Engineering Mechanics: Dynamics 2e Gray, Costanzo, Plesha

Answers to Selected Even-Numbered Problems

Please note that answers are not provided for the following type of even-numbered problems:

e Concept Problems.
e Computer Problems.

e Design Problems.

For Concept and Computer problems, please consult the solutions manual.

Chapter 1

12 (rp/a)e = 3.883ft

14 = (4.0007 — 1.000 ) ft

TB/A ’xy system

7B/ pg system = (331311, — 2.45511) ft

|;:B/A|xy system = ‘;B/A|pq system = 4.123 ft

1.6 U =(79.687 +7.190 J) ft/s

1.8 0 =3.229rad

¢ = 0.08731rad

1.10 v, =504.6ft/s and vg = —353.3ft/s

112 ¢ =101.1°

1.14 xp, = —0.7679ft and yp, = 5.3301ft

116 ¥4 = —(20.027 4 12.81 ))ft/s and dy = (—1.4147 + 4.243 J) ft/s>
118 r =26.36 mm

120 [1,,] =[] =[I,,] = ML?

Units of /., Iyy, and [, in the SI system: kg-mz,

Units of I, 1,,,, and I, in the U.S. Customary system: slug-ft2 = Ib-s2 ft.

¥
1.22 @ Concept problem.

1.24  the units of E are kg/(m-s?).

Chapter 2

2.2 Concept Problem

24 @ Concept Problem
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2.6

2.8

2.10

2.12

2.14

2.16

2.18

2.20

2.22

2.24

2.26

2.28

2.30

2.32

Ary =87470, m and Ar, =13.734, m

i = (—154.07 + 266.7 }) ft/s
U= (145.47 + 69.81 J) ft/s
Ay = —(0.46237 + 0.08155 /) m/s

Aty = —(0.0025507 + 0.0004499 7) m/s

6, =1221° and 6, = —17.30°

¢y =1022° and ¢, = 72.70°

P(x) = COS_l( 3+ dx )

10 4+ 24x + 16x2
lyyg = (—0.045887 + 3.886 f) ft/s”

(Vavg); = 5-4674, m/s and (V,), = 8.5791, m/s

g — @(55) = (—0.0011547 —0.003175 f) ft/s>

AF =0
Bayg = 0
d = 1.394ft

Vavg = 0.3485ft/s

E. Computer Problem

VUpax = 2V = 58.67ft/s and vy, = 0ft/s

Yo, =O0ft and 'y, —=2R=2.300ft

2
i, =20 ;_ (7482f/s3)] and a
Unmin R J = : s )'] an avmax
8v2a3
f=—0
(2 + 4a2)
B —4v§a2y
(2 +4a?)?

U = (20327 + 117.3 ) ft/s
d = (—27.537 + 47.69 }) ft/s>
Vpax = 80.82ft/s

¥ = (51327 — 1.046 J) ft/s

d = —(0.38737 + 19.00 }) ft/s>

1)2
_KO 7= (—748.21t/s%) j
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3\ 2
234 =w¢m\/l+hz(’“_X)

d2 a4

v =0.5236ft/s, v =0.4554ft/s, and v =0

236 U, = —(72.007 + 96.00 /) ft/s

Gy = (460.87 — 345.6 J) ft/s?

2.38 Computer Problem

2.40 = 7.854s

Tbraking
242 |aly,, = 3.600m/s?
(tla,, 1)y =3927s and (fq ), =11.78s
(Sia,, 1)y = 12.84m and (s, |), =128.5m
2.44  Largest distance traveled in 1sis d = 0.2667 m, corresponding to a = f; Vit
246 v(0) = —0.08000ft/s
248 vy =10.10m/s
250 a,=22.36g
252 fye, = 2.880s

254 5 =98.10s"

2.56 % = {7.000sin[(1.000 rad/s)t] + 10.50 cos[(0.5000 rad/s)] — 10.50} m/s

X = {7.000 — 7.000 cos[(1.000rad/s)¢] 4+ 21.00sin[(0.5000 rad/s)¢] — (10.50 s_l)t} m/s?

258 1y, = 0.2233s

260 v, =4.998m/s

2.62 |V = 1.128m/s

Syl = 0-1250m  and s = —0.1250m

_mg —C t/m
264 v(it)=——>(1—e""d
e ( )

mg
Vterm = Cfd

2,66 vy =3.563m/s

2.68 Computer Problem
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2.70

2.72

2.74

2.76

2.78

2.80

2.82

2.84

2.86

2.88

2.90

2.92

2.94

2.96

2.98

2.100

2.102

Swet = 26.31m

S —
M(100%) = 65.21%

Sdry

0(6) = i\/ég +2%(cos€ — cos 6y)

Omin = 4.930rad/s

L
X = ﬂ:\/v(z) +2(g+ km—o)(x—xo)— %(ﬂ—xé)

ty =02433s

max

@) = —v/2G (g +mp) [
0

(b) (i) 7 = —5.980 x 107> ft/s and (ii) 7 — —o0
\3 Concept Problem
d = 186.4ft

2

_ay hvp
oy = — + 3
r 2r

o r=r, = 1.442rad/s2 and oy r=ry = 3.631rad/52

v=uvg+a.(t —ty)

s =g + vt —tg) + Sa.(t —19)*
Upin = 113.5ft/s

t; =3.497s

Up = (33337 —34.31 ))m/s

R =5.047m

tﬂight = 6.263s

d =24.09m

@6p = %rad = 45°

(b) Rpax = 233.5% of the actual maximum range

(g, =1195s

0, = %sin_1 (gR/v3) and 6, = 90° — % sin~!(gR/vd)

6, =24.86° and 6, = 65.14°
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2.104

2.106

2.108

2.110

2.112

2.114

2.116

2.118

2.120

2.122

2.124

2.126

2.128

2.130

2.132

2.134

2.136

2.138

(Uo)min = 50.75 ft/S

= ~ R j
Vinitiar = (5.9207 + 7.786 J) m/s. ;

dy

— = —0.2244
dx

x=xp
2 in2
vy sin” B

h =
2g cosf

max

Computer Problem

tr, =52l1s

max

Royg = 43711t and 0 = 45.66°

fmax = 3.000s

max

Hypx = 49.21m

percent increase in height with no air resistance = 2.363%

Q Computer Problem

@a-b=1-—64+2-3+3.0=0

(b) G x (axE) = (84;—42j+01€)

(c) they are the same

(a) &y = (104.712) rad/s, @, = (104.77)rad/s and &3 = (—104.7 j)rad/s

100
343

Derivation, so no answer needed.

(b) &g

(i +j+ 12) rad/s = 60.46 (i +j+ k) rad/s

vy =10.00 jm/s, vp =10.007m/s, Vo =10.007m/s, and vp = 10.00jm/s
Boee] = —65.71 k rad/s

ldp| = 19,300 ft/s

Orientation of @ p from x axis = 110.0° (ccw)

vg = 263.7ft/s and r = 6875ft

F=-1204m/s and 6 = —0.8504rad/s

= (0.037701, + 0.534115) m/s

= (—16781, +236.91g) m/s*

@ Concept Problem

Flg_gge = 8.825ft/s and ¢|,_gp0 = —0.77461ad/s
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2.140

2.142

2.144

2.146

2.148

2.150

2.152

2.154

2.156

2.158

2.160

2.162

2.164

2.166

2.168

2.170

2.172

2.174

2.176

2.178

2.180

2.182

2.184

dp = (—252.910¢ —399.81ip) ft/s
@ Concept Problem

@ Concept Problem

p = 49.69ft

b = 3.213m/s>

Psiidkurve = 50.56m

PNordkurve = 92.54m

o =327.3ft
d = 831.0ft
i=0

d = (—39.407 + 42.88 /) m/s>

@ Concept Problem

|a| = (33.69x 1073 cos ¢) m/s?

a = (121.27 4 230.0 j) ft/s>

a = —(18.96ft/s?) i1, + [(69.91 ft/s?)—(0.2917s~%)s] i,
b =-5343m/s> and p=17.50m

p = 282.2ft

= 564.51t

Pmin

tr —to = 4.742s

d =304.4ft and 1y =3.106s

@ Concept Problem

@ Concept Problem

i =684.1ft/s and 6 = —0.01157rad/s

P =4.944ft/s> and 6 = 0.000428 1rad/s’

v=1.81l6m/s

|a| = 4.573 m/s?
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2.186 7 = 1.599m/s”

2188 6, =0

ro = 0.01486m

2190 ¥ = (-13m/s)i, + (0.2257)riy

@ =—(0.04840s72)r 1, — (0.5720m/s) fig

2192 ¥ = (0.15004, + 1.7327g) ft/s and & = (=0.36381, + 0.11257ig) ft/s>

2.194 7 =30.204, ft
U= (31, + 7.5501ig) ft/s

a = (—1.8881, + 1.5001) ft/s>

2196 n =5.602um

o = 2630rad/s = 25,120 rpm

2.198 v = 5490ft/s

|d| = 1.005x10° ft/s?

