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Lab 5: Rotational motion at the playground

Essentials of Physics: PHYS 101
Important note: this lab meets at the playground located at the SW corner of 23" and
University streets, about 7 blocks south of the UO campus.

Many of thefunthingsto do at a playgroundinvolve rotationd motionN movingin circles.
Thislab comprises four experiments. the barbdl, the teeter-totter; the swing; and the merry-go-
round. Youwill beundetaking all three experiments.

Experiment: Teeter totter talliestotal torques! Story at ten

Introduction:

Y ou@e sitting on oneend of ateeter totter, minding your own busness, when the big class bully
comes alongand plopsdown onthe other end, sending you flying. Y ou swear to seek revenge
viathelaws of physcs. Wha can you do next time?

Question: Given that the class bully weighstwice as much as you, how can you changehow you
Sit ontheteeter totter so tha you both bdance when he sits on the other end? Be specific and
explain yourreasoning. Draw diagrams that illugrate your method

Procedures:

1. Havetheheaviest and lightest members of your group sit on either end of ateeter-
totter.

2. Make adjugments until thetwo groupmembers bdance.
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3. Havethethird groupmember measure the distance from the pivot point of the teeter-
totter to the center (center of gravity) of where each bdanced group member is

ditting. (Thisdistanceiscalled thelever arm.)

Do two trials with the same two group member's at the same endsof the teeter-totter.
Now switch endsand do two moretrials. Record your average lever arm distance for

each bdanced group member in thetable bdow.
Record the (approximate) weights of the two group members b ow.

Observations for Part One:
Data Table: Part Oneof Teeter Totter Experiment

weight force Observations Lever arm Torque(lever
(Ibg N m arm x force
(N) (m) )
member 1
member 2

Calculations/Questions:

1. Convet weights (in Ibs) to force in Newtons(N) using thefollowing formula:

(weight inlbs) " 0.455kg/Ib " 9.8 m/s/s= (weight in N)

Fill in the second column of thetable above

2. Cadculate thetorques ((#) lever arm x force) andfill in theappropriate column above Wha
affect did the changes you made (to bdance thetwo group members) have onthetorques

they exert ontheteeter-totter?

3. Wha can you say aboutthe sum of thetorques exerted by thetwo group members onthe
teeter-totter? Agan, draw diagramsto clarify your explanaion.




Experiment: In the Swing
Introduction:

Part of the enjoyment tha comes from swinging at the park istherepdition of motion. Indeed a
swing (or wha scientists might call a Gimple pendulumQ is an example of an ocillator,
something tha repests its motion over and over again. Otha examples of ostillators indudethe
stringsof aguitar or thetune inddeaTV set.

Thetimeit takes for motionto repesat is called theperiod, T. The period of aswingishowlong
it takes youto return to your starting postion. The period of a swingmay or may notbe affected
by its following characteristics.

1. It (andyour) mass.
2. Thelength of theswing (thelever arm)
3. Your starting postion when swinging.

Question: When you swing at the pak, which of theabovecharacteristics plays the greatest
role in determining the period of your swinging? Why? Which is the second mos important?
Why?

Procedures:

3.Use the stopwatch to determinethe period when each member of your groupswings
througha small angle. A goodprocedureisto record thetime for 5 complete swings
anddivideit by 5.

4 While keeping the others condant, vary oneof theabovecharacteristics and record how
period changes, agan swinging throughasmall angle (aladde is available to change
thelength of theswing, or to get into theswing!) Use one of thetables provided onthe
next pageto record your results (besure to labd which table is which).

5.Follow this experimental procedure for each of thethree variables, listed above

6. To exploretheeffect of starting postion, have someonehold the personin the swing at
different angles away from equilibrium (hanging straight down) and then let go. You
can approximate the starting angle by measuring the displacement (distance) away
from equilibrium and dividingit by thelength of the swing.



displacement from equilibrium/ length of swing = (starting angle in radians)
(note: 0.5 radiansisalittle less than 30 degrees and correspondsto a displacement that is
hdf thelength of theswing.)

