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18-6. Determine. the kinetic energy of the system of
three links. Links AB and CD each welgh 10 1b, and link;
BC wetghs b 5 :

Link BC i w‘njectsd o general plane motion, Using the 1

Fare = foue =raic == L o ' i

=.u_amﬂ=0
raie -

ue = ug = ug = 5(1) = 5 fifs

p = E = E = 5 radfs
rer b
A1

Kinetic energy - -

. L “+ T

] 1
T = %IA g = E[':l'? (3_1,0_)(1)1](5)1 120408 1o ‘ l l
TSl H‘ ¢ v, Y.

2.2
1
e = gmik+ ;Gagc 5[3 1](5)24—0 776408

Tp== lua%p [‘3 = 2)(1}2}(532 12940 - b

7= L2940+ 7. 7640+ 1. 2940 = 1.4 61+ Ib  Ans

18-7. The mechanism consists of two rods, AR and BC,
which weigh 10 Ib and 20 Ib, respectively, and a 4-Ib block

. at €. Determine the kinetic energy of the system at the
instant shown, when the block is moving at 3 ft/s. /\
Link BC s subiected to getieral planc motion. Using the €

fane = Toue = Foije =&

Kinetic energy : For the links

Lis=r L;mh [ 322)(2)1](1 5)*=0455s& b

I}cu-m‘lﬁ;+ tawﬁc ](3} +0= 27850t Ib . e

[322

For the black

o= mcﬂ%

(32 Z)m =0.5590 - Ib

T = 60,4658+ 2.7950+ 0. 5500 = 3.32 £ b Ans
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‘#1816, The 4-kg slender rod-is subjected to the force
" and couple moment. When it i i the position showa it
has an angular velocity. wy = 6rad/s. Determine its
“sngular velocity at the ingtant it has rotated downward. L
" OF. The force is always applicd perpendicular to the axis o C ko

f the rod. Motion ocerrs in the vertical plane, o ‘ -

£ 43U, = 5
11 11
2[3(4)(3) Yo© + 15(2)(3) + 4(9.81)(13) + 40(2) = 2[3(4)(3} ta

@ = 825 wmd/s Ans

1817, The 4-kg slender rod is subjected 1 the force and
couple moment. When the rod is in the position shown it -
has a angular velocity o = 6rad/s. Detwerming its
angular velocity at the instant it has rotated 360°, The.
force is always applied perpendicular to-the axis of the
1od and motion occurs in the vertical plane.

L+Eh., =0

i 11
3[%(4)(3)2](5)3 + 15(2m)(3) + 40(2m) = 5'[5(4)(3)2] o'

m = 112 tad/s ' Anz

18-18. The elavator car E has.a mass of 1.80 Mg and the
counterweight € has a mass of 2,30+ Mg, If a motor turns
the driving sheave .4 with a constant torque of M =
100 N m, determine the speed of the elevator when it has
ascended 10 m starting from rest, Eachisheave A and B
nas a mass of 150 kg and a radius of gyration of 'k =
.02 m about its wmass center or pinned axis Neglect the
“mass of the cable and assume the cabie does not slip on
the sheaves.

1Sa{4. 50N

180 W o

‘ g=i;’§=25.57 cad _ Ay

:“',']"l+ZU1_2=E . ‘ ‘ A;- l 230@(‘1?0”

. u+23m(9.81)(10)—1800(9\81)(‘10)-&100(23-57) . 1209 (4.7 Ml

- a0y + L3000 + (@[ 1500 :'.f“_l(—"---)1
=3 (18000 +5 AL 1007 55
L sl 9 RN

© §1907.1= 2009

=497 mfs Ans
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18.30. The assembly consists of two 15db slenderrods
and a 20-1b disk_ If the spring is unstretched when 8 = 435°
and the assembly is released from rest at this position;

determine the angwlar velocity of rod 'AB at the instant
& = {". The disk rolls without slipping, . . -~

T+ U a=T:

