Engineering Mechanics - Dynamics Chapter 19

Problem 19-1

The rigid body (slab) has a mass m and is rotating with an angular velocity @ about an axis passing
through the fixed point O. Show that the momenta of all the particles composing the body can be
represented by a single vector having a magnitude mvgand acting through point P, called the center

of percussion, which lies at a distance rpg = k?g / rgo from the mass center G. Here kg is the radius

of gyration of the body, computed about an axis perpendicular to the plane of motion and passing
through G.

Solution:
Ho = (rGO + I’pg)mVG =rgomvg + lgw Where Ig = mk(;2

rcomvg + rpgMvg = rgomve + mkGZw

QED

VG VG

kGZa) kG2 e kG2
rpG = — =—

rco rco

Problem 19-2

At a given instant, the body has a linear momentum L = mv and v

an angular momentum Hg = | computed about its mass center. \
G W

Show that the angular momentum of the body computed about
the instantaneous center of zero velocity IC can be expressed as
H,c= l,c@ where I, represents the body’s moment of inertia

computed about the instantaneous axis of zero velocity. As
shown, the IC is located at a distance rg,c away from the mass

center G.
Solution:

Hic = rgicmvg + lge Where  vg = erg|c
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Hic = reicmargic + Igo

Hic = (IG + er|C2)a)

Hic = lice Q.E.D.
Problem 19-3
e
Show that if a slab is rotating about a fixed axis perpendicular to the slab B

and passing through its mass center G, the angular momentum is the
same when computed about any other point P on the slab.

Solution: Aﬁd..

Since v = 0, the linear momentum L = mvg = 0. Hence the angular
momentum about any point P is

Hp = lgw

Since wis a free vector , so is Hp. Q.E.D.

*Problem 19-4

Gear A rotates along the inside of the circular
gear rack R. If A has weight W and radius of
gyration kg, determine its angular momentum

about point C when (a) ag = 0, (b) o) = @. Wep

Given:

CE
Jo
W = 4 Ibf r=075ft :
rad
ocg = 30 — a=151ft
S
rad =
w = 20 F¢ kg = 0.5 ft L
S
= 32.2 ft
g = oL >
S
Solution:
rad
(a) wr =0 —
S
wr(a+r) — ocga
VB = aCOCB a)A =
r
2
w WY 2 ft
He = | —|vga+ | — |k~ wa Hc = 6.52slug- —
g g S
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(b) WR = @
wr(a+r) — ocga

VB = awCB oA =
r
2
w Wy 2 ft
He = | —|vga+ | — |k~ oa Hc = 8.39slug- —
g g S
Problem 19-5

The fan blade has mass my, and a moment of inertia I, about an axis

passing through its center O. If it is subjected to moment M = A(1 — eb)
determine its angular velocity when t = t, starting from rest.

Given:
mp = 2 kg A =3Nm t1 =4s
lo = 018 kg-m®> b =025 *
Solution:
{1 L 11 d
ra
0+J Al1 =Y dt = 10 o1 = — | Al1-eYar o = 20822
0 lo 0 S
Problem 19-6

The wheel of mass m,, has a radius of gyration k,. If the wheel is subjected to a moment M = b,
determine its angular velocity at time t; starting from rest. Also, compute the reactions which the
fixed pin A exerts on the wheel during the motion.

Given:
&

my = 10 kg t1 =35

m
ka =200 mm g =981 >
S X

m
b =5N— -

Solution:

ty t]
2 1 rad
0+ btdt = myka o1 w1 bt dt w1 = 56.25—
0 mW kA 2

0+ Axt; =0 Ay =0 Ay = 0.00
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Problem 19-7

Disk D of weight W is subjected to counterclockwise moment M = bt. Determine the angular velocity
of the disk at time t, after the moment is applied. Due to the spring the plate P exerts constant force

P on the disk. The coefficients of static and kinetic friction between the disk and the plate are 1 and
4 respectively. Hint: First find the time needed to start the disk rotating.

Given:

W=10Ib  u5=03

ft
b =10 |b; Hk = 0.2

th =25 r=05ft
ft
P = 100lb g =322 -
S
. . . F [ [
Solution: When motion begins
usPr
bty = usPr t1 = b t1 =150 s
At a later time we have
t2 2
WA
0+ J (bt - ,ukPr) dt = (—)—wg
t 9/2
1
2 (2 d
ra
@ =—92J (bt - uPr) dt wp = 96.6 —
Wr~ “t1 S

*Problem 19-8

The cord is wrapped around the inner core of the spool. If block B of weight W is suspended
from the cord and released from rest, determine the spool’s angular velocity when t = t;. Neglect
the mass of the cord. The spool has weight Wg and the radius of gyration about the axle A iskj.

Solve the problem in two ways, first by considering the “system” consisting of the block and
spool, and then by considering the block and spool separately.