7.Enter thetorqueontheswinge for each trial. To do so, use thefollowing formula:
weightof swinge x startingangle = (return force)

lever arm x return force (fromjug above = (torgueon swinge)

Calculations/Questions:

1. Which of thethree characteristics above when varied, had the greatest affect onthe period of
swinging?

The moment of inertia, |, of a swing (simple pendulum) is proportional to its mass. If you halve the
mass of someone on the swing, the swing’s moment of inertia will halve, making it easier to swing.

2. If youdoubk themass of the swinger, how does its moment of inertia change? (be specific).

Data Table: Swing Experiment

Characteristic/variable bang observed:

Weight | Lever | Displace- | Starting | Return Torqueon | Periodfor 5 | Period
of arm ment from | angle force (n) | swinge swings(s) T (9
swingea | (m) equil. (m) | (radiang (N-m)

(N)

Characteristic/variable bang ob%rved:

Weight | Lever | Displace- | Starting | Return Torqueon | Periodfor 5 | Period
of arm ment from | angle force (n) | swinge swings(s) T (9
swingea | (m) equil. (m) | (radiang (N-m)

(N)




Characteristic/variable bang ob%rved:

Weight | Lever | Displace- | Starting | Return Torqueon | Periodfor 5 | Period
of arm ment from | angle force (n) | swinge swings(s) T (9

swingea | (m) equil. (m) | (radiang (N-m)
(N)

3. If youdoubk themass of someoneon aswing, how doesthetorqueonit change? Agan, be
specific.

4. How doestheratio of thetorqueto themoment of inertia (T/lI) changewhen you doubk the
mass of theswinga? Thisratio, caled theangulr acceleration, determines how longit
takes for the swinge to return to equilibrium fromthe starting postion. Can you use thisto
explain your observationsregarding how changing the mass of theswinge affected the
period of swinging?

5. To verify tha changing the mass has no affect on the period of swinging, have thelightest
and heaviest members of your groupswing sideby side. Isit relatively easy for thetwo
swingea'sto Gynchronize?0O Why?



Experiment: Merrily we go around

"~

Part One: Circle round the sun

Introduction:

Unlike the planets orbiting the Sun, kidsarrayed on a merry-go-roundat different distances from
its center all take the same amountof time to complete afull circle (which, for a planet, would be
ayear) . Wha can we say aboutthe speed each kidsistraveling at?

Question: Two kidsare playing onamerry-go-round. Oneis at theoutside edge while the
other issituaed hdf-way to thecenter (see diagram, bdow). Which kid is going faster (hasa
greater speed)? How much faster istha kid going?

Rather than just determining the speed of thetwo kids we can also measure theforce necessary
to keep each kidCtravelingin ther respective circles. This centripetal force is wha kept the
group member fromflying off (in wha direction? the merry-go-roundin Part One

Procedures:

1. Haveagroupmember stand at the center of themerry-go-round,facing outward. They
should hold onto a5N spring scale connected to a 1kg (total) masst+cart. Thecart is set
on cardboad so tha it can easily dide (see diagram, bdow). Theapproximate distance
between the mass and the center of the merry-go-roundshould berecorded in thetable,
bdow, unde QadiusO



2. Mark onepoint ontheoutside edgeof
themerry-go-round,directly alongthe
lineformed by the spring scale and the
mass.

3. Set themerry-go-roundspinning so tha
it completes onefull revolutionin
about4 seconds A secondgroup
member isresponsble for timing the
period (time) of arevolution.

tape

4. The pason onthe merry-go-roundis
responsble for reading the spring scale.

5. Thethird member of thegroupis respongble for recording therevolution time and the
spring scale reading, which are to be entered b ow.

6. Theentire procedure should berepested, but with the 1kg masst+cart placed on cardboad
near the outsde edgeof themerry-go-round(onecan tapetwo pieces of cardboad to the
merry-go-roundat thetwo locationsin advance) Agan, measure the distance between
themass and the center of the merry-go-round,spin thelatter at aboutonerevolution per
4 seconds and time therevolution and measure theforce. Results should berecorded in
the appropriate row, bdow.

