.24

filflsc?J  63  t%Wl~lXJ~6%~~IJ (angular frequency) f %~UJL%J  Xll~/?Oal~  W%&JW

dfJn6&!  6bll!  (Hertz,H,)  Kl  u"WhU6?h6~6&J¶U%Alfi  (rad/s)  flTlu6%~O-UlIplf1%l
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tan0 = x,0 . . ..a
VO .:7.27.

MO"TJI"&J  x02 = A* sin20 LLa= c = A2cos20 iiiGifl
i 02

x02 + v 2 =
$5

A2 sin2 0 + A2 co9  0

v&l A = [ x02  + (2 )” 1”” . . . ...7.28

W~~¶Jfll3  (7.27) LlCG (7.28) fll9JlXdtJU  sin 0lh% cos 0 b%h
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. sin 0 =
Lx02  +p&y  11’2 = ?

66tx cos 0 = “0 “0

[

=-
xo2  03 + vo2 1 l/2 OA

ti66mJluqd  7.9
.

. . . . . . 7.29

. . . . . . 7.30
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f-l. mfl

wlwil :

41.  o-In

Lnlwil  :

n. unwfi1:

9. Vlfl

wlwil :

f

f

T

A

V

V

a

t

X

V

a

V mm

V max

amax

co
2n; ’

T= $

7c AHZ2n; =2

1
i = 2s
z

4.0 m

s Llfi:  a = $ = -0a*x

(4.0 7t)cos pt +;)

- 4.0 X2 sin 7Ct + E( 4)

4.0 sin (JC  + $ )

4 sin ?$C  = 4 sin 22.5O

4 sin (180' + 4.5')  = 4 (-&) = -4(.707)  = -2.8 m

4 n COS (T) = -8.9  m/s

-wx = -X2 (-2.8) m/s2

28 m/s2

Am, a,,,=  = AW

(4.0 in)(n) = 12.57 m/s

(4.0 m) 7F = 39.48 m/s2
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0. Ax = x1 - x,, = - 2.8 - 4.0 sin 4

= - 5.6 m

284

OP = OQ sin 8. I&I  x = A sin (ot + 8,)
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v = OA cos 8, l&l v = OA cos (6x  + 8,)

a = -WA sin 8, II% a = -W2A sin (Wt + 8,)

F = -mW2x  = -kx .... ..7.3 1

LLtlGI~ K = mW2 WcjO W = .... ..7.3 2
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x=0
F = O

. . . . . . 7.33
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0 = d k
m + m,/3

”

T = 2n J
m + m,/3

k

..... .7.34

..... .7.35

..... .7.36

ka = -mx

d2x-+  cwx
dtz

= 0 . . . ...7.38

. . . . . . 7.39

hl5ZXllUtWll3  7.20 i%k

X = A sin (cot + 0)

= [ A cos 01 sin Ot  + [ A sin 01 cos Ot . . . . . . 7.40

6lp,,Il6%Jm.Jtl1,  7.39 fik 7.40 66a~I~~'n?laJar"oJw~~aJfll~  7.29 66% 7.30 o&T

B = Acos(ZI = A& = $I

C = A sin 0 = A2 = x,

TfoJfllJ  (7.20), (7.39) Ml= (7.40) tll06%Jd&h

x = X,COsOt+~sinWt . . . . . . 7.41
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T/t - A 0 Au2 0 4 kA’
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;dd7.12(@  ~~~ndl~l~~~~~u~~~~~~~~l~~"~~~~~~~~~l~~~l~~,"~~l~~~~~

wn"JJlwoz~dlna& tiH¶JfllsdarrJG

E = +x2 + +-mv2 ; k = Wm

= +m02  x2  ++mv2

= im02  [ A sin (6X  + 0>]” +gm  [ AO cos (cot  + s)]’

= + mu2 A2 [sin2  (Ot + 0) + co+  (cot  + 0)]

= im(j)2 A2 = $A2 =. hwh . . . ...7.42

PunlJfl15 0 = 1 112 ’ A = [xo2  + (L&q'] 112

a&Y 0 66 N/m= [ 1 112
1 kg + y kg

= 8.0 rad/s

A = [(o.03)2 + $j)2]112= 0.058 m ,
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-“‘SeJ ”
I

msl
Y””

I

s = L0 . . . ...7.43

mL*
dt2

+mg8  = 0

d”8+ge  =  o

dt*  L
. . . ...7.47
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8 = 8, sin (Ot + 0) . . . . . . 7.48

a=;J . . . . . . 7

f 18
= 2n;4 L

. . . . .

