Prysics 231, SPRING 2014. MISSION 6

Your solutions should be neat, correct and complete. Same instructions as Mission 1 apply here.
Recommended Homework from Textbook: problems:
9.3, 9.7, 9.13, 9.22, 9.35, 9.39, 9.45, 9.78, 9.84, 9.99
10.1, 10.4, 10.11, 10.17, 10.34, 10.39, 10.40, 10.43, 10.50, 10.64, 10.67, 10.79, 10.97,
13.5, 13.14, 13.16, 13.22, 13.29, 13.32, 13.37, 13.43, 13.52, 13.62, 13.75.
I also reccommend you work on understanding whatever details of lecture seem mysterious at first.

Required Reading 6 [1pt] Your signature below indicates you have read:

(a.) I read Lectures 26, 27, 28, 29, 30, 31, 32 and 33 by Cook as announced in Blackboard:

(b.) Iread Chapter 9, 10 and 13 of the required text:

Problem 51 [3pts] A yo-yo has 300 J of energy in the form of rotational kinetic energy. The yo-yo
also has an angular momentum of L = 20m2kg/s. What is the moment of intertia of the yo-yo ?
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Problem 52 [3pts] A force F = (3.0 N )(3% — 22) is applied to a point mass M = 2.00kg which has

initial velocity ¥ = (30m/s)(§ +2) at the point (1,2,3)m. Find the torque on M and the angular
momentum of M with respect to the origin.
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Problem 53 [3pts] You push the edge of a door of large square door with side-length 2.00m at the
middle of the door. A mischevious genin-level ninja who Just learned about mechanical advantage

pushes at the edge of the door and stops your push with a smaller force. If you push with force
F' then what force did the ninja stop you ?
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Problem 54 [3pts] A mass of 100 kg hangs via a very thin wire (with small mass) of the edge of a
cylindrical barrel filled with cheese of density 30kg/m3. The barrel itself has a mass of 20 kg
which includes the caps and the sides. The cylinder has length of [ = 1.23m and a radius of
R = 0.466 m. If the barrel rotates on an essentially frictionless axel then how far will the mass fall
in the first second it is released from rest ? How much rotational energy and how much angular
momentum will be given to the cheese barrel at that time ? = barel Ef’fel{
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Problem 55 [3pts] Problem 13.85 (uniform earth PE, fall to center)
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Problem 56 [3pts] Let masses m; = 1.0 kg be placed at (1.0m, 0, 3.0 m) and me = 2.0 kg be placed at

(=1.0m,2.0m,0). Find the net gravitational force on M = 0.030 kg placed at the origin. What
is the gravitational acceleration due to m; and ms at the origin?
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Problem 57 [3pts] A planet has mass M = 3.54 x 102" kg. A moon orbits the planet in a circular
orbit of radius R = 2.0 x 10®m. What is the period of the moon’s orbit?
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Problem 58 [3pts] Three planets of identical mass M orbit in a circular orbit of radius R. The planets
are symmetrically placed. Find the speed of their orbit.
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‘Pgoeuem 59 ’

10.81.

IDENTIFY: Apply conservation of energy to the motion of the boulder.

= - 2 2 . . . o . 9
SET Up: =1~ +11w” and += R when there is rolling without slipping. 7= %mR“.
EXECUTE: Break into two parts. the rough and smooth sectious
2 2 1 }. vy 2
Rough: mely =Lun” + 11w, meh =—m’ +— -mR — I =—-°h
S Sl =9 2 ' - R/ )

: ol b s e 150y .
Smooth: Rotational kinetic energy does not change. mgh, T+ K= ="M Bottom T Ko
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gh, | = 1B°n°m VBottom = J gy +2gh, = J—(9 80 m/s?)(25 m) + 2(9.80 m/s>)(25 m) = 29.0 ms.

EVALUATE: If all the hill was rough enough to cause rolling without slipping.

10 , : s - : .
VBottom = JT 2(50 m) = 26.5 m/s. A smaller fraction of the initial gravitational potential energy goes mto
7

translational kinetic energy of the center of mass than if part of the hill is smooth. If the entire hill is
smooth and the boulder slides without slipping. 1guom =+/22(30 m) = 31.3 nv's. In this case all the initial

gravitational potential energy goes into the kinetic energy of the translational motion.



Problem 60 [3pts] Problem 13.79 (mars rocket orbital modification)

13.79.

IDENTIFY and SET UP:  Apply conservation of energy (Eq. (7.13)) and solve for W y,... Only r=/h+Rg
is given. so use Eq. (13.10) to relate 7 and 1.
EXECUTE: K| +U +TW g =K +U,

Uy =—=Gmygnlzy. where iy is the mass of Mars and 7 = Ryy + /1. where Ry is the radius of Mars and
71=2000%10° m.

(6.42x10% kg)(5000 kg)
3.40x10% m +2000x10° m
U, ==Giygi/ry. where 15 is the new orbit radius.

Uy =—(6.673x107 N-m2/kg?)_C42X 16023 ksX5000 kf) =-2.8950x10'° J
- 3.40x10” m+4000x10° m

For a circular orbit v= JGmer (Eq. (13.10)). with the mass of Mars rather than the mass of the earth).

U, =—(6.673x10"1 N m%/kg?) =-3.9667x10' 1

1

- - . ~ 7 y = ~
Using this gives K =3mn~ =—;m(GmM:'r)=%GmMnn’r. so K= —%U.

K =—10;=+1.9833x10"" T and K, =—10, = +1.4475x10' 1

Then K +U; +Woper =K, + U, gives
7 iher = (Kz — Kp) + Uy —U) = (1.4475x10'° T-1.9833x10'°J) + (+3.9667 x 10'° T—2.8950x10° J)
her =—3.3580%10° T+1.0717x10'° T=5.36x10° J.

EVALUATE: When the orbit radius increases the kinetic energy decreases and the gravitational potential
energy increases. K =—U/2 so E=K +U =-U/2 and the total energy also increases (becomes less
negative). Positive work must be done to increase the total energy of the satellite.



