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Fhysics TA QUIZ & . Closed Book. Write in blue or black ballpcint only.
3 Questlons:

Note: Youmustuse g= 10 mfs? for the earth' s gravity.

Angular speed @ =¥/ =2%7 Angular acceleration ¢ = id? — %%

Moment of Tnertia [ = 2;‘ m;-:rﬁ Torgque T=r,.F=[u

2
Angular momentum L = fe; Rotational ke, = 147 w* =L /2 7

1. For a 2eene in the movie MIZ, Tom Cruise Jumps backwards off the top of a bullding
fhefght k=8m) and fallz head-flrsl towards the ground. To effect the stunt safaly, the

m=70kg aclor wears a hamess which is aftached to a long cabla, The cabla js

‘wourd mulliple times around a large drum of radivs #=0.75m, which iz free to rotate

with moment of inertla f=g00 I-:gmg, The drum iz posifioned out of sight at the top of
the building. Therefore, when Mr, Cruise jumps, his fall s slowad by the drum's rotation
as the cabla unwinds. {The action is later sped up and the visible cable removed from
the shot by spacial-effects editors),

o2

' {
a. Using energy arguments, find (i} \he actar's speed and hence (i} the rotatlon
periad of the drum after the fall of Srm. (Hint: Mr. Cruise's downward speed is related
to the drum's angular speed by v =r@).

b. Therefgre, what percentage of the total gravitational potentlal snergy lost in the
fall is "absorbed" by the drum's rotational enargy? {35 points)

c. {Extra credit: 5 points}: Find the tenslon in the cable during the fall. {Hint: Use

free-body diagrams, and flrst find the actor's acceleralion),

2. In a schoo! playground, & see=-saw consisls of & woodan beam e Iang balanced
on & pivel at |ta center, A toddler of mass 20 kg shts at one end.

it A () At what disfance from the pivet should her parent {mass 80 kg sit in order for

the see-saw to be level in equilibrium (i.2. no net torquel? {if) What is the resultiog
force of the pivot on the beam? :
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Continued from page 1

Another child of mass 15 kg jumps onto the end of the sza-saw, this tima on the
same slde as the parent.

2b. Show that the center of gravily of the system is now displaced about &ém from
tha pivot, on the parent's stde. Glve 4 signlficant fiqeres, ' & 2L

€. By summing the contribulions frotm the thrae rders, flnd the moment of Ineria of -
the system about the pivat (neglect the mass of Lhe beam).
{30 points)

d. {(Extra credii: § polnts) Tharefare find the angular accelsration of the systanm
as it hegins fo rotate about the pivet, In radianis?,

3. Elsewhare In the playground, a child of mass 20 kg rides on the outside edge of a

merry ge-round with fadias ¥=1.5m, mameant of ineria F=180 Hng, {The merny-go-
round b5 basically & thick horzantal disk), The merry-go-round spins with a perled of
208

& Whal [5 ([} the total moment of inerfia and so {fi) the total angular momentum of
ihe {chidsmarry-go-round} system about the centrat axis? (Give comect units for
aash).

b. The child crawls directly fo the center of the mern-go-round as it sping, and sits at
tha ¢centar. Uslhg conservation of angular mormemium, show that the new period of
rotation is now 1.6s,

c. Tharsfore, calculate the rotational kinetic energy of the eystem (i) before and (i)
aftar tha child moves to the cenler.
{35 puoinis)

d. (Exira cradit: § polnts) Briefly explain why energy is not conserved evan
though angular mementum is conserved In thls maneuver,
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