Name: Class: Date: ID: A

Unit 4-Rotation FR Quiz

Problem

L.

my =20kg mty

1991M2. Two masses. m; and m, are connected by light cables to the perimeters of two cylinders of radii 7;
and r,, respectively. as shown in the diagram above. The cylinders are rigidly connected to each other but are
free to rotate without friction on a common axle. The moment of inertia of the pair of cylinders is / = 45 kgm?
Also r; = 0.5 meter, r, = 1.5 meters, and m; = 20 kilograms.

a. Determine m; such that the system will remain in equilibrium.

The mass m;, is removed and the system is released from rest.

b. Determine the angular acceleration of the cylinders.
c. Determine the tension in the cable supporting m;
d. Determine the linear speed of m; at the time it has descended 1.0 meter.
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ID: A
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7

4m

Experiment A
2001M3. A light string that is attached to a large block of mass 4m passes over a pulley with negligible
rotational inertia and is wrapped around a vertical pole of radius , as shown in Experiment A above. The
system is released from rest, and as the block descends the string unwinds and the vertical pole with its
attached apparatus rotates. The apparatus consists of a horizontal rod of length 2L, with a small block of mass
m attached at each end. The rotational inertia of the pole and the rod are negligible.

a. Determine the rotational inertia of the rod-and-block apparatus attached to the top of the pole.

b. Determine the downward acceleration of the large block.

c. When the large block has descended a distance D, how does the instantaneous total kinetic energy of
the three blocks compare with the value 4mgD ? Check the appropriate space below and justify your
answer.

Greater than 4mgD Equal to 4mgD Less than 4mgD
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ID: A

radius r 4

T

4m

Experiment B
The system is now reset. The string is rewound around the pole to bring the large block back to its original
location. The small blocks are detached from the rod and then suspended from each end of the rod, using
strings of length /. The system is again released from rest so that as the large block descends and the apparatus
rotates, the small blocks swing outward, as shown in Experiment B above. This time the downward
acceleration of the block decreases with time after the system is released.

d. When the large block has descended a distance D, how does the instantaneous total kinetic energy of
the three blocks compare to that in part C? Check the appropriate space below and justify your

answer.

Greater before Equal to before Less than before
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H
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1997M3. A solid cylinder with mass M, radius R, and rotational inertia »2MR? rolls without slipping down the
inclined plane shown above. The cylinder starts from rest at a height H. The inclined plane makes an angle 6
with the horizontal. Express all solutions in terms of M, R, H, 6, and g.

a. Determine the translational speed of the cylinder when it reaches the bottom of the inclined plane.

b. On the figure below, draw and label the forces acting on the cylinder as it rolls down the inclined
plane Your arrow should begin at the point of application of each force.

O

c. Show that the acceleration of the center of mass of the cylinder while it is rolling down the inclined
plane is (2/3)g sind.
d. Determine the minimum coefficient of friction between the cylinder and the inclined plane that is

required for the cylinder to roll without slipping.

e. The coefficient of friction & is now made less than the value determined in part (d), so that the
cylinder both rotates and slips.

1. Indicate whether the translational speed of the cylinder at the bottom of the inclined plane is
greater than, less than, or equal to the translational speed calculated in part (a). Justify your
answer.

ii. Indicate whether the total kinetic energy of the cylinder at the bottom of the inclined plane is

greater than, less than, or equal to the total kinetic energy for the previous case of rolling
without slipping. Justify your answer.



Unit 4-Rotation FR Quiz
Answer Section

PROBLEM

1.

ANS:

Mech 2.