2200 ¥ = ‘Yo a Yolro+x0)
ViZ + (rg + k6)2 r VK2 ¥ (rg + k6)2
a 500 + £6)° o 4 Voo +x0)? +2[% + (ro + k6]
- 0
[13 +2rgx0 + (1 + 622]> " [ + (rg + x6)2]

2202 64 = —0.001157rad/s and 6Oy = —4.287rad/s

4 = —1.684x10"*rad/s> and Gy = —0.07547rad/s>

2204 G = (7 =306 —3¢0%) i, + [r (6= 6%) + 376 + 376 | g

2206 7 = 5.781ft/s’

6 = —1.421rad/s>

2208 r = /h2+(d + p)?

voh ; vo(d + p)
= T ad 0= 57—
W2+ (d + p)? h? 4+ (d + p)
z_ﬁ (p+d)(d? + h? + dp) and é:ﬁ h(d? + h? — p?)
P (d2 + h2 + p2 + 2dp)>/> P (d2 + k2 + p? + 2dp)’

2210 v=1.758 m/s and a =136.9g ]

2212 v =0.1185ft/s and |d| = 0.08642ft/s*
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2.214

2.216

2.218

2.220

2222

2.224

2.226

2.228

2.230

2.232

2.234

2.236

2.238

2.240

2.242

2.244

2.246

2.248

2.250

2.252

2.254

_K?a( 1
“= 7
E. Computer Problem

Concept Problem

X

VH/F = [5.630x10—5 —0.8091 cos ( : )]m/s

. [ Tx 5
ag/p = 5237sin 3 m/s
v g = 144.7m/s

BC/A = (6.85771 4+ 30.27 j) m/s.

dca = (13767 —1.000 j) m/s%.

(UP)avg =17.30 ft/S
Computer Problem

Up, . = 330.7ft/s = 225.4 mph

Pma

Up = 2.9287ft/s

Vpain = 16.371t/s

~

dp = (L10cos® — L16%sin6 + Lypcosd — Lo sing)

0 = 63.57°
0 = 14.90°
Up = —3.088 ] ft/s. |;

dg = —03192jft/s>. |;

vg = —2.000 j m/s. ;
vgy = —4.596ft/s. v;

j
dg =—11.10i m/s%. i, @0

tg =0.1644s

ag = 0.9374ft/s>

dUO
Vh? 4+ d?

Component of i/ along BC =0

+ (LlésinQ + L,6%cos + Lysing + Lzézcosqb)j
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2.256

2.258

2.260

2.262

2.264

2.266

2.268

2.270

2.272

2.274

2.276

2.278

2.280

2.282

2.284

2.286

2.288

2.290

r= \/(d + pcos¢)? + (h + psing)?

_ vo(p + d cos¢ + hsing)
T (d + pcos@)? + (h + psing)?

and

t =0.1556s

—9.81 m/s?

Ve
clioa301, = —44.51m/s’
@ Concept Problem
@ Concept Problem

At = 83.82s

i.

e = (=6.500ii g +5.520ig + 5.3004,) ft/s

dc = (—0.66241i g — 1.56011p) ft/s>

vg(hcos¢p —d sing)

" S+ pcos)? + (h + psing)?

ré(rfsing + 270 sing + 2rpb cos p) — rl sing (rd + 27¢ — ré?sing cos ¢p) = 0,
rfsing (i — r¢? — r6? sin? ¢) — i (rf sinp + 270 sing + 2rdf cos ¢) = 0,
F(ré + 2i ¢ — r6? sin¢ cos @) — rop(i' — rq52 — r6?sin? ¢)=0

v = (0.048691 g + 7.961 119 —0.29991i,) m/s

@ = (=79.79iig + 0.97381iy — 0.812011,) m/s>

a = 12.361t/s>
¢max

ar . .

—zu Ug +2zu
dz r 6 z

LK
f(2)

,2d2f KZ
3@

)ﬁR +Zu,

a, = —0.1598m/s*, a4 = —0.1884m/s,

and ag = 0.2232m/s>

5P/B = (101723 + 1033f3)m/s and Vp/B =Vp/4 = 1450m/s

dp/p = (182215 — 1258 jp)m/s* and |dp/p| = |dp 4| = 7.923m/s’

@ Concept Problem

E. Computer Problem

_ms

]
oo ()]

Vg > \/gR

N
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2292 p = 240.5ft

2.294 The car will lose contact with the ground.

a, = —1.606 m/s>

2296 i|p_1g90 =0
Plg 500 = —2.9411ad/s

. 2 "
Flo_1g00 = —40.85m/s” and  |y_;g00 =0

2298 0 = 0.05391rad/s

6 = —0.2380rad/s>

2300 v, = 6.020ft/s

2302 g, = 0.8898 ft

max
2.304 |dy| = 18.65m/s>
2306 |d@| = 172,700 ft/s

2308 |d|, =2.534m/s’

¢min

Chapter 3

3.2 @ Concept Problem
34 a4 =214771t/s
3.6 ay, = 17.75ft/s?

38 ap =0.1650m/s* = 0.5417ft/s

EA
310 X4+ —x=0
mL

312 ap  =5.048m/s> = 16.57ft/s’

max

314 d =6.630ft

316 d =4175ft

If an entire train weighing 30x 106 1b was skidding to a stop, instead of a locomotive, we would have the same
stopping distance because the weight does not appear in our solution.

C i
318 a= (—dvz —g) A
m
320 (ig)p = 0.3436

322 v; = 5.2971t/s

10 Last modified: August 16, 2012
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3.24 Ei Computer Problem

326 v; =32.68x107%m/s

[m
328 v =8 A

3.30  Spring compression = 0.7367 ft
332k =5.084x10%1b/ft

334  §. =0.1675m

max
(Fg)max = 586.1N

3.36 Q. Computer Problem

338 xgop =0.1597m

340 Kk =5.9301b/ft

342 k= 9034kg/s

344 v(0) = \/2’]; [xg +2Lg (L — X2+ Lz):|

3.46 @ Concept Problem

348 @ Concept Problem
3.50 @ Concept Problem
352 p=1.401x10*ft

3.54  No value of w, can be found that would cause the person to slide up the wall

mg

cosf’ (FoA)atter release = Mg cosB, (% change in Fp4)g—300 = —25.00%

3.56 (FOA)before release —

3.58 |d| =3.620g

|Fy | = 43,060N

k T
360 i+ —x[1-—=—=]=0.
" ( x/x2+y2)
T Tu 0
yr =\l )=
m /x2+y2
) k . .
3.62 i"—r@z—l——(r—ru)—gcosG:O and r0 +27r0 4 gsinf =0
m

3.64 1, =0.74665

2 2

m m2g C x/m

3.66 = — tanfy(eCa¥/m _ 1) - — & (,Cu -1
y Cy 0( ) Zijgcos2 90( )
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3.68

3.70

3.72

3.74

3.76

3.78

3.80

3.82

3.84

3.86

3.88

3.90

3.92

3.94

3.96

3.98

a¢=0=az,
g (i + tan 6)
aR:— =
1 —pgtan
F¢:0,
S o L S
cos 0 — g sinf
mg
N=—“=> =
cos O — g sinf
. g +tan 6
Umax_ Vpg l—ustane
F =59711b