[0+ 0] +2{15)(1.5) sln 45° — %(4)[:5 — D) o AT

=[3 () o?)<]

wyp = 428 radls . . Ansg

1.5 5in 45°

18-31. The uniform door has a mass of 20 kg and can be
treated a3 a thin plaie having the dimensions shown. If it 15
connected to a torsional spring at A, which has a stiffness
of k=B80N- m/md determine the required inidal {wist

of the spring in radiang so that the door has an angular ‘

velocity of 12 rad/s when it closes at & = 07 after being
opened at @ = 90° and wleased from rest. Hine: For a
torsional spring M = k@, when k is the stiffness and & is
the angle of nwist. .

n+yUae="T

L 11
0 f %00 46 = — [—czmco.sf] I lae
" 213

w[(eu + :25)2 — Qg] =307.2

By = 1.66 ma Ang

#1832, The uniform slender bar has a mass m and a
length 1. iz subjected to a nniform distributed load wy which
s always ereoted perpendicuiar 1o the axis of the bar If it is
released from » from the position shown, determine its
angular velogity at the instant it has rotated 7. Solve the
probleim for rotation in () the horizontal plane, and (b) the
vertical plane.

—log
P
=

i

o
i
[
i
H

]
i I +EU‘_2 =% o’“w._ We
=y Oy — ___.‘h
100 + [<[lowpdsyind® = SizmiBal M i
. 03 * Sznde
Fw Il 1y,
T2 MR = —mE
= i
Wl m Lo
5 (2} . dm.i.ml

NEAT
) 1}-:_7(-;) Ans
Iiote : m:wmwmaxamm o] cam aliag e determined from dts resultant.

#’(L) - —rnl? e IAJ,L

m-‘ww:-<
* R T e,

W L eEVy =R

(0] + Somt s n&(fb = %(%mﬁ)uf

R P TR
2 m.L Iml |
.. ) /
o= 3—— + 2 am
im L; ‘.‘;' .

P . D
Al f E—
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i847. The compound disk pullcy consists of & hub and
attached outer rim. If it has a mass of 3 kg and a radius
of gyration kg = A5 mm, determine the speed of block A
after A descends 0.2 m from rest. Blocks 4 and B each
have a mass of 2 kg Negleot the mass of the cords

TIJ.-V::EJ-E{I

+ 4085,
PR TS G mm
.03 0.1
A
fg =038, .
%6 0.0013
Sitg, =02m 35 =006m : n

Sybstituting and solving yiekls,
o = 14.04 madfs

Ans

{0+ 0+ 0] + [0+0] m Mrswms) |+ -(2}(0.03:11) +-(Z){01w) =~ N9.8315,

«18-48. "The 15-kg semicireular segment is released from
test in the position shown, Determine the velocity of point
A when it has rotated counterclockwise 90°, Assume that
the segment rolls without slipping on the surface, 'Ihe
moment of inertia about its mass center is I = 025 kg- m?,

L+W=T+4
O+ 159 B1WL2) = %(G.Zﬁ)af +-§(15}[(0,2-'D.15) t.'ﬂ]2 + 15(9.31](0.2—0. 15)
f=12.30 rad/s

45
v =12.39(02/7)=3.50mfs T Ans

iS{a. 8N

519, ZHN
\ _ iy A
o x )
. L K jq‘f A Tian
Tk e {ﬂ‘l”ﬂalﬁ}rﬂ 0.2\ Fm

472
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18-58. “The assembly consists of two &-Ib bars which are
pinesnnected to the two 10-Ib disls. If the bars are Teleussd
from rest when 8 = 60°, determine their angnlar velcgities at

-

1he instant 8 = 307, Assume the disks roll without @pping, -

Ya ™ mjs(l's)_ ‘\[ﬂ

My = 3y,
Ve = Lia,,

LaVm Bty

" my = 220"

