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Cirenlar Motion and Gravitation | 3.0 Verseal Cucies

Scenarlo

A il uhowe weipht i 2 N i atteched to the ond of @ cond of feopth
2 m an shoust. The doll ts uhiried! by o verticn! cinoie clockusse. The
Sension in the cond of the 1ap of the circle Is 7 N, ond the sension of
She donoer i 15 N, Tiwo studdents discusy e ser fuoe on the ball
at the rop of the crele.

Dominique:

. Sosonisth She tesslcn *

L

Carlos: "No, the net Sorce oo the ball includes thessntripatal Suce, tenaion, and weight.
mmumm-ﬂumnmummhm

4

Anslyze Data

Croes cut the nconect for cach student

I & S abiort sertunscs, wtane (he et Jorow on the ball at the top of the crcle and sugpert your clain

with svaderoe

Carlos is correct that the netl force includes the weight and
will

Uute:s&onfornudtkybo&rointdownsomt
be added . Therefore, the net force on the ball at
Untorof cirele is 7 N+ 2 N = ? N These two forces

Loycthraddtobcﬂnumir;hlfw“

Using Representations 2z
The Sagreen ot tight shevees the cocclar path of the bell fross Pant A. The dots

Below soprvat the ball of fhe macked locations o the crcule path. Duow

frow-bady dlagraces showing and labeling Se forows [not cotspotmnts) eomsed

om the ball &t sach point, Dzew the selytre lengths of sl wecioes 1o mélect Be

relarave magritudes of all the fores. »




3.0 Vertical Circles

Quantitative Analysis
PANT O Derive an exprowson for the mmimum speed fhe ball can have at pont Z withost leaving the
crcular parh. For each ine i the derfvation, esplan what was done mathematically. The ot line s

campleted for you as

an examgie.

Zr-u,

T s of B force i eguil 1o mne, and Shaos he Sl & in Cheulie motion, a s Ow
Oarer petal acoakation.

M&reumdwwmcmhrerrmadbydn
vdoaty s.rvcd over radius

lT'hotwoforcesmUsMntths of the circle

(Point Z) are the force of tersion and the 7mtabaml

force, both of which are everted downward.

Atdcwﬂmw.u‘wﬂu?outawo

The masses cancel in the 'onudthcurnbm‘ is
rmwwmmﬂy‘

PNt Supposs the Sall bresks at potnt ! Describe e moson of the ball after the string bresks. (When
describing the motion of an object, you need % discuss what is happening to the positicn, velocty,
and the acocleration of the object ) Tl the story of the moton of the ball trom the tme the string
Dreakes unml the ball reaches the grourd.

Poation

‘ﬂuhlltnvdsstruy&' > Lo a mavipum height and then
mssb-ﬁ’htbwkdm? "“ﬂ

Velocey:

T‘hWofﬂaMMmletvMusthMM
hei atwﬁchro&#ﬂebﬂwuwmdu\diradshdtcf
wﬂith‘tsﬂsyomd

Acceleration:

The acceleration of the bal is always 7.8 m/s’ down after

Uuﬁbﬁ'?hwt
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(3) Circulor Metion and G

PART A

{rati IEM Speed over the Top

Scenario

A car of mase m posees over o bump in a roadwey that
foltows the are of @ circle of rodius R os shomn

Using Representations
“The dot, at right below the picture, represents the car at
the top of the hill. Draw a tree body dlagsam showing

and labeling the foroes (not

) exerted on the

car. Draw the relative lengths of Al vectors to reflect the
relative magnitudes of all the Josces, Each foros must be
represered by a distmet arvow starting on and
pointing away trom the dot.

Quantitative Analysis
Suseting with Newtons second liw, detive o exgoession for the maximum SEEEEE

epeed v the car can have without losing oontact with the road. For each line INEENES bR
of the dervation, oxplain what was done mathematically (Le., annctateyowr 7 7 @+

denvations). Your expression should be in terms of R and physical constants.

The net force on the car at the top of the hil s equal %o the soceleation of the car
trmes the mass of the car.

