Physics 2211 ABC Test form [551] Name@:;( é@ubomﬁ

Fall 2014
Test S Recitation Section (see back of test):

1) Print your name, test form number (above), and nine-digit student number in the section of the answer

card labeled "STUDENT IDENTIFICATION".
2) Bubble your test form number (ABOVE) in columns 1-3, skip column 4, then bubble in your student

number in columns 5-13.

3) For each free-response question, show all relevant work supporting your answer. Clearly box or underline your final
answer. “Correct” answers which are not supported by adequate calculations and/or reasoning will be counted wrong.

4) For each multiple-choice question, select the answer most nearly correct, circle this answer on your test, and bubble it in on
your answer card. Show all relevant work on your quiz.

5) Be prepared to present your Buzzcard as you turn in your test. Scores will be posted to WebAssign after they have been been
graded. Quiz grades become final when the next quiz is given.

6) You may use a simple scientific calculator capable of logarithms, exponentials, and trigonometric functions. Programmable
engineering calculators with text or graphical capabilities are not allowed. Wireless devices are prohibited.

Your test form is:
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Our Final Exam will be on Thursday, December 11
[Period Ten, 8:00am]

page 1 of 8



551

The following problem will be hand-graded. _Show all your work for this problem. Make no marks and leave no space on your
answer card for it.

[T A spring having elastic constant £ = 480 N/m rests on a rough
ramp, inclined at an angle 8 = 25° above the horizontal. The
spring is compressed by a distance 4 = 0.10 m, and a block of
mass m = 0.25 kg is placed against the spring.

(A) (12 points) When the block is released, it is seen to pass through
the equilibrium position of the spring with a speed v = 4.2 m/s.
What is the coefficient of friction between the block and the
ramp?

Please work this problem algebraically, using the symbols v, k, d, m, and 6. Save all numerical substitutions for the final
step! By doing so, you will significantly improve your chances for partial credit!

ehally: U =+ kas Tha? [t epiller U, 20
k =0 k= J—MV’“
Uﬁ = -MQAQ'@ D-3~©

Wne = AE 2 wyg, bt = 4K +AU, +AUs iy
— Jhomad CesB =<f'1; my%-0) +(O—("“33‘749)+(O Ykd?)

Al madese = Fkd* ~Ymy® ~mad siud
N = mg osé
kdt-my® O. 413
My = W +aw9 m-&.\gﬂ- =b\‘2==4’4|c'v s
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2. mv
. o kdom w
ocs M 050 +510 amad , ..::i s = Avsshauce MLJ

(B) (8 points) How high up the ramp will the block travel before coming to a stop? Express your answer as a distance D
measured from the spring’s equilibrium position.

For Coll 4, s Kz Uk, Uiz < olowe, wit k=0, Ue=0, Uye=+4q D
also, ot bivbce of e v 5 D4 , 50 Wagg = Loy (Did) o5
=D mq (01 coso = ( O-o)+f+mgos>ue)-(—n«sAme)}r (o -};W)
+ A ma(D1d)cose = —ma (D+d)smmD +).kd*
mg(oa)[ﬂncoseﬁme] Lka®™

kc\ —mV 2
? %(D+A>( )?q‘\«\ ka2 A (\oao.é.s 1o ‘al 14 \
d Lo —_—
D+d = TR L e r 7 |
kdmd® | L v :,C) = [.1%2m
D= k\j—c} :v ) \] d> kA‘-ml S M
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The following problem will be hand-graded. Show all your work for this problem. Make no marks and leave no space on your
answer card for it.

(II] A bungee cord has an unstretched length L. A jumper of mass m steps off
a high platform, and free falls for a distance L, at which point the bungee
cord becomes taut and begins to stretch. The jumper is observed to come
to a stop a distance 2L below the platform.

(A) (12 points) What is the spring constant £ for the bungee cord? (Express
your answer in terms of m, g, and/or L.)

leb ¥, 2O ot platlorw
=2 k:: :O) Usf_:o) U;E= O
Clogee ccont congrss , ovky sbrelen)

qT (owes'F pa?& P . >
K¢ =0, 5'5;:‘3\'“3'- Us=+k()'= Tkt

S53vce o Akés}ptrlo‘d& foces ok E - E ¢
k; +U;+ U;;; = k$+ 5?+U§{
616 +0 = O+(amgl)+ (L kL)

3I‘kL1 = 2mal | Neke -H«é‘ exms[s}oa kes
amgl. _ [ g , uwls of fone [Mg
k = ",',Ll - _Eﬁ. eJve~ leuﬂ-(h [L]

=" b gpeprice W
fon SPf‘i\"ﬂ cous‘lmt

(B) (8 points) At what position (measured below the platform) will the bungee jumper attain maximum speed?

