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Enengy & Forceo in Rolling

]. Kinetic enerngy of a nolling object
9. F nengy consenvation in nolling motion
3. Fnriction and rnolling
4. Static w kinetic fuiction in nolling
5. Analysing nolling motion on an incline
6. Key formulas and equations

/. Common Mistakes and Misconceptions:
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A notling object possesses tuo foums of kinetic enengy:

]. Rotational Kinetic fnrengy:
Rotational KE = 1/92 (] w?)

o [ io the moment of inertia bout COM
° W (b the cmgwéan ueé&obtg.

2. [ranslational Kinetic £nengy:

Trnanalational KE = 1/9 (M Uc?)
o M io the mass of the object

© Uc is the velocity of the centern of mass
e Z:/

Total KE = 1/2 (] w?) + 1/9 (M Uc*)
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When an object notllo without alipping, its total -

mechanical enengy b consened.

'7. Mgh = 1/2 (M v*) + 1/2 (1 w?)

o [his io aloo a condition to ue/u;{{—g z;f an (}(y’eot Lo

notling withouwt alipping.

9. /& aliding on alipping occuns, kinetic friction genenates
thenmal enengy, and the equation muat be modified to

(;noéwde heat Load:

o Mg/h = 7/2 (M UZ) + 7/2 (/ (1)2) 4 Et/z,e,/z,m,a/[ s
Tl Z/
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]. [f a wheel nolls at constant speed, the tangential velocity

equals the linean velocity

(Up::Uc
o [hio means thene is no nelative motion between the wheel
and the swrface at the contact point (P), a0 no frictional

,fomoe Lo we%wbmed fom mo-tion

9. Accelenation and Friction
o /ﬁ a force acts on the wheel to increase its speed, it
cauwdsed accelernation c}(f the centen C}f maad and cw/g/wéa//z,

accelernation c}(f the wheel.

When WE > Uc, a static jrictional force (Fb) acto at point P to
prevent aliding
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]. Condition for notlling without alipping

/ Fs,max
\

Fstatic

u)]?:Uc

2. [f an external force induces static friction, Fkinetic

Frictional Force
Force causing Slide

condition for notlling without alipping can also

be glven waing the equation

Qc = £ d

3. If the force cawsing slip exceeds the maximum static friction (fFo,max),
o the wheel slides, and kinetic friction takes over.

o [he abouve equations become invalid

riiE A
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N Fs — Mg sin § = Mac

T=rFs
Ac Te=rlfc. O
el +¥
Fox =Wy Sin 8 ¥e KFs = Te a
Ac =Ra
-c¢ [ 'R =
g Foy=Wg Cos § ol 4
Fs=-Ic (ac [ R2)

ac=—qsind/(1+Ic/WMR2)

| W‘t@ siv & > ’FE.mei {leody will slide)

s e e e e e e e e e e e e s e
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Rolling Ball

Conaiden a aolid sphene and a hollow sphene, both with the same maas (9 /@g) and
radiuws (0.2 m), rotlling down a namp inclined at 30 degrees. [et’s compane their

Linean accelenations and enengied.

£ nengy Consenvation.

At the top, both have same potential enerngy: mgh
Ao they notll, this potential enengy conwvents into:

o [ranslational kinetic enerngy: /9 (m v*)
o Rotational kinetic enengy: 779 (] w?)

[he total mechanical enengy i consenved, d0:

mgh = 7/2(%02) * 7/2 (/ w?)
Tl Z/
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Moment of [nertia:

f_om a solid sphene: | = (2/5) x m x R*.
For a hollow sphene: | = (92/3) x m x R*.

[he hollow sphene has a langen moment of inentia, meaning move of its enengy b wsed for
notation, leaving less for tranaslational motion.

Zmea/z, Acceleration: a = (g x ain(0)) ST+ /) (mxR2))).

For the aolid, sphene:

[ = (9/5) x m x R2:
a = (gx0in(®)) / (1+2/5)
a=3.5m/*

For the hollow sphene:

/= (9/3) x m x B2
a = (gx0in(8)) / (1+2/3)
a=29.94 m/s*.

T z;///
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Key Qbsernvations:

]. The aolid sphene accelernates fastern than the hollow sphere |

becawae it haod a amallen moment c}(f inentia. [hio means more
enengy i conuvented into thanalational motion.

9. The hollow sphene accelerates more A/LO*LU*Lg becauwse a La//bg,e/z,
DAOPOVLLO 0& ito enengy (b waed ﬁom notational motion.

Kinetic £nengy Distnibution at the bottom of the namp.:

]. For the aolid sphere, a greatern proportion of its total kinetic
enengy i in thanslational motion.

9. For the hollow sphene, a greaten proportion of its total kinetic
enengy b n notational motion.

T Z///
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Notes

Equation

Jotal KE = 7% Muvc? + % [ w?

