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15-9, The jet plane has a mass of 250 Mg and a _ FE)
herizoneal velocity of 100 m/s when.¢ = 0. ¥ both engines '

provide a horizontal thrust which varies as shown in the
graph, determing the plane’s velodty in ¢ = 15 s. Neglect’
air resistance and the loss of fuel during the motion.

4
v i
:\._-;..J Al +.?:J: Edt=m(v.),

250(10°) (100)+ [J* 10° (200+282) de = 250(10%) w

=121 mfs Ang

15-10. A man kicks the 200-g ball such that it leaves the
ground at an angle of 30° with the horizontal and strikes
the ground at the same clevation a distance of 15 m away.
Determine the impulse of his foot F on the ball, Neglect
the impulse caused by the ball's weight while it's being
kicked,

(505 = (), oder dad
=0+ vemi®i+ 0
(*T) v, = (“a:‘y e
=v §in30° = v gin30° - 9,817
o 13295

v om 13.04 m/s

(= my, o« ,‘LJ Fit = mv,
0+ fra - gapises £

f= [Fars 2608 = 261 N 4 Ans

15-11. The particle £ iz acted vpon by its weight of
31 and forces F, and F., where ¢ ie in saconds, If
the particle originally has 2 velocity of v, = {3/ + 17 +
&k} ft/s, determine its speed after 2 s.

3
muL-#Xf Fdt = mwm
[+

Rewslving into scalar components.

]

F) = {M+2f+ ki

3 4 2y, 3 Fo= {e5ihb d
32_1(334-_/“ (5+r )t = S () '/',./" F

ES

2
mim(1)+f et = o (0,) N
kX v 21 ve mI3B.06 fUd o, = 43933 R, — —36.939 fis

%(m + f - B = %E we) v = /{13896 + (430937 + (~36.035)" = 150 f's Ans
. A : .

32




¥ © 2007 Pearson Education, Inc., Upper Saddle River, NI All rights reserved. This material is protected under all copyright laws as they currently

exist. No portion of this matérial may be reprodaced, in any form or by any means, without permission in writing from the publisher.

15-4%. A 0.03-Ib builet rraveling at 1300 ft /g strikes the
10-1b wooden block and exits the other side at 50 ft/s as
shown. Determine the speed of the block just after the
bullet exits the block. Also, deisrmine the averags normal
torce on the block if the bullet passes through it in
1 ms, and the time the block slides before it stops, The
coefficient of kinetic friction between the biock and the

surface 15wy = 0.5.

(:}} Dy = Eamg vy

55 oo - o=(zbe (3z3)0G)
vy =348ft/s  Ams

v, wEJFcﬂ=m&-‘:

(7

.2

N=ziMb Ans

10k

(003)(1300)( ) 10(1){10-5)+N{1)(m‘3) (mjcsv)(s)

N =

e = §1b

/b
(:b) Lo -LEJ-F dt o mrvy

(322)(3 43)-5(0=0

t=02)6% Ans

1542, The man M weighs 150 b and jumps onto the
boat & which has a weight of 200 Ib_ If he has & horizontal
component of velocity relative to the boat of 3 fi /5 just
before he enters the boat, and the boat is traveling

-
(—i‘} ¥y = ¥p T Varin

vp = 2 ft/s away from the pier when he mékes the jutnp, Vi = 2+3
determine the resulting velocity of the man and boat.
Var = 5 fv/s
(%) Imv, = Emy,
M
150 200 350
322 Va5 T 5 2(”’)1
(vg)y = 3.20 /3 A
1543, The man M weighs 150 Ib and jumps onto the
boat B which is originally at rest. If he has a horizontal
compenent of velocity of 3 ft/s just before he enters the () vy = Ve Va
boat, determine the weight of the boat if it has a velocity
of 2 ft/s once the man &nters it Vg = O3
vy = iftfs
o (D) Emivy) = Emvy)
250 Rl (P +250) J
R AL Rl FA Y
Wy = 75D Ans
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1582. The man A has a weight of 100 1b and jumps from
rest anto the platformn P that has a weight of 60 Ib. The
platform is mounted oo a spring, which has a stiffoess
k = 200 To/tt. If the coefficient of restitntion between the
man and the platform is ¢ = 0.6, and the man holds
" himself rigid during the motion, determine the required
height £ of the jump if the maximum compression of the
spring becomes 2 ft.