Given:
Wg =51b
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tp =3s W, s
==
Wg = 180 Ib / J / t'\/‘i\-\ r,
P
-/:_:‘ Fia ™ )"’l |
ka = 1.25 ft A, A K \ /
I’i = 15ft A =
;
ro = 275 ft
= 32.2 ft
g = oz > |
S v
K
Solution: W 0
(@) System as a whole B
Ws) 2 Wg Wgrit1g rad
0+Wgrity = | — |ka o+ | — (ria))ri o = > > o =248 —
9 g Wska™ + WgTi S
rad
(b) Parts separately Guesses T=1Ib w=1—
s
) Ws) 5 -Wp
Given 0+Ttyri=|— |ka @ Tty -WBty = | — (ria))
g g
T rad
( ) = Find(T, @) T =481lb =248 —
@ s

Problem 19-9

The disk has mass M and is originally spinning at the end of the strut with angular velocity w. If it
is then placed against the wall, for which the coefficient of kinetic friction is g4 determine the

time required for the motion to stop. What is the force in strut BC during this time?

Given:

M = 20 kg 6 = 60 deg

rad
o =60 — r = 150 mm
S
m
Hk = 0.3 g =981 >
S
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Solution:
Initial Guess:

Fce =1N t=1s Na=1N

Given r2
-M Y o+ ugNart=20

Fcgeos(O)t— Nat =0

FCBsin(e)t —Mgt+ ukNat=20

Na | = Find(Fcg,Na,t) Na = 96.55 N

Fcg =193 N

Chapter 19

t=311s

Problem 19-10

A flywheel has a mass M and radius of gyration ks about an axis of rotation passing through its
mass center. If a motor supplies a clockwise torque having a magnitude M = kt, determine the

flywheel’s angular veliocity at time t;. Initially the flywheel is rotating clockwise at angular

velocity @,

Given:

M =60kg kg = 150 mm k

Solution:

11
M kGZ(oo + ‘[ ktdt =M kGZa)l
0

[
w1 = oo+ ZJ kt dt
Mkg~ v0

? ‘

rad

t1 =3s

rad
@ =2-~

Problem 19-11

A wire of negligible mass is wrapped around the outer surface of the disk of mass M. If the

disk is released from rest, determine its angular velocity at time t.
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Given:
M = 2 kg T
t=3s
r = 80 mm C
Solution:
3
0+Mgrt:EMr2a) Mg
2 rad
W = —(g)t w = 245—
3\r S

Chapter 19

*Problem 19-12

The spool has mass mg and radius of gyration k,. Block A has mass m,, and block B has mass mg.
If they are released from rest, determine the time required for block A to attain speed v,. Neglect

the mass of the ropes.
Given:

mg =30kg mg = 10kg o =03m

m m
ko=025m vp=2— g:9.81—2
S
S
ma=25kg ri=018 m
Solution:
m rad
Guesses t=1s Ww=1— w=1—
S S
Given VA = @fg VB = @fj

2
0+ magtrg —mpgtri = mavarg + Mgvglj + msko @

t

. m rad
Vg | = Find(t,vg, ») vg=120 =  ©=667—

@

t=0.530s
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Problem 19-13

Chapter 19

The man pulls the rope off the reel with a constant force P in the direction shown. If the reel has
weight W and radius of gyration kg about the trunnion (pin) at A, determine the angular velocity

of the reel at time t starting from rest. Neglect friction and the weight of rope that is removed.

Given:
ft
P=8lb t=3s g=322—
S
W = 250 Ib 6 = 60 deg
kg = 0.8 ft r=125ft
Solution:
W
0+Prt= (—)k@zw
g
Prt rad
® = _92 o = 6.04 —
Wkg S

Problem 19-14

Angular motion is transmitted from a driver wheel A to the driven wheel B by friction between the
wheels at C. If A always rotates at constant rate @, and the coefficient of kinetic friction between

the wheels is ¢4, determine the time required for B to reach a constant angular velocity once the

wheels make contact with a normal force Fy. What is the final angular velocity of wheel B?
Wheel B has mass mg and radius of gyration about its axis of rotation k.

Given:
rad
op = 16 — mg =90kg a =40 mm
S
kg = 0.2 kg = 120 mm b = 50 mm
. rad
Solution: Guesses t=1s wg=1—
S
Given  ucFn(a+ b)t = mgkg op
a
wg(a+b) = a)A(E)
t rad
( ) = Find(t, ) wg = 3.56 —
wB S

t=512s Negs
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Problem 19-15

The slender rod of mass M rests on a smooth floor. If it is Kicked so as to receive a horizontal
impulse I at point A as shown, determine its angular velocity and the speed of its mass center.

Given:
M = 4 kg
l1 =2m
lo =175 m
Il =8Ns
6 = 60 deg
Solution:
m rad
Guesses v=1-— o =1—
S s
I1 1 2
Given Isinld)|lp ——| =—=Ml{"w I =My
-2 L
@ . rad m
= Find(w,v) o =3.90 — v=200—
v S s
*Problem 19-16
I:l
A cord of negligible mass is wrapped around //ﬁ:'r'"'—“-"-‘-:':r;:}; """""" »
the outer surface of the cylinder of weight W 5 Y
and its end is subjected to a constant horizontal -'I-' G
force P. If the cylinder rolls without slipping at i\ 4 ,."
A, determine its angular velocity in time t \\{ /:,’
starting from rest. Neglect the thickness of the e —
cord. A
Given:
W =501b
P=2Ib /-"’_"\
t=4s [ "|
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Solution:
0+Pt(2r) = F(ﬂ) rz}w + (ﬂ)(ra))r
2\ g g
4Ptg rad
w = w=114—
3rw S

Problem 19-17

The drum has mass M, radius r, and radius of gyration k. If the coefficients of static and kinetic
friction at A are g and 4 respectively, determine the drum'’s angular velocity at time t after it is
released from rest.