{0 + O] + 2801 S5ins07)] = iz%{l(ﬂycu.syﬂ}(a%f . %{%){mu(lj} 7

'Rz

1 8 1,1 8
+ 5(352)(1-5&,.,)“ + 5{—(—)(:-")1}(@“)11 + 2181, 35307

12'322

Ans

18-59. The end A of the garage door AH travels along the
horzontal track, and the end of member BC is attached to
a sprng at C. I the spring i originally unstretched,
determine the stiffness k so, that when the door falls
downward frosn rest i the position shown, it will have zer0
angular velocity the moment it closes, i, when it'and BC
become vertical, Neglect the mass of member BC and
assume the door is a thin plate having a weight of 200 b
and a width and height of 12 ft. There is as similar connection
and spring on the other side of the door,

L

@)* = (6)F + (COY® — 26 CD)cos15®

5[ lis

CDF — 11.591CD + 32 = 0
Selecting the smaller root .
CP = 45352 ft
H+W =L+
e .
0+0=0+ 2[5&)(3—4.5352)31— 200(6)

£ = 100 b/t Ans
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+19.4, Gear A rotates along the inside of the circular
gear rack R. If A has;a waight of 4 Ib and a radius of
gyration of kg = 0.5 ft, determine its angular momentum
about point C when' wea = 30 rad/s and (8) wg =0,
(b) wg = 20 rad/s.’ S

a)

vy = (15)(30) =45 fifs

45
= 55 = § rad/s '1.1'??
r 4 B 4 )
(" H"(sz.z)(mﬂj} [(32.2)(0'5)2](50) ? -S3 h {y1c
<
= . L]
&.52sng- &3 Ans 0-‘?5}{- A

. o5

v = 1.5(30) = 45 frfs

“lrp: 2'.2&-( Za‘)w: 4‘EW$

oy =0

.

(9 He= (3-;5)(45)(1.5.)

= 8,20 shug- /s Ans

v

10-5. Solve Prob, 17-55 using the principle of impulse
and momentim,

2(9.90N
i

(% (Hoh +E | Mo dem (Hok
‘ |
0+ [ 3(1-e)di=(0. 180

3(e+ 503§ = 0. 180

. m.?. 248 ead/s Ans

L AT
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19.10. A fiywhes) has 2 masz of 60 Kg and & radius of ‘ , )
gyration of kg = 150 msn about an axis of rotation passing

through its mass center. I a motor supplies & clockwise ‘ »
torque having & magnitude of M = {5f) N-m, whers tizin

segonds, determing the fhywheel's sngwlar velocity mt=

7 5 Tnitially the frywheelis eotating clockwise at ¢h = 21ad/s.

6-«{1.51)1*

G (Hla + Ef M &=k
; p meSF
g0(0. 187 () + | 5rate= 600 157 o "
fy
m= 18.7 rdls Ang
19-11. A wire of negligible mass is wrapped around the .
wuter surface of the 2-kg dick. If the Jisk is relcased from
rest, determine its angular velocity in 3 5 b
T
{ (*’) Trqih +-«‘3]:M:cdl‘= hean
L
0429 81%0.08)(3) =[-12-(z)(o.oa)’ " 2(0.08)*]:»;
@, =245 /s fAns Flu L

*

#1912, The spoot has a mass of 30 kg and 3 radius of

gyration ko = 025 m. Block A has 2 paass of 25 kg and ‘

block B has a mass of 10 ke {f they are released from ' .
cest, determine the rime required for plack A e atiain a

speed of 2 0 /5. Neglect the mass of the ropes : ,
. Vi T 2mis ) '3

2
o m GAGT
0.8 m > malfe
vy = 6667018 = 120 mis
(& (Hoy +E]Marm Hon
0 2905~ 10e SR = H2H0.5 + S 2REEET) + 1 L20H0.8)

t = 05305 Ani

' 19-13. The mat pulls the rope off the ceel with 8
constam foree of % i ln the dipection ShowT. if the veel
has 2 weight of 250 lp and radivs of gyration hg = 0BT R w
about the trunnion {pin) at A dotermine the angulaf o .
velocity of the reel in 3 s starting’ from rest. Wegleel
friction and the weight of rope thit i removed.. ' o et -

AR AR

o+ 8012803 = [—}ﬁ'ﬁ(ﬂ.ﬁ)a‘]w

o = 604 mdlE ADs

a .

o
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1923. The jnmer hub of the wheel rests on the horizontal s

track. If it docs mut slip at A, dotermine the spocd of the ,

10-lb block in 2 5 after the block is released from rest.