For the platfarin after colliston :
o0 = 2O0E, )
Fp = 03K

LrR=A+H

ot

S5 #3000 + 0 = 0.+ S22

H02-0.3)

vpz = 17612 ffs

Yo — ¥
™ P { -]

Yoy "V

b

17.812 = v

06 =
‘ Y =0

+4 D, = Emvy

i
=V} +

= e :(] T.612)

L
™
Solving,
oy = 17612 mis
Yy = 7045 m/s

Fof the man fost befors striking e platform

L+h=0+Y

041000 - -{-——)m 0 e

FATY
hwag2 Arg
15-6% The 10-b coltar B is st rest, and when it js in the
position shown the spring is unstretched. I another 1.4k
collar A strikes it $o that B slides 4 ft on the smooth rod
before momentarily stopping, determine the velocity of 4
just after lmpact, and the average force exetted between
A and B during the impact if the impact occurs in 0.002 s,
The cosfficient of restitation between 4 and B is e =05,
Collar B aftcr impast :
h+H=0+HK 1% Salvin
- O -
2 3 4 D# g
2(31 2)("“’ *0=0v3 (20)(5 3 (oadr = 1177 /s = 118 firs
(vgjg = 16,03 fis 4# (vl =28 /5 = 42 8 fifs o Ans
Sysem v
+
[....;.) Emywm =imw
Collar 4 =
1 {1
T 0= g0 350609 () mw+EfPd=mn
{vadi — )z = 160.5 ; e~
( ](m Ty F(0.007) = ( (~42.5)
22
(;’] = (vaJa —(Vada
(vah —(vgh M=ilb F=48121b=240kp Ans
1605w )2
08z —————
(G 0

0.50mh w(wde = 16,03

are
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1583, Twosmooth coing A and B, each having the same
mass, slide on 2 smooth surface with the motion showm,
Determine the speed of each coin after collision if they
move off along the dashed paths. Hini: Since the line of
impact has not been defined, apply the conservation of
momentum aleng the x and y axes, respectively” ) Tmv, = Emv,

+

(=) = pr (0.8} 2in 30° - m(l).f)(g) = wmly, ), Snds" — m{v, ), cog3l”

e

{wg)y'm 056l D8 = Q.IJ0T(v,); + 0885(v,),

(+T w05 cos30° - m(U.&)(-z) o m{v, 1, eosd3” — mivg ). sim30°

@

() = D766 g Ang

i x —03928 = <0700y + 0500s)s
Solving,
30" .
Y‘Bh = 0.8 /s {vgly = 0208 fr/z Anj
B ,

" #15.84, The two disks 4 and B have a mass of 3 kg and
3 kg, respectively. If they collide with the initial velocities
shown, determine their velocities just after impact. The
coefficient of restitufion iz e = (.63,

)y =6l (v, )y=0
ny =7 s m s (), 7 s 6 062 CURENCORTAC
(v‘-‘r )3 =0

{;) g (0, ) g (a, h = ma (v )y Fmg e,
‘ (* T) my (va, ) =ms (va, ),

BY~5(3.5) = 3 (% Juz + 5 (V2 12
(l'g, )2 = —6.062 mfs

() URLITSY .65 Qam s 2.37F g | | |
fe, by = (e, | 3.5 () = JOBOE TR =380 mis & Ans
) = 6.175 ; '
{va, )z = (vt )y . 5‘4 (vpdy = V(2378 + (6,062 = 6.5l m/a  Ans
Salving , G.aag,,%- 5 /6062 :
(B) = tan (ﬁ) =68.6° Ans

(v, ); ==3.80mis  (m )3 22378 mfs

MRT
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§ 15.99. ‘Ihe ball B has a mass of 10 kg and is attached ,__|

to the end of 2 rod whose mass may be neglected. If the -M@ .
. rod is subjected 10 & torque M = (3r* +5¢r +2) N-m,
where ¢ iz in seconds, detexmine the speed of the ball when
|+ =2 5. The ball bas a speed v = 2 m/s when £ = 0.

Principic pf.tl_uguhr'[mpfme and Momeniyr: Applying E.q 15-22, 1.5m
wg have:
‘ 2 MaGfeSra )N
oy + 3 [ pede = (7132 (O R N
N

. i
—F Lseopm + f 37 + 51 4 2)dr e 1.5(10)0 P
b

v = 3.47 iy Ag

V18300, The two blocks 4 and B each have a mass of
- 400 g The blocks are fixed to the borizontal reds, and
their inttial velocity is 2 m/s in the direction shown. If a
couple moment of M = 0.6 N-m i3 applied about CD of
the frame, determine the speed of the blocks when
t = 3 8. The mass of the frame is negligible, and it is free
to rotate about CD. Neglect the size of the blocks.

{Hoy +X[ 7 Modt=(Hok
2{0.300.4)(2)}+0.6(3) = 2[0.3(0. 430

U=95]m/s Ans i

151 The small cylinder € has a mass of 10 kg and is
attached to the end of a rod whose mass may be neglected.
If the frame is subjected to a couple M = (82 + 5) N+ m,
where i in seconds, and the cylinder is subjected to 2 force
of 60 N, which 15 always dirscted az shown, determine the
speed of the cylinder when t = 2 5 The cylinder hag a speed
Py =2 s when t = (),

(Y, + Efa ar = i,

3
(RTHOTI) + BOCTLIIOTS) + j':(s.r‘ + %idr = 10(075 R Z1p

E
[ e LY, e 2T
5

w1348 miE Anr

b e = T
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15-106. The 1041k block is originally at rest on the smooth
surface. TU is acled upon by a radial force of 2 1b apd a
horizontal force of 7 Ib. always directed at 30° from the
langent to the path as shown. Determine the tine required
o break the cord. which requires a tension T = 30 Ib, What
is the speed of the block when this occurs? Neglect the size
of the block for the calculation.