Given:

M = 70 kg us = 04 6 = 30 deg

m
r = 300mm kg = 0.3 g =981 -

S
ko=125mm t=2s
Solution: Assume no slip
Guesses FF=1N FNy=1N
rad m
a)=1— v=1— FmaX:lN
s S
Given 0+ Ffrt=M koza) V= or Fmax = #sFN
Mgsin(e)t—Fft: Mv FNt—Mgcos(e)t:O
Fy
Fmax Ff 51
. m
Fn | = Find(Ff, Fmax. FN, @.V) Fmax | =| 238 | N V=2836—
S
0] FN 595
rad
Vi w = 279?

Since Ff =51 N < Fpax = 238 N then our no-slip assumption is good.

Problem 19-18

The double pulley consists of two wheels which are attached to one another and turn at the same
rate. The pulley has mass m, and radius of gyration ko If the block at A has mass m,, determine
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the speed of the block at time t after a constant force F is applied to the rope wrapped around the
inner hub of the pulley. The block is originally at rest. Neglect the mass of the rope.

3

Units Used: kN = 10" N
Given: "o
mp = 15 kg F =2kN
ko =110 mm rj = 75 mm
ma = 40 kg ro = 200 mm
t=3s
Solution: Guess va =1 m =1 fed
S S A
Given —-Frit+ magrot=-mp k02w_ MA VAT
Va = olg
VA ) rad m
(wj = Find(va, o) ©=12044— VA =241 —

Problem 19-19

The spool has weight W and radius of gyration k. A cord is wrapped around its inner hub and

the end subjected to a horizontal force P. Determine the spool’s angular velocity at time t starting
from rest. Assume the spool rolls without slipping.

Given: -
5 e
W=30b t=4s /-(' -
J.fl :
ko= 045ft 1 =03 ft (% \
|| 0 |
| |
P=5Ib ro = 0.9 ft N ———F
h
. rad ft G ,,f/
Solution: Guesses wo=1— vo=1-— 1
s s
. -W W 2
Given —P(rp - riJt = | — |voro — | — ko @ Vo = ol
g g
VO i m rad
= Find(vo, @) Vo =349 —  o=127—
w s s

*Problem 19-20

The two gears A and B have weights W,, Wg and radii of gyration k, and kg respectively. If a motor

transmits a couple moment to gear Bof M =M, (1 — e®), determine the angular velocity of gear A
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at time t, starting from rest.

Given:
Wa =151b Wg =101b

ra = 0.8 ft rg = 0.5 ft

ka = 0.5 ft kg = 0.35 ft

Mg =2Ibft b=05s *
t=5s
Solution: Wy W
I'|'Z"._.I JI'.' I-'H'
Guesses //. - /k \
rad rad ( i ' ——
op=1-— wg=1-— ImpF =11lbs \ I A, | B
s s \ : S
t ] |
: —bt WB) 2
Given Mo(l -e ) dt — ImpFrg = | — k" wB A F
. g A, B,
ImpFra = | — |ka op WATYA = WBIR
g
wp
. rad
wg | = Find(wa, g, ImpF) ImpF = 6.891bs o =757
ImpF
p rad
op = 471.3—
s

Problem 19-21

Spool B is at rest and spool A is rotating at @ when the slack in the cord connecting them is
taken up. Determine the angular velocity of each spool immediately after the cord is jerked
tight by the spinning of spool A. The weights and radii of gyration of A and B are W, k,, and

Wi, K, respectively.
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Given:
Wa =301lb Wg =151b X,.j:‘_'_‘_':\\\-n fﬁ,—"""'m\
n'-r L B % II_-
w-osft kg-ostt  [E %) ." ;;f:r,
. | EEE I. I| | '.f Y ! [
ra =12 ft rg = 0.4 ft \ "\\{.”,-1 A '\._\ At J
e ,:/' 7
. -
rad - _ S
0 =6—
s
Solution: A,
Guesses 1~
—~ 'ﬁ
rad rad / )
op =1— o =1— T
S S '\\ / ry
|
Imp =1 Ib-s Y r
.lr{.l.ll
Given
Wa Wa Wg
(—jkAza)— Imprp = (—jkAza)A Imprg = (—)kgzwg WATA = WBIB
g g g
OA
. WA 1.70 \ rad
wg | = Flnd(a)A,a)B,lmp) Imp = 2.141b-s . = =i <
B .
Imp

