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Phymcs 101 Fall 2001: Final—Free Rasponsa sad Instructions
-2:00-5:00 PM, 12 December, 2001 .
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~# The test is graded on a scale of 200 points; the first: free-response question acconnte for 25 points, the
,.second for 35 points, mmmmwwmmmmnﬁwwmm
aopdm
-mmmmwmmmmmmmmmww
mHngadukKmemmmdmthewmmlunmmdmhthhbhmthemﬂﬂpb
choiocs and matching answer sheet.

+ Consult no books or notes of any kind.: ﬂ‘ouwuseahandhddcﬂcuhtwinm:—gnphiu,m
.Donowmwtmmwaotmmwmmﬁ’ thiuquwﬁon-hutahn‘mth
oWﬁtoandlimthePledgumthefmntofyour'blmbook

- Show your work for the free-response problems, including neat and clearly labelled figures, in your blue
Mmmw(mmmm)wmtmodwfuﬂm

Throughout the test, when necassary wse g = 9.8 m/s°.

1. {25 pts] A stock car pit crew needs to select the right tires for their cor to compete at a new supet
spoedway. With the correct tires, their car needs not slow down when rounding the curves. The
speedway is a 3.0 km long oval with corners having radii of curvature of 250 m. During the race, cars

. tzawel st 262 kmn/hr, The benking angle in the comners is messured to be 22° sbove the horisontal.

_Ammmmmmmehmmmnmmammthem

{2} Draw s free-body disgram for a race car as it rounds the corner at racing speed. Briefly describe
all forces present in your free-body diagram.

®) Unyourﬁsebﬂﬂrﬂingrlmhvﬂte dmieq'lmfarﬂm's 2nd Imhthmﬁedmd
horisontal directions.

(c) Mmmmtdmmmmmmmmmmm
race cars to negotiate the curve at race speed.

(d) Calculate the amount of work done by the frictional force In one lap.

(Note: rsﬂmmtuhadmhgsdmdymnﬂcﬁnmutomthommdm S0 YOur answers
are not reflective of real race conditions.) _




o

2. {35 pts] A block of mass m resting on & horizonta friction-free wurface s attached by & spring of spring
constaxnt k to a fixed object to its right as shown in the figure. An extarnal force does work to pull the
" block a distance d to the left of its equilibrium position and thén relesses it st time'¢ = 0.

(a)lnuﬁ-amofmmwhid:theaighuhntobﬂhﬂqﬁubdumpm write the equations
ofnmﬁonﬁorpmhonz(t),wlocity»(t)mdmler&ﬁona(t)ofthsbh&lntmofm,kmd
- d.

(b) Nwmppmmmmbb&mammmwtbhﬁkhmww
block also of mass m moving with speed w to the right. ‘If the blodks stick together, determine
the amplitude'and period of cecillstion after the collision in térms ofm, £, v and d. -

{c)‘thhonuaaﬂmfs,d=0.8m,m=9kglndk=750me.Mthwlmﬂn
* the colliskn above. How much energy would be lost if instead the' Blocks hid cciBided when the
MMM%Mmthqﬁﬁmmmhmﬂﬁﬂ

1 (O T T
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‘m v R
-
ﬁdmwﬂwul

-3, [mw}_Adiakgm-Maam.mmRﬁuﬂatma,ﬁeuﬂ-humum A bullet of
mass m is fired with speed vy (see figure) so that it siribes the rim of the disk tangentially and becomes
unbeddj;.l Mmmmdmmhdadﬂm;mmmwmmﬁmh
= MR*/2 '
Hmmmmmwhmﬁedhkhmdmudbynphwhmdmmthﬂhm
rotate freely about ita centef but it cannot be displaced.

) Whaththaﬁndmguhvdndtywabmtthepinoﬁba&ﬂht{dhkmﬁmhmnfmw
all of m, R and vg?

mﬂwhmmwhmmmnm.dmdmm;mmmmﬁebmﬂh

tmdmde?Shwthattho
mdhﬁnﬁmm 3 about: an wide pots
amwmmwn(o{w
@ mmmmmwmpmamamm/mmmw
of some or all of m, R, v¥ - %

(s) Inwhﬁhnudautbe mmm;mnpmmmmm Give a brief justifi

RS & ’ -



4. [40 pts] A block of mass m; sand uniform solid are released from rest and accelerate down a slope that
makes an angle & with the horizontal (see figure 4a). The coafficient of kinetic friction between the
block and the slope is py. nemmmdmdt'oﬁdwﬁnduabmtihmdnﬂknﬂcﬁ

(@) PFind the acceleration of the block. Expmmrminlmotmordldm,g,@md
k.

