
First let's take a look atthe kinematics :

•The length of the string is constant : ±
,

_
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V f 52✗it Xz + ITR = L = const . sad

• The string does not slip on the pulley : ×
,[ Sr ↑ m%2[ Xz

in = Rbi and ×; = - Rbi m

Mzg
Mr9

• Let us also draw an FBD⇒



Now we can do LMB for the two blocks :

6 positive by

me : m
, I, = -51 +Mng definition of ✗e-direction ? (p )

Mz: mzii = - Sztmzg (ii )

For the pulley we can use AMB w.r.to point C :

Mc = Ic . É

where Mc = R (51-52) ( both forces cause a torque )

and Ic = 12 MRZ (moment of inertia of the disk )

⇒ R(Se- Sz) = ^zMR2É
⇒ § =# Isn- Sz) Liii )

Using our kinematic relations we can now relate (i),(ii ), and
Ciii) to iii.

ii. = - ii. , ii.= RÉ

⇒ (i ) mnii , =
- Sntmrg => s

,
= me ( g-Ii )

Iii ) -mzii, =
-

sztmzg ⇒ Sz = mzlgtxi )

Liii) Ii = G- (Sisa)
⇒ ×; = 2- (mn ( g- ×;) - mzlgtxi ))

M

Xi = G- ( glmn - ma ) + Irl-ma-ma))

{Mii + iilmntmz) = glmn-ma)



⇒ * =

which answers question 1) , now to find Sr we
can simply use equation i ) and plug in Ii

⇒ s
,
=

mg
-mixi

.

% = msn.EE?i-

Now to calculate the total energy we can just sum oven

the kinetic and potential energies of all three bodies
£ this is negative as xn is

F-
1
= 12mn if -mng ×, defined downwards

F- z = { mzÉz2 - mzgxz

F-
disk

= { Icar = { ◦ { MRZ (this is the rotational kinetic energy F)

⇒ F-
+◦+

= 1212262 (mntmz + {M) -Mag✗ 1 - mzgxz
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The angular velocity of the disk is given by the sum of two
contributions :

@ = @1 +@2

As
ad is know

, we
need to find w_z

First we can use the velocity transfer formula :

113=10 + In ✗ IOB = - Wn (L + Leos (B)) G.

Note that we don't actually need to carry outthis
crossproduct but can find YB by using geometry .

We can now find IA in a similar way :

=@rtwz

YA = -43 + o_0 × r.BA

where @z = - wzcos (B) ≤a + wzsin (B) e-z

In
= We e-2



IBA =
- Rsin (B) Is - Roos(p) ≤z

⇒ #= [walk sin (B)
-L -Lcosts)) +wzR] e-3

As we have rolling without slipping we know that IA Q

⇒ cuz = L+Lc◦s(YuAw,
we can now substitute this into @z and then find

@ = In +@2

= -w
, L+Lc◦s¥-Rsin cos ≤a

+ anµ+L+L•s¥-Rˢi" sin(A) e-z
A more intuitive approach is to consider the velocities we and wz

induce in point A. They have to cancel each other out
,
so VA=0

VA ,w,
= ah / Ltlcosts) - Rsin 1

VA , wz
= Roz

!
⇒ we LtLc◦s,-RsinVA , Wr

= ✓
A ,wz

And now we can use geometry to find the direction of
@z ,

and the calculate @ = altar .



First we can draw a FBD , the we \ Pz
can relate all of the kinematic
variables :

7
✗ =Pzrz , Parr= - P zrz

t f
ˢ

sThen we can use AMB and LÑB
Tto find one equation for each body : y

↑

Dr : Iid , = -Mo +Try 41. mg
Dz : Izbii = Trz- Srz

Mom: mji = S-ing



Now we can use our kinematic relations and find
* as the acceleration for the block

M÷ - mg
I =-

m +1¥ +¥


