Center of Mass, Moment of I nertia, Kinematics

Rotational Kinematics and Dynamics Problems

The problemsin this section can be solved by gpplying rotationa kinematics and dynamics principles.
The problems are divided into four groups according to the mgor principles required for solution: (1)
center of mass, moment of inertia, and/or rotationd kinematics; (2) rotationa energy; (3) torques, and
(4) angular momentum. The specific principles required are indicated in itdics a the beginning of each
problem.

Center of Mass, Moment of Inertia, and Rotational Kinematics

1. Center of Mass: You have been hired as part of aresearch team consisting of biologists, computer
scientigts, engineers, mathematicians, and physicigts investigating the virus which causes AIDS. This
effort depends on the design of a new centrifuge which separates infected cdlls from hedthy cdls by
spinning a container of these cells a very high speeds. Y our design team has been assigned the task
of gpecifying the mechanica structure of the centrifuge arm which holds the sample container. For
aerodynamic sability, the arm must have uniform dimensions. Y our team decided the shape will be
along, thin strip of length L, width w, and thicknesst. The mass of the stripisM. The actud values
of these quantities will be optimized by a computer program. For mechanica reasons, the arm must
be stronger at one end than at the other. Y our team decided to use new composite materials to
accomplish this. Using these materias changes the strength by changing the dengity of the arm adong
its length while kegping its dimengons constant. To caculate the strength of the brackets necessary
to support the arm, you must determine the position of the center of mass of the arm. Y ou decide
to do thisin two different ways.

(&) Firgt you meke a crude gpproximation of your design by assuming that the armisarigid,
masdessrod of length L. On this rod are mounted four smal objects of equa mass. One of these
objectsis postioned at each end of the rod, onein the center of the rod, and one midway between
the center and the end.

(b) Next you do amore exact caculation by assuming that arm is a continuous materid with a
dengty which varies linearly dong itslength as (A + BX).

2. Center of Mass, Moment of Inertia: Y ou are on a development team investigating anew design
for computer magnetic disk drives. Y ou have been asked to determine if the standard disk drive
motor will be sufficient for the tet verson of the new disk. To do this you decide to calculate how
much energy is needed to get the 6.4 cm diameter, 15 gram disk to its operating speed of 350
revolutions per second. The test disk also has 4 different sensors attached to its surface. These
small sensors are arranged at the corners of a square with sdes of 1.2 cm. To assure dahility, the
center of mass of the sensor array isin the same position as the center of mass of the disk. The
disk’saxis of rotation also goes through the center of mass. 'Y ou know that the sensors have
masses of 1.0 grams, 1.5 grams, 2.0 grams, and 3.0 grams. The moment of inertia of your disk is
one-hdf thet of aring.
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3. Center of Mass, Momentum, Kinematics. Two government agents (FBI agents Mulder and
Scully) need your physics expertise to determine why an aien spaceship exploded. The wreckage
of the spaceship isin three large pieces around a northern Minnesota town. The center of mass of
one piece (mass = 300 kg) of the spaceship landed 6.0 km due north of the center of town.
Another piece (mass = 1000 kg) landed 1.6 km to the southeast (36 degrees south of east) of the
center of town. Thelast piece (mass = 400 kg) landed 4.0 km to the southwest (65 degrees south
of west) of the center of town. There are no more pieces of the spaceship. The Army, which was
watching the paceship on its radar, clamsit was hovering motionless over the center of town when
the spaceship spontaneoudy exploded and the pieces fell to the ground. Agents Mulder and Scully
do not believe that the spaceship exploded on its own accord. They think amissile hitit. They ask
you to determine whether the fragments found are consstent with the spaceship exploding
gpontaneoudy. |If not, determine from what direction the missile came. (For smplicity, assume that
the pieces of the spaceship after the explosion are moving horizontaly.)