(W¢)max = 2.733rad/s

—120.1ft/s>,

(83.16 ft/s%) m,

(92.40t/s*) m,

= 363.4ft/s = 247.8 mph

(a)a = (318.8x10% i1, + 603.0119) m/s>

(b) P = 5.898x10°N and

o = 9.939rad/s

0p = 41.81°
@ Concept Problem
i"—réz—{—Gm—ze =0 and
r
Smgr
Smin = %
vp = 2gr
Computer Problem
h = 0.3618ft

max

R=1133x103N

rd +2f0 =0

xz(Lz _yz) + y-z(Lz _xz)

)'é(L2 —yz) + yxy +x

J(L? - x?) + ixy +yx

+ 2xyXxy
L2 —x2—y2 s +gxy/L2—x2—y2 =0,

¢2(L? — y2) + y2(L? — x?) + 2xy%y

L2 —x2— )2

F—r62=0 and rf+2/6 =0

— 2 2 2
M, =2magry/rs —ry

[v,| = wg/d? + 2dry
v = wg4/2d2 + 4dry + rg

@ Concept Problem

+gyyL2—x2—y2=0

é —6? singpcos¢p + (g/L)sing =0 and ésin(ﬁ + 2tﬁécos¢ =0

12
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2
3.100 6 =tan! g —sin~! (A)

pgy/ 1+ 1y

6 = 15.59°

3.102 @ Concept Problem

3.104 g, = —G(Wisz)
.

3106 a4 = 16.10 jft/s> ;

- my+mpg—4m . i
3.108 aA:WgJ- j

j
3110 @ =—4.414im/s>. | ;

3112 Nyp =6757N and |dy| = |dg| = 3.355m/s>

- AJ
3114 4 =226.1ift/s> and dg=0. _;

3116 |d4| = 4.075m/s? up the incline, |dg| = 2.037m/s*> downward, T = 38.86N
3118 4 =4.204im/s?, dg =—5.606 jm/s>, and |Fj| = 21.02N in compression
3120 Wy = 2mg

3122 Vjppaer = 3.691m/s

324 d> 2pup(my +mp)g
k
3126 Np = 5922sinfN

(NB)max = 2mgdw?® = 5922N

.. g d?\ . d [ 1.,
3.128 GZ_E[(Z_W)SIHG_E R _Zd cos 6

3130 T =239.6N

3132 dg =2ft

vp = 8.579ft/s

max

3134 dg = 1.840ft

max

vg = 4.787ft/s

max

3136 (my +mp)ig +myLbcosd —myLO%sinf =0,
mpipcotd —myLOsinG —myLO%cosd =myg

3138 P =748.4N

3.140 d =3.162x1073 ft
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3142t opiact = 96,1408 = 26.71h
3.144 Number of rotations = 0.7776
3146  Fogpaine = 1158N

3.148 v, = 4.428fi/s

2
3150 y = (tanﬂ n &)x R ln(l - L)
vgncos B n muvg cos 8

i

3152 ay = —0.2688 jm/s?> and T = 1209N. |;

1)0 l)g
3154 1= —2> and dy= —2—
1534 2urg

3.156 G4 = (2.6857 —2.139 /)m/s2.

1

3.158 EI Computer Problem

Chapter 4

4.2 @ Concept Problem

4.4 U2y = 1810] and (U, = —15701,

[(U12)N | # 1(U;22) F, | because N # mg due to the fact that the man is accelerating.

4.6 U, =360.7x10ft-Ib
48 v, =dk/m

410 Uy, =117.2K]

412 U, =288.5ft:Ib

414 (Ui2)fiction = 18707
416 d =12522m

4.18 @ Concept Problem
420 v, = 35.621t/s

4.22 Computer Problem
4.24  Energy lost to permanent deformation = 4.984 x 1071y
426 v; =7.093ft/s

4.28 E. Computer Problem

430 B =1.293x107° Ib/ft}
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4.32

4.34

4.36

4.38

4.40

4.42

4.44

4.46

4.48

4.50

4.52

4.54

4.56

4.58

4.60

4.62

4.64

4.66

4.68

4.70

4.72

4.74

k =273.9x10>N/m

Vg = 6.4001t/s

k = 44.811b/ft

(U2 engine = 464.4x10° ft-1b

(Fp)ayg = 147TIN

R = 4425 ft
vy = 6.348m/s
vy = 18.52m/s
k =4316N/m
v = 1498
r
vg = 2336m/s
Q(UB)mux =0

(VB)max = 0.3822m/s

5
Oenin = I”r]l{gr and vp = /2gr

(a) v, = 1626ft/s
(b) v, = 1522ft/s

(c) The form of the potential energy allows us to interpret the work done by the expanding gas as the
work of the force PyA along an effective distance sq log s, /sg. The force Py A is the same in both
cases. However, the decrease in s in Part (b) is such that the effective distance over which the force

acts is smaller, thus causing v, to be smaller in Part (b).

h = 0.1055m

max
@) V, = tks* - Lps*

1_)’bntt()m = -5.161 jft/s. ;
() @] pax = 1.599¢

[y = 0.8343
12 6
)
rij rl-j
m
Umax = & %
Lo = 1.060m

Vg, = 1.093m/s and vp, =3.278m/s

dp = 2.500ft

15
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476 vp, =5.648m/s
478 vp, =33.23ft/s
480 vy, = 13.771t/s

482 W =2mg

4.84 The work done by the tension in the cord on A is equal and opposite to the corresponding work done by the
tension in the cord on B. Thus the net work done by the tension in the cord on the system is equal to zero.

J
Ugp = 0.1424im/s and vp, = —0.42737m/s ;i @0

486 v, = /PI(1 —sinby)/m
4.88 distance of B from the floor =0 and v,

490  h,, = 21.85ft

492 vy, =700lm/s and vp, = 14.00m/s

494 v=gys 7
4.96 Ei Computer Problem

498 P, =3750ftlb/s = 0.6818hp
4.100 @ Concept Problem

4102 6 =6.321°

4.104 v, = 13.62mph

4106 P =162.4hp

4108 vg =2.128m/s

4110 P; =1.247hp

4112 v = 9.895ft/s

4114 vp, = 10.84m/s

4116 vy , =3.631m/s

4.118 @ Concept Problem

4120 (U;,)g = —0.15851t:1b

4122 k =9034N/m

4.124 v, = 73.55ft/s
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4126 v,
4128 E; =1290C
4130 P — 4637 ft-1b/s, for case (a),
343.5ft-1b/s, for case (b).

Chapter 5
5.2 @ Concept Problem
54 @ Concept Problem
5.6 @ Concept Problem
58 d=2846x10"*m

d =4.152x10"P m

d =1423x10"m

22
5.10 / Fdt =-93.17 jlb-s
51
I
512 / F dt] =2.6351b-s
3

Fpe| =23961b
514 F,, =25891b
516  v|,_,, = 4.293ft/s
518 t©=1.610s
520 |Fp|,, = 40.6401b
522 w|,_, s, =9045m/s
5.24  Impulse imparted to the ball by kicker = 2.531 j 1b-s

(Fic)gyg = 3164716
526 1, =10.57s

d = 12791t
5.28 (136)avg = (21937 + 1924 )N
530 (a)|F,,| = 808IN

(b) 115 = 0.5148

= 9.674ft/s and is achieved when the distance of B from the ground is zero.

17
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5.32

5.34

5.36

5.38

5.40

5.42

5.44

5.46

5.48

5.50

5.52

5.54

5.56

5.58

5.60

5.62

5.64

5.66

5.68

5.70

j
Impulse provided by floor = (14.93N:s) j. ;

-

" Y
dyyy = (5420m/s°) j = 552.5¢ ]. :

Impulse of the rope = 16.307 Ib-s

- 6~ J

Up =5.094x10 lft/S. 7

number of worker bees = 9.062x 10°
slowdown = 48.11 ft/s = 32.80 mph

Uy =8.455im/s and vp = 7.455im/s

Ugl,_q 5 =07905im/s and Vg|,_, s, =—2.371im/s

vpy = 1.7141t/s
vp3 = 1.8521t/s
d =4.951m

j
(5P)ﬁnal = (1516ft/$) 1.

