
ME 274: Basic Mechanics II
Lecture 15: Moving Reference Frame Kinematics -3D



3D Moving Reference Frame Kinematics – Changing observers

Regardless of where you place your observer/ moving reference frame you should arrive at the same 
final expression for velocity and acceleration.

Problem: A person attached to a moving body is observing the motion of point A

To:O, Tao- Li

Ta- o - o - (25- E) × (LE)

- (RJ + E.) ✗ L(COS⊖I+Sin⊖J)

E- E,

taro- ↳ (coso I + sin 5)

Observer

%

V =-RLCOSOI ' LCOSOI LSin⊖I



at: ② (  + K), × (LC) → (rs. E) ✗

⑤ -R) → (rjto.EJ-E.n.LI

= ORI, LC'cos⊖I + sino 5) + (RJ E.) + [GJ+ E) ✗ L(COS#SMOJI

→ RLsino E- + (RJ + ÉTÉ) x (ALCOSO E. - 'Logos-OLS in QI?

= Or Ls: n GE -RELCOSOI + ELSINORE-ELCOSO I

- } LSINO J

AA = (r²LCos⊖-  [cos ⊖) I -  'Lsm ⊖] + 2 RLS in ⊖#

(S5-Ek) x (LI)]



3D Moving Reference Frame Kinematics – Changing observers

Regardless of where you place your observer/ moving reference frame you should arrive at the same 
final expression for velocity and acceleration.

Problem: A person attached to a moving body is observing the motion of point A

raro = LCOS⊖I + s;n⊖∃)

observer

7

J
#-8. LET- 25 ✗ LOSE + sin 05)

- L j -ALCOSO E- j =-sin ⊖ I-COSES

V =L sin ⊖I-LOCOS-0J-ALCOSO ¥.

I

⟂̂

^

V =-RLCOSOI ' LCOSOI LSin⊖I matches
other case



a- A- O - LG-C - O + 215 " (L j) + RJ ( "+ (Coso + Lines]

=-L  (coso I + sino 5) + 21J-[LOL-SINOI + COSET)]

+ RIEST ✗ (COSOI-LSI#D)

=-LÉÉos⊖I-Losine I $2S sino-É + rj × (-RLCOSOI )

=L  'cos I- LO's no 5 FLIES, n⊖E-R-L COSOI

AA = (L 2050-R²LCOS⊖) I - L 3in-0J + ZLR sing.

AA = (22L cos ⊖-  [cos ⊖ II- -Lsm ⊖ J-ZÉRLSINQÉ



eI j k → attached to disk

É' I → attached to OB

IT:#→ fixed

rotation of E"É

Wo, = W. J-W, I

→
✗ o,-in É + W, J-W, "-Wil

= - W, (Wo, ✗ E)

L

≈

OB

rotation of Ej K

WAB = W2J-W, E-w3k

AAB: v25 + wit-wit-wit-is K-WI

= w, (  × E) + Ws (WI + E)
OB

= W, FwJ-W, E) + I] + W, [(wijiw.in w, k)-k]



I → Î

J
arm OB

-I

 = W, J-W, I

= W2J- W. I
I- W, 5 + Waj-W, E-W, E

= -w, (  × E) = -W, [(we]-W, D) + I]

- W, W, E.

a) velocity of A

VA -VB" (Va/B) rel" W "FAB

rigid Body for ↳ →

at the s instant
I-I

^

B = Vo- w-53/0-
= wzj x b = -Web E?



¥_ -web E. + Grw, i) + (W-J -W, E) erj

= - web#-rw, I -W, PÉ

- rws I + (-wpr- web) E.

b) acceleration of A

EA = Gp + (EA/B) re, + £ ✗ FB +20 × (Paris) re, tu ✗ (  ✗ I,)

rigid body for → a,

a, = a.. ☒ .-T.ro. We'

⑦ - ② + w-J x (wzJebi¥: -WIDI

at = -wib I -wir j + w, we E- + rj + 2(was-w. i) + Erw, e)

+ (w, J-w, ↑) × [(W-J-W, b) × rj]

☑ Box TB/o



= -wibI - wiry -w, were + 2w.ws-I

+ (Wet-W, I) + E- wire.]

= -Wi bI - wir J-w. were + 2wzw, RE-www.rI-wirj

a.- l-Wib -2W. war) I + (-w} r-wir)J + 2wzwr In