LR = ma;
The |
e, 10w
30 — 7in3) - 2 = m(z) 2% Zh
v o= 17,764 ft/s or M

(Hyyy o+ B My = A,

O+ (Tooa30% 4D = %(17.764)(4)

[= 005105 Ans

15-107.  The B0O-1b roller-coaster car starts from rest on
the track having the shape of & cylindrical helix. If the
helix descends 8 ft for every one revolution, determine
the time required for the car to attain a speed of 60 fi/s.
Neglect friction and the size of the car.

8= m—i[ 8 } = 9.0437 -2”(341')
278}
e
LR =07 N-300cos®.043° = O
N 70011 Fuols
| 9.043°
= Gos9.043 ‘
Y,
o0 = ——
c0s9.043° \,\j
v, = 59254 f/e

H, + !Md: =K

\-rt ?.C"Fg v
0+ [/8790.15in9.043%0r = ow(8y50.254)
a ' ’ © 373 : s

r=11%3s Ans
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¥-22. A motar gives gear A an angular acceleration of
g = {0.258° + 0.5) rad/s", where 6 is in rzdians, If this
gear ig injtizlly turning at (w4)o = 20 rad/s, datermine &, = 0256° « 03
the angular velocity of gear 8 after A undergoes an

angutar displacement of 10 rev. E AR = g dey

20
jo 0258 4 0548, = [M o, da,
ki

zaxT 1 2™
W00s5E w 058 T = glm) Lo
ay = 135394 md/s
Waly = fOpTp

1395.53(0.05) = w015

W0y B 465 radse ABs
16-23. A motor gives gear 4 an angolar acceleration of
o4 = (4°) rad/s", whera ¢ is in seconds If this goar i
initially turning at {w,)o = 20rad/s, determine the
‘ angular velocity of gear B when t =18,
; e, =40

?" d =

Imﬂdnﬂ_‘ - j"r;,. dr = J.x artar
) ] W

w, X

- 20 md/
il i When ¢ = 2 4
Gy = 3 zals
Wary = Wplp

6005} = @, 1015

my = 12 i Ans

*16+24. For a short time a motor of the random-orbit
:;:,mde.r drives the gear 4 with an angular velocity of sy =
40(° + 67) radfs, where ¢ i5 in seconds. This gear is
v c,c.\nnect&d 1o pear B, which i3 fixed connected to the shaft
N CD. The end. of this shaft is comnected to-the sccentrie
‘ spindlz £F and pad F, which causes the pad to orbit arownd
shaft (-0 at a radiug of 15 mm. Determine the magnitudes
of the veloeity and the tangential and normal components
of acceleration of the spindle EF when =23 after
" starfing from rest.

dyra = Gipa
WA(ID)=W3(40'J
ta
g = ;
&g =m
B 4‘3,1

v =g = dan 0019 = Je0 (P ve oot
{agh miaprg = %(120:1 +m)(o.o15)L_$
vp=dm/s Ans ‘

P (agk = 2.70mis*  Ang
iy m_&’.'k.':_[dn(;s *6t)] = 1206 + 240 .

i
{ag)y = cfry = [3(40)(:3‘4- m}T (0.0]5}'
dn

aky = Cgry

@, {100 = @p fa0) (ag), = 600 mis®  Ans
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nl6-4L Theend A of the bar is moving downward along
the slottad guide with a constant velosity v, Détermine
the angular velocity e and angular zcceleration e of the
bar as a function of its position y.

Posidon coordinate cquation
. r
giné = -
¥

Time dervatvas ;
costid zﬁéﬁ however, cosf = —z—‘:,%'l and y=—1,, Bm

(2 #
{LJmm 1 PR Ang
W P-rF

2= = rug [-Jf";\ﬁ(f —PY R Y (B O - ’1)_i(2"”7:|
{E:Tiﬁ (ZJ’!"Tf) Ans |
yz (-)#. - _r?)l

16<42. The inciined plate moves to the left with a
constani velocity v. Dietermine the angular velocity and
angular accelaration of the slender rod of langth [, The

rod pivots aboul the step at € as it slides on the plate, % ! :
P~ A —9) | Fap

xsing w lzin{g - &)
ssng = —leo(p - B 6
Fhus

—WEing)

g rremry Ar

Ping = —lcos(¢ — &Yé — Izin(p ~ HHH°
U m —coalp — For - dnly — &) oF

_osia(d - B[ Wade
* T sle=8) (ﬁ w(w—m)

_ = s gsin{g — 6}
B e (g -6

16-43. The bar remains in contact with the floor and
with point A. If point B maves to the right with a constant
velocity vg, determine the angular velocity and angular
acceleration of the bar as a function of x.

