2000 US Physivs Team Preliminary Exam Scoring Key

Solutions

{suggested partial-credit points in square brackets al the right margin)

I, a. The tangential velooity of the rock as it leaves the catapull is the inthal velocity of the
projectile v, =vp =10.0m{s with 8, = (rz;’f}] [1+1]
First find the x- und v-components ot the rock's position and
velocity as it leaves the catapult arm and becomes a Vo
prejectile. See the accompanying figure. Taking the point
marked X as the ongin

i 1'?(1 —t:m;(?r £ 1)) = (4_011 m)fl -0 5} =200m [l]

v, = Rsin{m /3) = (4.00 m){0.866) = 346 m |1
B r_Ds{n 6)={10.0 m/s){0 866] =866 m's [1]
Vo = ¥, sin| w6 ( 100 m: ﬂ:}(f} ‘1{30} S0mis  [1] 5,
A
The equations for the x and y posttion of the rock are o
X=X, 4 V0 [2] 4.00m
¥= ¥+ v+ M)ay? 2]
with o, =98 m/ s and y =0 forthe vertical position of the rocks landing point.  [1+1]
Subsututing v = 0 into the y-equation,
0= [III/)::)H.,FIE TV Iy [1]

solving the quadratic eguation for t and rc[aining only the positive t solution

=

St \.'Ivm.: 4 ¥)ayy . ~500m/ u{: 00 m }1 3(—9.3 m/ 52)(3_46 m) e
:’_(}é)ﬂ}. ~98m/s’
£ =k, +v, =200 m+(8.66 ms)l49s)=15m 2]

h. The angular velocity of the rock at the point of release is:

e Do IDDIRES G s 2]
f 4.00m
Using = m{,z + 2ol (2]
with: t, =0 = (’T/) rad [1+1]
' T g
1_w? (25rad!s) -
g "G o { 5) =298 rad / s° [2]

20 -1(,1!1}
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2. 4. Resolving the string tension 7 and the ball weight

mg 1ot components parallel and perpendiculur to the plane

as shown in the diagram at the right,

{ 1 point for each correct force/component | [6] Teos(tF3)

we have lor the perpendicular component: ZF_ = [1]

feosi/ 3) = mecosd (213 [1]
And for the parallel component. Z fij = ma 1]
Tsin{ 3
mgsin@ — Tsin(f ! 3) = ma (2:2) (1]
. . 05 f)
Salving (2.1 for I =myg —EEEI— |1
u.ns.({il‘ 3) SO
and substituting into (2. 2k
. stsin{f /3
mgsmﬁ—mgw-;}‘ [1]
cos @/ 3)
. I 7
a=g Smﬂ—cosﬂﬂjl—}] (2.3) [1]
| cosi 3} ) IﬂgCﬂSﬂ * g

(While it is not required to simplify the above to obtain
full credit, itequals o =2gsin(# /3).}

b, The diagram to the right shows the forces acting on the

cart-accelerometer system. _
{(m+M)gsinf

{ | point for each correct force/component | [5]
For the perpendicular component: Z £ =0 [1]
F, ~{m + M)g cosd =0 (2.4) [1] tm+M)gcos

And for the parallel compenent:
Zﬁ:(mi-ﬂ/f)a [1]
(m + Mlgsin® - jik, = (!ﬂ + M)c.r (2.5) (1]

Combining equations (2.3}, (2.4), and (2.5)
sin(6/ 3)

m+ Mpsin® - pylm+ M |gcosd = m+ M ;r[ sinf - cosd 1]
(o + M)gsind - sl + M]gost = (m-+ M) cos(613) [
Dividing through by (m+M)g
. VCER
sinf? — pcosd = sinf - cos-‘?s—lu (1]
cos(f/ 3}
sinfd /3
Solving for the cocfficient of frctuon = ﬂ—-l =tan{#/ 3}
cos(i i3]
{Or any equivalent answer ) [1]
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3. a The rotatonal inertia of a uniform thin rod about 1ts end is found using the parallel axis

theorem: I = L+ ML = (J0NME - (V) M7 = JALS 2]
Using energy conservataon: K+, =K.+ U, [2]
Let the lowest position of the rod's center of mass (£/2 below the axis) be the zero of
gravitatuonal polential energy. Then U, = Mp(li2) and =0 [1+1]
For kinetic energy: K =0 K.=(l/24 o [1+1]
Substitution into the energy conservation equahion yields