.49

7.50

.7.51

T = 27c+.)/gqjq . . . . . . ,7.52
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Y =  L-Lcos8  =  L(l-case)

E = +mv2  + Ep = +rnv2 + mg (1 - cos 6) . . . . . . 7.53

Ep = = lm&s22 L

PH 111



= (1 s)* (9.8 m/s*)
47v

= 0.248 m

= 2n: dz = 2.42 S

d281a = ~I dtz  = -mgb sin 8

A!?!? +mgbsine  = 0
dtz  I

. . . . . . 7.57
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-+mgbe =od28
dt2  I

7.58

T = 2x L lP2[Imgb
f 1 m b 112

=2n IP - g !

. . . ...7.60

. . . ...7.61

T = 2ZI[ 1 l/2mgb

T = 2n: 2(1m) ] l/2
=3 (9.8 m/s?)

1.64 ?Ul?l
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////////////////l//f
/!

1a = d28
$2 = -KI3

d20  Ke
@- + I = 0 . . . . . . 7.63

. . . . . . 7.64

f 1 K
d-

. . . . . .- -
= 2n I

.7.65

7.66
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Tlflp1O9t%JfllJ  7.63 &I

8 = 8,  sin (6X  + 0) . . . . . . 7.67

aa=
de- =
dt e,0J cos  (Ci)t  + 0) . . . . . . 7.68

W=hlUfk&J4uo~~fl’$JTf~&l  &JU?~fiod  (t11n  (J,) = {‘i :. K = lb’)

EP
= +&2  = +103+k . . . . . . 7.69

sracwhweaoa” & 30

. . . . . . 7.70

E = Ep+h

= 4pY  I 8, sin (ox  + 0) I 2+$eo~COS(~t+0)i21

= @BzC3~  [sin2  (OX + 0) + co9 (cot  + s)]

= &10ze:  = $K& . . . . . . 7.71
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7.9 asosasa3a~am%”  (LC)

I ‘I ’
r= -mglain  ei-

---~--I -

1
‘27 Pr=Zx

,

I-
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b7 ++,+c
c= 1

--/--

L?
All  PE

I -

All PE

I!, J/Z’
&g
-,-

,
IIJ

P E  ad  K&

d21 11 = fJ
dt2+  LC

. . . . . . 7.72

. . . . . . 7.73

. . . . . . 7.74
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7.4

WI%19  7.4
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Xl = A, sin (Cut  + 0,) ..... .?.I5

X2 = A, sin (Ot + 0,) ..... .?.?6

n53J1UtWfl-65  7.75 66tlZ 7.76 16

Xl = A, cos 0, sin Ot + A, sin 0, cos Ot ..... .?.??

X2 = A, cos 0, sin at + A, sin 0, cos Ot ..... .?.?a

x  =  x,+x2= [A, cos 0, + A, cos O,] sin Ot + [A, sin 0, + A, sin 0,l  cm Ot

= B sin Ot + C cos Ot .... ..?.7 9

6&l B = A, cos 0,+  A,cos  QI, ..... .I.80

C = A, sin 0, +A, sin0, ..... .?.81

x = A sin (at + 0)

= A cos 0 sin Ot + A sin 0 cos Ot . . . . ..?.82

A cos 0 = A, cos 0, + A, cos 0, . . . . ..?.83

A sin 0 = A, sin 0, + A, sin 0, . . . . ..?.84%

tWnl'5  7.84 Ml5&JUtrIJfll5  7.83 iJd6

t a n 0  = A, sin 0, + A, sin 0,
A, cos 0, + 4,  cos 0,

. . . . ..?.85
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A2 = A*, + A*,  t 2A,A,  [cos 0, cos 0, + sin 0, sin 0,l

= A*, + A*, + zA,A,  cos (0, - 0,)

Go A = [A*, + 2A,A,  cos I 0, - 0, I + A*,]+ . . . ...7.86

I

x = A, sin Ot  + A, sin Ot  = (A, + A,) sin mt

IX
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x = 12.92 sin 0

x = (x1 + x2>

= 0 + 6 sin (5x/12)  = 5.796

lx&J sin 0
5.796

= - = 0.4486
12.92

* 0 = 26.; = 0.15'Jc  as&u
Y

eisi4 x = 12.92 sin (Lt + 1.15X)
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L

x = .A sin (cot  -I- 0,) ..... .7.87

Y = B sin (at + 0,) ..... .7.88

. . . ...7.89
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X = A sin ot saaz  y = B sin (Ot +;, = B cos ot . . . ...7.91

