2008 Prelivninory Fxonn Solntions | I

e — — L — - — — —

ARPT UNITED STATES PHYSICS TEAM
AIP 2006

Solutions to Problems

Each guestion wowarth 23 poeds, Ay coveec ! aoduton shonlif be wmereded repeealent points, Sy

geated partial-credd pornls are lU.'r.\:-*.lil’r.'.-' et square begckefs o e vight reargn after the equalion

nwber. You wmey Jucther break dodn the Gsted poads sate ooe pernt ncremaents 01 iy elear

Mrey hove done an ndermedate stepf theg showld got credil for Jt even of they fue not presented
. Stedents shondd wot be penadized oo swhseguent paet for using P wromg qrcsieee 1o preeons

part  (Na dounble popanfy. )

Cuestion 1

There ave at leasr two wies Tooappreog b this proldens Other solution methods may exst as el

Methad 1

Here the toens 15 on angolar ol warali]es

Let kr = 20 mdst Then the atfeelar aeceleraton s plven

Fhy wt 'l l.' |3 ])!!

mikd Lhe sngular velocity 15 given Ly

t? i1-2) [3 pt]

i) IATRTH

Frug | ===

andd the angular position relalive to £ 15 ooven by

|
i /.‘ : Lt (1-31 [3 pt]

The welovity 1= always tangential, the wecelention has tangential sad radinl components, so

He taagenst of Vhe anghe @ Lsedwnhn % el @ 1 aven bn

idaes = gty (1-4) [2 pt
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i
Uy = ru”, [1-3]
anal
W = rir, t1-6)
so colining Fago 1-1 through Eq, -0
iy
tang = — [1-¥)
I']I
- ru_'.! l 3
rn (1-8)
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Fht
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it
Lt (1-1u)
- Ik =1u)
3
5. (1-11)
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2
g = -tang (1-12]
4
2 =
= '—I\;‘.‘.‘ {1-13)
Method 2
Here the focus is on linear '\-’lﬂii:t].il:‘:i.
Let e = 20 m¢s® Then the tangantinl aceeleration is given by
iy - et (1-14]
and the tungential velocily is civen by
t ] 2
= ay = =rtt, {1-15)
L 2
aned the are leupth s traveled i thne # 1s given by
¢ 1
5= / et = st (1-16]
0 s
The radial weecleration s fowd from P =15,
o
iy - - " { |-|?|
7 | ¢
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A Prelimmary Exaimn Soiutiens

Tlee angle & between the veloeiby
prescduet:

where 1oand ¢ are the 11111%““!!*[#'?\' il the
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The magnitnde of the seceleration vector fomnd Do B -84 and Bg 1217,
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{1-260)
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Chestion 2

(a) (13 punts) The speed of the smadl Bleek jose Tedorng o wollides witle the Targe block, o s

tonnd tronme coreser vation ol aeelaoneal coergy

oy i, (21}

1 "
Lyt 4 A sy [2-2°
s = 204 [2-3)

The speesd ob the Targe Block Just adter the collision, v is oo fram conservatiogn of immmen-

Litin
KTRTEI TR AT [2-d}
i i 1y 30

where oy oas the =peed of the =mall Lleck juse after the collisioen.

Thiz collizion is elashie. so kineli energy 15 conaerved, m
| ; | . 1 .
! i 4 d | -
2.'.;.1.1'."-) = _J':".'.'r'r - '.._’””II . I_(-_f-h;
Jint = ot et (2:75
valing Eqo 2-7 by Eq. 2-0 vielids
T L {2-8])
weltic [ von B coanbsineed weith Ly 225 20 give
" il (291
it = i I.Il'--! |j ol I: :| :l

The speeed of the sniall Bloclk as o starts back npe the path, o, = eelated to the brght that ot
rises Iy ocenservalion ol mechann ol cnergy (B 2 L5 this can be combined with Ego 2289 il

EIIE I_:' R e '-_|:|.1|‘.l.-'

B ol =R O (2114
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{b) 112 ponts) Detine 1y tu Le the speed of the large block at the top of the loop. For the lurge
Llowk tes juse baeedy make 1t over the teps al the loop tequires the net foree 1o e voual 1o the