~

d = 1.017ft
Uy =11.17im/s and vUp = —3.624im/s

7
(a) Tp = (—8.8267 — 10.76 /) ft/s and Up, = 13.247 ft/s. | _;

7
Ugp = (—10.29ft/s)i and Vg, = (51.461t/s)i. ;

- n my cos 0.4/2gL/cosf — cos b, Y
vp = 1,
? V(mg —mp)> —mg(my —3mp) cos? 6

_ 2 _ 5 20
UA=\/2gT\/m\/(mA mp)” — my(my — 2mp) cos

(my —mp)%2 —my(my —3mp)cos2 6
(@)vyg = 0.37501t/s
(b) Fy = —[(447.21b) + (10.48Ib/s)r] it + (139.81b) g .
Fg = —[(174.71b) + (10.481b/s)r] i1, + (139.81b) 71,
(© g = (1.170ft/s) il + (1.400ft/s) k
\3 Concept Problem
7
U =UF = (-38.09mph)i. |,

8 =0.04175ft

vp = 209.7m/s

18
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5.72

5.74

5.76

5.78

5.80

5.82

5.84

5.86

5.88

5.90

5.92

5.94

5.96

5.98

5.100

5.102

5.104

5.106

5.108

5.110

vy =2.346ft/s and v} = 4.154ft/s
e=my/mp

0.7280 < e < 0.7616

Aty =0.5184s and Arg = 0.6600s
d =2.887m

W,

max

= 818.61b
v;{x =0, vgx =0, véfx = 6ft/s

Treat each impact as only involving two balls. Because the COR ¢ = 1 and the masses are identical we see from
the solution to Problem 5.74 that ball 1 will come to a complete stop after impacting with ball 2. We also see
that ball 2 will have a post impact velocity identical to the pre impact velocity of ball 1. Each ball in the train
is tangent to the next so it will not appear to move at all during its impact with the next ball. Ball 4 impacts
ball 5 which is free to move. Ball 5 will have a post impact velocity equal to the pre impact velocity of ball 1.
The work-energy principle tells us that ball 5 will stop moving when it has reached the initial height ball 1 was
released from. Finally, since the lengths of the pendulums are identical the maximum swing angle of ball 5 is
equal to the initial release angle of ball 1.

Balls 3, 4, and 5 will swing up as a single unit until reaching the height that balls 1, 2, and 3 were released from
while balls 1 and 2 will hang motionless.

U4 =53.197mph =78.01jft/s and Uj = (507 + 53.19 j) mph = (73.337 + 78.01 /) ft/s

j
Fy=13507ft and Fp= (17427 + 1853 j)ft. | _;

Given the assumption that the masses are not identical, it is not possible to have a moving ball A hit a stationary
ball B so that A stops right after the impact.

iF =0.7071 jm/s. I\ _J@ —45°
vp = 0.6886 ft/s
B = tan_l(cota)

55 = (~8.3097 + 1853 /)m/s and U = (~8.3097 — 6.202 /) m/s. i

d = 5.266ft
vg = 3./2gh
h; = e%'hyg

i1 2h
= (1—e) e 2o

1—e g

Isop = 13.27s
@ Concept Problem

ho = 513.1x10% k slug-f®/s. | _;
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5.112

5.114

5.116

5.118

5.120

5.122

5.124

5.126

5.128

5.130

5.132

5.134

5.136

5.138

5.140

5.142

5.144

5.146

ho(ty) = (—0.0097057 + 0.08734 j — 0.05823 k) slug-ft/s

Ro(ty) = (—0.019417 —0.01941 j + 0.01941 k) slug-£t% /s

@ Concept Problem

(hg), = (120.07 — 84.00 } — 42.00k) kg-m/s

The angular impulse provided to the pendulum bob between @ and @ is equal to zero.

Uyp = (—13.337 4 6.667 j) m/s
7

ho = —(142.8x10° kg-m?/s*) 2 k. |,

SinceﬁE + g xmpip =mpgilvg —vp(0)cosb]k and Mg = mpgt[vg
ME :};E—’_ﬁE mel_jp.

6= _& sin 6
L
Vimpact = 0.4714m/s
F—r02=0 and mr26 +2mri6 =M
k =26.40N/m

vy = 18.39m/s

Area(P; OP,)/Area(P30P,) =1

—vp(0)cosb] k, it s true that

14 2Ek?
e = —
(Gmp)?
2Ek2 .. .
@E<0 = 1+——<1 = e<1 = elliptical orbit.
(Gmp)?
2FE«? N
E=0 = 14+-———=1 = e=1 = parabolic trajectory.
(Gmp)?
2Ek? N
E>0 = 14+——>1 = e>1 = hyperbolic orbit.
(Gmp)?
mp . .
b)v, = , which agrees with Eq. (5.82)
rC
Av = 3232m/s

Gm, = 3.971x10'* m? /s

rg = 1.386x 108 ft
he = 1.177x108 ft

ve = 1.008x10* ft/s

Av = —3240m/s = —11,660km/h

20
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5.148 Avp = 8064ft/s = 5498 mph and Avy = 4850ft/s = 3307 mph
t = 18,9305 = 5.258h

5.150 Computer Problem

5.152 @ Concept Problem

rpv3 —2Gm
5154 (a)vg, = L 7B
rp

b)rp v123 >2Gmp
5.156 @ Concept Problem
5.158 @ Concept Problem

5160 Q,, = 3.6621t3/s

d= 2‘/& = 0.2678ft
Uy T

4902 (1 1
vQ (———):20971b
ng

5162 R= lp,md? +
4rA A 2 2
dA dB

5164 v, = 269.6m/s
5166 g = 0.07578
5.168 gy = 3rins(1+cos6) and rirgy = 37its(1—cosf)
5170 Av, = —26.92ft/s
5172 Fg =270.4kN
Mg = Frh = 20.28x10°N-m
5174 F = 1.0991b
5.176 Q Computer Problem
5178  ypax = 30,470t
F

avg

5.180 = 14591b

5182 (Up)gna = (1.672m/s)1, / .

5184 B =14.26°

5186 M = %mwgrg(e%)ot _ e_z‘”ot)
5.188 Av = —2.919x10 ft/s = —1990 mph

5190 AT; = —4.160x10'0]

AT, = —2.161x10'1]
AV = —5.153x10!17

5192 (L-y)G—g) —33*=0
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Chapter 6

6.2 @ Concept Problem

6.4 @ Concept Problem

~ ~ J
6.6 g =>5322krad/s and Gp = 187.8krad/s?

R
68 wp= R—AwA = 600.0rad/s
B

6.10 ., = 87.94s

stop

A = 806.1rev
612 (wo4)max = 2.476rad/s

614 |o,,| =0

6.16 T = (71.887 —287.6 ] + 198.6k) cm/s

dc = (72447 + 4061 ] + 3260 k) cm/s?

618 ¢ = (—43.137 + 172.6 7 — 119.2k) cm/s

dc = (25851 + 1554 ] + 1110k) cm/s?

620 Tp = (498.0 7 +211.7k)cm/s

dp = (~1.331x10*7 — 5341 j + 1.237x10* k) cm/s?

622 &, =—10.00krad/s _;

1

@, = —1.333k rad/s?

i

624 Vg = (—0.14957, —3.37915) m/s

dg = (—20.411, —3.660i15) m/s>

626 Tc =—(0.29177 + 0.7361 }) ft/s

dc = (—0.20457 +0.08102 J) ft/s?

628 ¢ = (—0.17917 + 0.4920 /) m/s

dc = —(2.5767 +0.9377 j) m/s?

