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(oncerning double jeporady. Some problems require answers to be used in subsequent parts.
Incorrect answers should be penalized only once. Correct reasoning should be acknowledged.

1. (25 puints) {.}'
(a.4)v, = Hew i (interms of the coordinate system shown) | (4 points)

|
-_..__.;X

(b, 7) This 1s a projectile problem: with ¢ = 8 at the top of the disc, we have

x— vi= Rad f (2)
and v = -Yagr’. (2)
At point B, v= R sothatr - v(2Ky) {2}
and therefore v = Rw, vI2R gl {1)

{c. 7 One may use either conservation of cnergy, or projectile Kinematucs.
Energy conservation approach:

E, = Fy {recognizing the principle) {3)
Yom{ R ) - mgR = Vi, t 4 () {applying 1) f2)
vy = [(RawyY + 2R | {solving) (2)
Pronectile kinematics approach:
el U {2)
where v, = Ka), (2)
and v} =2¢R [fromv’ =1, + 2a, - y}] (2)
and thus, v, = [(Rw ) +2eR | (1)
(d. 7) By conservation of angular momentum,
L= (recognizing the principle) (2
which becomes [ w, = ['w’ tapplying it) {1

Lets calculate 7 it has two contributions, one for the damaged
disc missing the chip, and one for the chip: When the chip comes loose.
f'=11 mR" |itor the damaged disc) + [ mR ~ |{{or the chip}

=f . (3]

)
Hence, w = w'. (1)



2. (25 points)
. 3) F=mabeccomes k- my -0
sothat b = mg/x, —(Lkgh{ %8 Nikg) /(0.2 m) = 49 N/m.

{h. 10} One may use the work-energy theorem,
W, - Ak

where W 1s the work done by non-conservative forces and # is

the wtal mechanical energy. With the zero of gravitational P.E. ai

the initial position of the hanging mass, W, = AF becomes
amgx = kT - mgx
The x < 0 solution gives x = 2(medk 1 wy= 03 m.

(3)
(2)

(4)
()

{c, 10} The svstem is equivalent 1o a particle of mass 2mr being pulled in one

direction by the force mg in the opposite direction by the foree k.

Thus, Newton's second law gives
mg — kX = 2mu

which savs a + (A2mx = “2g, which is the equation of motion of a
simple harmonic oscillator (in a uniform gravitational field), with

angular frequency e = v{kZm).

(3)

[Allernatively, if the student notes that the angular frequency squared
equals & divided by the mass that is oscillating, and notes that 2m is the

mass that oscillates, give [ull credit for part (¢) up o here |

Next. convert to period: 7= 2nwpives =225 2mk 1=1.27 s

3. (25 points)
la. 9 One may apply conservation of energy. £, = £, .
and obtain (choosing P.E. = 0 a1 # = 0):

(2myei2L) = | Vv 2+ mg(24 - Lcos@Y) « [ Yemn' + me(2L N1 -

which simplifies to

0= ‘emv + Yo - 3mgl cos8.

We note that lorall #. v, =Lw and v, = {2L)w - 2v,.
Hence, v, = [(6/5)ef cosd]” and v, = 2 [(6/5)gL cosd]"
so that, at &= 0, v, = [(6/5)gL]" and v, = 2 [(6/5)gL]"

ih, 16}

Consider the bottom mass (mass #2] |6 points 1o be earned here]:

The radial component of F = ma becomes
T, - mgcos@=my, /2L
Using the result v, = {24/5)gfcos& from part (a). one finds
T, ={17Symg cas @
which 1s < 4 2mg for all@, so the lower rod does not break.

(2)
cosf?))

(3)

(2)

(1)
(1)

(3

{2}
(1)

[Note: if the student says “we need consider only the top rod because 1t
either rod breaks it must be the top one,” award the {1} point for this

"d



conclusion: however, the the student will still need to find
I, as a function of #in order 10 determane the angle where the upper rod breaks. |

Constder next the upper mass tmass #1) [ 10 ponts to be earned here|:
The radial component of F = ma becomes

ro-1, - mgeos@=my ' [ (3

Using v = (6/5) g cos@ and 7% = {17/5) my cosf one obtains

fi= (285 ymy casé. {3) Ti

Thus, 7', will equal 4 2mg when €7 - 41,4 {2) 'W\g

4. (25 points)

{a. 7}

{h. &)

(c, (v}

(d. 6)

F = ma applied 1o the satellite gives

G Mma? = alir (3)
where for the satellite, v =227 (3]
Thus one obtains ¥ = (4 /GM) #.

so that ¢ =47/GM (1)
For peosynchronous orbit, 7= 24 hrs = §.64=10" s (3)
Thus Keplers third law and the Farth dawa give » =4.22510" m. {3)

Let 7,=8.64<10" s, and let r, =4.22<10" m, 1.¢. let the subscript denote the
geosynchronous orbit data. With the change 1n orbit radius, we have
r=r,vdr and T - T 1 AT, so Kepler's third law becomes

TAY AT =Cnt (1 +dmr ), (1)
Use the binomial expansion to obtain

AT = (32T, ' r, ) Ar. {3)
With A = 2 km. it tollows that A7 = 6.1 5 (2}

[ O these last two points, one point 1s for the 6.1 s; one point is for
either meluding the minus sign or stating that the satellite’s period 1s
yhorter than before. |

Both the satellite and observer are revolving about the Earth’s center of mass,
Let v = speed of the satellite relative 1o Earth’s center of mass;

Let v, = speed of the observer relative to Earth's center of mass.

The quantity we seek isv, v, Thus

v, vV, TR (@ W)

=3 R (LT, - VT, (2)
wntng £, — 7, (1+ 47T, ) and using the binomial expansion, one finds
v, - v, = -(2aR/T.) AT (2)
Numerically, v, - v, = -2x(637<10°mNB.64<10"s) (- 6.1 s)

- 3.3cmis (13
Because the Earth rotates (rom west to cast, and because the satellite
completes one “lap” aboul the Earth’s CM in 6.] s less than the observer,
the spot moves east of the observer at the speed of 3.3 cm/s, (1)