4. Kinematics, Moment of Inertia: Y ou are working in aresearch group investigating more energy
efficient city busses. One option isto store energy in the rotation of a flywhed when the bus stops
and then use it to accelerate the bus. The flywhed under consderation is disk of uniform
condruction except that it hasamassve, thinrimonitsedge. Haf the mass of the flywhed isin the
rim. When the bus stops, the flywhed needs to rotate at 20 revolutions per second. When the bus
isgoing at its norma speed of 30 miles per hour, the flywhed rotates at 2 revolutions per second.
The materid holding the rim to the rest of the flywhed has been tested to withstand an acceleration
of up to 100g but you are worried that it might not be strong enough. To check, you caculate the
maximum radius of the rim for the case when the flywhed reaches 20 revolutions per second just as
the bus going 30 miles per hour makes an emergency stop in 0.50 seconds. Y ou assume that during
thistime the flywhed has a congant angular acceleration. Y our trusty physicstext tells you thet the
moment of inertiaof adisk rotating about its center is haf that of aring of the same mass and radius.

5. Kinematics, Force: You did sowel in your physics course that you decided to try to get a
summer job working in a physics laboratory at the Univergity. Y ou got the job as a student lab
assgtant in aresearch group investigating the ozone depletion at the Earth's poles. Thisgroup is
planning to put an amospheric measuring device in a satdlite which will pass over both poles. To
collect samples of the upper atmosphere, the satdlite will be in acircular orbit 200 miles above the
surface of the Earth which has aradius of about 4000 miles. To adjust the insruments for the
proper data taking rate, you need to caculate how many times per day the device will samplethe
atmosphere over the South pole.

6. Kinematics, Force: While listening to your professor drone on, you dream about becoming an
engineer helping to design a new space station to be built in deep space far from any planetary
sysems. This sate-of-the-(future) art station is powered by a smal amount of neutron star matter
which has a density of 2 x 1014 g/cmB. The station will be alarge light-weight whed rotating about
its center which contains the power generator. A control room is atube which goes dl the way
around the whed and is 10 meters from its center. The living space and laboratories are located at
the outsde rim of the whed and are another tube which goes al the way around it at a distance of
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200 meters from the center. To keep the environment as normd as possible, people in both the
outer rim and the control room should experience the same “weight” asthey had on Earth. That isif
they were standing on a bathroom scale, it would read the same as if they were on Earth. Thisis
accomplished by a combination of the rotation of the station and the gravitationa attraction of the
neutron star matter in the power generator. You suddenly wake up when you drop your pen but
decide that the idealis interesting enough to calculate the necessary rate of rotation and generator
mass. While drawing the free-body diagrams, you redlize that the people are standing with their
heads inward on the rim of the station and with their heads outward in the control room.

7. Kinematics, Force: You have asummer job a NASA where your team is responsible for
specifying arocket to lift a communications satellite into a circular orbit around the Earth. To
effectivdy relay Sgnds, the satdlite will have to dways remain over the same point on the Earth's
equator just above the communications station which is located 50 miles outside or Nairobi, Kenya
The satdlite will have amass of 3500 kg. Y ou have been assigned the task of calculating the radius
of the satellite's orbit and its speed while in orbit and presenting that calculation to your team. For
your own curiosity you also decide to caculate the force thet the satellite exerts on the Earth while it
isinorbit. From your trusty physics textbook you find the radius of the Earth is 6370 km, its mass

i$5.96 x 1024 kg, and the universd gravitationa congtant is 6.67 x 10-11 N m&/kg2-

Rotational Energy

8. Energy: Whileworking in an environmenta engineering team to determine the qudlity of thearr in
downtown Minnegpoalis, you have been given the task of cdibrating the spectrum analyzer. This
device gives you the composition of the gasses in a sample by determining the frequency of light
absorbed by the sample. Each type of molecule absorbs a certain set of frequencies (its spectrum).
The frequencies actudly measured are changed if the molecules have an angular velocity about their
center of mass. To cdibrate the analyzer, you must calculate the expected angular velocity for the
Oxygen molecules (O2) in the sample of Minnegpolisair. At the temperatures of your gas sample,
you calculate that the center of mass peed of atypica moleculeis 500 m/s. Based on you
knowledge of atomic Szes, you estimate that the typica distance between the nuclel of oxygen
aomsin the moleculeis 10-8 cm. Y ou aso know that the 27 x 10-27 kg mass of an Oxygen atom
is essentidly concentrated inits very smdl nucleus. Y our boss tells you to assume that the rotationa
kinetic energy of the molecule rotating about an axis through the center of the line joining the nucle
of the atoms and perpendicular to that lineis 2/3 itstrandationd kinetic energy.