Tarve ob gravily,
i

Fiwy =g - = (2171

L
The tast expression comes frmn the conedition that the tangential seceleration ol the lavge
Dlercle v wer ar Ahe togeod e Josp
The speed of the large bloek at the tapool the oo s related Lo the specd al the et Ty
vonservation of cnergy (Eqg 2417

Ky by = Ko~ {2-18}

I j | )
_?.'jnn_lg‘ + dmggt 2y = E'.‘J.rru--‘.‘ e 0, £2.10)
it gl = gt {2.20)

Combimng the last expression (Er 2-20) with the expression tor net foree [Eq. 2-17} wields

et 4 gl =l (221}
gl + 4yl = . [2-22}
Gl 1132, {2-23)

The combine this resnlt (Eq 2-240 with the results of part (ad Eqo 2- 10 Consequently

my = = (2.24)

= (2.23)

2 . :
2

mo L et 4 (2.26}
: ;

Lo opin (2-27)

Question 3

There are ol Last bwo ways 1o appreacl this priobiden, CH by sobtion it Jeodls Lueky exist o wiell,

Method 1
Tl approach fornses an the difterential voguations of esoillatory mation,

Tu bl_t‘ll'.'l'i'l]I Y SNEhem S}Lr'lHI_':.-"th il |'1|'|]r|rir_||| b thee torn

L {3.1)
'|'l'||.[ viscillate with .-III|.U'||E'II J||'1|'|.l|.'lll"‘\.' w' I 1M b el o rl.i_' weraend Tine clettvat v al |'||:_-
vinrlable =0 o
ll'
i
Skt 47
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2000 Mreimuyary Exan Salutims fi

Students don't need to write thes down, but they will need to use 1 i they ralke this approach.
Let the poal ave mmss A8 ool lenpth 20 Tor the springs cach have constant &,

[0 experimeent |, ler o be the vertieal displacement of the rond from eguilibrioun, Then 1he
cemntion of motion i

Ma — Fu, kst
Mre = -2hr (A-4)
2k
_'[; | — e (T \':3-3_}
M
o »
Lty — |l.‘||' m [.{—hl:l [,ﬁ Pt’]

where the 2 vn the night hand side ol Eqo 323 anses trom the presence of two springs. In the
last line we take advantage of Fq. 4-1- 11 daes net need to be derived. Note the absence of
gravilty from this cxpression. o s the change e leogth from tle copilibrioen position, and
then vet foree at the eqpulibiium position is 2ero

T experiment 2, let # be the angnlar displacement of the rod from equilibrivin. Note that
for small & | the extension of cach spring from cguibbrmun is given by

=i (3-7) (2 pt]
The foree of the spring on each end of the rod 1=
F=-kr=-k8, [3-5) (2 pt]
s the net torgue on the rod ahout the center of rotation is
T = 2lkrfie i3-4) [2 pt]

The ratatsonul inertia of the vall of lepetl 25 abant the cenzer s

! = 3 AMi2r)? = .lj.-‘t-f?'z. (4.10) [3 pt]

Then, combining Eq. 3-7 through Eqg 3140,

fie = 71 {3-11)
énrrﬂ& ) (3-12)
&= By (3-13]
A
feid:
W= f— -1 O pt
#a Y (i) (641
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Fimally, sire

2
r o —, id-1%]
we have fyom Fgo 326 aned Eag, 3214
T ' .
s — {3-146)
/ ol
= (417

Method 2

This met hod facnses on the fundaiicntal expression lor the perind ot an oscillating systemn

The perial of aseillation of & mass spring avatem s gven by

e
T =951 —. KA
2% Vi (4-1%)

where & 15 the spring constunt ancd o oe the mass.

