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A 0.40 kg object moves in a straight line under the action of a net force. The graph above shows
the velocity as a function of time for the object during a 25 s interval. At time 7 = 0, the object is
at the position x = 0.
(a) On the grid below, sketch a graph of the acceleration as a function of time for the object.
Label the scale for the acceleration.
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(b) Calculate the position of the objectat ¢ =5.0s. \\
Pudon at b= B¢ = Awa o V-t grop

= k\;x\\ - \4)(‘0)’5 =25 m

On which segment of the graph is the net force acting on the object zero?

Justif your answer. '
| yB-—? vihere there i no ac(e\amLon reans Zexo {ouce . ‘

(d) Calculate the net force on the object during the first 3.0 s of the motion.
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An experiment is performed using the apparatus above. A small disk of mass 1 on a frictionless
table is attached to one end of a string. The string passes through a hole in the table and an
attached narrow, vertical plastic tube. An object of mass m2 is hung at the other end of the string.
A student holding the tube makes the disk rotate in a circle of constant radius r, while another
student measures the period P.

(2) Derive the equation P = 27 ’:"; thatrelates P and in, .
Q 28
FC - Mqﬂ =3 Ml\l MM}K}T: MLS
= il
P(
M!V,j — M’ﬂ h
Y N\Jj PQ: MBI Y

V= ol P N, b RYY

P 2 M
STy 2 13
Ml\'t: m‘ X AL - "HL Y
Y &) - ‘l\.P—_— P> [4cMy - 2| M
Y ‘J\z\f) 'l f}
The procedure is repeated, and the period P is determined for four differem values of m2 | where

m =0.012 kg and » = 0.80 m. The data, which are presented below, can be used to compute an
experimental value for g.

my (kg) 10020 [0040  |0060 | 000
P (s) 1.40 1.05 0.80 0.75
Vo2 0 5| o.ar | 16 \ €

(b) What quantities should be graphed to yield a straight line with
used to determine g? a slope that could be

Q
P: QJLPTII\E—Q A CLuarA'.ku; P anl—‘—;

or
?:0,‘—_'_;\_1 _‘\51- CS?AN\Q

P unfl _’J\"
(€) On the grid below, plot the quantities determined iy p;:‘r (b), label the

the best-fit line to the data. You may use the blank rowsy above to
need to calculate.

axes, and draw
‘ecord any values you may
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il = V\qs
P
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Y-atil = '{,li‘ .

(d) Use your graph to cal?§lite the gx‘i)zrimenfa'fealue of0of .
DR V P | g =7 \q\ofex H(?‘MtY g= 2|5X0-O\4\\jx ®08m X 4 [T
MW G\oFt = 1% -o8l SIS )

\S\o -9 008 - 0:0R ) 2
(3 A Nt g <= g5 Mg
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A student wishing to detenmine experimentally the acceleration & due 1o gravity s an appwatus that holds
aamall steel sphere above a recording plate. as shown above, When the sphere s released., o timer automatically
begins recording the time of fall. The timer automatically stops when the sphere strikes the recording plate

The student mfrasures the tmie of fall for different values of the distance D shown above and records the Jdataon
the wble below. These data points are also plotted on the graph.

Distance of Fall (m) 0.10 0.50 F 1.00 1.70 2.00
Time of Fall (s) 0.14 32 046 0.59 0.63
Distance (m)
25 4- L4 _% ! - : e —_— =y
Q)= —— e )
1.5
|
1.0 4
.5 - ¥
] ‘ B Tune o
0 02 03y K] 0 s 0.6 T

) Onthe grid above, sketch the smooth curve thyy best e presents the sudent's daty
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thr Wonly the varables 1 and ¢ are used, what quantities should the studear graph i order (o produce a line
) J
rebsticndip hetw evn the tao quantines”

oy |/3‘tq Doc;ml £
’Tﬂ\fj}p‘; SL({‘QH \iru q_‘mrlllm b\ﬁ‘af“ﬂjam" \[5 an(J {2

1 Onthe gned belom | plot the data points for the quantines you have sdennifiad 1n part by, and skereh the bt

urarht-ine it o e poinis Label yeur aves and show the seale that you have

L2 ) e e

hoven tor the graph
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(d) Uung the slope of your Eraptiin pan (¢, caleylate the aceeleration g duc to
:‘;ﬁ :%: l0-085 _ 5m]cq
02 - 04 1§ o |2
Slope of e e dhmioz el? gweg g = 10l

