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Housekeeping/Announcements
***Reminder for Henny to wear a mic during the lecture.
1. HW due tonight!
2. Office hours are changing to ME2008B…

• Second floor of renovated side of ME 
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(Reminder/refresher) Chapter 3 – Moving Reference Frame Kinematics

• In chapter 2, we saw that if two points A and B are on the SAME rigid body.

• It is often the case that we need to use the motion of two points that are NOT 
on the same rigid body.

• Many times, we can use kinematic information about the motion of B 
obtained from an observer on a “moving reference frame” [figure]

[pg. 143 content]
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Chapter 3: Moving Reference Frame Kinematics

•                       are the velocities seen by a fixed observer [XYZ]
•                       are the accelerations seen by fixed observer [XYZ]
•           is angular velocity of the moving observer [xyz]
•           is angular acceleration of the moving observer [xyz]
•                is the “velocity of point B as seen by the moving observer at A”
•                is the “acceleration of point B as seen by the moving observer at A”
•                      is known as the “Coriolis” component of acceleration.

• Arises when observer has a non-zero angular velocity

[pg. 147 content]What does the observer see?

How does observer move?
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Last Class… 3D Rotating Reference Frames

• Angular Velocity in 3D motion will usually be made up of several components (omega’s). With each 
component being about a different axis, as shown in the figure.

• For Angular Acceleration, it is important to note distinction between a 
fixed axis and a rotating/moving axis. 

• Recalling derivation in pg. 144. For a rotating axis we see that: 
• Straightforward to remember:

• For a 3D Rotating Reference Frame system/problem, we will use the same Moving Reference Frame 
equations as before, except we now have a ‘k’ term. 
• For derivation, look at pg. 158-159.

[pg. 157 content]
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p. 161 Challenge Question and Animation:
Does having a Constant Angular Velocity mean Angular 
Acceleration is equal to zero…? 

[pg. 161 content]

• TLDR – In 2D problems yes, but in 3D problems: NO

• Why? Let’s to this example problem for example:
• A gyro rotor has a constant rotation rate of ω₁ about a fixed 

vertical axis in addition to a constant rotation rate of ω₂ about 
the symmetry axis of the rotor. Let the xyz-axes be attached to 
the rotor, and the XYZ-axes be fixed to ground. Find the 
angular acceleration of the rotor.
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① Attatch observer to rotor. Axes defined

② Find w
,
angular vel

ü = Wi +Wet ; = fixed ; t =moving

③ Find 2
, angular accel
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fixed ax is constantconstant
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⑪ Visualization
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[pg. 168]
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① Define axes & observer 표
one of few wo

axes drawn Yx
② Find angular velocity ,

w

E=w
,
i +wek

-Wii + wer

⑨ Find angular acceleration
,
I

£ s ☆

=- wirfis tufictur
← ωa[☆x1]

' ω^[ ('ω,fork)xe]
I therzw ,

i조

④ Points O& P. Not a Rigid Body
pot latrel+xPo +2x(Mel+ x(wx=p(0)

⑤ we Need ão. So use Link OA. Rigid body
a

.
=++Yoax Toa +ToxX(wonXfox)
=

> w, X)- w,xdi)

, , wand i5

⑥ wh Go , Solve for ap

ap = -widi + wzw ,jxR] +(w ,
T+wait)x[(- w , i +wei)XR]]

=widk + ( w ,
T + wein) x [w , RY -WaRI]

= -widk + -WYRY -wzR]
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[pg. 169]
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w ?

X :

up ?

ap
&

*
g

① Axes are defined

ㆁ
② Find angular velocity ,

w

¤=Wi + ⑤R

= w,+0

⑨ Find angular acceleration
,
I

'
;
i ‰

=wi+~*+0F

= G[Xk]
: ℃ [(wis tok)y
i

= &Li [ = costItsinG GoodRuleofTh,
⑳city8
④ Points P&O .

Not a Rigid Body , N

= + 8 + (w ,
5+E[)xL(cosI +sinG) ·prigidbody

can
Öp = Fo + (pdreit XT/

=-WiLCos +OLcosO5-OLsintI most .

Eeleration&

⑤ Points P& O .
Not a Rigid Body

,

ap = Go + (ap(o)re) +=xTp + 2x(up/0)re) + wx(ixTox)

= + 0 + Ow ,
x((cs6+sinG]) + 0+ (w ,

5+0()x[(w ,j+() X((cosOI+ sinGj)

= Ow
,
LsinG + (w , 5+ ·(5) X(-w ,

Lcos + @LcosOF-OLsinG])

= Öw
,
LsinG -wiLcosOI +Öw ,LsinG-E2LcosOI-ÖLsinGE
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Feedback Form:[pg. 158-

159]