{a)

3 points
For recognition that Jtorque « § or sguivalent

Dygry = Tgry (0T My = BMky)

_D T (20 kg)(0.5 =)
e = “ry 1.5 ®m

20
my =Sy kg

{b) and {c} 8 pointa

For a correct dynamical squstion for the torgus:
r = Yo

For a cerract applicarion of the torque equation
for the two cylindsys:

Mar. = FEE Loa-mBia

Al T OAwe mERTa s

For Newton's sacond law:

Fowoe

For a correct application of Nawron's law for mass m:

(20 kg)g ~ ¥ = (20 kg)a

For racogniting that parts (b) angd (c)} are ccoupled (i.m.,

actexpring v solvae sipulvansous sguations)
Tw (30 kgXg— o)
F L -y 4

T = {20 kg){g — ary)

Substituting inte torque equation:
(20 kg)(g — ary) = {45 kg'o?)a

{20 kg)gry — (20 kgiary? = (45 kgpemlda
alds kgea® + (20 kgle?) = (20 kgigry

a = (20 kg) (9.5 n/82)(0.5 m) / [45 kgem? + (20 kg)(0.5 m)?)

&= 2.0 ttéfl:

T w (20 ks}[?.# o/t — [z,n Egg]m.s -}]

T« 380 A

ID:

1 point

1 poin:

1 point

1 poinc



ID:

Mech 2. {continued)
{d) 13 points

For applicablie kivezatic aquation{s): )
v - Zas (+"] gu%ﬂ:‘ OR Wt = 2ol
and and 1 peint
v o= at ¥ -
& = oor E - v/s v » rficl
1v¢ 1t 4
il o Sl Bu ’-:
v = 2as L ; wwr %
\ amar ]
Y

v = fZare

For correct zubstitution: v w J2{2.0 rad/e}{0.5 0)(i ®w) 1 point

ve 1.4 w/s 1 point
{Alternzts aclutisn) : {Alternats Fo

Uking conservation of snergy:

[ ]
mgr - %ml + %Iw! . ¢ _ {1 peint)
Wwow uiy _ ) {1 point}
2 :
ngr - %nw‘ + %ﬂ’g
- %v‘ [u + %1-] S
- e 220 %xg)(9.8 m/2t) (1 n

v« 2uga/io v I/7%) < R (68 kpnéJ'f(O.? LSy

v o= 3.4 a/n - T . {1 point)
For at leaxt ona srswvay with corrsct units, and no -

incorrast unise 1 point

PTS: 15 DIF: AP Physics C TOP: E



2. ANS:

3.{a) 3 points Distribntio:
of Peints

For z correct formula for the rotational inerfin 1 point

I=% mr

For a sum confaining a ferm of the form mi’ {may include extra incorrect terms, but 1 point

_ 73, Y

At o c_ a4 ST P T . g P U S
W1 COMBRAEIL SIE ffid. PEII

ihe poiat was oot awarded if the expression does

I=mL +mL’
For the comrect answer 1 point
I=2mE
3.(b) 4 poirts
For a correct expression of Newton's 2ed law 1 point
F=ma
For correct substitutions into Newton's law 1 point
dmg —-T =4dma
For z correct formula for torgue 1 point
r=Jo ox Tr

To=Tr

B
il
r

From Newton's ?od law eguatton above:

T'=4mg —4ma

Substifuting into the torgue equation:

B

2 Apng — 4ma

y
For substituting the expression for 7 from part {2} into Mewton's law 1 point
2mla
»

For the expression fx=af?' 1 point
Substfuting this expression into the previoss egoation:

2mlla

>
For the comrect answer 1 point
29’
' +27°

=dmg — dma

=4mg —dma
a=

Note: Fox the solution & =

dmg-T
%,ohmjnedb}rsoiving dmg —T =4ma for a divectly,

& maxrmum of 3 points was awarded for pavt (b} as follows: 1 point for Newton's
faw, 1 point for substitnttons, and 1 point for answer.



3.{c} 3 points Distribntion

of Poinés

For correctly checking the space in front of “Equal fo 4mgB” 1 point
For correct justification, such as “The kinettc exergy gained by the two smatler blocks 2 points

comes from the decrease in the potential energy of the 4w block™ OR “Total epergy

iz conserved ”
Note: No points awarded for part {c} if wrong box was checked.
3.{d) 3pecints
For correctly checking the space in front of “Less™ 1 point
For correct justificetion, such ag “The smzll blocks rise and gain potential epergy. The 2 points

tofal energy available iz siill £mgl) Therefore the kinetic energy miust be less than
in past {c).”