Problem 19-22

Disk A of mass m, is mounted on arm BC, which has a negligible mass. If a torque of M = Mg is

applied to the arm at C, determine the angular velocity of BC at time t starting from rest. Solve the
problem assuming that (a) the disk is set in a smooth bearing at B so that it rotates with curvilinear
translation, (b) the disk is fixed to the shaft BC, and (c) the disk is given an initial freely spinning
angular velocity @K prior to application of the torque.
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Given:
= = . rad

ma = 4 kg Mp = 5N-m COD=—80T

r = 60 mm a=05s h

b=250mm t=2s

. rad
Solution: Guess ogc =1 —

t
(a) Given J Mo 2t = MA®BC b2
0

. rad
WBC = Flnd(a)Bc) wBC = 68.7—
S

t 2
r
(b) Given J Mo 2t = MA®BC b2 + m/_\(?j ®BC
0
. rad
WBC = Flnd(a)Bc) wBC = 66.8 —
S
r2 t ¢ 5 I’2
(c) Given —ma| > a)D+J Moea dt = mawgch™ — mp > @p
0

. rad
WBC = Flnd(a)Bc) wBC = 68.7—
S

Problem 19-23

The inner hub of the wheel rests on the horizontal track. If it does not slip at A, determine the speed
of the block of weight W, at time t after the block is released from rest. The wheel has weight W,,

and radius of gyration kg. Neglect the mass of the pulley and cord.

Given:
Wp =10 1b rp=1ft

t=2s ro =2 ft

fi
Wy =301 g=322— |
S

kg = 1.30 ft : o
: A :
. ft _
Solution: Guesses vg =1 — i
s
ft rad
Vg = 1— T=11Ib w=1—
S S
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Given Tt-Wpt=|——|vg T(ro + 1)t = | — |vgri+ | — |ka" @
9 g g
VG = ol VB = affj + Ip)
VG
rad ft ft
= Find(vg,vg, 0, T)  T=473lb w=113— vg=113— vg=340—
0] S S S
T

*Problem 19-24

If the hoop has a weight W and radius r and is
thrown onto a rough surface with a velocity vg
parallel to the surface, determine the amount of
backspin, ax, it must be given so that it stops
spinning at the same instant that its forward
velocity is zero. It is not necessary to know the
coefficient of kinetic friction at A for the

calculation.
N W
Solution:
o —— £
W W == -—
[her-(§ )= an \ Bk
g g A

) = — —
| T
.'?"\-"

Problem 19-25

| g ! ."I

\ N !

VG \’\ ] j//
F

The rectangular plate of weight W is at rest on a smooth horizontal floor. If it is given the
horizontal impulses shown, determine its angular velocity and the velocity of the mass center.
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Given:
d

Il
H
o
o

Il
o
1
-
=2
=

a=05ft f=4 /
1 /
ft ' o
b = 2 ft g = 322 —2 I |rJ X
S
c=1ft
. ft ft rad
Solution: Guesses vy =1 — vy =1-— 0=1—
S S S
Given

@|=
N
3

_

\/ez+f2

_° 1 - Izsin(6’) =(
2 2

Ve +f

(ﬁjlla ~Izsin(6)(b - d) = %(%)(bz + o (%)VX@ " (%)Vy@

Vx
% Find(v V ) Y R 119 rad Y, )
= , ,C() = a = — — = —
y x> G vy s C=2a7)5s
w
ft
|vg| = 64.5—
S

Problem 19-26
The ball of mass m and radius r rolls along an inclined plane for which the coefficient of static

friction is g If the ball is released from rest, determine the maximum angle @for the incline so that
it rolls without slipping at A.
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g

a

By

r ol |
ﬂ-'-"’f} F o/
A

N

Solution:
Nt—mgcos(e)t:O N:mgcos(e)
2 2 20r
Nrt == t= ——
HET 5mr © Sygcos(e)
. ro
O)t — uNt = t=
masin{)t - it = mro m R —)
Thus
2ar ro Tu
= 0 = atan| —
5ugcos(6)  glsin(6) — s1cos(0) [ 2)

Problem 19-27

The spool has weight W, and radius of gyration kg If the block B has weight Wy, and a force P is

applied to the cord, determine the speed of the block at time t starting from rest. Neglect the mass
of the cord.

Given:

Ws = 75lb  t =55
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ko = 1.2ft 1y = 2ft

Wp = 60lb  rj = 0.75ft

P = 25Ib
Solution: L
ft rad
Guess vg =1— w —
S S
Given |
—Wh Ws), 2 4§
—Prot+Wprit=|——|vgri—-| — ko @ =
g g
B
VB = afj _

@

VB d ft
( j - Find(vg,®)  ©=568—  vg=426—
S S

Chapter 19

*Problem 19-28

The slender rod has a mass m and is suspended at its end A by a cord. If the rod receives a
horizontal blow giving it an impulse | at its bottom B, determine the location y of the point P

about which the rod appears to rotate during the impact.