9. Energy: Whileworking on your latest novel about settlers crossing the Great Plainsin awagon
train, you get into an argument with your co-author regarding the moment of inertia of an actud
wooden wagon whed. The 70-kg whed is 120-cm in diameter and has heavy spokes connecting
therim to the axle. Y our co-author daimsthat you can approximate using | = MR2 (likefor a
hoop) but you anticipate | will be significantly less than that because of the mass located in the
spokes. Tofind | experimentdly, you mount the whed on alow-friction bearing then wrgp alight
cord around the outside of the rim to which you attach a 20-kg bag of sand. When the bag is
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10.

11.

12.

13.

released from rest, it drops 3.77-m in 1.6-s during which time the whed rotates through an angle of
2p-radians. Hint: Use energy considerations.

Energy: You have asummer job helping to design the opening ceremony for the next winter
Olympics. One of the choreographer’ sideas is to have skaters race out onto theice and grab a
very large ring (the symbol of the Olympics). Eachring is held horizontd a shoulder height by a
verticd pole stuck into theice.  The pole is attached to the ring on its circumference o that the
ring can rotate horizontally around the pole. The plan isto have the Skater grab the ring a a point
on the opposite side from where the pole is atached and, holding on, glide around the polein a
circle. 'You have been assgned the job of determining the minimum speed that the skater must
have before grabbing the ring in terms of the radius of the ring, the mass of the ring, the mass of the
skater, and the constant frictional force between the skates and the ice. The choreographer wants
the skater and ring to go around the pole at least five times. The skater isto be moving tangent to
the ring just before grabbing it.

Energy, Center of Mass. Asaproject your team is given the task of designing a space gation
consgting of four different habitats. Each habitat is an enclosed sphere containing al necessary life
support and laboratory facilities. The masses of these habitats are 10 x 105 kg, 20 x 105 kg, 30 x
105 kg, and 40 x 105 kg. The entire station must Spin o that the inhabitants will experience an
artificid gravity. Your team has decided to arrange the habitats a corners of a square with 1.0 km
sides. The axisof rotation will be perpendicular to the plane of the square and through the center
of mass. To help decideiif thisplanis practicd, you cdculate how much energy would be
necessary to set the space station spinning at 5.0 revolutions per minute. In your team’s design, the
Sze of each habitat is small compared to the size of the space between the habitats and the
sructure that holds the habitats together is much less massve than any single habitat.

Energy, Center of Mass. Y ou have agrest summer job working for amovie studio. Y our
assgnment is to check the script of an upcoming Star Wars movie for scientific accuracy. Inone
scene, the hero escapes by putting her spaceship through awormholein space. The engines have
faled so the ship is coagting when it emergesin another part of the galaxy at the center of abinary
dar system. Both starsin the system orbit their center of mass and have equa mass. Y ou need to
determine the minimum speed of the spaceship when it emerges from the wormhole perpendicular to
the plane of the orbiting stars so that it is not captured by the star system.  When the movie is better
defined, you will know the mass of each gtar, the radius of their orbit, and the mass of the

paceship. Y ou assume that even along time ago in agdaxy far, far away the gravitationa congtant
isthe same.

Energy, Forces. You have applied for agreat summer job working with a specid effectsteam at a
movie sudio. As part of your interview you have been asked to evauate the design for astunt in a
new Indiana Jones production. A large spherica boulder starts from rest and rolls down an inclined
track. At the bottom, the track curves up into avertica circle so that the boulder can roll around
on the insde of the circle and come back to ground level. It isimportant that the boulder not fal off
the track at the top of the circle and crush the star standing below. 'Y ou have been asked to
determine the relationship between the height of the boulder’ s starting point on the ramp (measured
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from the center of the boulder) and the maximum radius the circular part of the track. Y ou can
determine the mass and the radius of the boulder should you need to know them. You have dso
been told that the moment of inertia of a sphereis 2/5 that of aring of the same mass and radius.
After some thought you decide that the boulder will stay moving in averticd circleif its redid
acceleration a the top isjust that provided by gravity.

