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Duastion 1

7 points total

1a}

(h}

3 poimis

For using an equation expressing the conservidion ol enerry

meh = 2meR + Tl;m'l-'u or iHeh = {]_.'Iz:l_rm.': o oph = [I:I."E;.ml'l

For using twn forms of energy when black B is ar the rop of the loop ar using the initdul
kinetic energy

For eapressing the comean answer in tecme of the listed quantities

I 1
o 2mER | 5 My
me
h= 2R+
28
2 puoanls

For a correct answer “Greater than 247 with an explanation

Mo paint is earned for a comect selection withoul an explunaton.

[fan incorrect answer is selected, the following peint for usng conservalion of energy
can =4il] be earmed,

Fer using an equation ar seimi -yuantiubive reasoning expressing the conservarion of
eneryy Note: “semi-quantitative réasoning™ here includes ressoning in lerms of
praperticnality, squared relatiooships, et

mgh = mi?

‘;
==L
s 25
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Cruestion 1 {continued)

Distribution
of points
{ {C) L puanis
: 1 L
COITECL MOSWET. by = E Ky,
Mole: there is no “answer poant™, so o credit is awanded for an gngwer with ro work
shicrwn :
For using momentum conservation o relate the speeds before and afler the completel y 1 point
ioelastic collision belween blocks &and O
2k = (2w + Mvg- = Sihvg., where vge is the spoed of blocks B and Cafter the
vl lesen
2hm = I
For selting the speed of blocks B and Cafler the eollision equal to the speed of block & | point
alier its alastic collision with hlock A. in arder far blecks B and o make it over
the bump.
Ty = 3wy
i
s =5 Ky
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12 points total Distribution
of poiots
Lt
i 2 poinis
For recopmizing & =mall horleontal <elocty for the block ac poinc & I p-::uliut
For suating or implying that the klock doesn™t go very far cven though there is a longer 1 pont
full tyme
Example: Even though the large By allaws the Wock to stay in the air for a long time,
the small # meuns the system boses ille gravitutional peential encrgy and hence
gains little kinetic energy so that it leaves the table with too linle speed m cover
much distance while eloft
il 2 pvnls
FFor recognizing a large horizontal velocily Tor the block at paint P | point
For mertioning a shorr time nf flight far the falling bBlock | point
Example: Mow the block gains 2 ot of kinetic energy on the rwnp sa that it leaves the
table with a lurge honronial speed. But the small f mieans the hiock spends so
litele tiree In che air that it lunds betore covering much horieontal discance.
(b 3 points
For wsing an energy conservilion slalement (eomespoands 10 siep | in example below) I pexint

For setting up a time of flight caloulation using vertical seceleralivn (curresponds o siep 1 point
2o in examples below)

Moee: derivarion of fmust be shown i earm credit.

o using i = o Lo determineg distance zaveled (corresponds to step 2b in exumple 1 puini
besivw]

Example:

Step 1: Use gnerpy conservation 1o Gnd (he Block's speed al the Botlom of camp, whih
exquals the Lkl speed vl poin A

mvt = v o= 2k

Fa|—

mghy =

Step 2a: Find the time of flight, using the independence of the horizomal and vertical
mwatiom, Simce the block leaves the table wih rem vertical speed, the vertical
.!l g.'l". -:I:|_I-.||1|!-:

; i ; I
kimemuie squation 1= %, + vl —Ea.,fl reduces e 5, -

2y
g
Step Ih Findd the homrootal distance o covered while o the aie after point £ Since there
are o horizeaial forces exered on the binck. as horizontal velocity stays conslunl al
. S, Lhe block truvels & horizonial distance

divarmwrard as positive). Solve for gme o get 1= ."

P L
gd= wi= gk I‘I—ﬂ‘ = 2.8 0

=

£ 2008 Thus College Bopsd
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ﬂuautinngﬁnunﬂnuﬂﬂ}

2 pnints

For mentinmmng i cammest equaticn of slep of reasuning (Sngrgy conservalion on ramp)

For carrectly explaimng why this equation or step mirrars the reasoning of (ali

Lxumple: My energy conservation reascning Jpart (b step L} mirmoes my measoning thal
a small ramp height corresponds to a low powntial epergy el bowhich o
converied ince ow kinetic eneegy and henee a low spesd.

2 puolnis

For mentioning a correct equation of stap of reasoning (time of flight)

Fur correctly explaining why that equation ar slep marmors the reasanng of {aii

Example: My troe-of- (gt coloolation (part (b step 2a) shows that ¢ proportional o
WA, . 50 a smaller falling distance A, comesponds o 2 smalier Uighi time,

1 poine

Crorrect answer: “The sarpe as™

Mo cxplanation is seored regardless of checkbox.