~ L A o M
630 vy rA—wA(—anz + cos 6 J) ;
rc

. rqL . r . r . NERY
ay Az (—aA sinf — —Aa)fl cos 9)1 + (OlA cos ) — Aa)i sm@) Jl ;
rc rc rc
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632 o, =72.72x10 ®rad/s

. j
6.34  &c = 40.00k rad/s. :

dc =5200krad/s®. |,

6.36  Chain ring/sprocket combination: C1/S3.

Wy = g = R—ch = 126.41pm
N

6.38 Up = 146.0 jft/s
640 Tp = (9.8817 + 3.666 ) m/s
642 @p = 9.600k rad/s

o = 2.0007 ft/s

6.44 @ Concept Problem

646 Uy =—-ro;0+)). ;
. Y
Up = 2rwy j. :
e =rog(—7.

-

648 @p = —1.600k rad/s

Uc = 5.3337m/s

6.50 ¢ = (50.007 + 50.00 f) ft/s

@ap = 20.00k rad/s

6.52 @, = —7.000k rad/s
6.54 @,p =2.745krad/s
6.56  &4p = 1.373krad/s

Jc = (—0.2745i — 1.775 j) m/s

6.58 @,p =2.208krad/s

Ty =—2.2747ft/s

6.60 T, =11.67]ft/s

j
662 Vg =—-2Rogysinfi. | ;

23
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6.64

6.66

6.68

6.70

6.72

6.74

6.76

6.78

6.80

6.82

6.84

6.86

6.88

6.90

6.92

@ap = —0.06805k rad/s

¢ = —74.761ad/s

Up = (=29.337 + 73.73 ) fi/s

the cable is unwinding at 1.364 m/s.

dep = —0.8824k rad/s
dpc = —0.3000k rad/s

e = (1.2007 + 0.3000 /) ft/s

Up = —35.007 ft/s

ip = —35.007 ft/s

dap = 3.333krad/s

be = 19.36 f ft/s

&g = —3.333k rad/s

Up = 5.0007rad/s

Wap =0 and @pc = 7.667krad/s

R Résin(ﬁ+9)1e
“AB = THsin(B—y)

. Ré sin(y +0) »
“BC = Lsin(B —y)

dep = —12.00k rad/s

Upgr = —3.0007 m/s

&, = —877.1k rad/s

RO(H — Rcos ) sin 0

vp = |:Récosﬁ—

RO sin 6 .
Sin k

O Te e ———
L2 — R2cos24

v = (RwAB cosf +

dc = (—12.867 + 89.53 J) ft/s>

6 =0 and 6 = —13.50rad/s’

VLZ —(H — Rcos 0)?

R?*w, g sin 6 cos §
L2 — R2cos? 6
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6.94 Gyp = —4.620k rad/s?

dpp = 5.650k rad/s?

6.96 Gyp = 1.590k rad/s?

dg = (0.97077 — 1.674 j) m/s>

6.98 @c = —378.6krad/s

dc = —307,400 k rad/s?

6.100 G- = —10241, ft/s?

ap = —348211, ft/s?

6.102 @45 = —0.4577krad/s and d4p = —0.2582k rad/s’

j
6.104 dp =—%R(a0Asin9+a)20Ac030)f. ;

6.106 G,p =—27.08krad/s?> and dp = —266.67 ft/s?

2
6.108 &B=2R<aW—wW P
' V5
R

6110 dp=—— |8(—4+ V2)ay + (32-9v2) 03 |i
32[( ) ( ) W]

6.112 G,p = 0.2057 k rad/s>

o RO[W sz%/ A~
6.114 G, = -
4 ( @nd  Lsin36 )’

6.116 Gdpc = 1639k rad/s?

HRO?(R? — H?)sin 6 ;

6118 Gpc = —
(H? + R? — 2HR cos §)°

6.120 Gy =82.031, ft/s

6.122 Gy = —0.3714k rad/s?
ip = —(15.7911, + 6.5391lg) ft/s>

6124 Gigy, = 4.500k rad/s*

6.126 Gpc = —0.01749krad/s> and dcp = 0.004516k rad/s>
ac = (0. 1—0. ft/s
ic = (0.0031647 —0.03876 J) ft/s>

6.132 G, p =87.67krad/s> and dpc = —9.974k rad/s>

6.134 Gp = (§—s03) 1 + (seg + 25wg) ]
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6136 Gp = (5 —sp )i (25wp +dwp)
(aP)Coriolis = _Zja)D j

6.138 Up = —dw)i+s(w—wy) ]
R j
6.140 &cp =22.43krad/s, 5
Gcp = —202.0krad/s%. “_;
6.142 &4p =4.561 krad/s, " =

Gyp = 18.43krad/s?. J

~>

6.144 G- = (—30.007 + 51.80 J) ft/s?

6.146 Tp = (—11.541g + 33.30 jp) ft/s

dp = (—64.431p — 16.43 jp) ft/s>

6.148 1_5D = [UO — da)l — R((,()l — (,()2)] i —+ R(Cl)l — Cl)z) j

<~
<

J AT

6150 (a)dcp =2.513krad/s O{ and Ty, = 0.3016 7 m/s
A Jh A7
(b)dcp =37.90krad/s> ! and Gy, = 45481 m/s? )

Jh . NZVERR
6.152 (a)dcp = —6.283krad/s i and Ty, = —0.7540 1 m/s
. L
b)acp =0 and Gy =0

~ly

6.154 E. Computer Problem

6156 ¢ = (7.5007 + 7.506 7) ft/s

dc = (105.17 - 161.0 j) ft/s?

6.158 dyp = 1.1181t/s

dsp = 2.0121ft/s
, ) AW
6.160 vy = —Rwyi+ 4| o + 717
R2

iy =— [i (12 + Ra)s)z + Ra')s] P+ [% (€Z'+é2) - Ry +€d)s] J

6.162 v = 0.16011t/s

6.164 aD = I::S'.—d()ll —S((Ul —(1)2)2] i + [2 ((1)1 —wz)s +S(Ol1 —Olz) —d(l)lz] j
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6.166 T = (1.3407 + 5.000 f) ft/s
6.168 v, =0.8750 jm/s, ' ;
dg=037507m/s?,
ip =—1750jm/s ' ;
dp = —0.7500 jm/s2. ' ;
. R j
6.170 y,, = —14.29krad/s, ;
6.172 &yc = 2.442k rad/s
bep = —2.442k rad/s
Tgp = (—15.007 —42.01 f) ft/s
6.174
dp = (2€wcw0A cos¢ +Lapy sing — da%A> i
6176 ¢ = (21507 +7.506 ) ft/s = (21.50 1 +7.506 ] ) /s
dc = (105.17 + 165.7 f) ft/s> = (105.1 [ +165.7 f) fit /52
Chapter 7
72 fyep = 1.863s
dyop = 16.77 1t
74 hypa = 4.054ft and ag, = 9.800ft/s’
7.6 ag = 15.70ft/s’
7.8 @ Concept Problem
710 ag = 66.80ft/s’
712 P =20.701b
Ny =152.11b
Np = 147.91b
714  dc =-28757m/s>. | ;
716 L =5.604x10°N
718  agy, = 2.147ft/s> and P =49.831b

Up = (ve + Lwpa sing) i + (dwpy — Lo cos ) | — Loc sind k

+ [d(xOA +2vcwoy + ¢ (a)% + a)éA) sin¢] f—ﬁwé cosp k

27
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720 6 =17.00° and ¢ = 17.00°

722 N =1.492x10°N

é =1.909m

724 Ny =783.71b
N, =783.21b

Np =22331b
H =673.71b
F =576.91b
(s )min = 0.7362

726 ¢ = tan~! (‘LA)
g

0 = tan! (a—A)
g

728 R, = —0.1115:2N/s?,
R, =0.01012N,
M, =3.110x107° N-m
730 1 = 1.411s

n = 7.485rev (cw)

732 Gy =—10.06krad/s®. | _;

n = 16.01rev (cw)

734 oy = 31.42rad/s = 300.0rpm

7.36 M, = 3208ft-1b

738 Fy=9.197(— + j)N
Fg =9.197(G - )N

ty = 4.096s

740y = 1.443

Fy=(—188371426.19/)N and Fp = (18837 —1148 /)N | _;

742 0, =-1685b and Oy = —5.0001b

3
744 oy, | = % fore = § (3% 3) L

746 ¢ = 1.503rad/s
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7.48

7.50

7.52

7.54

7.56

7.58

7.60

7.62
7.64

7.66

7.68

7.70

7.72

7.74

D J

3megh[2(d — ) mg + (2d — Lym,)] 7
D, = ;
[w2 +4h2 +12(d — 5)2] me +4(3d2 = 3dL + L) m,,
b L2mp + (4h% + w?) mZ + [4h* + w? 4+ 4 (L? — 3(L + 36%) | m.m
Y 4(3d% —3dL + L2)m, + [4h2 Fw2412(d— e)z] m,
6g[2(t—d)ym, + (L —2d)m,|
ap = (XC =