Torques

14.

15.

Torque: Inabudget cutting move, the University decided to replace their human mascot, Goldie
Gopher, by ared gopher. Unfortunately the new 10 Ib Goldie has other ideas and has escaped the
clutches of the athletic department by jumping out awindow onto a flagpole attached to the building.
The fire department has been called in to recover the recdcitrant gopher. The planisfor afireman
to climb out on the flagpole and get Goldie. Goldie is 3 meters out on the 4 meter long flagpole.
Because of your technica background, you have apart time job as a University safety officer and
are asked to gpprove thisplan. The pole is attached to the building at an angle of 37° above the
horizontal and weighs 22 Ibs. A horizonta cable with arated strength of 300 |bs. connects the far
end of the pole to the building seems strong enough.  The other end of the pole is connected to the
building by asted pin supported by a strong stedl brace.
Y ou are worried about whether this pin is strong enough so you caculate the forces on the pin. The
lightest fireman available for the job of getting Goldie weighs 150 Ibs. in al of her gear. You
find that the pin is strong enough so you might approve this daring rescue. Y ou warnt it to be as safe
aspossble. You will require thet the fireman wear a safety harness which is held by someoneinsde
the building. After al, the cable holding up the flagpole has been out in the Minnesota winter for
years. |If the cable does break, the flagpole will rotate about the pin supporting its base.

Doing aquick integrd, you find thet the moment of inertia of a pole about an axis at oneend is
1/3 asmuch asif al its mass were concentrated at the other end of the pole. To save the fireman
you must get her off before the pole goes below a horizontal orientation. The gopher will be on its
own. To seeif rescueis possble, you cdculate the accderation of the flagpole with the fireman and
gopher clinging to it for the two extreme cases, just after the cable breaks and just asit reaches a
horizonta orientation.

Torque: The automatic flag raising system on a horizonta flagpole attached to the vertica outsde
wall of atal building has become stuck. The management of the building wants to send a person
crawling out aong the flagpole to fix the problem. Because of your physics knowledge, you have
been asked to consult with a group to decide whether or not thisis possible. You are dl too aware
that no one could survive the 250 foot fall from the flagpole to the ground. The flagpoleisa 120 Ib
sted I-beam which isvery srong and rigid. One Sde of the flagpoleis attached to the wall of the
building by ahinge so thet it can rotate verticaly. Nine feet away, the other end of the flagpole is
atached to a strong, lightweight cable. The cable goes up from the flagpole a an angle of 30° until
it reaches the building where it is bolted to the wal. The mechanic who will dimb out on the
flagpole weighs 150 Ibs. including equipment. From the specifications of the building congtruction,
both the bolt ataching the cable to the building and the hinge have been tested to hold a force of
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500 Ibs. Y our boss has decided that the worse case is when the mechanic is at the far end of the
flagpole, nine feet from the building.

16. Torque: After watching a news story about afire in ahigh rise goartment building, you and your

17.

18.

19.

friend decide to design an emergency escape device from the top of abuilding. To avoid engine
falure, your friend suggests a gravitational powered devator. The desgn hasalarge, heavy
turntable (a horizonta disk that is free to rotate about its center) on the roof with a cable wound
around itsedge. The free end of the cable goes horizontaly to the edge of the building roof, passes
over aheavy verticd pulley, and then hangs straight down. A strong wire cage which can hold 5
peopleis then attached to the hanging end of the cable. When people enter the cage and release it
the cable unrolls from the turntable lowering the people safely to the ground. To seeif thisdesignis
feasible you decide to cdculate the accderation of the fully loaded devator to make sureit is much
lessthang. Your friend’ s design has the radius of the turntable disk as 1.5 m and its mass is twice
that of the fully loaded devator. The disk which serves as the verticd pulley has 1/4 the radius of
the turntable and 1/16 its mass. In your trusty Physics book you find that the moment of inertia of a
disk is 1/2 that of aring.