Observations:

Data Table: Part Two of Merry-go-roundExperiment

Radius r, Period of Force on spring Distance Speed, s, (M/s)
(m) revolution (s) scale (N) traveled (m)

1/2 way out

all-theway out

Questions/Calculations:

1. In completing onerevolution, the mass traveled adistanceN thecircumference of acircle
centered onthe merry-go-roundN in some amountof time. Theformularelatingthe
distance aroundacircle (circumference) to theradia distanceis:

2 " radia distance " 3.142 = circumference

Calculate the distances traveled by the mass at each postion (1/2 way, al-the-way out) and
fill in the istance traveledOcolumn, above

2. Istheamountof time needed for the cart+mass to complete onerevolution at 1/2-way
different than at all-the-way out? (hint: think abou how the segments of the merry-go-round
move) Isthedistance traveled different?




3. Caculate theaverage speed of the mass in both positionsand record above(remember our
definitionfor speed?. How much did the speed increase in moving from 1/2-way to al-the-
way out?

4. When themassis moving at acondant speed aroundacircle, doesits velocity change
(remember, velodity is both speed and direction) ? If themass8 velocity does change would
it have an acceleration? Explain.

5. Any mass undegoing an acceleration mug besubject to a net force. The centripetal force,
provided by the spring scale in this case, iswha causes the 1kg massto turnin acircle. This
force degpendsboth onthe speed of and how far away themassis fromthecenter. The
formula (which assumes thevelodity acts perpendicular to thelever arm) is.

F.=masds/r

Theradiusdoubkd when we moved the mass from 1/2-way to all-the-way out How did the
average speed increase?. Fc dependson the speed GguaedO(s ge), butaso on1/r. Isthis
definitionfor centripetal force consstent with your results?

6. Two carsgothroughthesame curveintheroad onarainy day. Oneisgoingslowly, and
proceedswithoutproblem. Theothe goes through the curve twice as fast and GpinsoutO
Explain why in terms of theinformation above

Part Two: May the force be with vou

Introduction:

Playing on amerry-go-roundis a sure fire way to get dizzy in ahurry. Themotion of akid
spinning aroundon a merry-go-roundis and ogousto planets spinning aroundthe sun. For the
kid, friction between the kid@feet (and handsif they@e holding on) provide aforce tha keeps
them movinginacircle. Theattraction of gravity between thesun and a planet keep it inits
orbit.

Question: What would hagppen if yourfeet dipped while you were spinning around? Would you
fly off away fromthe center of themerry-go-round? Would you continuein a straightline?
Would you fall towardsthe center? Make a prediction and state your reasoning be ow:



Procedures:

1. Have onegroup member stand onthe outside of a spinning merry-go-roundwhile
holding abdl.

2. Another membe of thegroupistheobserver. They should standjus next to themerry-
go-rourd.

3. Themember onthe spinning merry-go-roundshould drop the bdl jus asthey passthe
observer. Youwill both probébly need to practice this afew timesto get thetimingright
(It ishdpful if themerry-go-roundis surroundel by sand or dirt, asthe bal will leave a
mark showing its pah.)

4. Taketumnsobservingthebadl drop from beside the merry-go-round(anon-spinning
Qeference frameQ. Record your observationsbdow.

Observations:
1. Describebdow the pah thebdl took when released.

Questions:

1. With arrows, draw onthediagram bdow thetragectory thebdl took after release.

s0-X0Un

ball

2. Fromtheperspective of thespinning merry-go-round, wha are theforces onthebdl asthe
merry-go-roundturns? (you will find useful termsin the efinitionsection) Fromthe
perspective of the observer onthe ground,what are theforcesonthebdl? After thebdl is
droppel, which observer@ forces are useful in describing the bdl®@ motion?



Part Three: How high the moon?

Introduction:

Did you knowtha themoonis moving sowly away fromthe Earth? Each time we have another
full moon it has moved about1/4 centimeters further away fromtheEarth. What is causng
this? One explanaion is tha the Earth@rotation is s owing down and conervation of angular
momentumdictates that the moonmove further away to compensate. To undestand this
explandion, it is useful to know what theterm Qonservation of angular momentumOmeans
That isthe purpo< of this pat of the merry-go-round experiment.