Position coondiale equation :
®
wn@ ==
h

Timie derdvatives :

. SR
sect 66 = %x’ However, secf = h;-"z awd =g, =
ErEV ' " .
[ - C'J'=}—;’-'a m_mt»; Ans
—ah
a=—,—wmz+ﬂ)=u§ Ang

= d= g h[—(h’+x‘)"7‘(h‘)]
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16-54. The shaper mechanism is designed 10 give a slow
cutting stroke and a quick return to 2 blade attached to
the slider at & Determine the velocity of the stider block
¢ ar the ingtant & = 60°, if link AB i rotating at 4 rad/s,

v =Vg @ Rcm
125 mm “pek = —4(0. B 3071 4 4(0.3jo0s 30°] + ke (-0.125008 45%% +0,1255in 45°1)
—vp =—1.0392 - 0008839
0= 0.6-0.0883%

Solving,

w =679 md /s

vp-=1.6d m/s ADs,

16.85. Determine the velocity of the slider block at C ‘
at the instant & = 45°, if link AB is rotating at 4 rad/s.

Vo =Yg + o Moy
—vgl = — 403 peadSi + A(0.T)un45Y + Bk (0,128 c0sd5 N + 0.1258i045°)

v = —0F4LS — 00BN

v
0 = 0.3485 — 008330 @
ﬁ.m:;ﬂ. VB
Solving, 5
m = .60 rad/a
LWL IS
vg e 1.70 mss Ans ¢ "
*16.56. The velocity of the stider block € is 4 ft/s up the
inclined groove. Determine the angular velocity of links
AR and BC and the velocity of point B at the nstant
showr. ‘ ‘ For jink BC
v = {—dcoedd®i + 4ain45%j) fs Vg = wppi W= ek A &4
rys={li} 0 g A 35"
1 “
Vo m¥y + B KK e ¢
.E‘[a
—boosd3%E+ 4 3i045% = —v i 4 { @ Ry 2 (TE)
—4cosd5%i+ d‘E]Ilq-Snj =-=vgi+ mncj
Equating thei and § components yields &
| - ~depsd5® = vy vy = L5 e Ans
, .‘FK{ =
i Al 4 45in457 = iy~ g = 2.83 1adfs ARs

tor Uk AR @ Link AR rotates sbout the fixed pointd. Hence

¥z = Wy g Tas

283 =151} @,y =283 radis Ank
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16-80. The angular velocity of ink AB 15 wap = 4 rad/s.
Determine the velogity of the-collar at £ and the angular
velocity of link’ CB at the instant 8= 60° and ¢ = 45°
Link CPB iz horizontal at this instant. Alsn, sketeh the -
location of link OB when @ = 20°,60°, and 00° to show
its general plane motion..

For link AB : Link AR zotares ahout the fixed point A . Klence

iug = WAETAN

=4{0.5)=2m's
For link CB
vs = {—2eosd0Fi+ 2anAPflmis  vo = —UceosdSti- e sindS’j
o=tegk  top = {-0.35m

Yo =¥z il Yol

— 1 7o545% — Ug 5ind45% = (—2cos 30°a+ 25in30°9) + {tes k) ¢ (-0.35) .
~t); £0845% = Vg 2ind5%j = ~2e0s30°1+ (25in30° — 0.350ep )i

Equating the i and J cémpunnnrs yields

—ypccosd5s® = —2:05?'5’“ g =2 45 .mfs / Ans

—2.455in4%° = 25in30° = 0350y ks = 781 radis Ans

*16-60. The link 4B has a elockwige anguiar valocity of
2 rad/s. Determine the-velocity of block € at the instant
§ = 45°. Also, skatch the location of link BC when
§ = 60°, 45°, and 30°.to show its general plane motion.

Porlink AF : Lirk AR rotates abowt the fixed point A, Hence

Up = thaTaR

15
= z(ﬁ] =12.5fifs

For tink BC

vp = {2.500845°%— 2. 541045 s ve==lxj O=—ogck
Lep = {1_256{}5459i— Liﬁsiﬂ45°,‘i} ft

Vo = vy WK Ton

~pj = (2.560845% — 2,580 45) + (— k) % (1. 25605457 - l.ﬁsinﬁj)

—Ugj = (2.560845° = 1. 255in43% g o Ji= (2. 350457 + 1. 25c0s45 mpe )i

Eguatng thef aod j components yields

0=2.5c0s45% ~ L. 255ind 5" g ape =2 rdfs

~t = ~[ 2.55I43° + 1. 25¢0s45°(2)] vg = 3,54 fhs %' Ans
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16-95. If the collar at C is moving downward (o the ket
at vc = 8 m/s, determine the anguiar VEIDCIty of link AR
at the instant shown.

.