Note: No points awarded for part {d)} if wrong box was checked.

PTS: 15 DIF: AP Physics C TOP: E



3. ANS:
Mech. 3 {15 points)

(8} 4 points

.

[P L £ mm o

or using conservation of energy ip
For including both linear and rotational energy 1 point
Us Bt K,
1 |-
H = om A1
Mg z z
For correctly substituting for & 1 poiti

1 8 q‘]u’*
MaH = > My u(um- v
e R S TRy

Mef = }—Mu’ +1Mu1
2 4

3

4

For the correct answer ¢ point

!.q
LR EgH

{by 3 points

Mgl = — Mo*

Mo rnl
Baghion
v.!e;.j'ht
For forces with correct direction, poim of application,
and labet {1 point each) 3 pednts

Dng point was deducted for any extraneous forces.
One point was awarded if all forces had comect direction and label but
did not alt begin at the correct paint



fc

2 pointy

Using an appropriate kinematic equation

v = vl + 2as

For ane correct substitution into this equetion
For the other two correct substitutions

[ #)

(A Rernate solution}

tistng Newton's second law and the equivaient rotational equation

FooMa and =g

For proper substistions in eisher of the above equations
£ ah
My siné - F = M d = -HMR‘}(*
w sind - f ot an Fi |\2 RJ

Solving the rotational equation above for the frictional force

!
= Afa
4 Z

For substituting this frictional force into the Newton's law equation

Mg siné —%Ma = Ma
Mg sin&=§~Ma

z
a = =g sing
38'

Note. Full eredit was also awarded for a clear argument using 1he Fact
that the rotational energy is half the translationat energy (which can
be seen from part (2} 3. This means that the translational kinetic
energy 1s equal 19 2/3 of the total energy. The translational Rinetic
etiergry is also equal to the work done by the net forge along the plane

Equating 2/3 the total energy, ARH | to the work, Ma{H/fsing),

. . z
gives an acceleration equal o0 — g sinf
-

1 poind
1 poind

fliternae

{ poini

§ poaini

ID:



ID:

{d} 2 points

Applying Newton's second faw to the motion of the center of mass

Mo = Mgsin 6 - f

For proper use of the normal force in the expression for the frictional force 1 point
J =N = pMg cos @

Substitating for Fand a in Newron's law

M@gsin e} = Mg sif 6 - g cos

Cenceling the factors of M and g, and solving for 4
% sinf - sinf=—~ucos @
A

[

3 st & = gcos #
For the correct answer t point
i
= —tan &
# 3
tditernate solution} {Afrernate

Determining the expression for the frictions] force, in terms of the
acceleration, from the torgue equation {see the akernare solution

o part {<) )
J =5 Ma

For proper use of the nornmal force in the expression for the frictional force { porn
J=pN = Mg oos 8

Substituting the expressions for the frictional force and the aceeleration
piE cosfl = %M[éa-g sin&)
-
For the correct answer { poit

1
=~ fan §#
=3



ID:

{e}
B2 ponats

For indicating that the translational speed at the botiom of the incline

is greater than in pan (a) 1 poin
For a reasenable explanation 1 poin
Examples:

There 15 Jess energy transferred 1o the rotational motion, so more goes
into transiational motion and thus the speed is greater.

The frictional foree is less, so by Newron's second faw (see che firs:
equation in part {d}) the translational acceleration is greater  Thus
the eyvlinder gaing more speed.

it. 2 points

For indicating that the wnal kinetic energy at the bottom of the

incling is less 1 paint
For a reasonsble explanation 1 paist
Examples

Since the cylinder slides, some energy is dissipated as heat
There is a non-conservative force (friction} exerted.

PTS: 15 DIF: AP Physics C TOP: G