Solution:

FAt = MVem

mat = lw

ly=Il'o

v 3]

MVem

I=m%a) (2)

Divide Egs (1) by (2)

(1)

4

| i
[3 \/33j
y=—+—|I
12
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Problem 19-29

A thin rod having mass M is balanced vertically as shown. Determine the height h at which it
can be struck with a horizontal force F and not slip on the floor. This requires that the
frictional force at A be essentially zero.

Given: B I f
M=4kg L=08m
F—a—
Solution: ¥
L f
Ft= MQ)E h Mg ]
2
L
Fth=M—o : 4 t
3 d
Thus T
N |
L L2 T T A R
Ma)_h: M_[() n e Pl | - P - .
2 3
2

Problem 19-30

The square plate has a mass M and is suspended at its corner A by a cord. If it receives a horizontal
impulse | at corner B, determine the location y' of the point P about which the plate appears to rotate
during the impact.

Solution:

Ia Ma2 6 |

2 _ = P 0= — ——

ﬁ ﬁMa

| = Mv V —I

= G G—M
e V2

y =— y =—a
w 6

Problem 19-31

Determine the height h of the bumper of the pool table, so that when the pool ball of mass m strikes
it, no frictional force will be developed between the ball and the table at A. Assume the bumper
exerts only a horizontal force on the ball.
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Solution:

7
Fat=Mav  Fath= M PAo A= rdo

Thus

7 7
Mrdwh = =M rZAa) h=-—-r
5 5

*Problem 19-32

The double pulley consists of two wheels which are attached to
one another and turn at the same rate. The pulley has a mass M¢

and a radius of gyration kg. If the block at A has a mass M, and
the container at B has a mass Mg, including its contents,

determine the speed of the container at time t after it is released
from rest.

Given: A
Mc = 15 kg ko = 110 mm

Ma =40kg rp = 200 mm ’f&\

Mg =85kg ro =75 mm - S
t=3s :;
B _
Solution: A
]
m m rad
Guess vp = 1— vg =1— o =1—
s s S
Given Magtr; — Mggtrp = MAVAr1+MBVBr2+Mck02w
VA = ol VB = @l
VA
. rad m m
Vg | = Flnd(vA,vB, a)) w=212— vp = 4.23 — vg = 1.59 —
S S S
[0

Problem 19-33

The crate has a mass M. Determine the constant speed v, it acquires as it moves down the

conveyor. The rollers each have radius r, mass M, and are spaced distance d apart. Note that
friction causes each roller to rotate when the crate comes in contact with it.
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Solution:

Assume each roller is brought to the condition of roll without
slipping. In time t, the number of rollers affected is v,t/d.

Mcgsin(é’)t— Ft=0

F= Mcgsin(e)
Frr= 1m0 29
r= 5 r o g Mg My
f’@..r
Mc
Vo= [29 sm(H)d V F=Mygsind {, G,

N

Problem 19-34

Two wheels A and B have masses m, and mg and radii of gyration about their central vertical
axes of k, and kg respectively. If they are freely rotating in the same direction at @, and @, about

the same vertical axis, determine their common angular velocity after they are brought into
contact and slipping between them stops.

Solution:

mAkAza)/_\ + mp kBZa)B = (mAkA2 + mp kBZ)a)

2 2
maka~ @p + Mpkg~ wp

@= 2 2
maka~ + mgkg

Problem 19-35

The Hubble Space Telescope is powered by two solar
panels as shown. The body of the telescope has a mass M,

and radii of gyration k, and k;, whereas the solar panels
can be considered as thin plates, each having a mass M,.

Due to an internal drive, the panels are given an angular
velocity of @], measured relative to the telescope.
Determine the angular velocity of the telescope due to the
rotation of the panels. Prior to rotating the panels, the
telescope was originally traveling at Vg = (Vi + vj + v,K).
Neglect its orbital rotation.

.;“.
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Units Used: Mg = 1O3kg
Given:
rad m
M1 = 11 Mg wg = 06 — vy = —400 —
S S
Mo = 54 kg m
a=15m vy = 250 —
ke = 1.64 m S
m
ky = 3.85m b=6m v, = 175 —
S
Solution: Angular momentum is conserved.
rad
Guess or =1—
S
. 1 2 2
Given 0=2 EMZb (a)o—arr)— M1 ky~ ot

oT = Find(arr)
oT = 00024
S

Chapter 19

*Problem 19-36

The platform swing consists of a flat plate of weight W, suspended by four rods of negligible

weight. When the swing is at rest, the man of weight W, jumps off the platform when his center

of gravity G is at distance a from the pin at A. This is done with a horizontal velocity v, measured
relative to the swing at the level of G. Determine the angular velocity he imparts to the swing just

after jumping off.

