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@ The slender bar is released from rest in the position shown. (a) Use conservation of

energy to determine the angular velocity when the bar is vertical. (b) For what value of x is the angular
velocity determined in part (a) a maximum?
Solution Choose the datum at the level of the pin. From the
conservation of energy, 7+V = const., where T is the kinetic
energy and V is the total potential energy (see Eq 8.19). By

~ definition, ¥} = 0 at the datum, and 7; = 0 at the datum
because the bar is released from rest there, from which

T3 +V, = 0 at any other position. The change in total potential x m
energy in terms of the work done is U =V -V, = -V, (see — I —
equation preceding Eq (8.19)). The work done is (- BT
Us=[*Fds= —J-(;xmga’s = mgx = -V, . The kinetic energy is

R
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2 mlL ) . .
= Eloa 2, where / = ETH +mx”, from which - U3,
2

—-mgx + (%)('—n—é— +mx }»% =0. (a) Solve
® % =77 28% (b) Take the derivative to find the maximum:

(—~ L? + ( L*+ xz)

12 12
dm% =0= =0, from which |x "—
TS

@ The 4 kg slender bar is pinned to a 2 kg sliderat A andto a
4 kg homogenous cylindrical disk at B. Neglect the friction force on the slider

and assume that the disk rolls. If the system is released from rest with 6 = 60°,
what is the bar's angular velocity when 8 = 0?
Solution  Choose the datum at © = 0. The instantaneous center of the bar has

the coordinates (LcosB, Lsin®) (see figure), and the distance from the center

of mass of the bar is é’ from which the angular velocity about the bar's

. . L . .
instantaneous center is v = (—i—)a) , Where v is the velocity of the center of

mass. The velocity of the slider is v, =wLcos8 , and the velocity of the disk is
vg =wLsin® The potential energy of the system is

Vy=m,gLsin6, + mg(—lzi)sine 1. At the datum, ¥, = 0. The kinetic energy is

2
1 N 5 (1Y m?) , [1)’" 5 ()mBRz vp
= v+ Vi = — + v —| , where at the datum
2 (2)"”‘ 4 (2)’" (2)( 12 28T I\ T2 |’

vy =0Lcos0’ =al, vg =0Lsin0°=0, v =m(§). From the conservation of energy: V; = T5.

Solve: {0 = 4.515 rad /s]




[
= The system is in equilibrium in the position shown. The mass of the slender bar ABC
@ is 6 k7, the mass of the bar BD is 3 kg, and the mass of the slider at C is 1 kg. The spring constant}is

k=200 N/m.If a constant 100 N downward force is applied at A, what is the angular velocity Pf the

bar ABC when it has rotated 20° from its initial position?
Solution Choose a coordinate system with the origin at D and
the x axis parallel to DC. The equilibrium conditions for the bars:

for bar BD, ZFx =-8,+D, =0,
2.7y =-B, —mppg+D, =0.
2. Mp =B, sin50° - [By + mBzDg)00550° = 0. For the bar

ABC, 3 F,=B,~F=0, Y F, =-F, +C=mupcg+B, =0.

D Me =QF, - B, +m 4pcg)cos50° ~ B, sin50° = 0. At the
initial position F, = 0. The solution: B, =3087N,

D, =3087N, B, =2207N, D, =515N, F=3087N,
C=3679 N . [Note: Only the value F = 3087 N is required for

the purposes of this problem ] The initial stretch of the spring is .

F 3087 f

p = 7 = 200 - 0.154 m. The distance D to C is 2cos6 » 80 that the final stretch of the spring Fs

S, =8+ (2 c0s30° —- 200550°) = 0.601 m. From the principle of work and energy: U = L-1q ,“ where
T} = 0 since the system starts from rest. The work done is I/ = Uforce +U gpc +Upp +U spring - ‘-Ll‘he

I

\
height of the point A is 25in8 , so that the change in height is 4 = 2(sin 50° sinSO"), and the vgork

1 . |
done by the applied force is U = ['Fdh =100 25in50° - 25in30°) = 532 N -m. The height of
JSorce ! 4

the center of mass of bar BD is ~SI;1—9 , so that the work done by the weight of bar BD is {
|

(sm30° —sinso") =391 N-m. )

h m
Upp = ];J ~mppgah = - 1;08’

The height of the center of r}lass of bar ABC is sin0 , so that the work done by the weight of bar ABC is
h L
U pc = Jo -m ypcgdh = —mABCg(sin30° - sinSO") =1566 N -m. The work done by the spring is

S .
U spring = jSlz —ksds = —%(Sz2 ~87)=-3372 N -m. Collecting terms, the total work:

U =39.07 N -m. The bars form an isosceles triangle, so that the changes in angle are equal; by
differentiating the changes, it follows that the angular velocities are equal. The distance D to C is
Xpc =2cosO , from which v = -2sinf o , since D is a stationary. The kinetic energy is

1 1 m
I, = (%)]BDCO 2 +(%)1A3Cco 2 +(E)”’ABCV,243C +(5)mcvé =502, where Igp = _133;D_(12)’

(22), Ve =)o, ve = -25inB o . Substitute into U = 7, and solve:

Vi =
ABC 12

lo =2.795 rad /s




U

®

=t =

The 2 kg slender bar starts from rest in the vertical position and falls, striking
smooth surface at P. The coefficient of restitution of the impact is e = 0.5. When the bar rebounds,
through what angle relative to the horizontal will it rotate? Strategy: Use the coefficient of restltupon to
relate the bar's velocity at P just after the impact to its value just before the impact. |
Solution Choose a coordinate system with the origin at the center of 1~~~ [
mass of the bar at the initial position, and the y axis positive upward. The T o |
strategy is to use the principle of work and energy to determine the angular
velocity of the bar the instant before impact; use the coefficient of
restitution to determine the bar's velocity the instant after impact, and use
the principle of work and energy to determine the maximum angle reached