There are two forces exerted on the car
al the top of the hill: the gravitational force
downward and the normal ¥orce urwwd

I€ the car is qoing the mavimum ‘f“d the
normal force 07::;4:1 to zero.

Therefore, the gravitational force is the ody
force aantnbutny to the un{rirctd force.

The masses cancel

Ard the maximum sracd is e?cd to:




2.5 Maximum Gpood over the Top

Argumentation
rant e I your derivation, you set the sormal force equal to 2e00. Explain why,
Thcmmmm r«uemwmuwmu;m

farucsarl ktofthschttIutroml the
only force exertedonthscar I€ the car
!oo#‘ast, it will lose contact with the road, so as it :ﬂ’rmhc.s
th&mmmsrecd thenormdforuwrmkswo

PARTE: A truck of mass 2 m passes over the same bump, Compared
to the car, bow many times bigger or smaller is its maximum Checkdist:

speed without losing contact with the road? Jaatify your I d the question di

;":'“";:‘"”"m:h"l I wtated a kaw of physica that i
mum Sane Always true.

rc,wdlcss of the mass of the I connacted the Lew of laws

vehicle. The mass cancels out of umwn:‘-&f@c

the equation I ted physica vocabulary {force,
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Cirewlar Motion and Gravitation 1.F Horzontal Ciecles

Scenario

A poiioe oov of mass me roowes with cossTont speed arousd
@ curve of radkus R, (The cor is. from your polet of ess.
coming o of She pape ond i (0 the prooese af Aurng
Somands the St aide of the poge.) The cor i mowing as
fast an it con saithout aliding oot of conteed on the S
sudiay S nepond s emerpecy. This mecieun e
apevdd s v The covfficent of statie frickion betsnen the
car'’y tives and e rooskeay s ) .

Using Representations

The S0t ot (g represertts the car. Diaw a free body Saguun showing and
labelng the Sarces faot componsts) eserted an the car as i rounds the commme:.
Drase e relative lengthse of all vectoes 10 refiect the rditive sigritudes of ol
the forcwe, Each Sorce sust be sejrvsented by o dlatinet arow starting on and
poimtng sway from the dot.

Argumentation

|. Suppose that the car encounters 2 wet section of the curved roadweary
0 that this section of the curve has a coefhcwnt of friction bess than
The maodieyum sale speed 10 make this turs b v . Mark the cormct
relaticsship between v, and v .

X _v<v, we, v,

Exgplain your resscaing wsing physical witheat (This means
tr. om the sheet but should not derive an equation for the

Wiionubip betwean s asd 7, |
Th%ﬂmformrraﬁde;thun&irtbl&marfﬂurch
o spuller coefficienl of friction and the mass remains corstant,
Umwﬁknswuﬁwwufnmdcmhmfwndw’vy the

direction of motion, $0 the direction pust change slower, I+

the radius stays the. same, v, pust be. smaller than v,

1L Suppose that the police car anives a1 another section of roadwary Dt also corves but has &
saddien of curvatooe greater than . The maxisneen sale speod 15 e this tum i v Mark the
coevect laticaskip betwwen v _and v .

v, <y, v, =y,  pom T
Explain your reascning wsing physical without {This means
you may oo the sheet bt shoudd ot derive an equation ko
the relaticeship )

With a farysr radius, the car wust ao farther to dwye its
direction the same amount Therefore, tk-mm,o&sur
with the same force chn?‘ny its direction




3.F Heeontal Cucles

Quantitative Analysis
METE Dertve an exprosson for the maximums sale speed et the car can tabe the Sam = Serma of u and K.