Fuinl con be earned if response i= consistent with answer i part Chp

For reasoning thar is consistent with the functional dependence of the part (bl answer

Exumple:

A found in par (hi. the distance ofdoes noe depend on g So, doing the expenment on
the Moon instead of Enrth makes oo difference. The ncreased time of flight (sinoe
wesker grivily mitkes (he block ke lenger 1o land: compensates for the smull
spced gained by the bleck on the ramp.

Checked “Urenter than™ then gmust be io the derominator in the incosmeeT equation in

art (hi

L‘hr:Ekﬁl “Less than™ then pmust be i the numerator i Lhe incorrect sgualion in
prart (b}

L3 A8 Thae Solege Boozd.
Wil Sie Colege Dowd o thie Webn wvwew colla@abonard.org.
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! Cuestlon §§ l’l
12 points total Sl haticn
of points
()
iy i, and i 2 opoanis
Mole: Pari= 1, il and iii are read together
For measunng the mass or weight of the relevann sysiem 1 point
For making @ measurement of force {or semething from which a foree can be culeolated) 1 prunt
with the Fan turived on
Mote: fan angles of either 0¥ or WX need oot be mewsured directly, since these are
riven as the mimimum and maximum angles possible. IF the procedure invalves
inlerrnedinle wngles, then Lhese anrles must be messired.
Example 1 (varant - Example 1z in parentheses):
fapi  The downwand [oree exeried by the fun-block system dor “mess”, as cead on &
halance, of the sysiem}
{ahi A spring scale {or mechanical halance)
(ajann Sel the fan angle to 97 With the fan off, hang the svstem ftom a spong scabe (o
find its weight ror place the sysiem on a mechanical balance o find its mass).
Turn the fan an. and record the farce fram the <pring scale for the mass reading
from the mechunical bulance ).
Example 2:
{maii Muass of the fan-block system and low-friction cant. Velocity of ihe cart as o
funcracn of e,
{alii  Scale to rmeasure mass. Motgon detecior oo measone velocity as o function of tme
{ehi Place the svstem and a low-friction can on 2 scale to find the wal mass of the
fan-Dlock and car. Nexl, on s odzont:| surface, place the fanp-Block on the cart,
scr the tan angle oo zerq, toem on the Gan, and rebease the cart from resc. Use the
meolion detecior to graph the cart velocily as a function of time.
i¥l L pwinl

For corractly indicating & method to dexermine the force exerted by air on the fan. wsing I poiat
the measurements and procedure Irom parts (ad 1, i, and i
Example 1 {and 1al, continued foom aboee:
Take the difference in the loree readings with 1he fan off and the fan an. (la
Multiply the dilference 1n the mass readings by 1. This dillerence 15 the fosce
exected by air on the Gin,
Example 2, continued from abowve:
Estimate the average slope ol the graph, whach 1= the acceleration. Multiply
acceleration by the igal mass 1o hind the farce exerted by air on the fan.

0T E Tows Tullesyo Buoed.
Wiat thie Undegn Heend on 2he Wil wemer mallzpebazzd. oo,
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ﬂuﬂﬂﬂnn-. {continuad)
q Distribution

of painte
1k

1. 1, and iii) 2 poinls

Moie: Parts i, i, and iii are read iorether
Mote: Ln parts (b i, i, und iii, il 15 acceptable (e sy the same as in part (a), with the
following changes:". with changes 10 the procedure in part (ui then bsted.
Far descrihing measurements that would allow determination of the acceleralion | peint
For describing a procedurs that is practical/Teasible in a school laborwory 1 peinl
Example 3
Place the fan-hlock an the teack, witk angle = 0. Plece a motion detecter behind it
seLto graph welocity vs. time. Turn [an on. and releaze from rest. Repeal the
procedure severu] Limes,
Example 4:
Place the fan-block on the track, with angle =11 Place a photogace just in fromt of
the block. and the second pholngare a meter ar tee in front of the block. Measure
distanee from fron of hlnck to the front of Lhut secers photogate. Turn on fun and
release the block from resl. The photogates measure the time il Lakes the block o
travel the mensured distance w the second phoogae,
Ezample 5-
ibli  Angle of the fan. Velocity ol lan-block systermn a8 & Function ol lime.
ibi  Prowcactor 1o measure the anglc.
Mirion detector th measure the velocily and time,
ihyiii  Adjuse the fan zngle until the fun-block slides with 2 constanl speed alter
heing given o push, Use the motion dergctor 10 determine whether the speed is
constint {ze1o slope on a graph of velocite os o funetion of time).

iv} 1 point

Fur comectly toawn and labeled vecwors for the lorce exered by air on Fan ind fur the 1 poinl
Frictional force exerted on the block oy the treck, commesponthing (o the experiment
dreeeribed in part (blii. Other (orces correctly drawn and labeled AND nio incomect
Forces, comesponding e the experiment described in par (biii.

