Mechanics Fall 2009 - Final Exam

Work four of the five problems. Place the problems in the order vou wish them graded. The first two problems
form the first half test; the second two problems. form the second half test.

Problem 4.1 A disk of mass M and radius I? is free to move on a frictjonless surface. The disk may rorate
and the center may move in the 2 or y direction. Two springs of spring constant & are a-tached as shown The
system is in equilibrium in the position drawn. The length of each spring in equilibrium is . Compure the
Lagrangian of the system. You do NOT need to find the equations of motion: they are a mess.
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Problem 4.2 Consider a particle of mass m dropped through a hole through the center of the carth. Model
the earth as an object of uniform mass density. The radius of the earth is R, and the raass of the earth is
M. Find the force of gravity as a function of » (which you did in the homework). Il the varticle experiences
a linear drag force |cv| where v is the velocity, compute the frequency of aamped oseillations. Compute the
damping constant if the systemn is to be critically damped. where the particle comes to stop at the cenrer of
the earth without oscillation.

Problem 4.3 A physical pendulum is formed of two rods of length ¢ and mass m mounted at right angles
as drawn. The pendulum is mounted to pivot about the point where the two rods are joined. The system is
shown in equilibrium as shown below. Compute the center of mass in the equilibrium locaticn drawn in e
figure. Compute the frequency of small oscillations.
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Problem 4.4 Almost al. asteroids have semi-major axes from 2A.U. to 4A.U., where 1A.U.= 15 x 10''m. the
radius of earth’s orbit. This is good, because we don’t want asteroids sharing earth’s orbit. The eccentricitics
of the majority of asteroids vary from 0 to 0.4. If an asteroid has semi-major axis 2A.LU.. what eccentricity
must it have to have a perihelion distances of 1A.U. and have a chance of hitting us? At this eccentricity. what
is its period? The mass of the sun is M, = 2 x 103kg and G = 6 67 x 10~ L Nm? kg



Problem 4.5 A rod has rotal mass M » length ¢, and variable linear mass density ) = 522
that you must determme. The rod lays on a frictionless surface. The rod is struck pe:
How far from the origin must the rod be struck so the instantaneous

where 7 is & constant
pendicular to its axis.
axis of rotation is its far end p - (2

y

Py

impulse




-T’L,,-(_ ‘()CO'Lloy\ o‘c 'der\'(" A" 'S

| Rsnmb
Y:A' < >< 4 ‘2 Cos e )/ A= ‘\/l -+ S

own &. "\’]‘\1' F«D v‘\\“ G:

- Run &
Xg = % -~ Reos & Yo = Y |

frl\o )'5C‘OLIOW OF D' = ("(Ri—cﬂ, C:), O\ and H\Q

loco hom of P, = ( Cd 0, O\

T"’\C [‘: \ V\C.‘LA <« Enaer 5 ¥ s

— -2
~ 2 5 . ZX n —\-.. I 6
I = "\71 4 (x Ty 2



'T-L\«e Fo*remLol 61««»37’ Ly

\/ = "2‘_ k Av® + -)2-_ N AV‘(,:L

\

= -.\2 LS LE Xg ~ (- K*A\-I Z+7 F’zj

Lk (e - Red] 5w 7 )

- SN
V= *‘i (< (\ ‘Cx_ R cos & +‘2_+<;j B .+(>/ ~i"<sm6) |

o I
+) ( [ x = R-d FRes®] T+ ()’* ISl | )
e (L



6__2/) The mass  dews i+ ¥ j) = Me
T

O"f’lr\tz) C)w‘;s‘ '&w 'Co;,- SVM \“‘7« )

Gre § = §G Adh<-AnGin

C’) Mev::

\(-'2

)
‘(--

5 (P = -
Je The earTA

N
lC“ o S F)\&ric'(\/ S '("0 ce mis

Mf;\(’ = é-g 12} Vﬂ's j|>

- DR 9

i

'—6’ = - CD /‘"QV\L e 4 n-r? P

g —

\rz‘ ,‘—~7~
= "%Wy(vr‘? - -Fr

i W’n 'y Cen 'llf“"u
FO(‘ q F&("}vc‘f‘ 'CU"Mﬁ "VAYUJSL‘ TL\Q € ¢

i

m Y -mq -cv
= - 1’Y\WY" -cV

xS + T =0
v



.T}\.e d(%&?‘\’\e) CO\»\:>LM+' 13 as USua/

e S
}— 2 wA~

i { = f’L »] :
awn 4 'H‘C o "v'v a \ 'c ye clv%c 7 CUOL-:-- r-‘ = = r j (._;