Im § \

after rebound. From the principle of work and
energy, U = T, — 7}, where 7 =0, since the bar Wy t N
starts from rest. The work done by gravity is go PR D [o} : e J
U = [* -mgdh = L _o)=mglL) N ' ‘
= h] mgan = —mg| —5— —ng -m T
.. . 1. 4,2 1 ml? 2 . . .
The kinetic energy is T; = 51(0 25513 P2 Substitute into U = 7, to obtain

L 2
mg(—i) = (2)(——m§' 2, from which @ 5 = —J% =-542 rad/ 5.The linear velocity at the end of the

baris vy, = Lo = -542 m/ s. From the definition of the coefficient of restitution (see Eq (8.46)), since
the surface P is stationary the upward velocity at the end of the bar after rebound is '

= —(O.S)(v,,-p) =271 m/ s, and the angular velocity after rebound is © ' = ZL— =271 rad /s. From
the principle of work and energy U =T, - 7}, where 7, = 0 since the bar comes to rest a% the maximum

h o
angle. The work done is U = J;: ~mg dh = -mg(h, - 0) = —mgh, . The kinetic energy is |

2
T = ! Io'? =(l) mL” 2 Substitute into U = -7, and solve: A, = —Ii—co 2 2 0125 m, which is
2 2\ 3 6g
the maximum height of the center of mass of the bar after rebound. The associated angle i
2h,
0 max = Sin ‘( ; ) 14.48°

The 1 kg sphere is traveling at 10 m/s when it strikes the and of the 4 kg stationary

&

slender bar B. If the sphere adheres to the bar, what is the bar's angular velocity after the impact?
Solution The linear momentum is conserved: m v 4 =m vy +MgVery,

. g Y
where v(, is the velocity of the center of mass of the bar after impact, and 7
v 4, v are the velocities of the sphere before and after impact. The angular
momentum about the point of impact is conserved:

0= -(é)m Ve +1op@ ' From Eq (8.46) (see solution to Problem 8.62) if
2

19
3

the sphere adheres to the bar, v} = vj;,, and e = 0. From kinematics, : 10 mis g
! AN i =y - Ll Substitute into the A “o
Vip = VoM + FP5 from which veyy = vy 5 .
expressions for the conservation of momentum to obtain the two equations in A
L ' {
two unknowns: myv 4 = (mA + mB)vj4 - (E)mBm ', and \}_}4 ol
. 'cM
2 mgL* -
0=~ £ va;i-i- mBL +1CM ’ Note ]CM= B . Solve:
2 4 12 V'
V‘l\ O tnp
6mAVA :
'=——A A4 __=375rad/s

(4m 4 +mpg)L
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The 20 kg homogenous rectangular plate is released from rest (Fig a) and falls ZOD
mm before coming to the end of the string attached to the
corner A (Fig b). Assuming that the vertical component of
the velocity of A is zero just after the plate reaches the end
of the string, determine the angular velocity of the plate
and the magnitude of the velocity of the corner B at that
instant.
Solution Choose a coordinate system with the x axis J
parallel to top edge of the plate in Fig (a), with the y axis positive upward. j

Denote the vector distance from the corner A to the center

pz3 Liss

of mass of the plate by 7 = ai — bj , where a = 025 m, LNI\,
b =015 m. From the principle of work and energy, ) n;; o’

U=T, - T, where T = 0 since the plate is released from A 6N- AT gy \
| o8

. ¢h
rest. The work done is U = _[0 —-mgdh = ~mgh , where

. . 1 ‘
h=-02 m. The kinetic energy is T; = (E)mv2 , from which v = —,/—-Zg = —1981 m, whete the

negative sign on the square root is chosen to conform to the choice of coordinates. From the
conservation of linear momentum in the horizontal direction, mvg, = mvg, , from which
VGr = VG =0, that is, the horizontal component of the velocity of the center of mass is zero the instant
after the string tightens. From kinematics, the velocity of the center of mass is V=P34 +0'xF.

- — -

i j ok

Vo =V4+0 ' xF= Ax+vay+ 0 0 o =;(vj4x+bco')+f(v54y+a(o ) Since v T*
a -b 0 |
Gy =0, then 0=v), +bo’, and v5, = ao . The angular momentum abOl'lt Ais conserved‘.
i j ok i
(Fxm¥g)=(FxmVg)+156". Substitute and reduce: 7 xmvg ={a -b 0 |=(amv)k, |
0 mv O ‘
- - - \
i ik 2 ‘

Fxmvg =|a ;lb Ol=a’mo’ k, Ig6' = [M}nm * k. Collect terms and sLbstitute
0 man’ O 12 ‘

2
. . . \ 2a 2
into the conservation of angular momentum expression to obtain amv = a2m+(( ) 12( ) ]m "

, 3av 3a-2gh

from which o’ = =- =~5452 rad / s} (clockwise), i
(4a2 +b2) (4a2 +b2) ( - 1

& = +aw)j = -1363) (m/s), and vl = -bo ' = 0818 m/s. The velocity of the comq‘r Bis

—- - —

P ]k
obtained from ¥ =g +6' x (ai —4j)=0+[0 0 '|=(bo")i +(vg, +a0')j, |
a -b 0

Vg = 08181 273} (m/s), from which [¥p| =285 m/s|