XF, =,

ws
g -
’

e

v Jugn

The sum of the forces in the horizonial direction is o
to the mass of the car times the acceleration of the car.
In this cane. the acceleration is centni?etal acceleration

Tkw\lréreh’uuhnﬁonoflhewhefnlbsfced
sqmradmrthsradhso“thstum

In this case. it is the friction forece that provides the

wulrirefal force

The friction force is eTnJ lo the coefficiert of friction
times the normal $orce

The masses cancel

Thsmimmsrsedofdnwwmthedrdeof
radius R and coefficient u is:

PaRTD: L Explain how your expoessicon s Fart C suppons your asswer e Part B ()
A smaller coefflcient of friction under the radical makes

the ri Msideo#'Uuo«f»timsMa,sovmustksmﬁu
than before.

it Explaie how your scpewstion n Part C suppoets your answer foe Part B {8
Rismuvemm:nwr,wabr?erradiusmnaﬁﬂhgrﬁmil

on v




e
(3) Cireulor Motion and Gravitation | 3.6 Mass and Frictional Foroe

Scenario

Consder & ool of ovass m ploced 0n 0 rodsting sarfece 0 —
distasce R fom the axls of roation. The sarfice mnstes wh o QQ
peniod T. There are some focanians oo the surfsoe where the 0ote T —

cae by ploced aed ity osoe of 0de Fictioe avi? eod ailow the com

o st Al other foceioes, the cobe axll akip beosuse static friction by
ot atvcag emough 1o prevest She covn foer slizping. The confichm?
of stsnic friction Setuwes the corn ond She surfooe B i,

Using Representations

PANT & The dot ot right represents the coin when the comm is at the location shown
above i the dlagram. Draw 2 bee body diagran showing and labeling the fusces
(not components) exertad ce the coin. Diaw the selative lengths of all vecices 1o
et the redative seagrtuden of all the borces. Bach forcw must be sejresented
by & distinct arscw stanting on and polaiing swey fsoen the det.

Creato an Equation

PART & Sacting fom the equaton F, 5 @ an inaqualty has bees dertoed that mast
uwndmuhmumummm The derwation
has bees done for you. You muust Al in the annctations 1o oplan sach step.

fbm#uhhuwmhbkﬂhw

to the coefRcient of static Friction times the normal force
!nﬂisase,tkmnd(wwbe«rd!otheweiyﬂo"
the coin

F 4 pF,

F, % pwyg

- And the friclion force is rravid’m, the ccnlnrchl force,
sommsctF,c?dtoUumancul«Foru-

-';‘ﬂc Mass cancels.

Thssrccdofdswhon&ur surface will
v % wgh defudmdurafm.bu!ataﬁfﬁuma‘dnwe.u‘
umtomaksmmmrbuar remains conslant

v ok Substituting —;" for the speed of the coin

' The robb’onsh‘r belween the coefficienl of Friction and
T the radius can e expressed as:




PANT

3.G Masa and Frictional Foros

Argumentation
Blake and Carlos e trying to predict whether the coin will sl & the cotn = “1oo closs” o or
“too far” from the axis of 7otation. The stodents 1ason a3 follows:

Blake: “1 thini that the coie wil sl ¥ it is 000 cloce L0 the axcs. 1t bs [ i & car takes a turs Yoo
Sghitly, the car can slide cut ol control. These's sot encugh fosee U the racig bs 100 small.

Caslon: *1 think that the coin will skp ¥ it i 100 lar friom the axia, 1% e & merry-go-rovad: i | cide
A merry-go-round near the center, then | don't feel much fose puling me to te outside,
but i 1 ride neae the outside, there is move Sorce pulling me sy from the axis.

For each students staternest, stane whether the inequality writien n Part B provides suppeoet for
that statensent. [T 9o, explain howe 11 not, explain why rot Ignoee whether D students statoment is
cormect o inoormet for this part

Biake's Statervent Curlos’s Statement
I£ 2 is sonall, then the les? However, i£ R is large. thea
sidco"tlcc?nﬁonvw'” tkMsidcofU&cMm
e spall, ing Lthat the will be large (since R is in
coinv’smtl&dylo a5 it the mimerator), it
will be less than or to thytlwtthv:wi“notbe

the coefficient of Friction friction force lo
times the acceleration due turtkcdnhwdrd&
ta?run'ly and it could dide of ¥

St wiwtter the coin will sEp when it & “100 close™ 1 of “120 far” from the axis.
tockse X toodw

Angels and Dostimiqee are angung over how the mass of She coin aflects whether it will sltp oo not.
Angela believes St a lightes coin is less Bl 10 ship becvwee 2 Dghier coln yequires Joss focce.

