
CUBE NOTES
A P  P H Y S I C S  .  J E E  .  N E E T.  G R A D E  1 1 / 1 2

Rolling without slipping
1. The concept 
2. Cycle wheel as an example 
3. Condition f� roll ing without slipping
4. Example of roll ing with slipping
5. Rotation + Translation = Rolling
6. Velocity analysis
7. Key formulas and equations 
8. Common mistakes and misconceptions



what is Rolling Without Slipping? 

1. Roll ing  motion:  Movement  without  
s l ipping,  s l iding,  � bouncing.

2. Key Condit ion:  No relat ive  motion at  
the  contact  point,  i .e  veloci ty  relat ive  to  
the  surface  =  0

3. Components:
• Translat ion:  Straight - l ine  motion 

of  the  center of  mass.
• Rotat ion:  Spinning  motion around 

an axis.

Translat ion

Rotat ion

Roll ing

+ =



Understanding Rolling Without Slipping

Using  a Bicycle  Wheel  as  an example -
.

1. Point  O: The  center of  the  wheel  moves  
forward at  a  constant  speed,  denoted 
by  v_c  (veloci ty  of  the  center of  mass).

2. Point  P:  The  contact  point  on the  road 
also  moves  forward at  the  same speed,  
v_c  (and so  do  al l  points),  ensuring  the  
wheel  moves  as  a  s ingle  uni t. P

O



Understanding Rolling Without Slipping...cont.

1. Over a t ime interval,  t :
◦ Both O and P move a distance,  s
◦ The  wheel  also  rotates  through an angle,θ

.

2. The  arc  length point  P turns  i s  s  =  θR

 3.  Different iat ing  with respect  to  t ime:
     ds /dt  =  (dθ/dt)  ×  R
.

     Here:
     ds /dt  =  Linear speed of  the  center  (v_c)     
     dθ/dt  =  Angular speed of  the  wheel  (ω)

.
 4.  Therefore,  
      v_c  =  ωR



Condition for Rolling Without Slipping
1. The  equat ion 

   v_c  =  ω  R 

  i s  a  condit ion that  ensures  rol l ing  without  s l ipping.

2. I f  th i s  equat ion holds  true,  then:
◦ There  i s  no  relat ive  motion between the  surface  and the  object.
◦ This  also  means  there  would be  
▪ no s l ipping  -  tyre  spins  in  i t s  own place  more than moves  

forward� 
▪ no skidding  -  Tyre  moves  forward more than i t  turns



Example: Rolling With Slipping Tires

1. When a racer accelerates  suddenly,  
the  rear t ires  may spin faster  than 
the  car’s  forward veloci ty  (v_c). In  
that  case:

2. The  tangent ial  veloci ty  at  the  surface  
of  the  t ire  (ωR) exceeds  v_c,  
causing  the  t ires  to  s l ip.

3. Evidence:  Smoke from the  t ires  due 
to  frict ion heat ing  the  rubber.

Here

ωR >  v_c



Example: Rolling With Skidding Tires

1. I f  the  rear t ires  spin s lower than the  
car’s  forward veloci ty  (v_c). In  that  
case

2. The  tangent ial  veloci ty  at  the  surface  
of  the  t ire  (ωR) i s  less  than v_c,  
causing  the  t ires  to  skid.

3. Evidence:  Skid marks  on the  road.
Here

ωR < v_c



Rolling = Translational + Rotational Motion

1. Pure Translation: Every point on 
the wheel moves forward with the 
same velocity

2. Pure Rotation: The wheel rotates 
about its axis, but the center does 
not move forward.

3. Combined Motion: When 
translation and rotation 
combine, rolling motion occurs.
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Velocity Analysis
1. Bottom of  the  Wheel  (P):

▪ Momentari ly  s tat ionary as  
translat ional  & rotat ional  veloci t ies  
cancel  out.

▪ I f  th i s  point  had a net  veloci ty, the  
wheel  would skid,  breaking  the  
"rol l ing  without  s l ipping"  condit ion.

2. Top  of  the  Wheel  ( T ):
▪ Moves  at  2v_c s ince  translat ional  

and rotat ional  veloci t ies  add up  in  
the  same direct ion.
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Velocity Analysis

1. Observational  Evidence:  In  a  
t ime -exposure photograph of  a  
rol l ing  wheel,  the  spokes  appear 
more blurred at  the  top  than at  the  
bottom.

2. This  sho� that  at  the  top,  
veloci t ies  add up,  making  i t  move 
at  2v_c



key formulas & equations



Common Mistakes and Misconceptions
Misunderstanding  the  Condit ion f� Rol l ing  Without  Sl ipping:
Mistake:  Bel ieving  that  rol l ing  without  s l ipping  does  not  require   
frict ion.
Clarif icat ion:  Frict ion i s  essent ial  t o  prevent  s l ipping;  i t  ensures  
no  relat ive  motion between the  contact  point  and the  surface.  

Confusion Between Angular and Linear Quanti t ies:
Mistake:  Mixing  up  angular veloci ty  (ω)  with l inear veloci ty  (v).
Clarif icat ion:  Remember the  relat ionship  v  =  ωR. Angular veloci ty  
appl ies  t o  rotat ion,  whi le  l inear veloci ty  i s  f� translat ional  
motion.



Common Mistakes and Misconceptions
Veloci ty  at  the  Contact  Point  (P):
Mistake:  Bel ieving  the  contact  point  i s  s tat ionary with respect  
to  the  wheel.
Clarif icat ion:  The  contact  point  i s  momentari ly  s tat ionary 
relat ive  to  the  ground but  not  relat ive  to  the  wheel.

Top  Point  Veloci ty  Misconcept ion:
Mistake:  Thinking  the  veloci ty  of  the  topmost point  ( T )  i s  equal  
to  v_c
Clarif icat ion:  At  the  topmost point,  the  veloci t ies  from rotat ion 
and translat ion add up,  resul t ing  in  2v_c



Common Mistakes and Misconceptions

Ignoring Sl ipping  Cases:
Mistake:  Not  analyzing  what  happens  when the  condit ion v_c  
=  ωR fai l s.
Clarif icat ion:  Sl ipping  � skidding  occurs  when the  
tangent ial  veloci ty  (ωR) i s  not  equal  to  the  l inear veloci ty  
(v_c),  leading  to  skid marks  � energy loss.