Given:
Wp = 200lb  a = 10ft
Wm = 150lb b = 11ft
ft
Vv=5— c = 4ft
S
Solution:
rad
Guess o =1—
S
-W Wy [ c2
Given 0= m(v—a)a)aJr—IO —+b2 1)
g g \ 12
. rad
o = Find(w) = 0190 —
S
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Problem 19-37

the same mass m. Also, the length of each rod is
equal to the diameter d of the disk. If the

I

Each of the two slender rods and the disk have I
0
assembly is rotating with an angular velocity l

when the rods are directed outward, determine o
the angular velocity of the assembly if by ‘—w—'
internal means the rods are brought to an upright / 7 /-

vertical position. #

Solution:
Hi = Ho

1 (dV? 1 ) 1 (d) % 11
—m|—=| +2—md" +2md |w1 =|—m|=| +2m|—=| |w2 w2 = ——0]
2 2 12 2 2 2 3

Problem 19-38

The rod has a length L and mass m. 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 rotating with
angular velocity @ about its end and the collar
is released, determine the rod’s angular
velocity just before the collar flies off the rod.
Also, what is the speed of the collar as it
leaves the rod?

Solution:
Hi = Ho

1 2 m)( L L 1 - m 19
—_mL " wo+|—||=|o|—=|=—mL & +|— |L&' L 0w =—ow
3 4 )\ 2 2 3 4 28

T1+V1=T2+ V2

101 2y 2 1/m\(L V¥ 1/m) 2 1(m 2 1(1 9\ 2
Jzm? e+ 22 20| =222 2 D (Lw) + 2 2ml? | @
2\ 3 2\ )\ 2 2\ 2 2\ 2 2\3

2
N 57 2 2 19 " 95 v" = 0.985wL
V= |—L w +|—w vV'= [— ol
112 28 98
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Problem 19-39

A man has a moment of inertia 1, about the z axis. He is originally at rest and standing on a small

platform which can turn freely. If he is handed a wheel which is rotating at angular velocity @and has
a moment of inertia | about its spinning axis, determine his angular velocity if (a) he holds the wheel

upright as shown, (b) turns the wheel out &= 90°, and (c) turns the wheel downward. = 180°.

Solution:
Y
(a) 0+lo = lyom + lo oM =
|
(b) 0+ 1lw=Il,0pm+0 a)le—co
z
21
(c) O+lo=loy-lo oy=—o

* Problem 19-40

The space satellite has mass m,, and moment of inertia I, excluding the four solar panels A,B,C,
and D. Each solar panel has mass my, and can be approximated as a thin plate.If the satellite is
originally spinning about the z axis at aconstant rate «,, when &= 90°, determine the rate of spin
if all the panels are raised and reach the upward position, 8= 0°, at the same instsnt.

Given:

rad
mss = 125 kg a=02m wz:O.ST

l, = 0.940 kg-m> b = 0.75 m

Mgp = 20 kg c=02m

Solution: Guess wz; =1 %
Given e -0 o~
Msp(, 2 2 b)? Msp 2 2
{'z + 4{E(b +cC ) + msp(a+ E) ﬂwz = ['z + 4[50 + Mgpa ﬂwzz
w72 = Find(wz) Wy = 3.56%
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Problem 19-41

Chapter 19

Rod ACB of mass m, supports the two disks each of mass my at its ends. If both disks are given
a clockwise angular velocity wn; = wg, = @, while the rod is held stationary and then released,

determine the angular velocity of the rod after both disks have stopped spinning relative to the rod
due to frictional resistance at the pins A and B. Motion is in the horizontal plane. Neglect friction

at pin C.
Given:
™ I.|I G I.|l o |
my = 2 k — Ll
' g I./f- .-—l fj-’_- H\"l
4 kg p |\ B ) =4 )
m = | [ 1 ¥ /
d r-—u.-.'\““"-- I 4 e, Nl A
rad J T
wg =5—
S
a=075m
r=015m
Solution:
1 2 1 2 2 Mr 2
2l =mg|rwg =12 —mg|r +2mga + —(23) |w
(2 d) 0 [(2 d) d 12()}2
2
Mg r rad
wo = wQ wp = 0.0906 —
S

2 2 (mrj 2
mgr-+2mga” + 3 a

Problem 19-42

Disk A has a weight W,. An inextensible cable is attached to the weight

W and wrapped around the disk.The weight is dropped distance h

before the slack is taken up. If the impact is perfectly elastic, i.e., e =1,

determine the angular velocity of the disk just after impact.

Given:
Wp =201b h=2ft

W =101Ib r=05ft

Solution:
v1 =+/2gh
rad
Guess wp =1— vp = 1—
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= (e ()
Given — vir=|—|vor+|—|—w? Vo) = wor
g9 9 9 /)2

V2 . ft rad
= Find(v2, wp) Vo = 5.67— wp = 11.3—
[0y) S S

Problem 19-43

A thin disk of mass m has an angular velocity @, while rotating on a smooth surface. Determine its

new angular velocity just after the hook at its edge strikes the peg P and the disk starts to rotate
about P without rebounding.

Solution:
Hy = Hp P __M"L_
/ d T
; ;e eme w
—_mr~ w1 =|—mr- +mr |wp -
2 2 — f
iy
1 .
W = -
2 3 1

*Problem 19-44 _.1,'-.3;- ;

The pendulum consists of a slender rod AB of weight W, and a
wooden block of weight W,,. A projectile of weight W/, is fired into

the center of the block with velocity v. If the pendulum is initially at i
rest, and the projectile embeds itself into the block, determine the
angular velocity of the pendulum just after the impact.

