
ME 274: Basic Mechanics II
Lecture 7: Rigid Body Motion: Rolling without Slipping



Review: Rigid Body Motion

Rigid body: 

Velocity and acceleration of point 
B with respect to point A:

If we know the motion of one point and the rotation of the 
body, we can determine the motion of any point on the body

Angular velocity 𝜔, and angular acceleration 𝛼
are properties of the body

 𝜔 = 𝜔𝑘෠ = 𝜃̇𝑘෠,  𝛼⃗ = 𝛼𝑘෠ = 𝜃̈𝑘෠ 
 Sign of 𝜔, 𝛼 determines direction of rotation 

(using right hand rule)

Tng. Velocity

→ 2D&3D

-Langaccel.
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Special case: Rolling without Slipping

The wheel rolls on a rough, stationary surface. The center of the wheel 𝑂 has a velocity 
and acceleration 𝑣ை, a୓ . It is assumed that sufficient friction acts between the wheel and 
surface such that the contact point, 𝑪, does not slip

“No slip” condition:
𝑣௖௫ = 0, 𝑎௖௫ = 0
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Question: If C is a no-slip point, what are the y-components for the velocity and 
acceleration of C?

Known information:
• 𝑂 moves on a straight, 

horizontal path

• “No slip” condition

Using our rigid body equation for velocity: 𝑣⃗஼ = 𝑣⃗ை + 𝜔 × 𝑟஼/ை

Using our rigid body equation for acceleration: 𝑎⃗௖ = 𝑎⃗ை + 𝛼⃗ × 𝑟௖/ை − 𝜔ଶ𝑟஼/ை
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Question: What if C is a no-slip point, but the surface it is on is moving?
Known information:
• 𝑂 moves on a straight, horizontal 

path

• B is translating in the 𝑥-direction

• “No slip” condition

Using our rigid body equation for velocity: 𝑣⃗஼ = 𝑣⃗ை + 𝜔 × 𝑟஼/ை

Using our rigid body equation for acceleration: 𝑎⃗௖ = 𝑎⃗ை + 𝛼⃗ × 𝑟௖/ை − 𝜔ଶ𝑟஼/ை
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Ao: - 3ft/s-

1) draw un 't vectors
2) relate pts. with the

most info
pto: To: Vod
ptc: V. -O, Ace

Jay:O, ay = 0

3) rigid body motion → velocity

-T- -roo

Vci + Vayj = too + wk x (rj)
= Vob- wre

É: Vox = votwr. > w = V
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→ C

J: Vey = 0
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4) rigid body motion → acceleration

a. = To + Ix rero-when

a ☒ - + acyj = a. I + αk + (rj) + warj

I:& = do + or → α =-% = ³,

5) motion of pt. P
P

⑦ p = do + at x rpro - Wipro

Gp- G. i - xk-(rj) - w-ry

- a.-art-wiryc
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1) unit vectors
2) known into
pt. A: FA - rat, EA- AAI + day]
Pt. B: VB = -VBI, AS = 02 + Apy]
3) find W using p+A&B

Ta-I + ⑥ ✗ rare

VAE = -V, E - wk efftry)

VAE =- VBI - W (Rtr) I

Va + Visk 
' (Rer)

ABx-0

R
I ☑



4) find & using.pt A&B

AT = AT + I ✗ TAB-W³ÑAB

9Ax"" AAyj - a

- apyj -✗ (R

[: Max = TX (Rer) → ✗ =

Bx"" AByJ + αk" (Rtr) j - w² (Rer)j

+ r) e - w-(R-r)j

- AAX
Rtr

5) use W, α to find Tp

Vp = BB-  ✗ Tpp

- Vpi + WE ✗ (RE + Rj)

= BE + WRJ -WRT

Jp = (⅓-WR) E - w Rj = (⅓-
(VA + ✓ B) R)

(Rtn)

(sub in & solve)

(+ why



6) use w,x to find Ip

Ap- ñ, + ÑxG,-W²rp/B

- Apy/ + ✗ Kx (Ri + Rj)-w²(RE + Rj)

= Apy j + αRj - ✗ RI - W²RU-WR;

• w²R^

Ap: -R (a + we)i + ✗ Rj

from earlier


