Physies 2101, Second Exam, Spring 2007

March 8, 2007

KEY

Name :

Section: {Circle one)

! (Rupnik, MWF 7:40 am) 2 (Giammanco, MWF 9:40am)
3 (Rupnik, MWF 11:40 am) 4 (Rupnik, MWF 2:40 pm)

5 (Giammanco, TTh 10:40 am) 6 (Gonzédlez, T'Th 1:40 pm)

¢ Please be sure fo write your name and circle your section above.

¢ bor the problems, you must show all your work. Let us know what you were thinking when you solved
the problem! Lonely right answers will not receive full credit, lonely wrong answers will receive no credit,

s For the questions, no work needs to be shown {there is no partial credit).
e Please carry units through your calculations when needed, lack of units will result in a loss of points.
¢ You may use scientific or graphing calculators, but you must derive your answer and explain your work.

e Leel free to detach, use, and keep the formula sheet. No other reference material is allowed during the
excam.,

« GOOD LUCK!




Question 1 - 11 Points

The graph shown below represents the z-component of a force, Fy, acting on a particle that moves along the
z axis. The particle starts moving from rest at the position z=0m.

Circle the correct ending to the statements below.

Fy (N)
4
(a) (4 pts) During first 8 meters of the motion the work done by force F 16 J---oeeroee N
(i) is positive. — 8 W\.
il} is negative. V\éz - “‘{‘24_? Waz_+ h‘/'zq:.-. O 0 ﬂtz— —- T (m)
@ is zero. * Work :-‘ﬂ.f"éﬁll:h. ?E.'.x P‘Gt ~—abové + g %
iv) cannot be determined from the data given. ) N bel -— R
oWf s S

(b) (4 pts) The kinetic energy of the particle is the largest at
) ©=2m W=AK =2 AK>0O < Iau_j, as W>o

(1)
i T et Pecition where Work & st postive i
r = 8m. =My ; g ﬂ
sy, (m e Slows dewin e
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(c) (3 pts) Between positions £ = 2m and £ = 4m the particle is

@ spee‘ding up. . *—H’LE Mdﬁ— N CFE‘Gﬁ’EL'%‘E’ “—P %ﬁj M%
t) - slowing down, swaller aucd Swalfer ateelerdlion (fores
(iii) meving with constant velocity. 4} d = HIL‘?, )




Question 2 - 11 points

A block with mass m is placed against a spring on an incline with angle 6 and a coeflicient of kinetic friction
tk, p > 0. The block is not attached to the spring. The spring, with spring constant k, is compressed by Ax
and then released. The block moves a distance D), D > Az, along the incline before it momentarily stops.

Circle the correct ending to the staternents below, related to the motion of the block up the incline to
the highest point.

g

initial state of the system

final state of the system

(a) {4 pts) The change of spring potential energy is

i) AU, > 0. _— | A 2
aUH{n. A?,f W}f f/{sf{-—- O-—;_&@}() <0
uy Al = 0.
{iv) Not enough info to answer.

(b) (3 pts) The change of gravitational potential energy of the block is

g : J ! < Aéa M%‘lc
@i%;[:]_ 41;2;&&2 lbét?/ﬂi iMmAlEa St v

(i) AU, = 0. 1.
{iv} Not enough info to answer. HAZ/ 26_{ 71 - ""'ngb hu ‘9 — O > O

{c) (4 pts) The correct relation, between the magnitudes of the change of apring and gravitational

p”t’e““a‘lli‘igliei ;ZU |- ¢ St spm(? F.;ﬁ%-uﬁmﬂ energY Wer
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i) [AL| = [AU,|.
= el ﬂw,a{ fa-/-ﬁﬂj/? MJ}é’érf@é
\ivj Not enough info to answer.
fZmeJ éﬂ.@ﬂ > | Aysl >/Ay?]

béaaysE - Aly + AU+ A%, =0

7 Al = —Al - A
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Question 3 - 12 points

A dog and a boat are initially at rest, as shown in the figure. Then, the dog starts walking along the boat
toward a shore. Consider the dog and the boat to form an isolated system, that is, neglect the friction between

the boat and the water. -
Soldted Sysfen : F0
—

? 20,5 2 Rote,
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Circle the correct ending to the statemnents below, related to the dog’s walk.

{a) {4 pis} While the dog walks toward the shore the boat

(1) is at rest. 0= ﬁ{"’? + ﬁaqj-

@ > 7_: = = 73’ .- ﬂf,oaﬁ#
moves away from the shore. boat £ ,? éfc?“ - df? S - / /

(iv) moves in a direction that cannot be determined from the data given.

(b) (4 pts) While the dog walks toward the shore the center of mass of the dog+boat system

@is at rest. ' 'ﬁ&é&ﬂ?*ﬁaﬂ‘ .ﬁ'y‘_(?%n( (< at f"ﬁff A'E‘-f—@l’-?‘.? {&m iﬁoﬂﬂ =>

1) moves towar e shore M re Lfﬂ;‘d ,H?L ‘fﬁ‘f—t m
. e r 1&m¢ﬁm,,m%a iZ/dé:f ﬁji’ff‘nc

iii} moves away from the shore.

