
The kinetic energy is generally :

1- = 12M v5 + 12 Icar,
where c is either the CM or Vc = 0 . As there is no obvious

point with 4--0 , we set C
= CM . Now we can calculate

everything we need for the kinetic energy .

• The total mass is themass of the solid cylinder Ms minus the mass

of the hole Mh .

M = Ms - Mh = ph [iTa2 - it (I a)
2

] = ¥ itaph
• Now to calculate the moment of inertia Icu , we need to know
the location of the CM .



To simplify this we can set 8=0
Now we can use the formula for
the centre of mass for a particle system :

n
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As we chose 8=0
,
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,
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where ✗

◦
= a
, Xo ,

= { a

Note that we subtract thehole as its mass is essentially negative

⇒ Xcm
,
z

= % a

Now the moment of inertia of the solid cylinder w.int. the CM :

Iocm = 12 phita" + phña2(f- a)
2
= 3% phita"
-
Steiner 's theorem

And for the hole :

Iowa = { phñ (E)
"
+ phit⑦ ⇐ a)

2
= z%-phña4

So the total moment of inertia can be found as

Icu = Io
, cm

- Ioan = 3¥ phita"

• The last thing we need are @(t) and vault) . ≤(t) is simply

@(t) = - ⑦ (f) ↳



Since the cylinder rolls without slipping , the ICR is point A and
we can find

Hoult) / = 641 Intent

We can find travel using the law of cosines : IrocMl

IIACM /= / room12 + / roar - 2/nocmllroal cos (8)
/ raoul 1%1-1

= a2 + a2 _ 13 a2 cos (8)

⇒ IvanA)1=8 It) • a}-§coslMtD~
• Using all of the above we can now calculate the kinetic energy :

1- (t) = itpha" 64513¥ - f- costAtD)
• Now we calculate the potential energy with A as reference point .

✓ = M •

g. ✗ cm,z
= ¥ phta2g (a - lroom/ cos (Mt))

V = ¥ña3phg µ- 16 cos to



◦
•

To find the angular acceleration Ñ of the disk we can
use AMB , which we will evaluate with respect to the
contact point 0 , for which we know to = Q .

•

ext
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✗I = Mo
- -
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Ic

✗Steiner

Ito = -I# G , Io = 21mR2 +MRZ = 3zmR2

Next = -T e-3
- 0

⇒ 2-mR2É=T

We can now use this to find Ñ and also integrate and use the
initial conditions to find 8 and P :

2T
⇒ § = 32m¥ ⇒ oi = smrz-

•t ⇒ 0 = aÉt2
We are asked to find ⑦ when 8=3-2 IT attime te

,
which is

{IT = 3m¥ ti ⇒ t
,
= 9ñmM



Now we need to find a-p . The best option is to find a point with a known

acceleration and then use the acceleration transfer formula . One such

point is C with a-c
= R Gies

,
with which we can find :

a-p
= a-c t WI ✗ Icp + @ × (w_ ✗ Icp) , where

② = - ① e-3 , ad = - Gies and Icp = Res (Remember 6 = Et)

Now we can plug everything in :

a-p= RÑa + (-8-5) ✗ Rex + tiles)x[ foie ) ✗ Re]

= Rites + ⑦ Red - 842€

= 21232m¥ G - R (3m%-t)É
= 2k} ≤i - R 5T¥ . 917¥

ZIT

a-p
= 5m¥ -4 - TRE = 2¥ (} -9 -1T¥