When to (Joe

Calwlatuzg’ the total kinetic enengy of a notling object,

Froune to use the coviect moment of inentia (1) for

the object's shape

Mgh=2% M +% | w? Analyzing enengy conservation when an object stants | |/alid only in the absence of non-conservative forces
to noll without slipping yrom a height h. like ain resistance o kinetic yuction.

Ue = Pw Relating linean velocity of the center of mass to [fue# KW, alipping occunws, and kinetic fruiction

ae= Ra Connecting linear accelenation of the center of mass to| Applies only when there is no slipping, otheruwyise,
angular accelenation. [his can also be taken as a this relationahip doean't hold.

ition innolli thout slinming
T-=1la Dete/umwnggwlanacce[efmaongwmt/wnet Tmcg,(w(T)ohmddbeca[wéatedaboatt/wcente/wDL
prodlem.

fo=0c"ac) / R* Caleulating the static friction force necessany to Static riction adjusts top/zeuentwppuzg' ng: it does not

ac:(game)/ﬁﬂc//wpz) Fuzdugﬂzeéuwa/zacce[e/maonobimo(yect/w{lmg Dq&endoonmeo(yeotomonwztoj—uwwm different
down an incline at angle 6. shapes yield different accelerations.




]. Misconception: A continuwows force io needed to keep an object mouving.
C lanification: Aoomdmg to Newton's finat law, an object in motion will nemain in wnifovm motion

untess acted upon by an extennal force. /n the context of notlling motion, once an object i notlling
without alipping on a frictionless asurface, it doean't nequine a continuows force to maintain its

motion. Frictional forces, howeven, can cawse the object to eventually come to a atop.

oM Laconception: Heauvien obfects noll down a alope fastern than lightern ones.
C Lanification: /n the abaence of ain nesistance and othen dissipative forces, all objects, negandless

of mawvs, expenience the same accelenation due to gravity when notlling down an incline. [he

distrnibution of mass (moment o inentia,) and the shape of the object influence the nolling motion, not

the maasd alone.

3. M Laconception. Z\)Oéémg motion always involves prictional force.
C lanification: While priction b necessany to initiate nolling without slipping, a notlling object

mo-ving at conatant U@LOOLég on a pe/q{-eotég wbgbd au//q{-a,oe expeniences no net lfb()@tl}o-/’ba/l fomoe. Friction

actsd o«nég when thene's nelative motion or a tendenog lfom auwch motion between z»w/blfa/oeo.
T z:/
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4. Misconception: [he point of contact in notlling motion is stationanry.
C lanification: /n pune notlling motion without alipping, the point of contact between the notlling
object and the sunface io inotantaneously at neat nelative to the surnface. Howeuven, due to the

object’s notation and translation, this point changes continwowaly.

5. Misconception: An object's notational and translational speeds are independent.
C lanification: For an object nolling without alipping, there's a direct nelationahip betureen its
translational speed (u) and angularn speed (W), given by v = WR, where R i the nadiws. [his

nelationship enswnes z»g,rw/mmwged mo-tion between notation and tranalatiorn.

6. Misconception.: Rolling objects do not expernience enengy Loss.

C tanification: /n neal-world acenanioo, notling o-bjects encounten notlling nesistance due to
defovmations at the contact point, leading to enengy dissipation and graduwal alowing down. [hio io
distinet prom rinetic guiction and i influenced by factors like matenial propenties and surface

textue.

T Z/
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/M L@oonoeptb&n ; S tatic ywotbon wéwwg/o actsd to oppoLe mo-tion.
C lanification: /n notlling motion, atatic friction doesn't oppose motion but facilitates nolling
w-ithouwt A/écppmg (}g preventing nelative motion at the point c}f contact. [to dinection and m/a/g/rwtu/aﬁe

aaéjwz»t to maintain the /wéémg condition.

§. Misconception: [he novmal force and gravitational force are an action-rneaction pait.

C lanification: Aoomdmg to Newton's third law, action-neaction pains act on differnent oblects.
[he novmal force actos on the notlling object due to the aunface, while the gravitational force acts on
the object due to fanth's mass. [hese forces are not an action-reaction pair but rather two forces

acting on the aame c}(y)eot.

9. Objects of same shapes noll in the same way?

C Lanification: O(}je/ozﬁo of same shape can have varying momentsd of inertia, which affect thein
notational accelevation. For inatance, a aolid sphene and hollow aphene of the same mass and
nadiws will neach the bottom of an incline at differnent times due to thein differing moments of

nentia. [he obiect with the amalleat t nesti UL nally neach the bott Ot
Lnentia 7@0/@0 W e amalleat moment of inentia will genenally neac e bottom [i B
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