Procedures:

1.
2.

Tie apiece of brightflagging on onehandle of the merry-go-round.

Onegroup member should stand onthe merry-go-roundat the outside edge facing
inwards

Another personisthetimer, responsble for timing how longthe merry-go-roundand
person take to complete onerevolution.

Start themerry-go-roundspinning rapidly. Immediately time the period of revolution of
themerry-go-roundandrecord it, beow.

Assoonasthepeiodistimed, the person onthe merry-go-roundshould begin walking
towardsthe center. Thethird groupmember should observe wha happensto the speed of
the outer edgeof the merry-go-roundas this hgppensand record it bdow.

The person onthe merry-go-roundshould stop walking when they reach 1/2-way in. The
timer should then determinethe period of revolution and record it beow.

Repeat thisfor 3 trias, and record theresults of each trial bd ow.

Observations:

Data Table: Part Three of Merry-go-roundExperiment

period at period at outer | observations
1/2-way point (s)
point (s)

tria 1

tria 2

tria 3

average

Questions:
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1. Cadculate theaverage periodsfor 1/2 way and al-theway outfrom the columnsabove
Enter in thetable.

2. Wha happened to the period of revolution when the person walked towardsthe center?

3. Angular momentum dependsboth on the moment of inertia (distance away from the center)
and the speed at which the personis spinning. In this experiment, theradiusdecreased as the
person walked towardsthe center. Did the speed decrease, stay the same, or increase? How
do you knowthis?

4. |f theangular momentumis to be @onserved, Oit won®changeas the person walks towards
thecenter. Yet thedistance fromthe center has decreased in doing so. What mus happen to
the person@ speed, then, if angular momentumis to be conserved? Did you observe this?

Epilogue: Themoonis spinning aroundthe Earth and, thus it has angular momentum relative
to theEarth. TheEarth isaso spinning, buttheforces of ocean tides are causng it to slow
down. Thusits angular momentumis decreasing. To conrve total angular momentum, tha of
both the moonand Earth, the moonmus move outwardsto compensate.

Interestingly, themoonis also what causes some of thetida forces causing the Earth to slow
down. Obvioudy thisisall pat of themoon®grand plan to eventudly escapethe Earth!

Definitions:

Name Symbol | Definition in words Formula

Center of Example, place where teeter-totter is sugpended,

rotation place where swingis attached to crosspole.

Lever arm r Distance from center of rotation

Momentof |1 Resistance to changein rotation for dunbbdl m ¥
Ingtia r ¥r

Grav. force | F, Force exerted onamass (you) by another object (the | F=mgy
(Weight) Earth, usudly).

Acceleration | g The (condant) acceleration (9.8m/s/s) of any thing g=F/m(only
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of gravity faling near the Earth@ surface unde theinfluence of | at Earth@3
Earth@ gravity (assuming no other forces act onit). surfacel)
Torque Force which causes achangein rotation. Itisaforce | #=r ¥F
applied at some distance (r) from the center of
rotation.
Period Time for acomplete cycle of rotationd motion. E.g.,
timeit takes to goroundonce onamerry-go-round
Angular Rotation throughsome angle divided by thetime $ =&/ %
velodty elapsed.
Angular Changein angular velodty caused by anonzero "= /%
Acceleration torque. A given torquewill cause a greater change or
in angular motion when acting on objects with
smaller moments of inertia. " =H/(
Angular Tendency for arotating bodyto keep rotating. L=1%
momentum Propottiond to themoment of inertia and theangular
velodty.
Units:

Lever arms are measured in meters, jud as any other distance is measured.

Moments of inertia have units of mass and distance squaed (kg ¥m ¥m).

Periodsare measured in seconds(s)

Angular velodty isradians/ second. A radian isrelated to a degree of angle. Youcan use
degrees/ secondfor thislab if youwish.

Angular accelerationis then radians/ second/ second (or degrees/ s/ s).

Angular momentum has units of kg ¥m¥m /s
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