Given:

B
ft ft !
Wy =51b Wp:0.2lb v = 1000 — g =322 — .
S 32 L_ A
Wp=10Ib a=2ft b=1ft
]
Solution: L. s o
w b W\(a2] (Wo)(b%)] (Wb b\2 (W )2
— Va+—=|=||—||=|+|—||=|+|—|la+—= —la+—=] |o2
g 2 g /\3 g /\6 g 2 g 2
Wpv a+E
= 2 —694@
T2 2 o2 2 =
Wr—+Wb—+Wb(a+Ej +Wp(a+—)
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Problem 19-45

The pendulum consists of a slender rod AB of mass M; and a disk of mass M,. It is released

from rest without rotating. When it falls a distance d, the end A strikes the hook S, which
provides a permanent connection. Determine the angular velocity of the pendulum after it has
rotated 90°. Treat the pendulum’s weight during impact as a nonimpulsive force.

Given:

M1 = 2kg r=20.2m
Mo = 5kg | = 0.5m
d = 0.3m

Solution:

v/ 2gd

I2 r2 2
M{—+Mo— +Mo(l+r
13 25 2(1+1)

Vi

IA

Guesses

I
Mlvlz + Movi(l+1) = lpm

w3

1I 2
—lpw
2A2

rad

wy = 3.57—

S

1 2 |
= E'AWS - Mlgz - Mag(l+7)

rad

Chapter 19

Problem 19-46

A horizontal circular platform has a
weight W, and a radius of gyration k,

about the z axis passing through its center
O. The platform is free to rotate about the
z axis and is initially at rest. A man having
a weight W, begins to run along the edge

in a circular path of radius r. If he has a
speed v and maintains this speed relative
to the platform, determine the angular
velocity of the platform. Neglect friction.

e
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Given:
ft
W1 =3001Ib v=4—
S
Wy = 150 Ib
r = 10 ﬁ kz = 8 ft
Solution:
Mvr = lw
Wo W1 - rad
o= —kfe 0T WV o=03122
g g W1kz S

Problem 19-47

The square plate has a weight W and is e
rotating on the smooth surface with a :
constant angular velocity ay. 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.

Solution: g

DG o

*Problem 19-48

Two children A and B, each having a mass My, sit

at the edge of the merry-go-round which is rotating s e "
with angular velocity @. Excluding the children, the
merry-go-round has a mass M, and a radius of
gyration k,. Determine the angular velocity of the
merry-go-round if A jJumps off horizontally in

the —n direction with a speed v, measured with
respect to the merry-go-round.What is the
merry-go-round’s angular velocity if B then jumps
off horizontally in the +t direction with a speed v,
measured with respect to the merry-go-round? T
Neglect friction and the size of each child.
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Given:
M1 = 30 kg k; =06 m
Mo =180kyg a=075m
rad m
w=2— V=2—
s S
Solution:
rad
(a) Guess w =1—
S
Given (M2 K + 2My az)a) - (M2 K + My az)a)g
. rad
) = Flnd(a)g) wy =241 —
S
rad
(b)  Guess w3 =1—
S
. 2 2 2
Given (Mz k;” + M1a )(02 = Mok w3 + Ml(v+ a)ga)a
. rad
w3 = Find(w3) w3 = 1.86 —
S

Problem 19-49

A bullet of mass m, having velocity v is fired into the edge of the disk of mass my as shown.
Determine the angular velocity of the disk of mass my just after the bullet becomes embedded in it.
Also, calculate how far &the disk will swing until it stops. The disk is originally at rest.

Given:
mp=79gm mg =5kg ¢ = 30 deg | (g
o s
m
v=800— r=02m I;/ /’{H.!f__r e /
S Pl
Solution: l.l I.l
rad \ \ /
Guesses o =1 — 6 = 10 deg . r d
\""'-\.._\___ -)-.;/’/
. 3 1(3
Given  mp vcos(¢)r = Emd r2w -mggr+ E(Emd rzj a)2 =-Mmyqg rcos(@)

@ d
(9) = Find(, 6) o= 3.23% 0 = 32.8 deg
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Problem 19-50

Chapter 19

The two disks each have weight W. If they are released from rest when 6= 6, , determine the
maximum angle &, after they collide and rebound from each other. The coefficient of restitution
is e. When 6= 0° the disks hang so that they just touch one another.