(iit) y Viow = 0 , bévaus &u./#_ net extenal

(iv} moves in a direction that cannot be determined from the data given. A ’ 4 , £ AN /
e, '

(c) (4 pts} At any moment, the magnitude of the linear momentum of the dog

- ——
@is equal to the maghnitude of the linear momentum of the boat. ?’ = ’;2
boct 0?
(i) is larger than the magnitude of the linear momenturn: of the boat. -
D
(iii) is smaller than the magnitude of the linear momentum of the boat. > j 72 7 ] = / fd?]
&

(iv) cannot be compared to the magnitude of the linear momentum of the boat.




Problem 1 - 22 points
m1=0.30kg

A block 1 of mass 1y =0.30kg slides
from rest along a frictionless ramp
from height A=5.0m, as shown. At k=1200N/m

the bc::ttﬂm of the ramp it. collides with ma=0.40 ke o
a stationary block 2, which has mass 7]

ma=0.40ke. Just after the collision, e .
biock 1 moves back toward the ramp @ .@ @
with a speed of v after- After the collision, block 2 slides info a relaxed spring and stops momentarily after
compressing it by Zmax=0.40m. The spring constant (force constant) is k=1200N/m.
Hint: It 15 not known if the collision is elastic!

(a} (7 pts) Find the speed (magnitude of velocity) of block 1 just before the collision, v1 pefore-
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(b} (7 pts) Fmd the s%eed magnitude of velocity) of block 2 just after the collision, v after-

o wohon Preuc of ol 2: Tg 4s e suly foﬂ‘f With NOWBEIO WBFR
> méthaiila) €n 627? 4.9 bonsSereA
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2;2 max, | m
(c) (8 pts] Find the speed {magnitude of velocity) of block 1 just after the collision, o1 e
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Problem 2 - 22 points

In the figure, two 2.00 kg blocks are connected by a massless string over a
pulley of radius 3.00 cm and rotational inertia of 9.00 x 1074 kg-m?. The
string does not slip on the pulley and the pulley’s axis is frictionless. The
system is released from rest and the horizontal surface is frictionless.

R=%en. = 9x 15wl

(a) {5 pts) Draw free-body diagrams for each block and the pulley in the space below.

+ 1 | \(‘"{1

P T,
w | T [w{ e
Yug, & 1 m

horizoutal bIad&‘ T *{DHH‘—‘j MWM} lo/:::CK

(b) (10 pts) Calculate the magnitude of either block’s linear acceleration.
To fend a,T, ,aud Ty we wl apply sedond Newou's aws =
TFE=ma. _fop Lach block aud ZE& = l.ac:( 7&:;\ ‘?’i&f?lr//&g, Jaiox.?
direation ﬂﬁ astelerahion ﬁL»fDr“ bocks A m/@u? M?u/czf‘_‘
aseelerhion. o for pulley | aiso, cord does net slip > 171 = ol | R
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(¢} {4 pts}) Calculate the magnitude of string tension oun the hanging block, T3,

T |= w (g - 181)= (2.0kg) (2.8 % — 39282 )= TN =11 N

—lI'_-_:_""'-____—--»“IIIF —

(d) (3 pts} Circle the correct relation petween :nagnitude of tensions Ty and T:

che fenson. T, has fo Auru fhe Fuﬂége wd swstaiu_ The apparent wed ot

jﬁﬁ%fbiﬁg :":ﬁé *@&ME ouky pulle ou ho nzowfal block




Problem 3 - 22 points

An object with a circular cross section and rotational inertia

I =p8mR% 0 < B8 <1, rols smoothly (no slipping) up an

incline with an inclination angle 8. Initially, at the bottom of the

incline, the rolling object has the center of mass speed w,. |
i — ——

swicoth, hn”:"-? > 4= 0K and 4, =L R ; hére

(a) {7 pts) Obtain a symbolic expression for the kinetic energy of this rolling ot ne bottom of the
incline, in terms Df M, Ve, 3, and numenca,l constants.

.ug,u?ﬁe‘:um ﬁTabﬂn&bMﬂfﬁowfﬂ-@:_?cmj?’ K Jz—_“ W Jwah;zué:
T =T, mR =puR uR= uR(1+ )

Cona
2
K"""" (MR (H“/l‘))(vé"‘") —im/b'“ (H'/%’) caud Hhe result s e sue s
= abeow¢
(b) (8 pts) Obtain a symbolic expression fc}r the distance d, representing hﬂw far up along the incline the
shell travels before stopping, in terms of v,, g} &, g, and numerical constants. Here, ¢ is the free-fall

acceleration. n
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{:‘5 (4 pts) Draw a free-body diagram for the shell as it rolls smoothly up the incline, ———y 1‘1‘ = _?’__9_ —
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(d) (3 pts) Dne\!frictinn do any work on the shell? Explain in a complete sentence.
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