0330 _ fe-s _ Be-s
gin75%  sinds®  sn6lF

To-p = 0.2562
Po_p = 03138 m

8
= ——— = 25 34t rad/
Ped = 5338 ¢

vy = TAAK02%6Y) = £.5315 mfe

5315
0 = 222 2 130 radie Ams
0.5
*16-96. Due to slipping, points A4 and & on the rim of
the disk have the velocides shown. Determine the
velocities of the senter point £ and point [ &t this instant.
1d8—1 x
T "m - 100
reg=10fts B
D 3z = 16 - 1
b1
45 s ¥ = 108867 0 b 3

£ T LG "
| e ° g =2
= 5 s

Ne-g = YIGISETE + (OE) ~ Z026671{04) 08 1355 = 1.006

Eng d‘nliﬁ“
D867 T LO0E Wt
# = 103t b ”

¥e = QMEHIITE o 130 e

Fp = LOGCR.ITS)] w G43 mix Ana

§ =45 4 LA = S50

16-97. Due to slipping, points A and B on the tim of the
disk have the velocities shown. Datermine the velocities
of the genter poiat O and point E at this instant.

vy 0 5
—
5 =16 - Ik

I = ] O56ET &

30
o 8 man

e
Yo = Efeap) ) * d ﬁu

= DIS(1.06667 - 0.8

= 130 fifa Am [y s
Ve = @(fey)
= 9375y C0EFS + (D667

= 791 fit ARF
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*16-108, The 10-ft rod slides down the inclined plane,
such that when it is at B it has the motion shown.
Determine the velocity and acceleration of A at this
instant. o

E—— -v_-:!l fya?

{10YE = (4% + (A0 - 2AC) (eos 120°

(ACT +4AC) -84 =10

Saolving for e positive 1001 !

AC=T.381 8

S _sinl207 49 5o

7.381 \

Yo = ¥g 4 ﬂ]KfAfa

v, C0s60% = vy 5in60°5 = 2+ ale x (—10e0e39. 73291+ 108in39. 732°)) o +.H: ’VE; = # J

+

(-a) 0.5v, =2— 639190

("' T) . = {(,86603y, =~T.6504e

Solving

w=0.1846 rad/s )

va=164fs Y,  Ans

a, = 85 + X Eyp — GTasp

34 cOSB0Pi - 5 STE07 = 1i + (k) (1000839 732°% + 108in39.732°F)

- (0. 1846)* (— 1000539, 732%4+ 10sin39. 732°))

(;) 0.5a; = 1—6.39200+0.2621
(+1)  -0.86603a, =~7.66042a~0.21791
Solving :

ay =L1gfrsd Ans

o =0.105 md/s"
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16-115. The hoop is cast op the rough surface such that L e o=dnads
it has an angular velocity @ = 4 rad/s and an angular \ .
acceleration & =5 racl/sﬂ‘ Also, its center hag a velocity \a=5radfsz
ve = 5 m/s and a deceleration ¢o =2 m/s2. Determine \
the acceleration of point A4 at this instant.

A, = Bo T BLR

A, = [3]+[(4)ziu,3)]+[fﬁ]

=[]

an =594 it Ans A (h3m
> w4 eadls
& = un™' 4—§ e 53.0° 7 Ans \
35 ‘ cow 5 /s
Alsty ag="1mis*

a, =ag — wtr,l,,‘:;) SR Tasp
a4 = —2 — (42035 + 7k % (039
a, = |35 — 4.85) m’5’

a, = 554 fW‘Sz Ang

& =rtn (;-E) =539 7 Ans

%16.116. The boop is cast on the rough surface such
that it has an angular velocity w = 4 rad/s and an angular
acceleration o = 5 rad/s%. Also, its center has a velocity
of vo = 5 m/s and a deceleration ap = 2 m/s?. Detet-
mine the acceleration of powmt & at this instant.

2y oAy +33‘,‘0

A = [3_] " [smg%[m@x]

= i 1

...\{.!=4rad!s
ag =621 avs Anz o= mis? /Q\) 03w
g = tan™ (::—;?g),——as_wb Amt w...-'f fuﬂind!ai
45°

Also

ay =g +w % rgn — Ty

ap =—21+ 5k x (0. 2eos 4371 — 0.34ind5%) - (4)2(0.3 cas 45°i — 0.3 st 45%)
ay = |—A333i 4+ 44555} /s

ar = 60,27 miad Ans

_, 7 4455 .
B e pan! (@)—_-45_3“ ~  Anps

a4
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16-126. The disk rolls without slipping such that it has
an amgular aceeleration of o= 4 sadfs® and. angular
velocity of w = 2 rad/s 2t the instant shown, Determine
the accelerations of points A and B on the link and the
Tink's angular acceleration at this instant. Astume point
A liez on the peziphery of the disk, 150 mm from .C.