T_“Lo posi bhe cipproaches
® At wox SPeeA, Gecdadhon daavgescmm hqu\x/c!.wmmi Jo pos-‘yl.‘/z/;p.amo}

Lsd=o for an Tns*‘ud' = ZE*/ =0 a MQ-.—“-"‘-.“.,“QF e[d:[-\f)l\\)m FS
<+Ps>+{-m3>—‘-o = <_k&>+4 Mﬂ>:o ——- (a>a)_ -
CaAg= =MD ~ma oL "4

- K — dwma/L
NN 2 5Y

w@ %’ ’-c:r posT-l-}ons }' below "’L) we huue ¢ E()/) Ef =0
2
K@)+ may + Lk(y+) ", Key) = -may-Lk GH) =
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The following problem will be hand-graded. _Show all your work for this problem. Make no marks and leave no space on your
answer card for it.

[III] In the ballistic pendulum shown at right, a bullet of mass m = 75 g is moving o R ]
to the right with a speed v,= 120 m/s when it strikes a swinging block of mass N N
M = 1.5 kg, just as the block reaches the bottom of its arc and is moving left b G
with a tangential speed v, = 2.0 m/s. The bullet embeds itself in the block, 1 !
and the two masses swing upward together to a final height # = 0.48 m above m Mem
their starting height. — > M e - Y

a

(A) (12 points) How much work was done by collisional forces, during the be -(-er‘( Y

process of the bullet embedding itself in the block? Be sure to include the —
sign of the work! aften

IV\ C°“"%V\' MGMC"’L.WW Ts COuQWd [G*ttl CQ“'ILS}OV\ S PCI"QCHV l"\z‘ﬁ‘?'nc _":A =
AN+ MU = (e rV D o = MV r?) T

Ma+m

To tnker warke by ccllimon ores, apply Bucrgy Priucsples Whe, o, = AP
— \M‘,g\?g?b\c m‘(‘«\ou AqPTALB colliston meaus AU =x0 —->o¢&7 Ql{ Ma#crs

Wcoll =AK = k.‘:‘"Kc = ’Qlj'(MM)vz'— (—%m\h"+%Mth
=(11#>Y) n(sqoj+ 2373)

‘ Weoll = -532 N | o0 —520T fotuo-digt actsracy

(B) (8 points) How much work was done by aerodynamic drag as the bullet and block rose to their final height, after the
collision? Be sure to include the sign of the work!

qx-\rerwah&j ,%&}v\ qeq\\t 6wa~51 PY\\AC.O(& bo‘(- wow Kq,c{.a\ £
Weo = - AK + AT = (6L V) ([m]gh o)
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\
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Question value 8 points

(1) A block having mass m and initial speed v; slides up one side of a double-ramp, having coefficient of friction u,. When it
reaches the top it transitions smoothly (with no loss of speed) to the other side, where the cofficient of friction is g,. It then
travels down to the bottom of the ramp, reaching a final speed v;. Which is larger, the time At, to ascend the first side of
the ramp or the time At, to descend the second side? [Hint: start by thinking about the average speeds on each side of the
ramp...]

(a) A tz =A tl

(b) The ramp with the greater value of u
takes the longest time.

(©) At > At,

(d) The ramp with the lesser value of u
takes the longest time.

\ (e) At, > At l

©® Frichon is present — meckamieal erergy Ts lost ~— when block redums +o kothm
oF ramp THwil have less KB Huan when T sherecl up the ramp

We cgnclude \/,g < V:'.

v, +V, vV, 4\/;. |
® Per Mk‘w‘} Compare overege Speeds o va L""t' ) Véown: -t? 2 VAGM<VUP
@ Since ramps have same lewyth, Vagy <V, Twplres ‘ At,_>A'£J
Question value 8 points — 415 -

(2) A particle js subject to the potential energy function shown at right. It begins
at rest at ¥ = (+2 m). What minumum external work would allow the particle
to escape from its location, and where will it end up? (Below, read “2” to
mean, “...just a little bit more than...”)

T A
H

(@) If Wy = 251, the particle will end up at —o, with K, = 0J.

(b) W = 101, the particle will end up at +oo, with K; = 5. B A i T
\(c) If W,y = 15 J, the particle will end up at +oo, with K; 2 5 T]

(d) TItis physically impossible for this particle to escape--to do so, it would
have to end up with negative kinetic energy, which is not aliowed.

(&) IfWeee = 517, the particle will end up at +oo, with K 2 0 J.

