
To start let's draw a free -body diagram of the system :
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In this case ↑ is the impulsive force which acts during .

the impact

tip= 5pct) dt
-
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To find this ↑ we can integrate AMB over the time of the impact . For

the disk we get :
IA (wit - we- / = -rp^]



where we_ is just we . If we do the same for the hammer we get

IB •

wz+
= IF

We can combine these two into one equation :

IB, = - Ia(w;+-wI Ii )

Now we have one equation for two variables , for a second equation
we can use the coefficient of restitution :
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We can relate these velocities using kinematics :

V1+ = hurt , V2+ = Lwzt

V1-= rwr- , V2_
= 0 (start from rest)

⇒ e = - ʳʰ!w ⇒
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= ʰrwz+ - ear Iii)

Now we can plug ) into lil and solve for wz+ , which we
.

can plug into ii ) and find wet
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Once again we start with a free body diagram :
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We can now integrate AMB and LMB over the impact :

LMB : m (vote,n
- Vo ) e-n = -Fn En

m • Vottet
= Ft e-t

AMB : IA (wot -Wo ) e-3 = - rFtG



We can also use the coefficient of restitution to relate Vo and vo+,n
Note that the goalpost is rigid i. e. always has zero velocity .

e= - ⇒ Vo+,n=
- evo

We also know that the ball sticks to the post . This means we can
enforce rolling without slipping and relate Vogt and Wot

Vogt = rwot

We can now plug this into our LMB and AMB and recover :

Vogt
=

' + 7¥
Now we know V0+

,
t and Vo+,n we to ensure that the ball crosses the line :

Vo+,n sin (a) + Vogt cos (a) > 0

We can plug the velocities we found into this and solve
-

this to find a condition

for Wo :

as > e¥(^+¥÷ ) tank



1. To find [v]µ , we
need to project I]c onto the basis of the

M- frame .

4) µ
= 4-Micah

where the transformation matrix consists of the basis vectors [e↑]c
stacked horizontally / / /
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2. To find a we need to rotate v_ about all 3 axes using rotation
matrices
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Note the order of the rotations : we always multiply the next rotation
on the left .
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:)⇒ [Rfi /YA -YA 0

⇒ [a)
µ
= [R]#µ

= (1, 1 , 11T

We note that [v] c
= [u]µ does riot mean that a= V , as

only their components in two different frames are the same.
4)µ ≠ am ?