4(3d% —3dL + L2)m, + [4h2 + w2 +12(d —Z)Z]mc
Fr = %mgcos@ (%sinQ— 1)

1 o,
N = ng(1—3sm9)

(s min = 00

ar = —6.925 k rad/s? ;

>

. j
Fop = (—13237 + 4847 )N | _;

B} j . j
Fq=(=350771+4822/)N | _; and @&, = —6.679krad/s® | _;

N A J
Fp = (—560.17 + 558.6 ))N and Mp = —4238kN-m | _;

~

= kékjc_;ﬂmgsin& N =mgcosf, and «p = —]:gsj_nfz
(1) min = szij_rztanH
dg = —purgl ’ ; and &b=—g]:#1€. ’ ;
G
Tep = 1472N, and dg = —4.905 j m/s>
ﬁs = (Rzlfké)PlA—i—(mg—P)j ’ ; and 0 :_m(Rf—iRiké)];

i

Notice that the sign of the angular acceleration o, contradicts our assumption that the crate tips and slips, since
the only physically meaningful tipping would be in the clockwise direction. Therefore, this solution shows that

the crate cannot tip and slip.

s o
— = 60.00

Qsep = 3

F =12.131b
(t£) o, = 68455

- 6mypgcosf A
oy p = —
L (4myp + 18mp sin® 0)
. 6mypggsinfcosd
ag = i
4mypg + 18mp sin? 0
- 6 sin 6 cos 6 A
Gy = — mqB& S i

R(4myp + 18mp sin? 0)

29
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6g(2 s 0 R
776  G4p = g(2my + mypg) cos _
2L (6my cos? 0 + 2myp + 9mp sin® 0)
7 6g(2my + myp)sinf cosf )
a = ;
B 2(6mAC0329+2mAB+9mBSin29)
o 6g(2my +myp)sin6 cost .
w — i

2R (6my cos? 0 +2myp + 9mp sin? 6)
778 I = mR?

3gsinfcosf . 4]
—= 1.
1+ 3sin% 0

. 6g sin 6 N -
780 op=——"—""-—-—4k, F
P L (1 + 3sin? 6) 4

mg

=—=_ 7 and dy =
1+35inzej 4

7.82 E. Computer Problem

7.84 Computer Problem
k2

786 m (1 + Cz;) X+ kx =mgsinf + kL
r

2
788 6 =cos”! (g) = 48.19°

790  Fyuciobowl = —MgCosSPli, + %mg sing
- 5gsing »
ap = g7p ¢ k
- _ é . ~
dg = —3gsingily

7.92 g(R—p)d;-l-gsinq):O

794 h=1r

7.96 E. Computer Problem

7.98 ZiAz—gf and dp = ——k

7.100 Q Computer Problem

7102 Tep =20611b, and dg = —5.655 ] ft/s?

7104 dp = (13.197 —25.90 ) ft/s?
Ay =436.61b and A, =255.61b

Cy =62881b and C, =35351Ib

7106 A, =228.7lb, A, =1330lb, C, =336.2Ib, and C, =19401b

dg = (6.9967 + 7.059 J) ft/s?

7.108 P,

max

=15951b

Mk’glg

7110 dg = — i and ap=-—
G Hi8 b K2
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2
7112 6 = tan~"! (Uc)
gR

7114 Gyc = 1.459krad/s> and Gcp = —1.459krad/s2. |,

7.116 E. Computer Problem

7.118
(2kE + 2R? + p?) cos § — p? cos(8 — 2¢) — pR [sin(20 — ¢) — 3sin ¢] W

2[k% + R? + p? —2pRsin(6 — ¢)]
P [pRcos(260 —2¢) — 3pR + 2 (k% + R? + p?) sin(6 — ¢) | 2
2¢ [k% + R% + p? —2pRsin(6 — ¢)]
B ké sin@ + pcos(6 — @) (Rcos 6 + psing) W o [ké + p% — pRsin(6 — ¢)] $2 cos(0 — ¢)
k% + R2 + p2 —2pRsin(6 — ¢) g[k& + R? + p? — 2pRsin(6 — ¢)]
b= g (Rsin@ — pcosp) — pRPHZ cos(6 — ¢)
k% + R2+p2 —2pRsin(9 — ¢)

w

7120 L (myp +2mc)0%sind + (2d + hymed? sing + 2 (myp +me) iy
= L(myp —|—2mc)§cos9 + (2d +h)mcé5cos¢

4(myp +2mc) gLsin® + (myp + 2mc)L292 sin 20
+me (d +h) L[3 sin (6 — ¢) + sin (0 + ¢)]¢32 48150 — 4me Lii 4 cos 0

+ [mAB +6mc — (myp + 2mc)cos 29]L2§

+2(2d + h)ym¢ L(cos 6 cos ¢ + 2sin 6 singp)p = 0

22d + hymc [gsin¢—w'2sin(9—¢)—xAcos¢+Lécos(9—¢)] + [41E +d +h)2mc]¢ —0

R? _ R%\ . _ .
7122 Pmax = MUs& |:md +mg (1 + k2)i| s aAc = Ks8 (1 + kz) 7, and aG = Ks81
G G

7124 P =7588N and (i), = 0.04620

Chapter 8

8.2 @ Concept Problem
8.4 @ Concept Problem
8.6 T =0.011217

8.8 T =1719]

h=17.52m

810 wp, =3.693rad/s
812 0, =53.13°
814 Af =878lrev

816 Kk =472.01b/ft
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8.18 0, =33.02°
820 wy, = \/— w
m(kZ + R2)
2M

=R
822 M =653.8N'm
824 v, =3.040m/s
826 P =2344N
828 d=04990m and d =1.102m
830 L, =34.13ft
832 w, =2.640rad/s
834  (Up,)ye = —20421t-1b
836 vg, =3.951ft/s
838  Vperon = V2¢H(1+cos0) and  vperonlp_go = 10.85m/s
840 T =15.85ft:1b
842 v, =6.291ft/s
844 vy, =2.709ft/s and wvp, = 5.417ft/s
846 w;, = 1.094rad/s
848 T =28.88ft:lb
850 wg, =2045ft/s
852  ny, =26

Uperson = 26.541t/s
8.54 &y = \/d[(zM/I;)(;zzfiz; b=dk acy)

M = 11.25ft-1b
856 §=1.031ft
858 mc = 26.96kg
8.60 wvg, =16.001t/s

32 Last modified: August 16, 2012



Engineering Mechanics: Dynamics 2e Gray, Costanzo, Plesha

8.62

8.64

8.66

8.68

8.70

8.72

8.74

8.76

8.78

8.80

8.82

8.84

8.86

8.88

8.90

8.92

8.94

Wp = 799.51b
ve =5.019m/s and &p = (44.61rad/s)k ’ ;
Umax = 0.389ft/s

(VB)finat = 1.279m/s

@) agy = %L(é cos @ — 62 sin 0) and agy, = —%L(é sin 6 + 62 cos 0)

. ) L . )
F = %mL(Q cosf —0%sing) and N = mg|:1 — 2—(9 sin@ + 62 cos 9)]
4

. 3 o 3
(b)92=fg(1—0059) and 9=£sin9

(¢) F = %mg sinf(3cosf —2) and N = %mg(l — 3cos 0)2
(Ms)max = 0.3706 and B4, = 35.10°

E. Computer Problem
Computer Problem
@ Concept Problem
@ Concept Problem

Puw = (—83.851b-s)7

he = (310.3ft-Ib-s) k

|@,»| = 77.59 rpm
P =2500N

kg = 52181t

R 1 . A 4T
(ha) 4 = 5mABRza)ABk = (1.725kg-m?/s) k, ;

i : Y
(hA)BC = mpcwygR*k = (71.200kg-m?/s) k, :
(I;D)CD = %mCDHRCUAB k’\ = (7750kgm2/s) kA, :
(hc)y = (91.88x10 O kg-m?/s)k, " " @

(ho)y = (669.4x10 0 kg-m?/s)k, "\ _"@f

Fag| = JABYA _ 3 557

2g cos 6
- WygLuy - c
hg = ~ABZUA b 0 00ftibs)k, |
12g cos 6
At =16.98s
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8.96

8.98

8.100

8.102

8.104

8.106

8.108

8.110

8.112

8.114

8.116

8.118

8.120

8.122

8.124

8.126

8.128

8.130

|@g5| = 2.470r1ad/s

(a) Collar modeled as a particle: vjppee; = 0.9905 t/s,
(b) Collar modeled as a rigid body: v; = 0.94321t/s,

impact
|4 lafeer stip stops = 1©B latter stip stops = 18-70rad/s
Voo = 25.19m/s

vr = 18.34ft/s and ¢, =2.502s

@ Concept Problem

G|,z = 7.563m/s

(1s)min = 0.3951

oy = 30.131pm

B 4r2b
T @r—b)?
. A AP
(@)vy = Rogi + ¢ a)s—i—E J
i\2
() 1 (Ip +2mR*)wi = m|:R2a)S2 + ¢2 (a)s + E) ] + 1Iow?