Delieves Bt & haxvier coin |s Jess Hisely to slip because a heavier coln can have a greater
amount of Biction. Using your equaticns gong with ofher plyscdd jrnciples, exglain how G con
mass aflects its Dolihood of sigping,

Since the mass carceled out during the derivation md the

Manrreﬁond‘mmtw‘:wznm.&nmof‘h
coin does nol affect whether it will skp Since the force thal
msthmﬂmhrrar«ﬁmdwdcmu‘nw&ru
m;hﬂ-mwygunreﬁamtoh&ru.w
Unwﬂmmlhdnm,wwdkm
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Cireular Motion and Gravitation | 3.1 The Rotor Hide
A

Scenario
Curlos (wass m) enters the comsival nde called the “Notor * The nisde beging to rodate.
and ance Conlos hes reached speed v, the Soor drops 0wt and be does not s\p.

Using Representations

Thie S0t ot right repeseris the student oo B ride ater the Noor has dropped
ek, Draw & Swe-2ody dagran showing and Lideling De lorom [neot componenty)
woonrted om the student. Diow the slstiow lengthe of all wectons to eflect the mlative
magnitodes of 4l the foroes. Rach foooe mreet be mepresented by & distnct arrow
starting an and polnting sway bom the dot.

Create an Equation

Derive an equation foe the normal Sorce on Cartos after the fioor has dropped
st For each Ine of B dechation, explain what was dose mathematicaly

(e, dnvctine yorr Gerhwation). Express your arowee in teesss of a, v, R and
plopsical conetants as iggnopriste.

The sum of the forces in the horizontal
3F, =w, dirscﬁmise?dtocados'smsﬁmh‘s
un!rifchlmluaﬁon
T‘haﬂy#‘wnaacﬂosbri is the
Fi novwal force. from the wall birt in
tovard the cenler of the cirdle.

Data Analysis

On the neat ride, Carios Sakes a foroe sensor and places it between hinself and the wall of the ride

and collects the following data about the fare from the wall and the speed of the ride:

of Lhe Ride
Fiorce from the Wil () Speed of the Ride (mie) Squared (m/s)*
10 s 25
540 8 of

1225 ” 144




31H The Rotor Ride

ant G Which quantities should be graphed to yieid a stralght lme whose slope could be used 10 detenmine
the sadus of the ride? Justify your answer. You may use the renalsing colusins in the table abowe,
& needed, o record any guantitios (incduding usits) hat are not alady in the tabie.

Gvbsdoddfarhd‘mmﬂfwu#omﬂcwaﬂvs the
o’ncdu,wnd,

PART O Plot the graph cn the som below. Label the axix with e don cand arad bwes %0
ndicate the scale, Draw a best-fit lize and find the slope of the ine

Normal Force vs. Speed Squaved

Slepe YW

“

o
o

Narmal Force (Newtons)
!

rant s Using S slope o Part D, o the radies of e ride if Carlos’s mass s 50 kg.
The slope of the line is approvimately 85 N/(m/s),
This will be tocarlos'smdividedb/ﬂunfm
of the ride. So, 85 N/(m/sM = 50 k,/z. R should be

WM‘MGM
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(i] Circular Mation and Gravitation l 3.1 The Conical Pendulum
s oure
Scenario

Oonsider @ bl of svess M connected 1 sving of kength L. A endent Aokdieg
She free end of the sving iy e bal in 0 horlrontal chole itk conetsnt speedt
The angle betwces the string ond the oevaical is . The student 0scrupts 5o s
the Dall faster oadd Sasier (e ander 1o make the string becoese Aorizontel. Mo mamer
Ao fan the student ashinle A Boll, the string i svver exoctly borisoeal

Using Representations
WART A | The dot below rpresmats the ball at the instant £ appeans in the
dagram. Draw a free-Sody and labelizg the fooces

all vectoes to seflect G relative mageitudes of all the forces.

i wmwmummmmmn-m
e fant the ball m whithed.

