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APPENDIX C: TUTORIAL SEQUENCE CONSERVATION OF ANGULAR
MOMENTUM

e Pretest

e Part 1 of tutorial

e Part 2 of tutorial (version A)

e Part 2 of tutorial (version B)

e Part 2 of tutorial (version C)

e Handout

e Homework
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Pretest for tutorial sequence Conservation of Angular Momentum (page 1 of 2)

FEEIE=: CORSEEY SU10ON O N .
ANGULAER MOWENT U AmE

1. fasmall puck is movin g azoss thesurface of alarpe levd air T IR
table The puck mores w7ith constant welocity i-;:| to the Haht

withont spinning.

e— >

Twolocaions are marked on thetable point A and pointB.
Theline containing points A and B is paalld to thepah of 4 B
Tll.Ep‘lld{ . 5{ ................ :':. “

A guestions below refer to the instmtzhown in the Spnre 3 right,

a Isthemagnitnde ofthe angnlar momentomn of the pock with respect to point & ||£Mm|}
reqtey thape, less thax, or equal 1o the magn imde of the an golar momenton o the pod with
respect to peint B ¢ |imﬂ|}? Feplain

b Desctibethe divedion of the an gnlar mwrten i ofthe pode with respect to point B iwzm}.
I{this guantity is zepo, state that explicitly. Faxplan.

o Statewhetha each ofthe follovring quantities is Moreasany | FCreamiy, OF YeMORING
coxskpet. Explain

" froa [l

Tooe i de 25 Tmesed e fow puE - Bpiae EME Dermott, Bhaffe, & F E.5, T Wash,
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Pretest for tutorial sequence Conservation of Angular Momentum (page 2 of 2)

1 Asmidentsits at rest on astool Thezed ofthe

Caze & Lamw b

Ftool can potate with ont fiction The smdentis
handed abicrcle wrheel that is alyeqdy spiemxs
Thewrh el spiLs witflont Fichox.

InCase A the e of the wheel iz vertical @d the
spins connter- clocknrise (irhen riewed from
ahowe)

InCase B, theade of the wheel is horzontal, and
the top ofthe wheel is morin g anray fom the
smdent

In both cases, the smdenttonches only the handles
of the whed

student .

student 5w
initially at res]

initially at res

a Aferthesmdent is handed the wheelin Case & will she begin to rotae clockwize (orhen
vienred frorn dbowe), @ umler dockwise, of sty & rest? Explain ot rexsoning

b Afterthesmdent is handed the wheelin Case B, will she begin to rotae clockwise (when
vienred fromn dowe), @ umler dackwise, of sy & rest? Explain yout reasoning

oot de 25 Taesed e fow puE - Bpeiae

@MEDermatt, $haffe, & P E G, 1T Wash,
2005




386

Current version of Part 1 of tutorial Conservation of Angular Momentum (page 1 of 2)

CONSERVATION OF ANGULAR MOMEMNTLIM

L Angular mormentur of a spinning whesd Cazeh

student i o
initially at resg

A smdert sits afrest @ astool that ca rotate withot fiction In each
ofthe fdlowing sepatate cases, the studetit is handed a bicycle wwheel
tha is already spiyrang. The axle ofthe wheel is alsolow-fricim.

A For each case, predict wrhether the student will begin toraate
comter dociwize (Whenviered fam abovre), clackise, @ sy at
rest. Bxpain woar reasoring in each case.

Casefd:
The certer of the wwheel iz stationaty. The axle of thewrheel is
vatical. The wheel spire comterclocknris e (when riewed from

abore),

Case B
CaseB: student i ;
The certer of the wheel is stafionary. The axle of the wheel is initially .t':':':'-
haizmtal. The wheel spive 30 that the top of the wheel mores e
anz &y froen the stadent.

Check yor predictiots be observitg the depnorstaion Wha was
theresalting maimn of the studert in each case?

= Camef = Casel

Tzt &5 ar dbject moving throngh space b livnear motenmim g, e say that aspinning object has
avguigy momentun £ It is customay to determine the direction of £ for a spinning chjed by

usityg, the rigit Aad ride . "When the fingers of the right hand oml inthe divection of the spivming,
moicy, the direction of { iz the same == the diretion in which the thouvb pants.

E. Foreach case described sbore, dramw a vecta next tothe fignre to represent the angilar
manauturm of the wheel af the iretard shoner.

Z. Onthebasis of your cheetratiots this far
* Dz awheel tha is spintdhg and held in face gopear to exert a face itz agopoit in
the directicn of its angul & mormenhom ?

= Does anyr part of the wheel morein the drection of the augnlar moanetnm?

@D ermott, Shatber, & FE.G ., T Wash.
1 2005
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Version A of Part 2 of tutorial Conservation of Angular Momentum (page 1 of 2)

CREceryRiia G aRgrie me st

Note: For the following section usethe cor ention that é) indicates aved o pairding ko the

paze ad (e indicates aved a pamting ouf o the page.