The wheel has a weight of 30 Ib and 2 radius of gyration

ks = 130 f1. Negleot the mass of the pulley and cord. © o .

FIETRE

) T B, . oo B
SPQQ!, ’i‘ T " ) I
(W E); + I M = H, o e

0+ T2 = (L + (1L

Block,

(+B  mvy)+ BB de= miv),

10
SO+ 1D -T2 = T3vs

vy ™ 3401/ Amns

T=4730

«19-24. If the hoop has n weight W and radiug r and is
thrown onto a rough surface with & velocity v parallel
to the surface, determine the amount of backspin, wy, it
must be given so that it stops spinning at the same instant
that itz forward velogity is zero. It is not necessary to know
the coefficient of kinetic friction at A for the calculation.

] ‘
p

Y e

(3—) miva: )t +EJ'E dt=m(ve
¥ e~Ft=0 m
-

((+)  (Hoh +Z[Mgdi= (Hoh

—grijm, +FHr)=0 @
Eliminate Ft between Egs. (1) and (2},

ﬂhﬂ:‘g Anx
r
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19.29. A thin rod having a mass of 4 kg is palanced -
yertically as shown. Determine the beight & at which. it
can be struck with a horizontal force F and not slip.on .
the floor, This requires that the frictional force at Abe
essentially zero. :

F
B
R
ko
A
H
(=) wlvgh +E [ Fode=m{vge e
O+ F) = dug (1)
((Ca hoy +E[ Myde= Loy
L 2
O+ FRiD = [5(4)(0-3) ]m &)
However, up=w(04) {3
Suirate Eq.(3) into Eq. (1) Fr=1.6a R L )
1
~(4%0.8° _ '
Divide Eq.(2) by Eq.(4) h=d e =050 m Ans ' *

§9-30. The square plate has a mass m and s suspended
at its corner A by a cord. If it receives ahorizontal impulse
I at cornee £, determine the location y of the point F

about which the plate appears to rotate during the impact.
() (Hoy + I) Mods = (B, .

—“'{,,’
0+ I(-Jf_i) = %(f + az)m @ ’
—

T

i ;

(=) mvg) + E_[F;d: = vy ~ E
0+ =nmv;

61 ]

O = —_ b

y2em ;

.Cq

=
o)
L]
Hl~
LJ:i
iiu
=
&

t yote_m o V24"

I’
mi‘tﬂ
ot

&

b

B

- A

49 ‘ : ;
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19.37. Each of the two slender rods and the disk have &
the same mass m. Alse, the length of each rod i equal to
the diameter 4 of the disk. i the assembly is rotating with
an apgdlar velocity an when the Tods are directed .
outward, determine the angular velocity of the assembly -
if by internal means the rods are brought o an upright
vertical position. '

g
H, = H
1 d 1 1 4z doz .
[am,:a)?-]wx + z(ﬁmﬁlm + 2mdTm) = [Em(if],m + maj“m
. 11 An
@ = ?&Jl 13 . '
G ‘
. L]
19-38. The tod has 2 jength L and mass . A smooth
collar having a negligible size and one-fourth the mass of
the rod is placed on the rod at its midpoint. If the rod is
freely rotaling at @ sheut its end and the collar is released,
detepmine the rod's anguias veloeity just before the collar
flies off the rod. Also, what is the speed of the collar as it
legves the rod? Wiy W ,
g —
0, e A
— I R e
0), T j'f Lud
1 % m, L L 1 2
AmrPyeo + —{oy ol = =mll@ + =L'e
(3 ) 4(2)4&1‘( 2) 3
19
= Ans
28

L+Vi=L+Y%

3o i Lo b e d e Lty
SGmia’ £ 5GP = S+ e 5 (GmL N

= 07121 '