Because the bbonalforoodﬂwayi
roantw,dmth‘rcmtdwysbcsom
WW&U&W@
Uohllhvw&cdurhﬁbnmwﬁrﬁvthcbﬂ
&sww“st&kmmdmw%

ﬂuhmmbutmﬂquyvubalam?mtf
horiz.ontal

s never
Create an Equation
e | D-mmmlhdd&ﬂh—dvd&'u-mmu*mmL-ﬂ
angle &, [Hat; What force provicies the 7 How oo yors frod

the sadns of the chele in serms of [ and 87)

Jsurnllom,

In the vertical direction, there is ore
o(‘lic#‘arcsofmurumdudlhs

¥ ousi® - wg = i UgwnramnhoPUeTemianforukere
because the scceleration of the ball is dlreetly
in towawrd the center; therefore. rwnﬂd 2and
perpendicular lo that direction are our aves

The sum of the forces in the vertical direction

7./5!" | force d. d (We know to take




A1 The Conical Pendulum

Koot - mg <0

Kool = mg

LF, = my

2
F,\.\hi
r

"y “-.u'

»
oait v

rnmh-'—

an® - e
Laintt

v o ol akett tand

Since the ball is not in the vertical
direction, this acceleration is zero

So, the 7 ¢t of the tersion in the vertical
diruﬁmbeq-dhnn?itudofothsyruﬁblianl
force.

We can write an estion for the force of
tersion in lerms of the and the wei of
the ball ..7" 7M
In the horiz.ontal direction the sum of the
forces is to ma, and this acceleration is
Uuasntrirstﬂmleuﬁan

And(liﬁdehorimhlwnymo&'u-efwu

ing in whal we derived earlier for the
force of tension

Simﬂ/caﬁmﬂis.fdtoh'y‘n!dmdﬂb
masses cancel

Thrnﬂusofdca’rdcismt(kluylﬁoft&
sbiv,buth-,-llol.ﬁ-ﬂ.

SoMn, Lor v:

I How does your equation in Part B {0 show that the tope caraot become horlzoatal no mattes
Bow fast the ball is whished?

I€ 0is 70, the

d’éism&c-d(mwr, in

i u,outommty),wvwddmwuwuly

hr,s which is m\ross-'bk
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Clreular Motion and Grevitation l 3.7 Cantripetal vs. Lincar Acceleation
ay nare
Scenarlo

Consider 0 cone mode of 0 cvadend for wiich foton may be neplecred!
The sides of the come make an angle § with the Aorzoetol pisne.

A soail Dlock is ploced at patet P, Ja Case 1, the Slock is seeased
Jooew nest o skifes doan the s of the coee Seward the ot of the
Botom Je Couw 2, the Siock i releawed anth initial sotice 5o that the
Block taowly uvth conmon! spend alaey the dotted ceeniar potk.

Data Analysis

in Cose 1. the biock is released from rest. Ia the block acceleratng?
X Y No

Explacs, and i yea, d the disction of the acoed

TkHackﬁﬁda;deeﬁdeoFtkm&mrdd?
toward the point of Lthe cone. Sirce there is no friction, the
block accelerates down the cone. rwﬂ)d to its surfhce.
1 Clane 2, € bilock is relaasedd 50 that 1 tusela with & ccastant speed wlinrg (e detted ciseulir
suth, lu the block acoskemating?

X e ™
Explais, and i yes, determiise the direction of the acoskeaticn,
Yes, the block is still accelerating' This time, although the
Hockisnwb’ulmtmtspcd.itistrwcﬁvmthc
circle, 50 it baw a centripedal acceleration tovawrd the certer
of the circle.