IOL Angular motentum of an b et maoring with constant welocits
An astyonat o es to the left with constant v elocity o, throagh alarge
dootn ar it aspacestation, a3 showh & right. Poitds O and D mak the
top and batan of the doorw 3y, respectively, and are a distance i apart.
Attimet =0 the cepter ofmass of the astronat passes directly beloy
pant, & a distance 'S, The asraant does notspn.

A The diagram belows shoors the astronant at toro irstarts, =0 and
some tmelater. & gray lineshows the path of the center of maes of
the astrona.

1.

. Fort=0, draw

In bioth bxes belowr, dranr:

= 'rﬂ,_- (the position vector of the astronad with respect to poirt O

= g the linear mamennam ¥ ecta of the stonr

x and %, the vectar
components of &, - that
are perpendicilar and
paallel tothelinear
T Tectar,
respectively.

. Write avecta equdl drelaing . 4 @d & (The Pythagorean theaemis not a

Vertor equatiomn)

. The angular mornertom of the stonEt with repect topant C iz defined by

for = £ ¥ o Replace v, inthis defivition by using, the relaticrship fram questio 3
and explan why the defiviion can besinplifed t0 - = & ¥ &

. What iz the direcion of the angular mothentnn of the astrohant with respect to pantc ¥

Explain

B. Imagine that wal arestanding in aie place, watching a fiend walk by, ¥ oumalktesire that as
wour friend moves, yo1are dways directly facing himdher. First, wour fiiend walks in a path
shaped lilkke asemi-drcle withwou af the cexter. Then, fram the same starting, dace your
friend walks by with a canstant velocity {in astraight line).

1.

Drescribe how wor mudion in wratching yoar friend is sindlar in the tor o cases.

@ eTermott, Shatber, & FE.G., T Wash
3 2004




Version A of Part 2 of tutorial Conservation of Angular Momentum (page 2 of 2)

389

Ryl of aaguie mewmeatw

2. Use yor aren et tothe prerions question to explain wrhey it makes seree that 'J"x- iz ment
zera (even though the astronant is neithe spitming hor moving in aoavr ed pathy.

2. Dioes the apnlar manendom of the astronaat weith respect topoint O ;’ﬂf} changewith tme?
Expilain

D). Hay does the angnlar manamnn of the asranar abmn p-:intD{:u’_,;g} conpare tathe
angular morrenhnn of the astranant ahongt point :{WC-}:

*  in divection? *  inmaghitude?

Wonld wonr ansnrers tothe abor e questians dhangei fyon were to deternine the divecion of
angular mornenhan with wour left hand instead of woar right hand ? Explain.

(Eeep innind that the cavrention is to determine the divecion of angnlar mamerdarm ber asing
theright hand )

E. Twostudents dizorss the angular mamermnm of the sttt
Stdentl:  “The amgulse morsmrterm of & syst avtceas not ohangs whon tlaroe is 2ee et

tongrs o0 B system Thate is oldady no Facdgpie 3t 3| on the astrenant, 5o
the angular romentrr Pt Siay oonst ant a5 e astromeat foats by

Smderts:  The amgele mowsaterrof the asivonawt & not consorved beoawsa Har
SN FXNTHIEUATHE R respei 1o POl L5 not dre sanw as i angelar
ORI et Wit respet 1o pogre .Y

With wrhich stadexd =), if either, dowol agree? Expdain,

F. Find areference pant that is stationary with respect to the space station and for orhich the
ahgular mortethan of the astaant is zero, Explain the reasming o used to find the poivd.

Does the agnlar mamennum of the astronat with respect 1o this pard change orer time?

. izeneralize fran Yo answ ers insection OI to arewrer the fdlomring, questicns. For an oy ect
tha is moring with constaxt velocity {and na spirmingy:
* Dothemagnitide ad direcion ofthe angala momertmn depend on the reference poird?

*  Des an ob ect moring with canstard welocity have constart angnlar md erimy?

Feetoeradern mboubotoe ol e @ eTermott, Shatber, & FE.G., T Wash
+ 2004
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Version B of Part 2 of tutorial Conservation of Angular Momentum (page 2 of 3)

Ryl of aaguie mewmeatw

IV, Angular morteniiamm of an objech roring with oopstant welocityr
The rodin the previmes experitnents is replaced by adisks. In
three different experithents, the cerder of the disk is daced at
different starting locatime: poitts &, B, ;d C, whidh are ¥a i
makel ontfe wabie. Inal of thege experiments, the mack ha @4"‘”';': ARSI
the sarne ivitial welocity and mores on the path shoner. i

The puck sticks tothe disk in 2l cases. Experiment &5 '

A Inthe fitst experitment (Experiment &), the disk iz fdaced
withits center on top of point A, & showm.

Corsider the follaring, discussion betor een oz 0 tud erds:

Smdentl: Tiw system wnct sormisaw bave st ot bofons e ool oo,
Al tln collisiu, Hae prak 2 ad dist wll spat, 50 theiw 5 olearly sora
i ar wxwaitum  The aogelar yorxatar lad o oonk fror somendsde.