(b) Assuming the cylinder rolls without slipping, ﬂndtheaeudunﬁonofthemdmudthe
cﬂhwm:ummhtmdmuﬂdmg,dmiﬂ K

Nwthbh&mdqﬁndumﬂh&odbyﬁghtaﬁm(u@wnhthnﬁgnulb)thﬁmw
to the cylinder's axde with frictionless loops #0 that the cylinder can roll ‘without a torgue about the
axle from thas strings. Themmbhedlymhrduadﬁummt.

(c) thth-amku&ondthmmnﬁn;thﬁthemmintmtmdthﬂthqﬂnm
rolls without slipping. Bxprmmmht«mdmuﬂldm;,}m,w,y.ﬂmdﬂ.
{d) Determine the minimal coefficient of static friction between the cylinder and slope necessary for
mmwwﬁmmmmwm m;-ug.p.,-os, my = 7 kg,

g=98m/s,é=20°and R=3m. _

(o) Isthammpﬁmthatthaﬁrinpnmﬁntmtjmﬁﬂnbh? Ghaabddu:phnsﬂm

Multlple-Chmoe
1. Amﬂbb&dmumhmmm.mﬂw&mmmdnﬁmm
bowi of radive R. Its criginal height above the bottom of the bowi in h; the original angle from the

verticad is 4. Amﬁmmhmmmnmhmm“hmwﬁamhdﬂm
the same side? - . _

(a) 2‘/3?
() 2,/i3f
© m\/?
@ 2,/
() 2/RE




2. A conservative force has the potential energy fune- .

tion U(=) a8 shown by the graph. A particts mov-
ing in ‘one dimension under the influence of this
force has o kinetic ensrgy of 10.J st 7. Which
of the following is & correct statement about the

o) ﬁmﬂﬂﬁmmmﬂ“‘ |

mintmum position Zo.
{b) Itmmwﬁ""dm'
{©) Itmmastothehﬂ"f”lb"“dm“

. mthuiﬁiﬁaldhcﬁmdmw&dty B

‘  () nmmaﬂhﬂ‘ﬂn“:ﬁ

.Suppoeammmaurt,inihiﬂyﬂt““m‘ '

track: with very little friction. You throw a bell
at a partition that is rigidly mounted on the cart.
If the ball bounces straight back as shown in the
figure, is the cart put in motion?

(s) Yen, it moves ¢ tha 2ight.
(b) Yes, t moves 4o tha lak.
(c) No, it rematns fn place st all times.

(d) The cart euds up at reet, b““‘m‘“",,,"h"w
right during the interval between the
and the bounce.

(¢) The cart ends.up at rest, but it moves to the

mdmthsintervalbetmathathm .

and the bounce.

- The graph to the laft shows the oa
a function of time ¢ for an object moving in a
straight line. Which of the following graphs shows
the displacement = as a function of time ¢ for the
same time interval?
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5. A ball rolls without slipping along level ground. If the center of
mammm.waamf-ﬁmm the ground,
'Mhthhﬂmtmmspudoftheﬁmﬁmtpnint?mthe_
ball?

(a) zero ' ' | 3R 1

(b) 3/2 m/s

(c) Sm/s
(d) 3vZ m/s
(e) 6 m/s

6. A uniform rod of mass m = 50 kg and length

L = 2.6 m by supported by a hinge st the wall axd
& cord attachad to its end. The rod is level and the

cord makes an angle of ¢ = 50° with the vertical.

‘What is the tension in the cord?

