DYNAMICS OF RIGID BODIES

. Energy analysis of the block
problem

A block and a spool are each pulled
across a level, frictionless surface by a
string, as illustrated at right

The string pulling the block is tied toa
small hook at the center of the front face
of the block (not shown). The string

pulling the spool is wrapped many times
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-and-spool

around the spool and may unwind as it is
pulled.

The block and the spool have the sa

pulled with the same constant tension and start pulling at the
same instant.

Make the approximation that the strings and the hook are
massless. Block! \/\
o

a.

me mass. The strings are Top view

Does the spool cross the finish line before, after, or at the | mass
same instant as the block? Explain

- —— - -

Consider the following dialogue between two students:

Student 1: "I think that there's the same amount of work done on block and spool as they
are pulled from the start to the finish since they both move the same distance.”

Student 2: "I disagree. I think that the hand pulling the spool does more work than the
hand pulling the block since the string unwinds as the spool is pulled."

With which student, if either, do you agree? Explain.

When each crosses the finish line, is the total kinetic energy of the spool greater than, less
than, or equal to that of the block? Explain. (Hint: Use the work-energy theorem.)

When each crosses the finish line, is the translational kinetic energy of the spool greater
than, less than, or equal to that of the block? Explain.
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2. Three identical rectangular blocks

_onless surface. Forces of equy -
are a1 rest on 8 Icvd‘g'c:'of the three blocks. Each force i

‘ i r exert “x"), as shown in the

magnitude that act in the same direction are F! by the ,ymbol ’

e T
wlow,

Top view f' 4
£ i ! l |
h Block 3 L

Blook 1 Block 2 | b direc
For each blocks, draw an arrow on the diagram above 10 ';‘fdtihm;a e ,,“::non of il
woolemi: gx &ﬁ}ﬁm of any block is Z€r0, state that explicitly. Explain.

nter-of-mass acceleration, from largest to
nitude center-of-mass acceleration, state so |
body diagram for each block.

b. Rank the blocks according to magnitude of ce
smallest. If any two blocks have the same magnitt
explicidy. Support your ranking by drawing a point free-

. A uniform rigid rod rests on a level, frictionless surface. The diagram below indicates four
different combinations of (1) net force on the rod and (2) net torque on the rod about its centey
mass. In each box, draw vectors that represent one or two forces that achieve the given

L .

combination of net force and net torque. If any combination is not possible, state so explicitly. ]

For example: In the second case, indicate one or two forces that could be exerted on the rod se:
that at the instant shown the net force on it is zero, but the net torque on it is not zero.

Top view
I 5 T I =4 = o
IF =017, 1=0 | IF_|=0,17 |20 | |F_|=0, |7 |=0 | |F =0, 7|20
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b. Rank the net forces exerted on the th

Dynamics of rigid bodies

All three objects
are released
rest

object§ A, B, anfi C are made of different materials, thus the
coefficients of friction between the objects and their
corresponding ramps are not necessarily the same.

Object A reaches the bottom o

i fits ramp first, followed by objects B and C, which reach the
bottom at the same instant,

a. Rank the objects according to maq

smallest. If any objects have the
explicitly. Explain.

gnitude of center-of-mass acceleration, fr_om largest to
same magnitude center-of-mass acceleration, state so

ree objects according to magnitude, from largest to

smallest. If the net force on any two objects is the same, state so explicitly. Explain.

In ﬂl? spaces Free-body diagram Free-body diagram Free-body diagram
provided, draw and for object A for object B for object C
label a (point) free-

body diagram for

each object.

Rank the frictional forces exerted on the three objects according to magnitude, from largest to

smallest. If the magnitude of the frictional force is the same on any two objects, state so
explicitly. Explain your reasoning.
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5. Energy analysis of falling°5P0"’s exper

The modified Atwood's machi b
of two identical spools connected by | deal pulley: The
inextensible thread that runs m;er an ideal but it isll
thread is wrapped around spo0 | B wi
attached to a 1f)i[:ued point on spool B, 0 that SPO°

not rotate.

The spools are released from res
at the same instant.

iment
ght consists

A many times,

t from the same height

the motion of the spools

a. In tutorial, you observed . v onCes
after they were released. /gnoring small differ
in their motions:
« In which direction did each spool move?
' ool B?
« Did spool A hit the ground before, after, or af the same instant as Sp
b. Is the magnitude of the center-of-mass acceleration of spool A (while it is falling) grearer
than, less than, or equal to that of spool B? Explain.
c. Is the translational kinetic energy of spool A just before it hits the ground greater than, less
than, or equal to that of spool B? Explain.
d. Is the total kinetic energy of spool A just before it hits the ground greater than, less than, or
equal to that of spool B? Explain.
e. Consider th t isti P
oyl fhsey;:gfo“s'sn"g of all of these objects: spool A, spool B, the thread, the
i.  Explain how you can tell that the total ene i
. rgy of th ;
+ Kinas, 8 + Kioy, 4 + Koo, ) is constant as spoglz A amidS gy;:lm (€ Ugnr.p + Ugnr+ Konm
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ii. Suppose that thjg S

- IS System starts wi
. tgroml‘d" whnchhls Where the zero tl’ct::- U'm‘-‘ = Usnv,5 =9 J. Just before the spools hit the
ranslational kinetic energy K, , ___34'3"“800na1 potential energy is chosen, spool A has

energy of spool A at this instant, Show y(l))uert tvnnil:‘C the value of the rotational kinetic
ork.

6. A third identical spool, spool C, js added to

the falling-spools experiment described ;
preceding problem. scribed in the

As above, all spools are released from rest
from the same height at the same instant
Spool C is not in contact with any other '
objects as it falls.

a. Rank the spools according to magnitude
of c_enter-of-mass acceleration (while
falling), from largest to smallest. If any

spools have the same center-of-mass
acceleration, state so explicitly. Explain. Floor

b. As in the preceding problem, suppose that Uy, s = Ugny, s =9 J before the spools are
released. Just before the spools hit the ground, which is where the zero for gravitational
potential energy is chosen, spool A has translational kinetic energy K, a=41J.

i. Rank the spools according to maximum translational kinetic energy, from largest to
smallest. If any spools have the same maximum translational kinetic energy, state so
explicitly. Explain. (Use the definition Ky, = §MUen’.)

ii. Rank the spools according to maximum total kinetic energy, from larg;s} to smalle§t. If
any spools have the same maximum total kinetic energy, state so explicitly. Explain.
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