1€y State one 253 an 2 huch the vudens vauld im
prrtamed agun Explain why this would i

grovity in this expenment

Prove the accurae Y olbthe results of the oy
wprove the accuracy

Do'-@ Sever al “ﬂa‘g fur eachy Value_ af gwven D ﬂncl H\en 'I:al«a "j-ﬁ
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) I ‘ ywing the acceeraten a ol the ¢levator as a
An mspector provides the swdent with the following graph showing the o~

function of time ¢
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Dunn: what time interval(s) is the force exented by the lelfunn <oale on the wwdent 4 maximum
]
value? in‘\ewa\ \J\ZSInc\. ‘GO(‘T\ IR \Sﬂfoﬂclf G(‘A\_g
at 1€

. Calculate the magnitwde of that maximum foree for a 45 kg student
(o9
¢

N Hs(q grolst 41 2nls Bq\sn

N = U5 xwprold = L'"
N=- 500N N mar = 500 ¥

() Duning whatTAme 1Btervalis) is the spead of the elevator constint’
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Scanned with CamScanner



A model rocket of inass 0250 kg 1 Launched vertically winh zn enpine thad s spruted ot 4rse £ = O o sboran
above, The engine provides an umpulic of 200 Nea by ﬁnug fos 20 5 Upna scaching as i anom beygds, fhe
rocket deploys u parachute, und then descends semisally o the e td

(1) On the figures below, drew und label a (roe body diazram fof the rom bet danin nip cachi o thar 650 rapaz
intervals '
1. Whale the engine 1 After the eogine sopn. o Aficr (b pas e trite i
s hnng but befage the parschuc deplined

5 deploryed
T Farachsle Terce

-
—

Tqumc force

A AL .
l Nf._-ﬂ\,\, l V‘(tﬂ\‘ul« L H(‘j\r}—

(b) Determine the magmitude of the as crage scceleranon of the rocka dunng the 2« linag A e enpan

Jc\:j-re ru\g'l‘, (ﬁ) OQGXQE) = 0289
Q0 = (5(1) F@'IDN 3 -55 = 0°25q

Fnel ={\a ; (F@ —Md) g a-= 3_0f m‘sq

() \'-Am maxu um Ilna‘l will the rochet reach?
-~ 04 ./213012 =60m Q = Oi“"(qeéb

dglan(x 'fOf ‘an da\\ 260 = 19 6(‘{
\’& V,,Lq{ =0 43042 "éom daz g4 m
Vet = Vld 9k = %4 2rfqs D) Lol ddare = 54T -

(d) At wi at ume .nflcr t = 0%all the maximum hn,lu be reac

.25’ :'Vu"\\g)c l: 6\g

P

d -god -qst -

M

+

q-g{ = éo
#6
050 kg
. U, = IS s

.

r=095m i
20m e 19 m

' e '

(15 potnts)

A designer is working on a new roller coaster, and the begins by making a scale mode! On thas model 2 car «
total mass 0.50 kg moves with aeghgble fncnen along the track shoxn in the figure above The cur DICR 18

mitil speed vy - 15 mfs atthe top of the (st lull of herght 20m Porst A o kovated 2 3 haghtod 19w«

the top of the second hill. the upper pant of which v a circular arc of radms 095

ta) Calculate the speed of the car @ point A

Enclgy Comves Corgervaten
JLOAR y@\w —/NW +h39\’

\/A"'- (\‘-o'\"‘)
YRR Qam) 1 axfgeeld)(Rm-1:92) = 421 folo)

Vo - [i21 60 = 208
\’A < .?D]jrst

—
[
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(b) On the figure of the car below, draw and labe) vedlon o represent the forces o ne
1 () ¢ caral P<rant A

Y

{©) Calculate the magnitule of the fmulufllu Ultla(:r the car ar pmnl A

n(‘l ’(f(ﬂe G‘nl | i{(c
le My-N = NM

N - M\3 _ (;) thg x 9 KN\JQ\ c35'”+'”'"‘§)

(d) In ord i o
orderto stop the car o point A, «ome fnction mua be introduced. Caleulate the work that mus be done

by the friction force in order 1o \Iﬂpl al point A
--“‘Q [ﬂ){k Aﬂ L IL em'\gg Cl‘l Po',n“ lﬁ U‘Je fye d}{[{"m
W (richion = ‘4 N\\h\
= —/yo.g)llpu = -1-06 = < 1-05 byles