Given:
ft = 2r -
g =322 — | |
32 e——— " g a—
)
W =101b * A I P/ B -
/ ’/ /
Al f & _r |
91 = 30 deg |I F # e || |I F |I
|
e =075 \ /
Y
r=1n \ /
Solution: o o
rad rad
Guesses w =1— w =1— 6> = 10deg
S S
. 13 W
Given -W rcos(@l) = —(— — rz) a)12 -Wr
2\2 g
erw] = rwy
13 W
-Wr+ —(— — rz) a)22 =-W rcos(@z)
2\2 g
o]
) w1 2.40 ) rad
@ | = Flnd(wl , 02, 6’2) = — 6y = 22.4deg
[07) 180/ s
)
Problem 19-51 _ R
. :
The rod AB of weight W is released from
rest in the vertical position. If the coefficient
of restitution between the floor and the
cushion at B is e, determine how high the
end of the rod rebounds after impact with
the floor.
Given:
W=151Ib
| =2 ft —E
e =07
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Solution:
rad rad

Guesses w =1— w =1— 6 = ldeg
S S

Given

NEETA YN 1) 1(w) 12
W=|==—|—o ew |l = wl W| = |sin(6) = =| — —
2) 2\g)3 2 2\g ) 3
]

@1 6.95 rad
w | = Find(@1, @y, 6) ( j:( jﬂ 6 = 29.34 deg

0
h = Isin(6) h = 0.980 ft

Chapter 19

*Problem 19-52

The pendulum consists of a solid ball of weight
W, and a rod of weight W,. If it is released from

rest when 6, = 0°, determine the angle 6, after the

ball strikes the wall, rebounds, and the pendulum
swings up to the point of momentary rest.

Given:
Wy = 10lb e =06 L = 2ft
ft
Wy = 4lb r = 0.3ft g= 32.2—2
Solution: s
Wy L2 2(Wp) o Wp 2
Ian=|—]||—|+=|— | +—(L+7r)
g 3 S\ g g
rad rad
Guesses w =1— w =1— 6> = 10deg
S S

. L 1 2
Given 0=-Wp(L+r) —Wy 5 +E|Aw1

e(L+nNw1 =(L+1nNw

~Wp(L +1) — Wr(%) + %I Ao’ = —|:Wb(L +1) + W{%ﬂ sin(62)

]
] w1 5.45 ) rad
@ | = Flnd(wl , 02, 6’2) = — 6> = 39.8deg
@7 327 ) s
i
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Problem 19-53

The plank has a weight W, center of gravity at G, and it rests on the two sawhorses at A and

B. If the end D is raised a distance ¢ above the top of the sawhorses and is released from rest,
determine how high end C will rise from the top of the sawhorses after the plank falls so that it
rotates clockwise about A, strikes and pivots on the sawhorses at B, and rotates clockwise off
the sawhorse at A.

Given:
W = 30lb b = 1.5ft A B
I m=————r  — - 1t
a=3ft c=o2ft : AN A\ 7
f VAN
Solution: La & wla— h —wfa— [} —ula i |
1(W W
Ig = —| — |4(a+b)? Ip = Ig+|— |b?
12\ g g
rad rad
Guesses w1 =1— wp =1— 6 = ldeg h = 1ft
s s
. b 1 2 w
Given W c=—lpm —lgw1 +| — |w1bb =—lp
2b+a 2 g
. 1 2 .
Wbsm(e) = EIAwZ h=(a+ 2b)sm(¢9)
]
a) ) w1 1.89 )\ rad
2| - Find(w1, g, 6, h) = ( j— 0=478deg h = 0.500ft
0 [07) 095/ s
h

Problem 19-54

Tests of impact on the fixed crash dummy are conducted using the ram of weight W that is
released from rest at &= 6, and allowed to fall and strike the dummy at 8= 6,. If the

coefficient of restitution between the dummy and the ram is e, determine the angle 6, to
which the ram will rebound before momentarily coming to rest.

Given:
W=300Ib e=04

01 =30deg L =10ft

ft
6 =90deg g = 322 -
S
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Solution:

[
[

ft
Guesses vy =1— vy = 1—

.'I-\.!
s s ! ' L
03 = 1 deg ! . .
Given |
1(w ’ -
~WLsin(6y) = E(_) v1% - WLsin( ) * !
g
1(W —
~WLsin(6p) + E(_) vo” = ~WLsin(63)
g
evy = V2
Vi
V2 | = Find( ) R 03 = 66.9d
2 | = Find(vy,vo, = — = 66.9de
172,53 ) 718 /) S 3 g
03

Problem 19-55

The solid ball of mass m is dropped with a velocity v, onto the edge of the rough step. If it
rebounds horizontally off the step with a velocity v,, determine the angle & at which contact
occurs. Assume no slipping when the ball strikes the step. The coefficient of restitution is e.

My

Solution:

No slip wor = v2cos(9)
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2
Angular Momentum about A mvq rsin(e) =mvy rcos(H) + gm r2w2

Restitution evy cos(e) =V sin(&)
- . [7e
Combining we find 0= atan[ ?j

*Problem 19-56

A solid ball with a mass m is thrown on the ground // Vi \x
such that at the instant of contact it has an angular [ 4 b
velocity @ and velocity components Vg, and Vg,

as shown. If the ground is rough so no slipping \ (o ;"
occurs, determine the components of the velocity h: {,;"'
of its mass center just after impact. The . >’
coefficient of restitution is e. e

Solution:

Restitution eveyl = VGy2
2 2 2
Angular Momentum gm r2m1 -mvgxlr = Em r2 ®2 + MVGy2 l

No slip Vex2 = @2f

- 5 2
Combining —VGEx1 — =fo]

VG2 = 7 7
eval
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