-t-. (lw()ﬁé OSC\”O‘LUV\\ C’”«(J})rvnf) un.:l«m—a’olufmj)

’T]Ld?. ‘C:N.inﬁvsc_y <
'S Ly = Jw,m- Y

s -GN

Ctms}-m'l' K E’wem LY

(Tlu?. lall'y \'\hc 0\ d MM?" v\)

___,.—-—-—"—-—"

L = \/—%n—?(:

Zwn
ey S

c, = Yo V



S

’

- e (o (@)

a = - —— - A ™y . P

\:»Jmc.. a oe 1.%) "5z
~e
r A
- 8 QQ /G)
J\e _ _ Q {E.)ez
5 T 5z

- ___.%--———
%W(’:QQ

C (‘rx{wco\ =

- 4

3

= S
<

Z m

iy

rp G = (%—rv<:» 4 T6Re

<

g
Re



@s)

N

o'c '("\\e lV\‘AIV‘CJUCI( V‘ods R Y d+

—Tl\? Center m‘(‘\ mass
the center ot the vods at

! L d
'y S < -3¢ —"Q"Z \i amd Ve B
v T Vz ) \j- ! L

—3

of The f)'s*""*- s ted by

_-rl\t ¢ %L?v" o ™A SS
u — ’-7
-\ | m?‘), x MY (
Vem & 5 A\

Olb\f 1093 Lj_

-r )\Q AUV e

"

—V/‘:'_S-L = Y:":), - Z m 9
¥

=2 3»

P ]

W



(-) S 3 fLQ w\mv\am{“ o“!\" Q f‘oQ] P\\ v'b{:e(l

-rl'\"': E}D‘V\ '(:v +L.-e Pay\ A\/) (O 2 Uy
N = I:'t:) = - mﬁpch S""‘e
F% v S’;w.ca(l oS ” o’lLIMC J

Iél + M€59€n~6 = QO

B + My o =0

T
(
0% mgfem | mq ("v,{r?-
- 2md®
>
- 3 2

A= >

a lc»cu‘ \J{“ { l‘! G«\(j{ \



-~ '\
ﬂ) b ‘O )

@2

Q =
(—‘o = \.g)ﬁon V.
-T-‘L\e ft‘d"‘»gv\ OC Pe.vr, 110‘0‘0\»« ‘&t}!‘aﬁ,r.f \/;
53M\'~mc.:\¢w~ ax.s O,
< A l-¢2, ~,
Q € ( < ? ) Q ( \-—(L )
|+ ¢
_ 1 _ Yo L
i i l ? = -.Z_. k Ccml
)
.,!_D_‘Z.:'_:O l
T A oz
G My
= 4 TY—L

Youks Nmt
(éﬂ Txi0™" Ry A =

T x 10'75;

) (2x107%s)

. @E)l"» 10 “M\

= 42, ¥ )(egt"\ -~ e ]}’_,, AO( :f

\Jﬂ



(:: €n Jﬁcr‘ o @' ‘F)e(‘t'v S3idnn — I'\ 3 “-—. Laaeau )

\’\OLOLI‘OV\ .

M
—& —
T y_—_.pl—-—-—{
g —
d )n;j)‘a (?
/
Koo = d§
2.
3 2
dL = ‘kf.lﬁ\_— B /80 9
9 Loy

axas

<) {:



@

N
£ )
_

e

Teole!l mass of o d

3 (" )\
M, = g Am = 30 E/;U-Jx.

‘ Q
Xem = —_— r
M 5
Y
- A gb/ﬂclm
M [}
- oyt
M A
_ (W‘) 4
T A4wm ——QT A



‘V\O‘M @“Jt_ o‘p .:I-lm?r '!‘v q

—

p——

—— end

(

(o Lou'l‘ &-\d )

N
(‘zcl A

“ o

¥ (

"

~ R
744434

O

d

Momat of Tnertra

——-Leué

—
—

T

1