2 .
© (Ip +2mR?*)wy = [Io + 2m(t* + R?)]w, + Zm%ﬁ

Io +2m(R? —£2)
w
Io+2m(R2+¢2)°

(d{=Rwy, and w; =

o
Upy=0 =\ 3, +

(e) £(t) = Rwyt

Io +2mR*(1 — w3t?)
2.2,%0

Io +2mR2(1 + w§t?)

wg(t) =
U5 = (5.682ft/s)] and U4 = (=6.1981t/s)i. :
vo = 1.397ft/s
vg = 1326f1t/s

d =2.094ft

A Ad
v =226.11t/s and @p = (—26.60rad/s)k. | _;

Owept = 220.0°
R R R A M
UE = (—1.310m/s)7 and wj{ = (3.434rad/s) k. ;
d =5.525m

&f = (1.79rad/s)k and &F = (~0.4047rad/s)k. /" ir@ —12°
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8.132

8.134

8.136

8.138

8.140

8.142

8.144

@ Concept Problem
T = 0.02570ft-1b

Vg = 0.4069ft/s

hp = (14.90 ft-1b-s) k.

7

|a)A |after slip stops — |(‘)B |after slip stops

(Vo) max = 2-176m/s

vl =—1431ft/s and &) = (=0.3211rad/s) k.

Chapter 9

9.4

9.6

9.8

9.10

9.12

9.14

9.16

9.18

9.20

9.22

9.24

9.26

f=1771Hz

f= ;’J =2 | L8~ 0.5663Hz
v/ Tm

_2ﬂd m

h

QU

T

bl

%p(h3 +d3) + md?
(k—%pg)h2

my +ky =0

mb + ko =0

T =21

|wC |after slip stops

= 16.41rad/s

i
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9.28

9.30

9.32

9.34

9.36

9.38

9.40

9.42

9.44

9.46

9.48

9.50

9.52

9.54

9.56

9.58

L
T=27,—
\ 2¢
_ oy [BTDR
3g

Fy/k
x(t) = Asinw,t + Bcosw,t + o/

1- ((")O/wn)2

m, =0.01kg = |y,|l= \/2.190><10_6 cos(4.369¢) + 1.888x 107> m,

CoS (,()0[

m, =0.1kg = |y,|l= \/1.100><10_5 cos(4.369t) + 1.112x10=5 m,

m, = lkg = |yl = \/9.798><10—4 cos(4.3691) + 1.014x10~3 m

Oymp = 0.001 758 rad

@ Concept Problem

x(t) = (0.000 501 3sin 107 4+ 0.1000 cos 107 — 2.506x 10~5 sin 2001) m

.. Ly .
my + 2k l_f y = Fysinwyt

Fy/k
y(t) = %‘]2 [sin wot — %o sin wnt] ,
1- (wo/wn) On
Ly 2k Ly
where  koq = 2k (1 - T) and w, = P (1 - T)

(%mB + %mA) Xq +2kxy = %FO sin wyt

Fy

4k — (%mB +mA) wg

3gEI
w, = 8 505.7rad/s
Wy, + W,)d3

F =% _g0.48Hz

2
N U AL (0p/@n)® 02071
WuR 1—(a>p/a)n)2
@ Concept Problem
@ Concept Problem

no peak in MF for ¢ > /1/2

m,ew? 5

J 42w,y + 0ty = L sinw,t, wherec/m = 2w, and k/m = w2
m

Fy =0.01584N

|y| = 0.000094 10 m

y(@t) = (0.516_28'28’) m
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9.60

9.62

9.64

9.66

9.68

9.70

9.72

9.74

9.76

9.78

9.80

9.82

1
{=—=0.1 forMF=5
10

1
{=—=0.05 forMF =10
20

mL6 +0.18¢ L6 + (mg + 0.72kL) 0 = 0

c2

k
wg = \/i +0.72- —0.0081 -

woE [2k (k — mywd) + 2w ]

- 2wd [(k —mAa)g)z + c%}ﬂ

Y4 = e~ (€/2mA1 Gin gyt

3
macoy B e 2m D cos wyt

(k- mAa)g)2 + 20

mAa)gE

(k- mAwg)z + c2wf

2 [(k —mAa)g) sin wgt — cwq cos wot] + E sinwgyt

= —0.0002665 cos(94.25¢) + e~2-5907 [0.0002665 cos(5.204¢) + 0.0002121 sin(5.204)]

—4.

D =4.373x10"%m
m§ +c§ + ks = mAa)g sinwgt, where s(t) = y(t) —u(t)

mAa)g (k — ma)g) ) cha)S
y(@) = 3 + A | sinwyt — > cos wy!
(k —mwd)” + 20} (k —mwd)” + 2w}

k2 + 2w}
DT = 3
(k - ma)g) + czwg
kik
mx + 172,
ki+ky
Ak = —5.910%

(¥e)amp = 0.000454 4 m = 0.4544 mm

Fy =200.1N

|%| = 282.0m/s?

m,, =00lkg: F;
m, =0.1kg: F;
m, = lkg: F,

14.77sin(125.7¢t 4 0.8422) 4 17.67 cos(125.7¢ + 0.8422) N,
147.7sin(125.7t 4 0.8422) 4 176.7 cos(125.7¢ + 0.8422) N,
1477 sin(125.7¢t + 0.8422) + 1767 cos(125.7¢ + 0.8422) N

L
mj+ 2k [1- —=2 )y =0
/y2+L2

Ly
y+2k({1—— =0
my + ( L)y

642x107° sin(94.25¢)
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Chapter 10
10.2 1_53=K(—wlsin9f+a)1c059f+écos@lg)

-

ag = —Z(ézcose—wfcose—cbl sin@)i+€(c€)1 cos@—w%sin@)i—l—[écos@lg

104 G4 =2(¢ + d)w, cos? 0

Qg = —2(L + d)w? cos® 07 + 2({ + d)iy cos? 0 j — (£ 4 d)w? cos b

106 Vg = Rwypmcosyi+ (d +£cosy)wym j — (d 4+ £cosy)wam k
dp = —w2,(d +Lcosy)i — w2, siny(d + Lcosy) ]
2
_ @am [ ;2 2 2 2 A
R [d +2d{lcosy + (6 + R )cos y]k
108 T = Rwyy,cosy i+ (d + £cos Yoy f — (d + £cos y)wym k
i = [R%rm — w2, (d + Lcos y)] cosy i+ (d +Lcosy) (aarm — w2, sin y) 7
1 N
— E[d (Raarm + da)azl_m) +4£ (Rotarm + Zdwfrm) cosy + (ZZ + R2) w2, cos? y] k
10.10 vp = (écos@ —Késin@)?—f—ﬁa)l cosf j + (€9c050 +ésin9)l€
dp = [—Z (92 + w%) cos 6 —ZZésinO]i—i— 2w (écos@ —Zésin@) j+6 (Zécose — 16 sin@)l€
10.12 Cz)disk = wp 7 + wq kA
Ggisk = O I — 0gwp ] + g k
cos B

1014 &, = —wo— 5
sin

_ _cosp

sin 8

(—ao i+ wd 12)

10.16 g = —Lwgycosf ] — Lwgycos® Bk

ag = —Lwécoszﬂi—{—Lotocos,Bj—Lcosﬂcotﬁ(a)g+otosin,3)lg

10.18 G4 = (231.3j n 107.912) fi/s2

Gup = (18.29i+ 15.08 7 + 34.90/2) rad/s?