The Il iz st o=, 2o @=19. -

a3, =8+ EX0uC '"&)z'!'d,‘c
ay = 060+ (—dk) % 0. 15) = (2) (0 135)
a, = {1.20i~ 0.8} m/s®

as =y {1207 +(-0.6F = 1.34 m/s*

5 =m-‘(%) =26.6° YT Ams

RAs 4(;4{):' R

TR 21 Tt s

agi= 1206~ 6+ gk X (0,di=0.37) -0
(1;) ag = 12040 3a,,
(+1)  0=-0.6+04aus

Oap e L3madis? ) Ans

ag = 1.65 m/s — Ans

16-127. Determine the angular acceleration of link AB
if link CI has the angular velocity and anguiar deceler-

ation shown.

I is at o0, thos

wpe=0 g
vg = vp = (0.9)(2) = | 8 mfy (:
{8l = (D205 = 3.6 mi” 1
* @, =4 md/s? :
(2c), = H0.9) = 5.6 m2 — - m@:i’mdis
gt . ‘
(o = o 108 i ¢ |
ap =ac + @ac X TRIC — WhoTae
{ag),1 — 10.8] = 3.68 — 3.6f + (mack) ® (—0.61 ~ 0.6§) oy 5 v , 0.6 mis
{:’) (ﬁa)‘: =36+ 0.&23: s ) L_
' o oe=0 AT Y
{4y — J0E = —3.6 — Dboge e AT 3.6 mue
g = 12 mdis?
(az) = 10.8 msst l . ik ' : : i {ag); .
. . ] I )
1.8 ' — s .
T iy = Mé_ = 36 rad/s? l Ans ~Yios Il'nfﬁ‘ ,
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16-133. 'The collar E is attached to, and pivots
rod AB while it slides on rod CD. I vod AB:E
angular velocity of 6 rad ‘ :
of 1 rad/s%, both acting
velocity and the angular accelerath
instant showi.

Fix axes 0 ED.
Q= aecpk

£ = oplk

o =4}

vgo = a0l

app = apb

vy = —B{4) =24

ag = ~(6)F (HI- 1A= =144~ 43

ve=vp+Qnrmnt {¥eib)eyz

—24§ =0 el e 53 +vgpl

—"Mj = —4ﬂbpi+ \'E_,'nj

Thus,

arp =0 Ans

vpp = —24 s

ag = ap +.ﬂxr,gn + 1 mep )+
_{d4i—4j = 0+ Zopk K +ﬂ'-i-ﬂ+nm§j ’
—144i—4j = —acp(4) + ampi |

a4 .
acp = 3-;— = 36 rad/s” Any

s = 0 fe
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R

16-145. The gear has the angular motion shown. Deter- A O
" mine the angular velocity and angular-acceleration of the

slotted link BC at this instant. The peg at A ig fixed to :
the gaar.

m,=2ﬁdf;
\a=4é raﬂ{g* o

e K 2 s

V= (1.2)(2) o 2.4 Ftfs +—
G = 0.7 =28 fus?

. ic
a, = ap + 80

ay = 13 + 405 + (DO
e - i

BA=4.E+'2
Vi

v, =vgt+ Qxryst {VAFH)IJ-:

. 4 3

— o =04 (C2K) = (16 + LIj) + vaym (5)14‘ LYY (E)j

~ 1A= LOG - 1260 4 D.Buapi + 0.5ua/8)

— 4= =120+ 08 ’ |
0 = 1602 =0.60a8 :
Sohang. .

mae = = 0.720 rul/s , Ans

vazs = ~1.92 fifs

9, =8y X Py FRXER rag) + 26 % (Vappdepe + (aas8)se

 48i 21 = 0 4 (0 x {1.61 1.2]) + (0T x ©.726 % (164 1240
+2(0.72K) % [—(0.8)(1.923 — 0601521 + D Bapsal + 0.6

i 7= .65 — 128 — 08794 — 062215 — 2.9118] + 1.6569% +0.8ap 4 + 06a5/4-

o 48 o — 260 — B2+ 1.6539 4+ 08ama ;
o= .60 — 0.6221 — 22118 + Obassa . !
— 4.6013 = {2 + 066768, |
04212 = £ + (L35Tagsa ' 1

trgp = S = 202 rad!f,“ Ans

agia F —4,00 ﬂ'f&z )
f
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17-37. The drop gate at the end of the traiter has a mass
of 1.25 Mg and mass center at G. 1f it is supported by the
cable 4B and hinge at C, determine ihe tension in the
cable when the truck begine to accelerate at 5 'm/sz. Alsa,
what are the horzontal and vertical components, of
reaction at the hinge C7

(+IM, = S(M)c;  Tsin30%(2,5) ~ 12262.5(1.5¢05457) = 1250(5)(1.5sim45%)
T=157084N = 157 kN A‘ns

+
« TR = miag),: —C, + 1370BA4cosl3® = 1250(5)

C, = 892 kN Ans

+TEE =mldg),; G — 122625 — 15 708.4sin15° = O

¢, = 163 kN Ans

17.38. The sports car has a mass of 1.5 Mg and @ center
of mass at G, Determine the shortest time it takes for it
to reach a speed of ‘80 ku/h, starting from rest, if the.
engine only drives the rear wheels, whereas the front
E| wheels are free rolling. The cocfiicient of static iriction
1 petwaen the wheels and the road is g, = 0.2 Neglect the
| mass of the wheels for the calcuiation. If drivimg power
E|  could be supplied to all four wheels, what would be the
EZ . - ghortest time for the car to reach a speed of 80 km/h?