Torques, Kinematics: Because of your physics background, you have been asked to be a stunt
consultant for amotion picture about a geneticaly synthesized prehistoric creature that escapes from
captivity and terrorizes the city. The scene you are asked to review has the three main characters of
the movie being chased by the creature through an old warehouse. At the exit of the warehouseisa
thick sted fire door 10 feet high and 6.0 feet wide weighing about 2,000 pounds. In the scene, the
three actors are to flee from the building and close the fire door (initidly a rest), thus seding the
cregture ingde the building. With the creature running at 30 mph, they have 5.0 seconds to shut the
door. You are asked to determineif they can doit. Y ou estimate that each actor can each push on
the door with aforce of 50 pounds. When they push together, each actor needs a space of about
1.5 feet between them and the next actor. The door, which has a moment of inertiaof 1/3 M r2
around its hinges, needs to rotate 120 degreesfor it to close completely.

Torque, Kinematics: While watching the locd TV news show, you see a report about ground
water contamination and how it effects farms which get their water from wells. For dramatic effect,
the reporter stands next to an old style well which still works by lowering a bucket at the end of a
rope into a deep hole in the ground to get water. At thetop of thewell asingle verticd pulley is
mounted to help raise and lower the bucket. The thin rope passes over the large pulley which is
essentialy a heavy sted ring supported by light spokes. To demondrate the depth of the well, the
reporter completely wraps the rope around the pulley and suspends the bucket from one end. She
then releases the bucket, at rest near the pulley, and it descends to the bottom of the well unwinding
the rope from the pulley asit fdls. It takes 2.5 seconds. She does't tell you the depth of the well
S0 you decide to calculate it. Y ou estimate that the pulley has the same mass of the bucket and
assume that the mass of the rope and any friction can be neglected.

Energy or Torques, Kinematics. While you watching a TV show about life in the ancient world,
you see that the people in one village used a solid sphere made out of clay asakind of pulley to
help haul up water from awedl. A wedl-greased wooden axle was placed through the center of the
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gphere and fixed in a horizontd orientation above the well, dlowing the sphere to rotate fredy. To
demondtrate the depth of the well, the host of the program completely wrapped the rope around the
sphere and suspended the bucket from one end. She then released the bucket, at rest near the
sphere, and alowed it to descend to the bottom of the well unwinding the string from the sphere as
it went. Ittook 2.5 seconds. Y ou wonder what the depth of the well was so you decide to
cdculateit. You estimate that the sphere has twice the mass of the bucket and assume that the
mass of the rope can be neglected. Y ou look up the moment of inertia of a phere about an axis
through its center of mass and find it is 2/5 that of aring of the same mass and radius.

Energy or Torque, Kinematics: 'Y ou have been asked to help design a safety mechanism which
will automaticaly drops a rope from the window of an gpartment in the case of fire. One end of the
rope is fastened to aledge on the outside wal of the building while the other isrolled tightly around
ahallow cylinder. When afireis detected, the mechanism drops the hollow cylinder so that it is
pardle to the ground. The cylinder fdls straight down without touching the side of the building and
the rope unwinds from around a point midway aong its length. To optimize your design, you need
to calculate how long it takes to fdl to the ground as afunction of the height of the fdl, the radius of
the cylinder, the mass of the cylinder, and the length of the cylinder.

Torques, Forces. A friend of yourswho likesto fix his own car has improvised a car-lifting device
in hisgarage. He explainsthat he plansto park the car on arectangular platform which islifted into
the air by four ropes each attached to a corner of the platform. The platform is constructed of stedl
I-beams and has aweight of 250 Ibs. It is 12 feet long and 5.0 feet wide with its center of mass 5.0
feet from the front and 2.5 feet from either Sde. His car has aweight of 1400 lbs. and 75% of that
weight is carried by the front tires. The distance between the centers of thetiresis 7.2 feet. His
plan isto park the car in the middle of the platform with the front tire 2.4 feet from the front of the
platform over the midpoint of the platform. In that way, the two front ropes have the equd tensons
and the two back ropeswill aso have equa tensions. The ropes are certified to hold aload of
5000 N each. Before he uses his device, he has asked your advice on its safety.