A rest of T=dr2m> — Kr=0 ad Up=-10F = E; =103

Mivim esape everay reguires PQP'LTc\< +o ge‘i’ lovertta Lkmp befueen
X2t4w and X=0m, This wll e possible 1 F 'Leﬁ, enery TS FE=253
[ Sostbarcly wore Her 5T alloss U=5'S) K= suall and positove |

o AR = Bun— B = (453 - C los) = +I5Y 0 |wax+z 153 |

Ouce past-the deP)‘Uéd\QPS to 2ero 4o K'("> 53 |
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Question Value 8 points

(3)  AnF-18 Hornet (m = 24,000 kg) on an aircraft carrier is catapulted from rest to takeoff speed v = 67 m/sec (~150 mph or
240 kph) in a distance of 82 m (~270 ft). Assume the jet experiences constant acceleration during this launch, and that the
Jjet’s engine thrust is negligible in comparison to the catapult force. Which is true about the catapult power used to
accelerate the plane?
(a) The average catapult power during the entire launch is 44 MW, which is twice the power at the instant of takeoff.
(b) The average catapult power during the entire launch and the power at the instant of takeoff are both 44 MW.

‘ (c) The catapult power at the instant of takeoff is 44 MW, which is twice the average power during the entire launch.l

(d) The average catapult power during the entire launch is 22 MW, which is twice the power at the instant of takeoff.

(¢) The average catapult power during the entire launch and the power at the instant of takeoff are both 22 MW.
First, some krvematics ¢ V=0 >V =6Mu/s Y Aistance d FBZm
V=V’ 2dpx —= v = 204 — ‘ a- %. aund ¥ime do lasnde 75 o from
av=0at -va\zst =& = —1\;—3‘(

. . W ok _ gmt
AVMQ Pow, Pau""At = AL -—2-:::/:' -

cq\cd[whou ere WOT
2 oal
NBBOED, oaly
WPQb@"?

N
Question value 8 points

(4)  In an alternate universe, scientist Isabella Newton conducts an experiment on gravity. She finds that she can carry a 1.0 kg
stone 6.0 m in the horizontal direction and then lift it 4.0 m high, doing a total of 19.6 J of work in the process. She then
returns the stone to its starting place by first moving the stone 6.0 m in the horizontal direction and then lowering it 4.0 m
vertically, again doing 19.6 J of work in the process. What does Ms. Newton conclude about gravity in her universe?

Tusbudanenss povers Poc” FeV = (ma)(V) =

(a) Gravity is conservative, but stronger in her universe than in ours. - - O =0
o . : 2 Kc= kp | % Wi r
(b) Gravity is conservative, obeying the formula AU, = mg(Ay)
‘ (c) Gravity is not a conservative force. l bot WTvr = WNMQ“' + Wgw

(d) Gravity is conservative, but weaker in her universe than in ours.

=2 Wopay = '_anlm

(e)  Gravity is conservative, obeying the formula AU, = —m g*Ay

Poth O0=2A>B "

Bo— > — > —;\;C wgmz-‘*’w‘mz -19.¢N
Y Pt BDC2O?
~—=—e0 °
/ //A7 4 7 LT /4_,’.4‘4_%\&([ WSNW = ’“W«Cﬁi{qﬂ: —“qéj

Ev\é\ heg)[‘(" ona %g_é PofH/L gm;\hL( s AO”L—( nx:{‘ r\egq{ﬂ‘ue wol‘((
bo\\‘-c—gtw-:‘y s ccnc.zmw\-«\m Abﬁ’ “Wanw ~ +39. QV_S
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The next two questions involve the following situation:

A particle of mass m = 1.0 kg moves in one dimension, subject to the potential -3¢-37 E-——-
energy function (heavy line) plotted at right. Its total mechanical energy is also g
indicated by the dashed line. _2)

Question value 4 points
(5)  What force will the particle experience when it is at £=(+2m)?

@ F = (-20N)

F = Foree s gﬂsﬂt&a«s‘l’(«z
(b) E = (ON) ,l_l,_. Lo gt gt s
© E=(-05N) gqdadsew AG : \
d) F=(+20N T o -UN D e\ L o3
()F< ) F. <dx> (M Z’%TT"T)

s

\_,e) = (+05N) ]

F, =+0.53m = <+0.5N>ﬁl
—

—

Question value 4 points
(6)  Where in the region shown will the particle be in equilibrium?

(@ AtxX=(+2m) i N v b
ol dors U0 nefo
(b) Nowhere in the region shown. =g 'br\l JM Means 2ele e

© AE=Cdm) T'F 'Cof*ce = Y\cgw-hu a{: S(ope 9{; PE)
(d AtxX=(0m) -
© At#=(-2m) Yen F =0 only ot locatrens
whore Pz 7o feb (zeo Slepe.)
= ’\"Ws CauATL-\w\ Qb\h\adc{y c&.@zs us

\\Q(A quiw(/\a{ TA The Megion slhown
S

L
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