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Rolling without slipping

]. [he concept
2. Cycle wheel as an example
3. Condition for nolling without alipping
4. Example of nolling with slipping

5. Rotation + [nanslation = Rolling
6. Velocity analysis
/. Key foumulas and equations

8. Common mistakes and misconceptions



7 P&Lébng motion.: Movement without Trnanalation

Vo= Ve

alipping, sliding, or bouncing.

2. Key Condition: No rnelative motion at
the contact point, i.e velocity nelative to
the sunface = ()

3. Components.

e nanalation: S t/w/cg//bt—éme mo-tion

Of the centen oj— mabd.

* Rotation. Spinning motion around Rotation

arn axil.
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Using a Bicycle Wheel as an example-

]. Point O: [he center of the wheel mouves

fowwand at a conastant speed, denoted

V= e

by u_c ( velocity of the centen of masd ).
D. Point P: [he contact point on the noad

aloo mouves forwand at the same speed,

u_c (and a0 do all points), enouning the

wheel mouved adb a amg/ée wrnit .

'unzzf

SCIENCE

CUBE



7. Quen a time intenval, t:
o Roth () and P mouve a distance, o

o [he wheel aloo notates thhough an ang

2. The anrc length point P turns is 6 = R

3. Differentiating with nespect to time:

do/dt = (dB/dt) x R 4. Thenefore,

Hene: u_c=WR
do/dt = [inear apeed of the center (u_c)
20/dt = Angular speed of the wheel (W)
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]. [he equation

b a condition that enauwred /u}éémg w-ithowt @prpmg.

2. [f thio equation holds true, then:
° [hene is no nelative motion between the sunface and the object.
o [his aloo means thene would be
" no slipping - tyre spins in its own place more than mouv-es
forw-andor

" no skidding - [yre mouves forward more than it tuuns
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WITH

]. When a nacer accelerates suddenty,
the nean tines may spin fasten than
the carn's fowwand velocity (u_c)./n
that caose.

2. [he tangential velocity at the sunface
of the tine (WR) exceeds u_c,

cawding the tines to alip.

3. Luvidence: Smoke jrom the tines due

to ,fwotl;cm /bewtéfbg the nubben.
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WITH

]. [ the nean tines spin slowen than the | 4
carn’s forwand velocity (v_c)./n that
case ‘

9. [he ta/rbg/@fwba/é zfeéc}obtg at the A/u,/bfa,oe ~
of the tine (WR) io Lessd than u_c,

cawding the tizes to akid.

3. Fuvidence: Skid manks on the noad.
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Tnanalation

the wheel mouves forwand with the / A

]. Pure [ranslation. fuveny point on

AQuULe (f@é&odtg

9. Pune Rotation. [he wheel notates - *—l>' """"
about ito axio, but the centen doed LB" - .
not move fowand. 7 \ m Lo
3. Combined Motion: When ' @; : V=G Ve =0
translation and notation 4_.
combine, nolling motion occuns. Rotation
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]. Bottom of the Wheel (P): [/ /w“’w’éa’éf??
* Momentanrily stationany as =P

translational & notational velocities / Y Rolling
cancel out. IANS %= M@[
. . . - i e
" [f thio point had a net velocity, the "W,

wheel wouwld skid, breaking the
‘nolling without alipping” condition.

). [op of the Wheel (]):

» Mouves at 2u_c since translational 12 |
and notational velocities add wp in o=
the aame dinectiorn. o
Kotation
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7. Qbsenvational Furidence: [n a
time-exposune photograph of a
nolling wheel, the spokes appear
mone blunned at the top than at the
b-o-ttom .

2. [hio shows that at the top,
velocities add up, makring it mouve
at v ¢

'quAf

SCIENCE

CUBE



Formula/Equation

v com = wh

s=0xR

w=vcom/R

v_bottom = 0

v_top = 2v_com

When to Use

To ensure rolling without shipping.

To calculate the distance traveled by

the wheel.

To find angular velocity from linear

velocity.

To identify the velocity at the contact
point (P).

To calculate the velocity of the

topmost point (T).

Caution/Notes

Ensure that v_com and w are for the same point and in

consistent units.

0 must be in radians; R 1s the radius of the rolling

object.

Valid only when rolling without shipping condition is

met.

Only valid under roling without shpping.

Applies when the object i1s rolling without shpping.
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Misunderstanding the Condition for Rolling Without Slipping:
Mistake: Believing that notlling without slipping does not nequire
pictiorn.

C Lanification: Friction io esnential to prevent slipping, it ensures

no nelative motion between the contact point and the o/u//b(fa/oe.

Confusion Between Angular and [inear Quantities.
Mistake.: Mixing up angular velocity (W) with linear velocity (uv).
Clanification: Rememben the nelationohip v = WR. Angular velocity
applies to notation, while linean velocity io for thanslational
mo-tLorn.
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Velocity at the Contact Point (P):
Miotake. Beébeumg the contact point i atationany with nespect
to the wheel.

C La//wﬁoa/téc}n - [he contact point i mc}menéa//wég stationany

nelative to the g//wu/n/d b-ut not nelative to the wheel.

[op Point |[elocity Misconception:

Mistake.: [hinking the velocity of the topmost point ([) is equal
to v ¢

C lanification: At the topmost point, the velocities from notation

and translation add up, neauwlting in v ¢ S~
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[anoving Slipping Cases.

Miatake: Not analyzing what happens when the condition u_c
= WR failo.

Clanification: Slipping or skidding occuns when the
tangential velocity (WE) i not equal to the linean velocity

(v _c), leading to skid manks on enengy Lods.
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