B vl Brst exprtisend theee are two spoges, cacl offectively mwoving fadf of the total s
A wl Lhe thin rod. so
(A2 {0

1R 'er'.l'l." ,LI - 2.-—.1|.|,I TS [A-14}

Tlie periond of escillation ol a rotational systen is given Dy

£y = 2rqi ] (4-200)
2 1|.| . h

where & 15 the rotational spring constant ad ¢ the ratanional wertia Tn this case,
B —5 {3-21)

where 7 is the torgue abont the center of ratation. That torgue is provided for by the fores
el Ll i,
L ,
= = =k [4-22)
2
where s Hwe extension of the spring aud £ othe length ob the thin rod.
Tl sngele @ pm wiven Ly
fl= — [4-23)

Lar small e s
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= 1, (3-24)
(7
- .‘1' - 4— {.I_:E—HFII:'

for one spring.
The restational inertn for o thin vodd abont the contor s
- o
Irui! = E‘.“r.; 1 {J—Jh)

but we are interested in only hall =o

4

211‘\."‘{.2 (3-27)

i

Cornbine Eoq. 3-20, Eq 3-25, and Fa. 3-27 The period of oscillation is then

T 2 1,:’ = (3281
H
3 ) U= o
it ot lvll kf‘_lf'l'l M {3 jh}_]
m .
2.'r-1.|,"l e [3-300
The vatio is founed by dividiog K. 3219 by By 3-30;
i V3 {3-31)
7

Question 4

{a) (13 points) The magnitude of the net foree on an object of mass m inanitorm cireular motion

of Tadies s

2
Fag - 1H— [4-1)
=
Lt
- 2re ST [4-2)
wheve T s the petiod of resolubion ol U ediect - Clombnnang, (e proviois Pwo expressions
yielels
L
'F:ll'l Lt '..:F.'I' {-1-::”
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Buth the particle and the astercid have the sumie penod of revalution. In the case of the
asteroid the net force s equal to the gravitational sttbaction between the planet and the

aslerend, su

Tny RLERLE TR Y
A

Frot = Ma—gy =

T

43
;O e 6
\ e AL,

The distance fromn the particle of mass rmoto the centey of rotation s
rm=r R,

The mmgnitude of the net Jurce oo the parcticle of mass mois

"’-"'.Erm
T:

which can be combined with Eq -5 tor the period of the asteraid to yvield

Faee =

Fiiigy, = f:rrf.ﬂl-fpi’.—;l.
=

The magnitude of the foree of gravity from the planet an the particle of mass w is
{rm Al
A,
F.u =13 R
Fm®

The magnitude of the loree of gty from Lthe asterond on Lhe particle of mass mois

Gl

Irl_':l. =
Ra'

The mpnitigle of the net force on the particle can also be written as
Fiat = Fy = Fi = Fa,

where e ois the normal foree so

iy = -‘L-In-l 1 ![",I. .Ir'-.,_l
4 Tin 1 |
= ':I 1l [|I -"l--lrll r_-I + 11‘.{” E;.z -"'-'Jfl., m) .
/o r-R ! 1
= {hn (.'l.f e = M M ———— ) :
\ j i er‘ r|-l'— .H',..IIi
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(b)

(e)

Y]

{7 points) Rewrite the terms, where possible. <o 1hat
r= . =il -rh

whirre
r i

15 a small guamtity Then Ego 4-14 can be wnilten as

i | £
By i (.-u,,—_s‘- ¢ My R' ’
r f.\‘-

Apply a binvmdal expansion to the last term.
fl—x) =1+ 2r
then Eeg. 4-14 will be approximated Dn

X |
= i
b H” ¥

F

i

'I‘"‘.

m (ﬂ.lrp I

! !
= G (:\-!” —— - AM - )
e pg

.4
| yay Ma
= 43w (.-‘Lfr. H”—z - 30, 3 )

{5 points) Set the normal foree cqual to zero,
Fy =11

and salve Eq. 4221 for «
JoMy

r 1“.!' 4 'I.-F: .

1
ﬂJHTE{] 5 21’]) i

The 1ass af the planet is equal to the density g tmes the volume, so

4 i
M, in;.re,,‘.

A similar expression holds trae for the asteroid so the mass ratio s

M, RS
My RP

Combinng Eq. 1221 and Eq. 4-25.
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