M s l:.

Lxomples 3 & 4 ; EH.EJ:I.EIE;IE 3

B A Tna Cnllege Boped,
Wisit the Codege Boeed oo Die Wals s enliapohanni oo
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Cuestion @ [continued) i
LI Digtributian
of puints
< points
Fon using kimemane daa to nbtain acceleration. &, or showing thal & = I point
Adrernatively the poinl can be earned using te Waork-Encray solution with kineti:
enerey & = (120"
For relating trictional foree and coeificient of kinelic (noton as Fr = @ Py | prosin
For a vorresi cepresentation of ihe noemal force, cosrestly referming back to a | peinl
measurernent of the Gon-bBlock svaem
Fo=mrifF =0 or F,. =5+ Fein@ if 8 =0
| prieiil

For using Mewton's second luw. consistently with ourmad foree above, for the
appropriate fonces of force companents in the direction of the fan's motion Ll
wireld bead o the determination of the coeificient of kinetic fniction

'I;||I=m'r
-F_F\:r=]'m
F— oo Froosf — ma
My = e "a=n“r“*"m.§1 e =il

Alernatively the point cun be sarmed using the Work-Enerpy solution that would lead
i the determinition of the voelTicient of Kinetic friction.

Exumple 3 [continued from abover 8 = 0 Determine the <lope of cach vvs. £ graph,
to get che acceleration for cuch trizl, and average the accelerations. Call this average
acveleration o, The kinetic frictienal furce exeried by track on block is

Fr = juf, = umg. whene mris the mass of the fan-hlock as found in part (a), sioce

Lthe acceleraion 15 purely homzonil aod beoce /=, and #rg must halance. So. by
Mewtun's secand Luw, lelling Fdenoe the lece c2ened by the air on the fan found
in par (&), we get

i = ma

= F-= o

F— i = i

- I -
lwee T ] | =
Solve for g1o ge1 o =

Example 4 (continued from above): § = 0 Let o deoote distance [rom Block w second

photogate and +denote the corresponding ume. Since §, = O . o= %EJ’" and

henee o = ¥ . For each (mal, calcelivte that scceleration, and rake the average,

which becomes our test 2aimare of & [Rest af solution is us 0 exumpls 3]

0 2015 T Solesge Boed
e ega Boand on she 'Wel wiwews calkgebaard.oig.
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Cuastion § (continued)

L‘

Exampte 5 (continued from shovel: § = 0 Since the aoceleration is gero, the net
harizenal farce 15 7ero. From Mewton's second Law.

I = pagr = Foosd
Solving lor g, :

Foosd — ma

—_— i
gy b sl e

Hy o=

2 painls

ot

Rk : -———L—-—- Fan Angle: &
¥ i

A correct graph shiows the work done as propomionzl o cos8 .

Work Dhone

For showing a curve thi continually deereases from a muximum value a1
minimm value of sero at 90°

Fur showang a cores thal 15 concive-downward (.. that has a negative second
dernvilive)

2ANE Tea Callera Boand
el Lhe Callege Gosrd i Uie Wes weyn asllegeioand arg

Distribution
of polnts

! poinl
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Cuastion § 5
12 points total Distribution
of points

The disk shown sbive spins about the axle at it3 center. A stdent’s experiments revieal that, while the disk i3
spinning, riction between the axle and the disk cxerts 8 constant torque an the disk,

B e T == — TR

4 points

Altime ¢ = 0 the disk has an imtial counterelockwise (pnsiive) angular velocity . The disk later comes 1o
rest antime ¢ = ¢,

L O the good ac lelt below, sketch a graph that could represent the disk's angolar velocily ax a lunction of ume
lrum ¢ = 4 unlil the disk comes to rest acame ¢ - g

it.  On the grid at right below, sketeh the disk’s angular acecleration as a tinetion of timc ¢ fram @ = 0 unril the
disk comes Lo resl al tme ¢ =

Example sraphs: {upi) [api]