Using Representations

1In both duagrams Below, the weight F'dtounthtmb—lhmﬂhno-w‘.
each came on the comeponding dagram. Use the grads provided to make each noemal force Save
the proper keng. (In each case, bosaking cne of e foroes (00 components will heip you find
the duwection of the adceleramon |

Came 1 Cose 3




3.1 Centripetal va. Liness Accelevation

Quantitative Analysis
TG nwnuuw-hhwuﬁu-udl—uwuhmm—au--
terma of £ 6.
Case Come 2
“Where the 'y direction is “Where the. 'y’ direction
defined as rcrrcu‘éalar te is defined to pe
the surface of the cone” dniyhltfnddm"
LV wm- Z
5 AR P -
A=liorte9 Foemlt-£ =0
F, = F coxhl

Foonlt « F,

RS
i

Py O Use the disgrams in Part B to exglain why the nonmal loece i grester in Case 2. Then use your
equaticess in Part C 10 explain why the ncersal force i greater in Case 2.
In Case 1, the rormal force carcels the of

the to the ~~the. novmal force is
toady:rvtofﬂuwd force. (The other
the weight coniributes to acceleration of the block
down the incline,) So, In Case /, the novmal force is less than
Unwd?*tlamz wwthnwmﬂfwu
(Tl:'z}nr of the normal
r«ummuu- acceleration of the block)
So, in this case, the norpal force is U-nu-w-.,u
lnéscl,&omndfwnbarrt:twmquﬂ
times a fraction, and in Case 2, mrnd#amaisurdto
A “:,,arwu,htdbdedbyuﬂ'xbmfhmﬂﬁauh

,md.rh&as‘l
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(3) Circular Motion and Gravitation | X Friction as the Centripetal forco

Scenario
A stadent bn the ooeffovent of stane r

fction i, m-muomm The studest

‘ofSaches fhe cenier of the piate 1o @ Soely roating axia. R f
each e, the studen! sefs the coie on diferont pasitions on (e

stow plate and meosures e distanow t Soo the center of the

i 4 e oo of the seie of rototiar. The stadent olso Ast ¢ 7
opueich fo mease the period T of the plote’y mtstion

Experimental Design

Explain how Sie student can use this setup 1o take messuoements that would allow the coethoent
of stafie friction to be caloulated. Be sure 1o explain cearly what rotational period mest be meansed
axd how experirental ence can be reduced.

The student should the rotation of the

until the coin Then time 10 full rotations and divide
W/O,bﬂdarerio_d.kefoattﬁsmﬂﬁmu
Quantitative Analysis

Srarting with Newntons Lows and basic squations Sor cheslar motion, derbe a2 equation that
velaton i, 7, 1. and handamental corstants.

The sum of the forces on the coin in the

LF, = brim“dm:&mwae*dbﬂumo"ﬂu
coin times the. coin's acceleration
y In this case, it is the force of friction that
" rrov:‘de-stlsudn‘rehlforu#brlboa‘n
= Mandwsms&tkmmd&vcelseqdbk
oo
’ 7nmhlwnd$‘om¢.so

= v u-srcodsf-rednn?dlo.-
Tbsroodwﬁd-r’odornﬁ’mwbrcmun

- the coin is placed, but the period (T) that it

m-""—'." takes for the coin to nrandmwth

mrcﬂwdssso(‘whwcl}sednisﬁnd_fk
!fc‘dﬂ\dl‘hreriodnrc“&dby' =




3K Priction as the Contripetal Foece

oy Divilo’botkddubyr.
""—4:-:—' Ts*nredo’srrorcrﬂadbr

The student collects the dota show (n the table above.

PanT e Plot the date cn the 77 wa 7 grgph sbarwn Sedow. Deem

@ begt-&1 e 30 G dats and calcudate the slope of the

best £2 e

il Tisd Lali)
o 14 196
oz 20 am
o3 3 229
s 27 3
0 29 s

Peved Sovares (v}

aehose

abbafantodi

PARTD: Use your equation bom Part B along with the slepe of your beat £2 line Iroen Past C 1o cadcudte the

e ol p.

sy
dipn - — -
i

Y=y T2¢ -6 264
n-x 0482m-026m Ol6m
1635
0.2%

~163%