Torques, Forces: Y ou have been asked to design amachine to move alarge cable spool up a
factory ramp in 30 seconds. The spoal is made of two 6.0 ft diameter disks of wood with iron rims
connected together at their centers by asolid cylinder 1.0 ft wide and 3.0 ft long. Sometimelaer in
the manufacturing process, cable will be wound around the cylinder. For now the cylinder is bare
but the spool sill weighs 200 Ibs. Y our plan isto atach athin ring around the cylinder and pull the
spool up the ramp with arope attached to the top of thisring. The spool will then roll without
dipping up the ramp on its two outside disks at a constant speed. To finish the design you need to
cdculate how strong the rope must be to pull the spool when it is moving up the ramp at a constant
gpeed. The ramp has an angle of 270 from the horizonta and the rope will be pardld to the ramp.
A st of light weight bearings minimizes the friction between the ring and the cylinder and fixes the
orientation of the ring so that the rope aways pulls from itstop. The diameter of thering is
essentidly the same as that of the cylinder.

23. Torques, Forces: Y ou have been chosen to be part of ateam investigating an explosonina

virology laboratory. When you enter the lab, you see that alarge utility conduit, which was origindly
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suspended horizontaly overhead, has falen on top of a chemica workbench. Y ou decide to
determine if amechanica failure made the conduit bresk, crashing into the chemicas and causing the
exploson or if the chemica exploson caused the conduit to fal. The heavy conduit, essentidly a
bar with a nortuniform mass digtribution, was held up in the air by two lightweight cables attached
to the ceiling at different angles. One cable was attached at each end of the conduit. To check out
the possibility of a mechanicd falure, you first decide to caculate the position of the center of mass
from one end of the conduit based on the known weight of the conduit, the length of the conduit,

and the angles of the cables with the cailing.

24. Torques, Forces. You have asummer job working downtown washing windows on skyscrapers
(the pay is great and so are the medica benefits). The platform you and your partner are using to
get to the windows is a meter wide and four meterslong. Y ou know from hauling the platform out
of your truck countlesstimesthat it hasamass of 70 kg. It is supported by two cables, one a each
end, mounted on-center to prevent the platform from tipping over asit is pulled up the sde of the
building a a constant speed. If you (mass of 55 kg) are standing on the platform 1 meter from one
cable while your partner (mass of 87 kg) is 1.3 meters from the other cable and both of you are half
ameter from the Sde, what is the tenson in each cable? Assume the platform has a uniform mass
digtribution and is of negligible thickness

Angular Momentum

25. Angular Momentum: Y ou are part of ateam in an engineering contest trying to design a
mechanicd "cat" which, when dropped motionless, upside down from 2.5 m, can right itsdf before it
hits the ground by rotating its "tail." The body of the "cat," gptly named Katt, isa solid cylinder 1
foot in length and 6 inchesin diameter, with amass of 5.44 kg. Attached to the center of one end
of the body isKatt's "tail,” a 1 foot long rod which extends out perpendicular to Katt's body and
has only 1% the mass of the body. Y our task is to determine the energy demand put on the small
electric motor in the body which rotates the "tail." Based on your work, have you any desgn
improvements to suggest to the rest of the team? Remember: a solid cylinder rotated about it's
centra axis has amoment of inertia 1/2 that of a cylinder with al it's mass on it's circumference; a
rod rotated about one end has a moment of inertia 1/3 of that if mass were concentrated at the
opposite end.