¥ = 4(70.73421.’%001) + [I{-;—zﬂ]l = 1985wk Ans

s o :b i
v’ P T
b4 ':. K} ‘ ' Y

AQd
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19.47. The square plate has a weight W and i8 rotating '
on the smooth surface with a constant angular”velocity

. Determine the new angular velocity of the plate just .
after its corner strikes the peg P and the plate starts to- '
rotate about P without rebounding. = . i

E(Hp)o =Z(He)y

T e e )

l .
w=- Ans
e

v133

%10-48. Two children 4 and B, each having a mass of 30
kg, sit at the edge of the merry-go-round which is rotating at
w = 2 rad/s. Excluding the children, the metty-go-round
has a mass of 180 kg and a radius of gyration k, = 0.6 m. ’ z b
Determine the angular velocity of the merry-go-round if A

jumps off horizontally in the — direction with a speed of 73 = '<
2 m/s, measured with respect to the merry-go-round. What ' o e
is the merry~gzo-round’s angular velocity if B then jumps off
hotizentally in the +¢ direction with a speed of 2 m/s,
measured with respect to the merry-go-round? Neglect
friction and the size of each child.

A jumps off, SRR
w = 2rad/s

(H,g)o = {H )y

[180(0.671(D) + AOTH(DIOTH = 18006 @y + [30(0.75) e, 1(0.75)
@, - 241 rad/s Ans ‘
B jumps off,

Tz = Yy T Vaw

vy = 0750, + 2
Ry, = (H);
[180(C.E1°1(2.41) + [I0.T5H2ADKOT5) = [FE0(0.6° ey + [30(0.75e, + 2075

&y = 1.86 mdfs Ans

i TEES



19-95. The sobid ball of mass m is dropped with'a velocity
v, onto the edge of the wouph step. If it rebounds
horizontally off the step with & velocity:vg, determine the
angle 8.at which contact esurs, Assume.no si:ppmg Wl'tﬂ'"

the balt strikes the slﬁp ‘The c?eﬁci‘ent uirﬁ'.shtmmn ise.

Conservmion of Angalar Mo menum 3 4 Sine the: weeight of ﬂleknhd all
1» 8 aonimpulsive fored, then angular mummrum 'lﬁ CﬂﬂSCWﬁj about Pﬂmt A.

The mass moment of nartis of the solid ball’ zbmu g WSS LN i! [ *—mr"

Uy
Here, an =

A.ppky'mg Eq. 19— 17, we hawe

. REA )‘} ={H, }3
[ oy, o'y = Tame #[my 0y ) )0

2 . cos @ :
(v, ) (rsin 8) = [qmr )[U afs )-!-lﬁm:)lrmsﬁ)

f1]

L

5
='"-1anf
7

Cocfficiant af Restiturion ; Applving Bq. 19— 20, it have Equating Bgs. [)] and [2] yikis
_0={w}
T {w,) -0
_ - s sinﬂ')
—uycon @ .
u, ecos B 2]

—_

v, snf

5 ecos &
b=
7 S8
. 7
an g e e

:;T:

Ans
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*19.56, A solid ball with a mass m is thrown on the
ground such that at the instant of contact it has an
angular velucity ey and velocity compamients (vez)n n:nd
{ve)y as shown, [f the ground is rough so no slipping
otcurs, determine the components of the velocity of ils
mass cenier just after unpact The coefficient of
reatitution is e,

Coefficiem of Resimdon (y direction)

(+1} .= 2= Vel (Ugdy, = —#ltiGly, = ¢{vgly T Am
“"ﬂ’n -0
Cunservarion of anguisr momentum about point on the ground

( (% (M =Hah

2 2
- gmr’m + mivg)o r = gmr‘mz + m{vg)ezr

(vpder = o2+ then,

: 2
5!“"0)” - "Eﬂh r)
oy =

Ir

Sinze no lipping

Therefore

plia = ;(ﬁ"t:)n - %fh\:r) A
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| RS The 6o slender rod it originally at rest,” v
suspended in the vertical position. Dtermine the distance -

dwhere the 1-Ioball, traveling at v = 50 ft/s should strike %
the rod so that it does'not create & horizontal irrpulse-at
A. What is the rod's angular velocity just-after the impaot?
Tkee =05 7 oot