X = A sin COt  rba:  y = B sin (6.X + 7) = -B cosot . . . . . . 7.92

cim%%mJ~~tius”uos  x  uaz y  &;sb

. . . ...7.93
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d2x
ma=m-z =

v.b  _ bv -’  v = dx3 dt

T&l d2x bdx k-+--+-x  =o
dtz mdt m

. . . . . . 7.94

~9slnsloaaoJnl~6~900~~~  mfl13  7.94 FitI

x(t) = Ae-%  sin (Ot + 0) . . . . . . 7.95

. . . . . . 7.96
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. . . . . ...(l)

. . . . . . . . (21

e-*lr 1=-2
eF = 2

In  (eV> = In  2, v = In2

r=&

slT = In2

b-=
2m (In  21%

"u.  ~IflmJJm~  7.97 0 = [q2 - y-211'2

ml?kl  fl.

ihfu O-0  =
00

+ (&ln  2)’

= 0.000
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&I d2x  k 32 sin Ot ’-+-x  =
dt2 m m

vf%l d2X+Ox  =2 F
dtz 0 2 sin 6X

41flpI0QmJfl19 7.99 %I

x = A sin COt

”

&Iii4 d2x- =
dtz -A6Y  sin Cut

wnm~f~14 7.100 uaz 7.101hmfl14  7.99 ImY

F-A02sinOt+0,2AsinOt  = Gsin6-N

. . . . . . 7.99

.... ..7.10  0

.... ..7.10 1

-r&J . . . ...7.102
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A = F,
mlW,2  - W21 . . . . . . 7.103

i-&h  xzMmGl  x (nun15 7.99 GY~)sL~oul~u)
r

x = A sin (Wt  - 0) . . . . . . 7.104

6dohlns~a6dar  0 = 0 do w < 03,  66BZ  0 = + n do w > 0,

ma = -kx - bv + F,.,

74%
d2x bv k F
dt2+m+lmx = -$sinWt . . . . . . 7.105

d2x  b dx
dtz  + 6 dt + wO’x = F, sin tj.& . . . . .

m
,7.106
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x = A sin (Ot - a)

A = Fcl
dm2 (0~2  -w)~ + b26.12

.... ..7.10 7

.... ..7.10  8

sirlcx  = bo bWA . . . ..7.109
drn2 CO,2  -W)2  + b2(#

= ~
Fo

. . . ...7.110

P = Fv = (F, sin cot)  AO cos (cot  - a)

= AOF,  sinOt  cos (6.~  - a) . . . ...7.111

'i~~~~~'iann"nvniwl~~~~~~~~

cos (6x  - a> = cos Ot cos CX  + sin Ot sin CX
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P we  = iOAF,  sin CC . . . ...7.112

LlYlUtf¶J~l9  7.108, 7.109 %'WTWll~  7.112 64ld6

P we  = i bm2A2

= 1 b02F20
2 m2 ((I&,*  -02)2  + b2(#

. . . ...7.113

(resonance) ua:nrldnkdun  0 = Co,  nalu~f&U'pdw"a~ (resonance frequency) fTd

VO9tioJ~I4  7.113 '$%If@ 7.23
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P
ave

I /,
!ir-P ’ Q@
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dxv = dt = A6.I cos (6% + 0)

d va = -=
dt -A6Y  sin (COt  + 0)

PH 111
.
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JZ$ = imv2 = +rnOY  A2 co9  (Wt  + 0)

‘Ep = ikA2  sin2  (at  + 0)

T
(D = L,,%wI~I~  7.3)
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Wm.6 1,035 kg . m-3
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91.  OJN~FWWIQ~~~~~~~OM~  ;n]  7.26 (b)

61Q¶J  tl. 0.6 s 91.  0.3 s
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7 .13

7 .14

7 .15

7 .16

FlelJ 0 =  6 . 3 2  rad/s,  1 2 . 6 5  rad/s,  2 . 2 1  rad/s

c-
‘F

”
(-k=4ooN/m /i

%
F: =JOON:Il7
rT

L-;.

10  k;

(n> (91)  s (n>

$4 7 .29  66lnJ~“Gl~  7 .15

PH 111



x = 4 sin OX  LLA: y = 3 sin (OX + 0)

fl. 0 = 0 w. 0 =; n. 0 =‘Ic

tTm.6  n. x = ; y, PI. ” + y” = 1
16 9

n. x = ,-$y

FlQlJ rl. 0.44 s, 0.18 J w.  0.045 kg/s
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