(¢) Explain how to modify |lu track desi
gn to causwe the car to lose contact with llh trach st paunt A before
descending down lhc track ,UI T) your answer. n}ﬂa L)i'}h LMC[

~ The byger - uan o My? mose H’E\ ¢ Car Y ‘D leC (o
Sinw "“0\%] (’Cﬁh CL‘[ t}j{x(g %"‘u gﬂ \'QQUII’PJ % ke@? ({ 'ﬂfre A ( TaCLLU
—To increas (e,,)N pelal foce . vpu e veloc: ute

— lU nLeak Ve\OCI'B OJ (QY ‘\‘20'{."0\ h‘ \\a,llc‘ *x h‘\g‘f(‘ h neyeast i Ol Gﬁeﬁ

@‘7 © vedue vadily hokn fie leogh of e B

3.0 m/s
(_)a\“(\.‘m _ (“) d"ue«.}wa
Cart A Garl g

(15 points)

A 2.0 kg frictionless cart is moving @ a constant speed of 3.0 m/s 1o the rnizht on a horizonual surface, ws shown
above, when it collides with a \Cc.()nd cart of uadetermined mase s that s m,;._—.lh at rest The lorve F of the
collision as u function of time 1 i1s showa i the gruph below, where £= 0 s the imtant of sl contact As
result of the collision. the second can acquires a speed of 1.6 m/s to the nght Aswime that friction necheible

before. during, and after the collision

F = %9
1“‘3:\0&“

10

Force F (AN)

L"ﬁt = m3

1) 0.5 10
imie 1ims)

ude ugd dirccyion of the velocny of the 2 0 kg cart after the «ollinien

(a) C .sl;ul.m the miagni
= Qven unlo \e (uwe_ 2
), x 1xIb ¢ x 10%10°N

) \ax\w
sptve Uy /4 4 \
LNy = suk = BlgM
\Qd\' (’5): ™M AV

-5 = 2 (y ,3')
%M

— =3 5
H\/& - =34 {

Nd = 3- ‘Z
V.; - 05 i *\nht 15\.\ J-Im"fﬂ‘\
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(b) C nlmlun the mase m of the weomnd carnt

a N

AA | od e | o ,

Bt_fuﬂ \(W-exe, G rio 5l{[ rnx\ 6= 06,
nxih =

Ntf ‘ \-on.:,!mx.\‘(,# __C’_J m___b_ ) an\(j

P
= 3ks Eg
Aftee the collivon. the second cart ey entually experniences o ramp, which it v erses with no frictional fosses

The praph below diows the specd ol the second cart as a function of ise £ for the neat $ O « whete 120,
now e instant at which the carts separale

20 S Q
.‘ l ‘
Speed v (mys) B —l.»v .{
‘ ‘
I “ | + i
|
() - .
0 | 2 1 : q
Limic 7t
(¢) Calculate the accelerntion of the canat 1= 30y,
ope =8y = o5 v = V- _p33
Ax Q5 —R 15

)(r(’\mr\bn: - 0-F3 (R

ﬂ‘\ 3J 'll 3 (lefe“ﬂa\!’ﬂ a - -0-33 r('\\.('z
(d) Calculgte the dicance (muled by the sevond cant during the 5.0 s interval after the collision (0 s <1< S0 5)
J' ne = avea undel e Cuwve
Av = Qx\-(v =33 Tlal = AvAH As
Ax= Y * 15X\l =pg3s = a1} 0§38 15
Az = 3x05 = |5 = 5538 m

—_—
(e) Suate whether the ramp gocs up or down and calculate the maximum ¢levation (above of lklu\\ the it
height) reached by the v.uund canton the ramp duning the S0 s intenval .dtu the vollision (0 s «

"‘“Q hmp goef up = Thae 4 qdencalc 'n JP"@L\

@) By (o:\sewalm o ey Befise WE = 27«“\\'*
\PEq Pee | KE \T(r\a\ = )X 3RS X\ ol

Bejue 0 Q l-k_,_\‘\‘ = i3o..\u -7 befue
Pgkes 2 62h| © 039 | % —

< "“\)

A(S\'Qr = \4 {3125 Xo-sq
= (-39 ]ml\CJ ':7 N‘Qr :

\ 30'6'25‘\ 1039 = L‘"
o o 64dsh = 361

L\ 002y

e
— i
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