26. Angular Momentum: 'Y ou have been asked to help evauate a proposa to build adevice to
determine the speed of hockey pucks shot dong the ice. The device consists of arod which rests
on theice and isfastened to theice a one end so that it isfree to rotate horizontdly. The free end
of the rod hasasmall, light basket which will catch the hockey puck. The puck dides acrosstheice
perpendicular to the rod and is caught in the basket which isinitidly at rest. The rod then rotates.
The designers claim that knowing the length of the rod, the mass of the rod, the mass of the puck,
and the frequency of the rotation of the rod and puck, you can determine the speed of the puck asit
moved across the ice.
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27. Angular Momentum, Energy: You are amember of agroup designing an air filtration system for
dlergy suffers. To optimize its operation you need to measure the mass of the common pollen in the
ar where thefilter will be used. To measure the pollen’s mass, you have designed a smdl
rectangular box with ahole in one sdeto alow the pollen to enter. Once indde the pollenisgiven a
positive dectric charge and accelerated by an eectrogtatic force to aspeed of 1.4 m/s. The pollen
then hitsthe end of avery smal, uniform bar which is hanging straight down from a pivot at its top.
Since the bar has a negative charge at itstip, the pollen sticksto it as the bar swings up. Measuring
the angle that the bar swings up would give the particle s mass. After the angle is measured, the
charge of the bar isreversed, releasing that particle. 1t'sacool desgn but your friend inggtsit will
never work. To prove it she asks you to caculate the length of the bar which would give youa
reasonable angle of about 10° for atypical pollen particle of 4 x 10-9 grams. Y our plan cdlsfor a
bar of 7 x 10-4 grams with amoment of inertid 1/12 as much asif al of its mass were concentrated
aitsend. Issheright?

28. Angular Momentum, Energy: Y ou have been asked to design anew stunt for the opening of an
iceshow. A smdl 50 kg skater glides down aramp and along ashort level stretch of ice. While
gliding dong the level dtretch she makes hersdlf as smdl as possible. Keegping hersdf as amdl as
possible she then grabs the bottom end of alarge 180 kg verticd rod which isfreeto turn verticaly
about a axis through its center. The plan isfor her to hold onto the 20 foot long rod while it swings
her to thetop. Therod has a uniform mass digribution. 'Y ou have been asked to give the minimum
height of the ramp. Doing aquick integrd tells you that the moment of inertia of this rod about its
center is 1/3 of what its moment of inertiawould be if al of its mass were concentrated at one of its
ends.

29. Angular Momentum, Energy: Y our group has decided to revigt the lab experiment in which a
metal ring was dropped onto arotating plate. In hopes of getting better results, you now have a
motor which initidly spinsthe disk and shaft a 3.0 rev. per second. You aredso using a
mechanica device to drop the ring, so that it lands perfectly in the groove on every trid.
Unfortunately the bearing in your gpparatusis giving out (after weeks of heavy use) so you must
redo your andysis, taking into account the frictiona force which the bearing applies to the outside of
the shaft. Y ou assume that thisforce is approximately constant, except perhaps during the collison
event itsdf. To avoid the large uncertainties associated with using a stopwatch, you decide to count
revolutions -- you let the disk rotate twice after disengaging the motor, then drop the ring, then note
that the entire apparatus goes around 17 more times before coming to rest. How largeisthe
frictiona force? Theradii of the disk, shaft, and ring are 11 cm, 0.63 cm, and 6.5 cm (5.5 cm)
outside (inside) respectively. The moments of inertia (about the appropriate axis) for the disk, shaft,

and ring are 5.1 x 10-3 kg m?, 3.7 x 106 kg m2, and 8.9 x 10-3 kg m? respectively.

30. Angular Momentum, Energy, Kinematics: Y ou have been hired by a company whichis
designing anew water dide for an amusement park . The conceptua design has a customer going
down a curved dide ending up moving horizontaly at the bottom. At the end of the of the dide, the
customer grabsthe end of a16.0 m long vertical bar that is free to pivot about its center. After
grabbing onto the bar, the customer swings out over a pool of water. When the bar swings out to
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its maximum distance, the customer can drop off and fal straight down into the water. Your task is
to determine the height of the dide so that the maximum horizonta distance thet the bar swings out is
5.0 mfor a60 kg person. The bar has five times the mass of a 60 kg person. Froman enginesring
handbook, you find that the moment of inertia of the bar is 1/12 of what it would beif dl of its mass

were concentrated at the bottom.
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