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A small cylinder of radius 
"'roff, 

without slipping inside
a larger, fixed cylinder of radius R.

(a) Find the acceleration of the smaller cylinder (e.g. d2gldt2) as a function of ,rg.

[B points]
(b) If the small cylinder is released from rest at an angle tgo ( 1, how long doesit take to reach the bottom? - 

[I2 ploirrtrl

o

1

?oint P L-,

Cc"-, pvie
o ! rD llih 

?

(R- 
")?-Y

is ro-t, c.;blou.'

ttof Lonav-4y,

Vetocr.fy of cn)

clLLqde. two *aI

=-la i
o.vrglq {." C, fir.,J(\.,

I (b) Cscil(q,t'c04 $.r 
7u

uo..= ;*\,2

e to ,ol,{ lro.+1 ?'7a to b

= t = 3I t@osc z t

Ti*

l\ "t
UP =

y"' of i

R\.
I

O !'-\ O'I

aP = ao
.----->l z

Cq
R
f

o

^),(->

tch d",, tlr1{r:!;

A.\= AUR
e--._-t
AX.: A?t R

h-rhe ve

^f = o,' lryJ
A bout P"

r l^O (04

(?) ': -- -dz,vsinz?
4. LIc \

? = tn 7,Y si,? ;' = -2(;) tv; u

t-3(: \a3 \R-r,t



I (b) Cs c i l(o,t; on $.,

tuo..= I;*\

T\wo identical billiard balls of radius R and mass M
rolling with velocities tu' collide elastically, head-on.
Assume that after the collision they have both re-
versed motion and are still rolling.

(a) Find the impulse which the surface of the table must exert on each ball during
its reversal of motion. ' 

[10 points]

(b) What impulse is exerted by one ball on the other? [10 points]

Recail that a time varying force F(l) exerts an impulse I: I F(t)dt.
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Two identical billiard balls of radius -R and mass M
rolling with velocities to- collide elastically, head-on.

Assume that after the collision they have both re-

versed motion and are still rolling.

(a) Fin<i the impuise which the surface of the table must exert cn each bali during

its reversal of motion. [10 points]

(b) What impulse is exerted by one baII on the other? [10 points]

Recall that a time varying force F(t) exerts an impulse I: I F(t)dt'
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3. A z0 particle of mass rnlT : I4TMeVf c2 is moving
with velocity u. It decays into two massless photons.
Find the energy of one of the photons as a function
of the angie d between the original direction of the n
and the momentum of the decay photon. [20 points]
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A platform of mass M is supported by a massless spring
with spring constant k and equilibrium length l. The
spring and platform are constrained to move in the ver-
tical direction. A block of mass rn rests on this platform.

[5 points]
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(a) Find the equilibrium height of the block-platform combination. [2 points]
(b) Find the frequency of small oscillation about that equilibrium. [B points]

The block-platform combination is pushed downward below this equilibrium posi-
tion an aciciitionai ciistance D anci then released from rest at t: 0.

(c) what is the largest value, D^*, of D for which the block will never iose
contact with the platform?

Lo polnrsl
(d) If the mass-platform combination is released from rest after being pushed

downward by an amount 3D** what is the maximum height reached by the
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CB)((
TLwo space\."ations, A and B, are separated by a distance ,L and are at rest',n)rrn re-
spect to each other. The two stations lie in the same time zone and have accurately
synchronized clocks. A rocket moving at a constant speed u travels from station A
to station B. When the rocket pilot passes the flrst station A, she sets the ship's
clock to agree with that of station A. For simplicity assume that they both read
zero when the rocket passes station A.

lr
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What is the time fp shown on the clock of station B when the rocket goes by
B? [5 points]

What time is displayed on the ship's clock, t! when the rocket passes station
B? Explain your result from the perspective of an observer in station B.

[4 points]

Explain the result found in (b) from the perspective of the rocket pilot.

[3 points]

Explain the result found in (a) from the perspective of the rocket pilot.
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