1
i
1
i
i
End
A =] I
G -
% g 2
i g o -
L N ]
= 1
Ve = 1
= B
LI
1
1
........................................ i
1
1
]
iy ; i
i ot 1
i. 2 puinls
Far a curve that has an angular velocily ol +ey, ot time ¢~ O and decreases o zero at 1 poame
time = g [
For a curve 1hat is a steaight line with a nesalive slope showing the angular velocity 1 poine
approaching ero {van be a posibive slope, 1F the imitial angular velocity un the graph
15 negalive]

20018 The College Board.
Wiait the College oard on the Wel: wwnw.collegeboarcd. ormg.
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&

Question § {continued)
Distribution
of points
(u) {eontinucd})
1. I pointg
For a curve that 15 negative for the cutire time A | 1 point
For a curve thal is a cunstant nonyere function 1 point

The magnmimde of the frictional torque exerted vn the disk 15 r,. Denive an eguation for the rotatiomal
mertia ! of the disk in terms of ©, ay, #, and physical constants. as appropriate.

For using an equation for the rotational version of Newton's second law | point
For using an appropriate rotational kinsmalics equalion | povinl
o Aewf A
For a correct answer in lerms of the listed quantibies, denved from frst primeiples | puint
!
= [l
i,

Mote: This poant is still cared it thers is o minos sign, .., ffom wsing —r, or —ay.

Alternate solution using angular momentum and rofationad impalse;

Foy defining and uring angular mamsnium | pount
f.=1m
For using rofaiional imolse 1 point
Al =7M
For a corvect answer b termy of the Usled guantities, derives! fio first principles I point
)
I = I' 1
i

Nate: This poing iz otill earned if theve 15 o mines vign, e.g.. from using -7, ar —uw,.

E 2018 The College Baoard.
Vieit the College Board on the Wek: wew.onllegeboard.org.
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Question § {continued)

Distribution
of points

4 points

In another experiment, the disk apain has an initial positive angular velocily oy, at tme ¢ = 0. At
1 i 0 _ : i
time ¢ = =, the sludent starts dripping oil on the comact suiloce between the axle and the disk to reduce the

friction, As fime passes, mure and more mil reaches that contact surlace, reducing the (riclion even further.

O the grid at lell beluw, sketch a praph that could represent the disk’s angular velocity as a
function of lime from ¢ = 0 to ¢ = ¢, which is the lime al which the disk came to est in part (a).

O the prid at right below, skench the disk™s angular acceleration as a lunction of fime
[rom f =11 tn g i

Cxumple graphs: (i} et
L - F

b
= F%
E £
i S
s ke E u—-emeeee -
: E
: : =
L .
axy : %
il A I |
Th 2l
1L 3 points
sdih et . : | : : I puint
For curve wilh a clear change of slope or enrvamire at < and showing o decrease in
speed therealler
_ : A . : ; 1 I point
Fur a curve that indicates slowing al a decreasing rate between dmes —v and 3
.
Fora curve that dues not reach zero at or before time 1, | poinl

i3 23018 The College Board.
Visil the College Board on the Web: wner collegehoard. org.
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Cuestion § {continued)

Distribution
of points
(o) {continued)
. 1 point
: : - s L I puint
For a enrve with decreasing magnitude betwesn times -z, and ;

3
Mire; The aceeleration may reach zero at or before timae ¢ . 15 =0, 12 must remain zero for
the remaining time,

() L —— ..

1 povint

The student is wrying 1o mathematically muwde] the magnitude © of the torgque exerted by the axle an the disk

when the il 18 present al limes ¢ > I 7). The student wmites down the follwing twn equations, cach of which

wncludes a posilive constant (©, or ¢, | Wwith appropnats unirs,

e L",|': _Ijz} {E:rr:u%r,r

@) g (for ¢ = lr,}
|:r F—r T

N

| =

Which squation better mathematically maodels this cxperiment?
Equation {1 _ Cyuastion {2}

Grielly explain why the eguation you selected s plausible and why the other equation is net plausible.

1
Mote: If the wrong sclection 15 made, the explanation is not graded.

Lamrect ansgwer: ' Equation {237 ‘ !

For stating thal Byuation (27 1= plausible becanss the [mchional worque decreases with { 1 poinc
inureasing time, whereas in Cquation 1) lomgue increases wilh increasing time

Examples:

LEyualion 2} becouse r decreases. ITn Coguation (1. 1l doesn’L

Equation (2) is plansible becanse the frictional torque decreases as more a1l reaches the
contacr surtace over timne. Equarion (1) is not plavsille becanse it shows fircton [
incroasing a3 mole oil reaches he surlace over tme. ]

21 2018 The College Board.
Visit the College Board on the Weh: wowrwr colleqebeard.omg,




