
1) Let's use the rocket equation in ≤s :

text = m +4¥ . Ir- Vm) (1)

where text = -mg
and c- um / = u (relative

• We can find m (t) = mi - Xt

• And the time at which all fuel is burned :

tf = MILI



• We can now rearrange (5) by dividing by m
and multiplying with dt

⇒ du + u dmˢ= - gdt
now we can integrate :

V Mlt) t

/ du + u / ᵈñ = -gfdt
0 Mi 0

✓ + u [ In(m)]
""'

m;

= -gt / ¥ dx = In (x)

v41 = -gt - uh /mim) In (a) - In (b) = In (F)

2) We can integrate ✓ (t ) from 1- = 0 to 1- = tf
tf

Xsltf / = - { gtf2 - u / In /m)dt
0

• Now we substitute µ=m ,
⇒ dt= - midµ

• Now we can integrate :
mmg
←
remember to also
change the foundries

tf
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^
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We can use WEB and the collision equations to
solve this problem .

• First we use WEB to find the velocity of the
first particle atthe first impact .

mgh = Imy? ⇒ 4- = 2ghM

• Since the first impact is plastic (e=o ) the collision

formula can be simplified to : ( vs+ = Vz+ , they stick F)

MY_ + m V2- =2m¥⇒ V1+
= V2+ = ¥

• Now we can use WEB again to find v1 before the
second collision :

¥ 2m V1+2 + Zmgh = 122m V12-

⇒ v1 - =VnE+2gh✓



• The collision formula gives the velocity of the 3rd particle
after the 2nd collision :

↳+
= m+}÷ 4-

• Now we can use WEB once again to find hm

mghm = 12m v37

⇒ hn=¥- = %h



We can use the velocity transfer formula to find
Io , from both bodies :

Yo = #+ GOA XIAO
= -43 + IOB ✗ I Bo

which we can write as :

VA ≤2 ± WOAE} ✗ (-L sin(a) In - Loos (a) e-2) =

- VB -4 + Wo☐ Is ✗ (
- Lee )

the we can carry out the vector products :

VA Ez
-

WoAL sin (a) es t wot Loos (a) ey =

- VB -4 + worst e-1

which
,
when we write it componentwise gives

us two equations :



Xr : -VBtwoB.L-woalcos.la)

Xz : VA
- woalsincx)=O

⇒ woa
=
#
Lsinlx



We introduce points A,B , C to
more easily convert between the
velocities :

• VA= Rwr , Ups = nah , Vc
= -ran (1)

• As there is no slip
,
we know for

the smallest roll

VA = V2 + rzwz
✓
This is essentially
the transfer
formula in 2D

V13 = V2 - rzwz (2)

• We can now use (1) , (2) and nz= 1¥
to find wz :

we "¥=R•¥¥¥=w,



For the bottom roll we can do the same :

V3= V2- rzwz , VC= V3 - +303

We also know rz
= R¥- , so we can

find 03

w,=k÷=ᵗ"+¥¥¥;"⇔=w .