Beod:

(¢ Een + E{Mgde = (Hoh

. M
-1 Aw 2o
0+ JFar(d-L3) = (u(m)(‘.!}’)m | T
| | | ta
mivg); + Eder = m{vch . . F i
0+ |Fdt = mil.5a)
Thus,

- . 0s w PO
m(l.5a)d~1.5) = %(m}(ﬁ}za} e=05= Ze
d=2ft Ans vo = lay
This is called the cemter of porcnssion. Sex Brample 195, Thas, |

O CANEY: S CEE @ = 6.82 adls... A

3;}75(”)(2} = [;(5-:—2)(3)“]@: + 3—;_—2(1451.){2)

R2:6. At a given instant, the wheel is rotating with the
angular motions shown. Digtermine the acceleration of
the collar at A at this instant.

8 = 16(0. 15)— 820, 18)j = {2.4i—9.6J} mss®
Wy == cusﬁD“'ﬁ\aA snf0%j . @=ok Ty ={=0.5}m K ' :
Ay = @y Ry ”‘ﬂ;fnm .

2.4i—9.6§ = (=ay cos60% +a, Sin60°J)+ (o) % (—0.5D — (& 1577 (~0.50)

© 24— 9.6] = -~y COS60°+ B, 64)i+ (0. S+ a4 sin60°)

R

Equating the # and j componants yields :
24= —a, cos§0° + 8.64 a, = 12.5 mid Ans o 16La15) CREEY

0.6 = —0. Sz (12, 5) gin &0° o = 40,8 rad/s? J
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R2.9, The gear rack has a mass of 6 kg, and the gears each
have a mass of 4 kg and a radius of gyration of k = 30 mm.
IF the rack is originally moving downward at 2 m/s, when
s =0, determine the speed of the rack when s = 600 mm.
The gears are free to turn about their centers, A and B.

T

Otiginally, both gears rotate with an angalar velocity of
@ = 6%5 = 40 cadls. After the rack has taveled s =600 mm, borh pears rouite

with an angular velocity of @ = 62163 where vy i the spesd of the rack at that

aoment.
Pyt datamn theoagh points A and B. :

T+U=h+¥4
l 2 1 z z _1! 1 2l o S
| E(ﬁ)(Z} + 2[5[4(0.03) ](40} }.m_ 5{6}«.:& +2{ 2[4(0.03) ]( 5 05) } 6(9.3110.9)

1, = 3,46 mis Ans

R2-10. 'The gear has a mass of 2 kg and a radius of
gyration k4 = 0,15 m. The connecting link (slezider rod)
and slider block at B have a mass of 4 kg and 1 kg,
respectively. If the gear has an angular velocity =
8 rad/s at the instant @ 45° determine the geat’s
angular velocity when & = 0°,

. Arposition 1

(ah L L6 5 conr radts (op )y =0

{tmph =
TAlC

(Bag)s = (cna ) e = 2-6667(0:3) = 0.8 rujs

Atposition 2
L

= -—r- =1 an
i e TAIG .0

cosd5*
(v = (@nn e Tauig = 0.235T0, (0.6) = 0. 14140y,

(0as = (g e Teric = 0.2357 (0.6708) = 0. 1581y
1 i Iy L |
T = 12 [(2) AP EP + 3.(2)(1,6‘)“ 4 :—1(4) 087+ i[ﬁ("" (0-5)’](1- 6667)

= 570671

. . .' 1
L= %[ (2300 15 (an * + %(1)(& 20y ) 45 (0. 158Lom Y

1 -
+5] 5068 ]10.2357@, 7+ S0 141402
B = 0125844 L+ =hktk

Put daram through bar in posidon 2. : \ 53,7067 + 16,6481 = 0,12580€ + 0

¥= 2(’9.81)(0.65in45°)+4(9.31){0.351'.&145") =i6.64813 H=0 = 13.3 radfs A