LIF =magh: 02Ny +0.2Np =1500ac (1)
$TEF, =miggly:  NetMs - 15000810 D)
(SMenl  -N(L2D+H 01902 20.26)03R 0 (3

For rear — wheel drive : ]
(1500)(g- 30N

H s
. . (Ey-1-1: 93
>-
ﬂ-lﬁ‘ ’ il

Sut the friction foree 0.2N, =0 in Bgs. {1} and (3}

Solving yields ;

N o=58EN =0 (0K Ny =R53EN 2g = 1271 /"  Tuasw .,, - N*g 0.35 m

| sice v = BOMm/h =22.22mls, thea M

(M] v o vg + g

72,72 =0+1.271

r=17.5% Ans Siges v = 80 knith =22.22 wfe, then

Frow 4 wheal deive © w=ty magn 20,22 w0+ LB ‘ .
N =500RN>0  (OK) Ny =9T1KN;  ag=1.962 nis* t=1l3s  Ams

407
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*17-48. The bicycle and rider have a mass of 80 kg with
center of mass located at’ G. Determine the minimum
coefficient of kinetic friction between the road and the
wheels so that the rear wheel B starts to lift off the ground
when the rider applies. the brakes to the front wheel.
Neglect the mass of the wheels. .

:"?EF: =miac): M = fidas

H o +725 =misel: Ny —BO(0.81} = 0

(HIMy =Z0R)y:  B0(9.B10.55) = 80as(L.2)

_, . S0(9.21 N
N, =TESN l
| ag =450 m/s" B0ag
$ —_— T
={.45% . - 3
; ' Ang A v ilm
Algo : . N B=0 A
(PEM =0 N OSH-iM (D=0 ' 0.95m, 0.4m
= 0.43% ADs

17-49. The dresser has a weight of 80 1b and is pushed
along the floor. If the coefficient of static friction at 4
and B is g, = 0.3 and the coefficient of kinetic frictiod is
. =02, determine the smallest: horizontal force P
neaded to cause motian. If this. foree is increased slightly,
determine the acceleration of the dresser. Alsa, what are
the normal reactions at 4 -and B when it begins to move?

For shpping :

foll
LEF =0:  —P+0.3(N +Np)=0 - AT
47 P
STIF, =0, No+N;-80=0 ) Y
4
P=241b Ans #t
Fer tipping Np = 0. Ny =80, 0,34 A A a,g% ] .
(4." ZMy = o Pc“-) - 30(1.5) =0 NA 'Js G.ZMA.\). ) #f 2’ SJ.[-:
P=301 > Wb AT | "TA;J.EM;
Presser shps. NA &
L3E —maoh;  2-0Ne 02N =(535 Jeo | B |
' ap=3.2285. - Ams
+TZR =0 N+ —80=0 N =147 . Ang
“ Rt
(oM =M MO =5 JeaS  Mm63IB Am

413
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17.58. The pendulum consists of a uniform 5-kg plate
and a 2-kg slender rod.. Determine the horizontal and
vertical componénts of reaction that the pin O exerts on
the rod at the instant' 8 = 3(°, at which time it angular
velocity is @ = 3 rad/s.. "

= %(5)[(0,3? + 0.2+ 5(0.68)° + %(2)(0. 5 %2333 kg

Q— TMy = lpe;  19.62(0.25 cos30°) + 49.05(0.65 cos30%) = 2335

@ = 13.65 rad/s?