Mg(Li2y=( )\ M, (1]

Dividing by M, L., and 1/2
or (i = 1'|II {"1 [1]

b. The collision is imelastic. Using angular momentum conservation

f,,wr,= .’;-(JII‘F [2]
S o i
Only the rod is moving ininally | so L= (K%),\ﬁ‘ and w, = 1|||' _r (141]
The final rotational inertia 15 the sum of the rod's and point mass's
o= ()0t w1 = (34 .
8 [ 2 o
!r I-’; I I.u‘f‘- ¢ I[
Therefore: Wy =, —L = l'_g ( ‘) - Z{ l] ||3_£’ (2]
e VI (3w ] LAV L

¢, Once the collision 1s vver, mechanical energy 1s again

conserved. Equating total mechanical energy immediately ]
after the collision and al the highest point
Kr.l +I'|lrl - KF t LIF i h‘:{UE}fI—C{)SB}
At the highest point Ky,=0 (1)
5 &
K, = (WMo = (KN %M (%) fE VMgl 1] h=L(1-cost)
o //.1)’ _(E)zﬂ"k/{dwi {3}3 =Li1-cos

Choosing the lowest point as the zero of gravitational

patential energy, =0

In swinging to an angle @, the center of mass of the rod {marked by an x in the diagram) has
moved up a distance ' ={L2)0 1 -cos @), (11
While the point mass at the end has moved up =10 1-cos @) [1]
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Therefore the final potential energy is
Ui = Meh' + Megh = ,’»?‘g(f.fl)(] —-;usr'!} F ;H:‘:{!r.(] 1.:055") ={3.ff:]l.4)fgf.(i = CU.SH'). [1]

Substtuting in1o the energy conservalion equation

{/‘»;} Ml = {}*‘;) _ifgf,fil - msﬁ‘) [1]
(M5} =1-cos0
= cos '{'}{2}:1]4“31:1 (11

f,=0.15m

-, ¥]
RN |

4. a. Applying energy conservation between the imitial point 4, =0.15 m and the point y

Ko+ U, =Ky +y [2]
Initially K.=0 U, = Mgh, [1+1]
Al point v Ko ()/;}MH U, = Mgy [1+1]
Meh, = [ Vi an? + Mgy 4.1) [1]
The sphere is moving in a circle of radius
! { V2 __'2
R =0.60 m-/{0.40 m) +{030m)" =0.10m. 1]

The total centripetal force has two contributions, the tension in the string 7' and the radial
component of the sphere's weight, Mg cos 6 Setting the total centripetal force equal to the mass
times the centnipetal acceleration

2
T+ MecosB= M % (4.2) [4]
Solving {4.1) for Mv* and substituting into (4.2)
2Mplh, -y
'+ Mgcost) = x{;——}l (4.3) (1]
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From the geometry cosft = = [1]
Combining with (4.3) and solving for ¥
2Mglh, - ¥) et Mg(2h, -3y)  Mg(0.30m-3y)
B R k- R T 010m
T=3Mg(1-10y) where v is in meters. ]

b. By Newton's third law, F, the force the rod exerts on the string, is equal and opposite to the
force the string exerts on the rad. [f there 15 no Inction between the rod and the string, then the

tension in both string segments is the same T

—Z T, = —[?'sm 36.9% - T'sin B) [2]
angt ==Y Ty {Peos36.9° + T-::osl';l). 2]
. —
Since cosf = = sinfl = }I —{ l] [1+1]
R y OLR
F, = Tll:}ﬁﬁ— '1—[—| (1]
F, = —ng{E - |”_‘l»'H (.60 — <.|||'I] —(Iﬂy)zw v in meters. [
\ s
: g v
F,=-T 0.80+= I
= afoms s "
F,=-3Mg(1-10p)(0.80+10y)  yinmeters. (]



