Phys202 - Dynamics - Spring 2007 HW12 Solutions

Problems 15.56, 15.60, 15.72, 15.80, 15.82.

18 ft/s

1 Problem 15.56

In the position shown, block A is moving to the left at 18 ft/s, and the spring is undeformed.
Determine the spring stiffness k& that would cause the system to come to rest after A has moved
3 ft. The coeflicient of kinetic friction between A and the horizontal surface is 0.4, and the weights
of the pulleys are negligible.

Solution: With a non-conservative force (friction), conservation of energy doesn’t quite apply,
but what I call semi-conservation of energy (AE = Worknc)does work. The friction force is found from the

normal force. S Fay=N-W, N =61b f=uN =241

The amount of work done by the friction force is U = f- A7y = (241b)i- (=3ft)i = —721b- ft

The rope constraint is: L = (zpulley — 4) + (Ypulley — ¥B) + (Yeeiling — YB)

It gives the relationship between the motions of A and B: 0= —v4q —2up
vp = —3va = —0.5(—18ft/s) = 9ft/s

The A7’s have the same relationship as the velocities. Ayp = —0.5Ax4 = —0.5(—3ft) = 1.51t

The initial kinetic energies are: Ta = gmavi =3 (%) (18ft/s)* = 30.181b - ft

Ty = dmpv} = 3 (55 ) (91t/5) = 10.061b- fe

The potential energy changes are: AVipring = %k&? — %k&f = %k (3 ft)2 = 4.5k
AVBgraV = mBgAyB = (8 lb) (15ft) =121b-ft

Knowing the work done by non-conservative forces, kinetic and potential energy are now useful. The initial
kinetic energy is known. The initial potential energy is zero, because the spring is unstretched and by taking
the initial height of B to be zero. The final kinetic energy is zero, and the final potential energy can be
determined.

Ey—FE; = Unc
AVspring + AVB,grav + ATy + AT = Uy k = 4.676 lb/ft
4.5k + 12— (30.18 + 10.06) = —7.2



2 Problem 15.60

Particle A of mass m4 is released from rest in the position shown and slides
with negligible friction down the quarter-circular track of radius R. The body
B of mass mp containing the track can slide freely on the horizontal surface.
Determine the speeds of A and B when A reaches the bottom of the track.

Solution: Conservation of energy tells us how much total kinetic energy the
system must have when A reaches the bottom, but there will be two unknowns (v 4
and vp). Conservation of momentum in the z-direction will give the additional
necessary equation.

E = Ef Pzi = Dzf
magR = %mAvi—i—%mBU% 0 = mavg +mpup
2 —  _y,ma
magR = gmavi+gms (”Az—ﬁ) VBT T A,
magR = %mA (1—1—2—2) v% 5
2gRm?
v = |—y /A
v = 298 _ 29fimp 7 mp (mp +ma)
(1 + M) (mp +ma)
mp

3 Problem 15.72

The system is at rest when the simple pendulum is released from the position
shown. When the pendulum reaches the vertical position for the first time, com-
pute the absolute speed of (a) the pendulum’s bob A; and (b) the carriage B.
Neglect rolling resistance of the carriage.

Solution: This is the exact same as the previous problem, except that the
change in height isn’t R, it is R (1 — cos#). (Two objects, one falls, constraint is
relative circular motion, no net work by constraint, no external = forces.) The

velocities are
_ [2(9.81m/s2)((1.8m)(1-v2/2))(5ke)
AT \/ (2ke)+(5ke)) =12.718 m/s
vp = — 18 (2718 m/s) =| ~1.087m/s




4 Problem 15.80

The two particles A and B, connected by a rigid rod of negligible mass,
are initially at rest on a smooth horizontal surface. If A is given the
initial velocity vy as shown, determine the velocities of A and B when
the assembly has rotated through 90°.

Solution: We know the initial conditions (mass A moving with ¥4; = vof and mass B not moving). We
want the final conditions, ¥4 and ¥, which is 4 variables. Our 4 equations will be conservation of momentum
(2 equations, one for the xz-component and one for the y-component), conservation of angular momentum
(1 equation because there’s only planar motion which means only a z-component of ﬁ), and the constraint
(rap = const).

First, conservation of momentum: p=(3m) (voj') = maUa +mpip

‘ 0=3mva, + mup ‘ and ‘ 3muvy = 3muvay + mupy ‘

The constraint means: rAp = |Fa — Tp| = const = \/(T“Az - TB;E)2 + (ray — TBy)2
1 . .
0= 2(raz —Ba) (Vaz — vBx) + 2 (ray — 7By) (Vay — vBy)] = 7= (UaB - TaB)
27'AB AB

Uap -TaB =0

Which means the components of velocity in the direction of 745 are equal VA TAB = UB ' TAB
. L

The angular momentum about the center of mass: hoy = 1 (3m) vg

In the final state, the ang. mom. is SmLvg = (%) (3m) (—vaz) + (2£) (m) (vBa)

|vo:va_'UAx|

Sovle these 4 equations for vag, vay, VBg, and vpy.

3 (—3042) -1 3

VAy = VBy = =V vg = (—3VAz) — Vax VAz = —0 VBy = =V
Ay By = ;v0 0 A A A 1 v B 7o
— 1 o ~ — 1 o o
In vector form: = Z’UO (—z + 3]) B = ZUO (32 + 3])

5 Problem 15.82

The assembly consisting of two identical masses and a supporting frame
of negligible mass rotatesfreely about the z-axis. Mass A is attached to
the frame, but mass B is free to slide on the horizontal bar. An ideal
spring of stiffness k and free length Ry is connected between A and B.
Determine all possible combinations of R and 6 for which B remains at
rest relative to the frame.

Solution: Use polar coordinates and consider only mass B. The force
of the spring is always pointing toward the center (i.e. —ég-direction)
because its free length is the radius of the arm. In the R direction,

S Fr = —kR = magr = —mRH?. This equation is true when or

. . k
when 6% = k/m which means | = 1/ — |
m