(s) serco

{b) about 245 N

(c) about 320 N

(d} about 380 N

{e) about 490 N
7.Am&hdrcppdhmndoﬁudﬂmdﬁﬂhthﬁrﬂhﬂdthdﬁmhtheymmdht;

peconds. If it falls the second half of the distance in t; seconds, what is the valus of #3/#)1 (Ignore air
{a) Indeterminate. Ywneadtoknwthehsightdthod:ﬁ

(b) 1/2

() 1/V2

@ 1-(/v3) : =

(e) v2-1

8. Assuming circular orbits for Earth and Mars, whidnmdthcﬁhwingqmnﬁtiaﬁthem&both
planets with respect to an axis passing through the center of the. orbit perpendicular to the plane of

orbit?
() angular velocity
(b) tangential speed .
(¢} angular acceleration ;
(d} force of gravity exerted by planet on sun
o (e)ﬁuuofmﬂtymﬂedbymonplm
9.Amm¢msumwumwmmmdwm The breskfast
part has mass 2 kg and velocity Vicsarsast = (2 m/s) i — (1 m/s) 5+ (4 m/s) k and tha lunch part has
mlkgmdvehutyu.“=(&n/s)j+(—2m/s)ﬁ.Wluththe -mmponmfdum

(a) -€ m/s
(b} 3 m/e
(¢} -2 m/s
(d) 2m/s
(e) 6 m/n




pulley .

10. Consider tha blocks helow, Mﬁaﬁyﬂrutmummm Thobhc*lhmtbomml,
my = 3m, and my = 5m,. nmmamrmummmamwm
moving them a distance d, how much work i done by block 2 an bloek 17

block 3
0 block 2
block 1

(a) none
() St
(c) dEqgmd
o (d) Epe
(s) BEigmt

11 Mdutbmmtdupp&utmthntyoumedmthelabomtoqputoﬁhkdm eucpemms

g‘_,.,mtorpulley

J

During the experiment, you made measurements of the angular acceleration o of the bar for various

hanging masees M and made a graph of o vs. M. By making ons or more approximations, the
theoretical eguation for o as function of M can be made linear:

Mrag 7
T I X
whmfhthemumntoﬁnuﬁanftherotaﬂngsysum,frhthamﬂvewﬁr.hﬂllrldlm
of the rotor pulley. Whatis(m}thelppmmaﬁm(s}mqtﬁmdtojmtifythammhip?
-Imminthemﬁgiseqmdtothwdghtdthehmﬁngmm v

" IL The bor is massless, °
11, The resiative tocque is independent of angular velocity.

(0 I

(b) I

(c) IO

(d) Tand IT
(¢) I and I

o




12. A small metal sphere of mass m is launched borizontally with speed v from s height A above a smooth, -
level surface. The ball strikes the ground sud rebounds to a beight (2/3)h. What impulse is delivered
to the sphere by the ground during the collision?

{») none
(b) m(vIgh — \/{gh)
(c) m(vIgR + \/§gh)
() m(y/v2 + foh + VoI + 2gR)
(e) 2my
13. In deep space, a person spins a tennis ball on & 1
string in a eircle in the x-y place {as shown in the ‘ L 143;

figure). At the point indicated, the bell is given _1'-
an impulse in the forward direction. This causes
a change in angular momentum AL in the

{a) +x divection - ’/)
(b} +y direction. (,_ C -
(c) -y direction I~
(d) += direction I l.\“
(e) -z direction
14. At a given instant, an observer stationary on the ground seces » package falling with speed vy at an
angle to the vertical. A pilot fiying at & constant horizontal speed relative to the ground sees the
. package falling vertically with a speed vy at the smne instant. What is the speed of the pilot relative
to the ground?
) VI +v3
®) Vi -4
(c) m—
(d) w1 +vy
(6) a~wn

5. A truck breaks down out on the road and receives a push back into town by & compact car. Whilethe
car, still pushing the iruck, is speeding up to cruising speed,
(a) the amount of force with which the car pushes on the truck is equal to that with which the truck
pushes back on the car.

{b) the amount of force with which the car pushes on the truck is smalier than that with which the
truck pushes back on the car.

(c) the amount of force with which the car pushes on the truck is greater than that with which the
truck pushes back on the car.

{d) the force of the car on the truck cancels the force of the truck on the car and so there is zero net
force.

(e) the car's engine is running and therefore exerts a force on the truck but the truck's engine is not
running and therefore it cannot exert a force on the car.
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Physics 101 Fall 2001: Final—Multiple-Choice Answers
2-5 PM, 12 December, 2001

For each question, mark a single X in the box corresponding to the correct
answer.
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