S EE =miagl; O =4 50c0830° +2(0.25)(13.65)sin30° +29.25¢0s30°

+3(0.65)(13.65)5in30°
0, =54 8N Ans

+TEF, =miagly: 0, =49.08-19.62 = (29.25+4.50)sin30°

D‘Em/l\ _
.t \ o &

Oy
fy Ao e
30 0% 2 cu{)ia#.so
?
962N 7 = 2(0.354)
SEP{GL5)= .25

M o5N S(O65)A

=[5(0.65)(13.65) + 2(0.23)(13. 65Y cos30°

Q, = 412 M Ans
Also, the problem can be selved as follows

Lim _ {02502 0 0.05(5) _ \y gngn
Em 7

F=
+EMy =fya;  T(%.810{0.5357 cos30°) = 2. 333
o= 13.65 rad/s

LLE cmiaalet O = 7(3)(0.5357 cos30°)+ (0. 5357)(13,65)cas60°

O, = 548N Ans

+TEE =miughyi 0O, —T9.B1) = T(IP(0.5357) (sin30°) = 7(0.5357)(13. 65)sin60°

0, =4L2ZN Ans

11

8
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#]7.72. Determine the angular acceleration of the 23-kg .( + Y My =lae; 1501400 - 245.25) = [% (25)(3;2] &
diving board and the horizontal and vertical components
of reaction at the pie A the instant the man jumps off. : g
Agsume that the board is uniform and rigid, and that atthe - . +1 Yo Frmm(aghi 1400 — 24525~ A, =25(1.50)
instant he jumps off the spring is compressed a maxirnum ‘ ‘
amennt of 200 mm, @ = 0, and the board is horizontal. .;LZ Fo=mlagdy; Ag =0
Take k = 7 kKN/m. s K
Solving;

A, =0 Ans
Ay =2RON Ang

=230 mas® Aps

©24825N
PRPRIIE AU 1
| 5mf., 15mf’
4, LABON 2501560

17-73. 'The disk has a-mass of 20 kg and is originally
spinning at the end of the strut with an aggular velocity
of o= 60 rad/s. If it i§ then placed apainst the wall, for
which the coefficient of kinetic -friction is gy = 0.3,
determine the time required for the motion to stop. What
is the force in strut BC during this time?

20(4.3N

S I, =miagl;  Fensin30F—N, =0

+TLE =miag),: Fepoos30® ~20(9.811+0.3N, =10
{+2M3 T (0. 15}:[% {20){0. 15}3}:

N, =56.6N
| Frp = 193N Ans
&= 19,3 rad/s”
(o= an+our
0= 60+ (—19.3):

r=3.11= Ane

427
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17-93, The spool has a mass of 500 kg and 2 radius
of gyration kg = 1.30 m. Tt rests on the surface of 2
conveyor belt for which the coefficient of static friction
is u, = 0.5 and the coefficient of Kinetic frietion is y; =
0.4, If the conveyor accelerates at gz = 1 m/s", diter-
mine the initial tension in the wire and the angular accel-
ezation of the spool, The spool is orgivally at rest.

A Z Fo =mlagdsy —F+ T =300

+ 7 Z Fu = miaghy: Ny —500(2.81) =0

‘Q+E My = Joa:  B{16) — T(0.8) = 500(1.30) %
Bp = &g + &eyo

(@rha = agi — 080

oy = 0.8y

N, = 4905 N

Assume oo slipping

o :)‘_CB = Elﬂﬁ = 1.25 radfs Ans Since

g =08(1.25) = 1 mus* . ' (FyJwng = D5(4.903) = 245 = 1.52
T=232kN - Ans (No slipping oo} |
F. = 182 KN R

17-94, The spool has a mass of 500 kz and a radius
of gytation kg = 1.30 m. It rests o the surface of a
sonveyor belt for which the coefficient of stade friction is
tt, = 0.5, Detezmine the greatest acceleration ac of the
conveyor 50 that the spool will pot slip. Also, what are
the iniial tansion in the wire and the angolar acccleration
of the spool? The spaot s originally at rest.

AN =migg): T - 05N, = 500
++ E F.=migg)e N — 5000081 =0

‘Q+Z Mo o It DAN(1,6) = T0-8) = 300(1.307*x

ay, = ar + g
{ty)y] = agi — 0.8
d; = 0B

Satving;

N, =4905 N

F =313 kN Ans

w1688 mdk Ans , ' ac= L35 wE A

ag = 1347 s/ Ans I Alss,

Since ny slipping | . 14‘“2 Mic = e, 05N (08) = [500(1-3'-;?)2 +500(U-3)2]ﬂ
gt 7 + BerG ‘ Singe M, w4905 N C

2o = 1,347 = {1.684)(1.6% . a'= 1.684 radfs -

440
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17-103, The slender 150-Ib bar is supported by two cords
‘AR and AC. If cord AC suddenly breaks, determine the
initial angular dcceleration of the bar and the tension in
cord AB. ‘

[]
l!?o”’

ﬁ”(%)(ﬁz)v‘\

e
=0 o (et Refy \
A . | |

+
? F]
(a‘)z ‘ a_ﬁ
Equations of maotiqn :
. 4 150
CIF =miagh;  TThs -(,-3"2_—2)(11«:5):) )
3 1
T3 =ma) B 10=—(33 el @
sunn: L7180y o (150
Q.EME =F(Mg:  150(4) = Ti(n. 2)(8) a+(32_2)(a¢;), CH) 3
Kinematies :
ay = 9g + {8z + (@aich
sz | = (8g): +[(a¢) ]+ Acx |+ 100
?(1_ [ = ] L4 4 [T }
* 3
(] 365 = (achs @
4
{(+d) S8 = (ac)y — 4 6]
Salving Eqs.(1}~{5) yields :
o =418 radls? Tip =433 Ans
lag), =26.63 s (agl =743 g ap =138 s
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