Smdent?: Tied rekes soxse bk bow thore owld be RiiA aoguelr Kot
Thete's nothang ragulne about A elyeot moRng & & sivaglt Be”
With wehich stderd, if either, doyol agree? Explain

In ade toaccont for the ratational motion of the system after the collision in a way that is
cinsiztant with angular motnenhon casery #ian, e 17ill make the follarin g assmpots:

= The mck soenehvmr Foes have angilar moanannun before the cdlision.

*  The manner in which the system spive ailer the cdlision cah beeed a3 a indicatar afbath
the magnitude and direction of the angular momentom of the pack bgore the collision

For instance, ifthe marmer inwhich the systern spns depends onwhether the disk starts at pant

A @ poivd B, wesay that the angnlar manannum of the pck with respedt 1o poirt & is different

froem the angnlar momerdom of the puck with respect fo poird B

B. InExperiment B, the certer of the diskis faced ontop of poird B, In Experimnent C, the disk
iz placed miopofpantc.

Tze the asmpions listed above to canpae the angilar
manahnn of the puck withrespedt to points &, B, ad S | g—2 ... Pt £

= indirection At
" inmagnimde
Feetoeradern mboubotoe ol e @ eTermott, Shatber, & FE.G., T Wash
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Version C of Part 2 of tutorial Conservation of Angular Momentum (page 2 of 3)

Ryl of aaguie mewmeatw

IV, Angular morteniiamm of an objech roring with oopstant welocityr

The rodin the previmes experitnents is replaced by adisks. In
three different experithents, the cerder of the disk is daced at
different starting locatime: poitts &, B, ;d C, whidh are
makel ontie table. In all of these experiments, the pack he
the sarne ivitial welocity and mores on the path shoner.

The pack sticks tothe disk in all cases.

A Inthe fitst experitment (Experiment &), the disk iz fdaced
withits center on top of point A, & showm.

Corsider the folloring discussion betor een tr o stud epds:

Smdentl: “After #be oolinon tha poclaad disk vl spin, se thore rst be sorme (Bal
S s wawrartvm F e s ystorm Bas auguiar noimeirtont A toe the
oollEfon, & rrst bave & bafore tl ool SIon, SIDe 30Ul ROMGITI 5
oszrared”

Stdentl:  The? wekes somss but bow ooukd thove ba BRI aoguelar rorariwd
There's nothig aagular abowt A olfeoi MoKy & & siraple b
With which studert, if either, dovon agree? Explain

In @de toaccomt far the ratational motian of the systern after the collision in a oy that is
cmsistant with angular momerthom coserr s, e will make the folloving, assamphors:

= The mck somehar Foes hav e corstant angular manerdum before the collision

*  The manner in which the system spite giter the cdlisioh cah be wsed & a indicata of bath

themagnitde and divection of the angular momennen of the pack bgore the collision
Forinstance, ifthe marmer inwhich the pacls disk system spivs depends on whether the disk
Starts at poirg A @ poitt B, wresay that the angalar manaehan of the pack with respedt to poitit
A iz different fran the angular momerdion of the pack with respect fo poirt B.

B. InExperiment B, the cenfer of the diskis daced ontop of poind B, In Experiment C, the disk
iz placed mtop ofpantc.

Tze the asaumpiore listed above to canpae the angular -
moanmim of the muck with respedt to points &, B, @dC | g—2 ... .. PR g
*  indiresticn At
*  inmagnimde
Feetoeradern mboubotoe ol e @ eTermott, Shatber, & FE.G., T Wash
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Handout for tutorial Conservation of Angular Momentum

CONSERVATION OF ANGULAR MOMENTUM: HANDOUT

@ Focheste Irstinite of Technology, 2005

Fiefvera forn Mt e ot p e EMalermatt, Shatter, & FPE.G, . Wazh
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Tutorial homework for Conservation of Angular Momentum (page 2 of 2)

CONSEEVATION OF ANGULAR MOMENTUM

3. The four cases depicted below involve collision experiments befween one or toro identical pucks
and arod on alevel low-friction aittable The collisions ate shown from a top-rier perspective
(If any linear velodty or angnlar vdodty isnof labeled, assume it is zero. 1 distaces appea to
be equal, wsmmethey are equal)

Fuor each case:

a Indicatethe direction ofthe total anpnla momentmim of th e pucks and-rod syatern, writh
respectto the center ofthe rod, both before ad after the collision

b, Indicatethe direction ofthe total linear mormentnm of the pucks-and-rod system, both before
and afte the collision,

¢ On the basiz of your ansnrers to pants a and b, state wheth e the proposed process conld ooo
o condd mot ooy . [fthe process conld not ocmy state wrhether itviolates (1) the principle
of linear mortentnin cons avation, (1) the prn ciple of ang 1lar MOmentum consey Aon, or
both

betore cdlision After calizsion
Came
Coze 2
Cze 3
Cae 4
Tog wig
Fe ez dern oot S e @I alermatt, Ehatber, & FE.G, T Wazk
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