
To solve this problem we first introduce a moving reference frame
which rotates with the pendulum and has its origin at point A .

We can also draw a FBD : a e-2
In

Now we can evaluate LMB in the 7 ☐ EM

moving M
-Frame : A g
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using this we can find the inertial forces :

F
- Coriolis
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F
Euler

= -m ( ties)✗ (Lef ) = -moi Lee

Fcentrifugal = -m (Fed) × ( oiezmxLe
= -
m Loi et ) ✗ toilet) = mother

Iext = (-Rtmgcos (O)) ≤↑ -mgsin (d)≤it

and the acceleration of the origin (i.e. point A) is :

a- = 9AM = ii.cos (d) ed - Jia sin(d) e-am

Plugging everything into LMB gives us :

e-↑ : 0 = (-Rtmgcosb)) + mÑL -m Ea cos (d)

e-it 0 = -mg sin (a)
-

m ⑦L +mia sin(d)

As we are looking for the equation of motion we only need the
second equation , which becomes :

Loi + (g - Ea) sin (e) = 0

If we also wanted to find 13 , we would have to solve the

equation of motion , which in this case is a hand problem .



1) We can once again use LMB for the moving frame . since
the frame does not rotate , all inertial forces vanish :

Macie = text - Mad

where :

[
ext = mgsin (a) ≤it -mgcoshed+ Ned

af = a cos (a) ≤↑ +✗ sin (a) It

we also know that ✗zM= 0 at all times , asthe block
does not leave the plane .

We can now plug everything into LMB
, using

a-at = Eileen +¥eÉ



which gives
:

ed : ¥1M = gsincx) - acos (x)

€2M : O = - mgcoscx) - asin (a) + N

N =

mgcos (a) + asin (a)



To solve this problem we need two formulas from the
lecture notes : absolute relative

I 6
i ) Epc = trout Ifip + IM ✗ Iomp

00

ii) rip = Iron+ r-fupi-dd-F-MX-rfupl-2.IM/IoMnpI-u#&x
+ IM ✗ ( IM ✗ Ifip )
¥riÉ

Where C is the fixed an M the moving frame , in our case

C = {et
,
Es
,
es } and M= { EM ,-4M , ≤5 }

We will also abbreviate Ion as IA
and tromp as IAP



Now let us find all the necessary quantities to evaluate it and ii )

First we need the derivative of the M- basis vectors using :

dam . .

é↑= IM ✗ e-↑
,
where IM = jet

, ⇒
= bet
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⇒ éil = 0
,
éI= Jet

,
éI = -0 ex

Now we can find the positions IA, Ia, and their derivatives :

P o

•

A- = L ≤it
, IA = LO ed , IA = LÉ ≤in - liked

•

Iap= r cos (4) ≤it + rsin (4) EM
↑Note that these are the
absolute derivatives

gap = rw C-sin (4) e-↑ + cos (4) e-z?⃝ ← and these are relative
which means they areEap = -rat(cos (4)_e↑t sin (e)et)
as seen from the M-frame

All of this we can now plug into i ) and ii ) and find :

Epc = -raisin (4) IT + ncos (4) EM + (Ltrsin (y)) def

Epc = - rwz cos (4) ≤it _ [(Ltrsin (e)) + ratsin (e)] ≤i

+ [(Ltrsin (4)) bit Znwbi cos (e)] GM