1020 G5 = —w, ] — fk
dgp = Poyi—ayj— Bk

_ L. L L . .~ L
ag =—[Eﬂsinﬁ+ (d+zcosl3)ws2+5132005/3} ! +§

(BZ sin 8 —Ecosﬂ) J

L . N
+ |:(d + 7 cos,B) oy — LBwg sinﬂ:| k
1022 Gup = (0.3139i+ 10.37 ] + 2.786/2) rad/s

G4p = (-35351 + 1352 + 161.912) rad/s?
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1024 G, = (101.8f + 47.4912) m/s?

1026 U4 = (—0.7354j—o.34291€) m/s and a4 = (—12.49j— 5.82512) m/s2
1028 Gyp = (—6.040 j— 8.05412) rad/s

1030 Gy = —124.27im/s?

10.32

- . 4.187
dyp = —11.84cos0i + ﬁ[26.250059 +0.7500(19.53 cos 20

—5.400 cos 30 + 0.5625 cos 460 — 24.55)] J

101.2

-3 [~7.438 cos 6 + 0.7500(~1.200 - 3.600 c03 26 + 0.7500 c0s 36) | £ rad /s,

where Z = (7.438 4 3.600 cos 8 — 0.5625 cos 20) m”
. 29.08
da = 73/2

[—31.37 +25.92 cos 6% + 1.688 cos 20

— 4.800 cos 0(1.688 cos 20 — 6.312) — 22.63+/Z sin 6
+0.7500(0.5625 cos 48 + 2+/2(0.7500 cos 8 — 2.400)v/Z sin 29)} im/s%,

where Z = (7.438 4 3.600 cos 8 — 0.5625 cos 20) m>
1034 g = (v, + hoy) i+ U +r)wp j— L+ 1) 0.k
- 24g (1 +sin6)
10.36 =+
Dbar \/Lsin@ 5+ 3sin0) '
10.38 w;o = 4554rad/s

10.40 %Lﬂ + (%Lcosﬁ + %d) wsz sin 8 — %gcosﬂ =0

1042 0, =-m(h+ 5)o?

0, =0,
Oz =mg,
Mo, =0,

Mg, = —mg(h + %) + %mrzwdws,
Mo, =0
1044 vy, = 6.294m/s

1046 vy, = 6.165m/s
|
1048 My, = —SmR?0 coso,
1 . 1 . . .
My, = Zmthpz cosfsinf + Emchﬁ cos 0 (Y — psinb),

1 - 1 . .
My, = ——mR?0¢sinh — EmRZG (¥ — ¢sinb)

2
My =0,
10.50 Ay = ﬂRza)sz cos 6 sin 6,
8L
AZ == 0,

By = SﬂLszsz cos 9 sin 9,

By =0,
where XY Z is attached to the shaft.
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1052 R, = —0.52361% N, R, =0.021 93N, R, =0.098 10N,
M, = 0.00009291 N-m, M, = 0.00221972 N-m, M, = 0.000068 55N-m

3
1054 o, = ,/Tg

N = 8mg (1 4 cos B) +mRa)g (4cosﬂ +4cos2B —16sinf — 17cosﬁsinﬁ)

10.56
4(2+4 2cos B —sinp)

5g
10.58  (wg)in = ,/7—R

. h 5o . . h. -
10.60 adz—EwZz—f—a)bj—E p k

- . h? +R*\ , . . . R\ .
10.62 dap = | hapcosp + —R wpsinB i+ | hay sinf — 2 wpcos B | ]

—+ [Rd)b sin 8 — hwg (14 2cos ﬂ)] k

10.64 Oy = -mLw?, Oy =mg,
1
Oz = —mLay, My = EmLZd)O cos @ sin 0,
2. sin? 6 1 2 2

My =mL 0 |1 — o | MZ:mgL—EmL wg cos 6 sin 6

10.66 Oy = —mLwj, Oy = mg,
3
Oz = —mLay, My = Emchbo cos fsin 0,
1 1
My = EmLza')o (17 — 3sin? 9) , Mz =mgL — Rmszé cos 6 sin 0

. 675x 153 ¢sc2 9

1068 ¢ = > 7
4mL2 (1 + sin )
i 2hR?%  BRE[d* 4 W2 (U= R + a2+ R= 0O = R + 0] 03
10.70 oyp = — 51— 5 J
(d? +h?) (d2 + h2)" (- R)?
dR? [d“ +d2h? 4202 (0 — R)2] 02
— k,
(d2 +h2)* (¢ - R)
= (—26.32i ~0.9870 ] — 17.77 k) rad/s2,
where { = ,/Lle —d? —h?2 +R,
R [dZR s R)Z] 2
1072 Gy =— T i =-1242im/s>, where{ = /L2, —d?—h2+R,
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Rw?
1074 Gy = —7‘13[201213 —6REZ—d (R2 — 42) cos 0 + 2R (—d? + %) cos 26
4({ — Rsin0)
+ dR?cos 30 + 5R%{sin 6 + 4¢3 sin — 4dR{ sin 20 + R%{sin 30] i,
20.56
= 5 [—31.87 + 35.62cos 6 4 9.184 cos 26 + 0.6750 cos 30
(2.750 — 0.7500 sin 6)
+ 90.92sin 8 — 9.900sin 26 + 1.547 sin 30] rad/s’,
where £ = ,/Lle —d2—h2 + R,
R hRw? [(4(d? + h?) 4+ 5R?) cos 6 — R (8d + Rcos36)]
ayp = l

4[d? + h% + Rcos 6 (Rcos 6 —2d)]”
2
N hRa)d
[d2 4+ h? + Rcosf (Rcost — 2d)]2 (Rsinf — £)3
—dR?cos? 0 [—332 + Rsinf (6¢ + Rsin 9)]

{RSZ cos* § (2R sin 6 — £)

— Reos?0[ (32 + ) €2 + Rsin6[-2 (342 + h2) ¢
+ Rsind (52 —3d% + Rsin0 (Rsin6 — 2@))]]
+d cos6[ (a2 +h2) 2 + Rsin0[-2 (a2 + h?) ¢
+ Rsind (—3012 — 1% 4+ 2Rsind (Rsin6 — 2@))]]
+ Rsin0[sin6(d* + h** + a2 (h - 2)
+ (d2 - h2) Rsin6 (2 — Rsin0)) + dRE2 sin 29]} i

Ra)g, (RcosO —d)
[d2 + h? + Rcos 6 (Rcos 6 — 2d)]* (Rsin 6 — £)°
+ €% cos O (Rcos b —d) [dz + h? +Rcos9(Rcos€—2d)]

+ {2h2R2 sin® 6 (2¢ — Rsin )

+ 2Rl cos O (d — Rcos6) (d2 + h% 4+ Rcos 8 (R cos —2d)) sin 0
+ R[=d? (a2 + ) - 212
+ dRcos 0 (3d2 +h?+ Rcosf (Rcosb — 3d))] sin? 49} IQ,

—133.2 + 218.6cos § — 10.41 cos 36
[2.250 + (—1.800 + 0.5625 cos 6) cos 6]
(=2.750 + 0.7500 sin §) 3
[2.250 4 (—1.800 + 0.5625 cos 6) cos 6
—18.22 o846 + 5.270 cos 50 — 0.5489 cos 66

? [—1229 — 1142cos 20 + 149.8 cos 30

+ cos 6 (2490 — 1340sin 0) + 434.1sin 6 + 289.8 sin 36 — 25.76 sin 49] J

(=2.750 + 0.7500 sin §) 3
[2.250 4 (—1.800 + 0.5625 cos 6) cos 6
+ 1170cos 360 — 199.7 cos 40 + 19.03 cos 50 — 0.7319 cos 66
+ cos 0 (4329 — 18805sin 0) + 278.2sin 6 + 815.8 sin 36

P [ 1889 — 33020520

—277.5sin46 + 42.94 sin 50 — 3.355sin 69] k rad/s?
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