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A ball of mass m, attached to a string of length L, Is
released from rest at angle 6, and then strikes a
standing wooden block.

Is the block more likely to tip over if the ball bounces
off of the block or if the ball doesn't bounce?

A.l Bounces

P .

B. Doesn't bounce
C. Equally likely in both cases
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Today:

Collisions, Collisions, Collisions...
Airbags and shock absorbers

The woodpecker (why don’t they
knock themselves silly)

The gravitational “Slingshot” effect

Types of collisions: elastic and
Inelastic




Shock Absorbers:
Impulse J = Fdt=F,_ At =Ap

|:max _______ o
F on object
during
collision
t
At
Key idea: Reduce F by making At

avg’ max

of collision longer!




Foot arches
(padded running shoes, paw pads...)

Walking: at least one foot in contact with ground at
all times
Running: ~ a series of leaps

Vertical force exerted on one foot during one stride:

2o VA (ETETI R N = VIR AR
Equal areas

=W T/2

Weight W




Load [kN]

Displacement [mm]



Boxers
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m_.. ~ 7 kg Vo ~7 M/S

arm

=ImpulseJ =Ap ~m ~ 49 kg m/s

arm arm

impact time At ~0.01s = F,,, ~ J/At ~ 4900 N



m_.. ~ 7Kg arm — 1 M/S

=ImpulseJ =Ap ~m ~ 49 kg m/s

arm arm

impact time At ~ 0.01 s = F,,, ~ J/At ~ 4900 N

mhead ~6 kg

= 80.q = F/M, .4 ~ 800 m/sZ ~ 80 g!

* enough to cause unconsciousness
~ 40% of fatal blow



Woodpeckers:




During "collision" with a tree,

a, .., ~ 600 - 1500 g!!

How do they survive?

o F =M. &, ISmuchsmaller.

much smaller for woodpeckers
= “pressure” is much smaller

* mbrain/Abrain
=F. /A

brain brain

 Jaw muscles act as shock absorbers

« Straight head trajectory reduces damaging rotations
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Using collisions with large
masses to Increase speed:

Just before Just after Just after collision
basketball basketball hits between basket-
hits ground: ground and ball and tennis

before collision ball:
with tennis ball:

@
vl & v e ¥
10O 10O 1O
speed of speed of
approach separation

Vapp =V - (-V) = 2v v

sep — 3V -V =2V



Gravitational "Slingshot”
Effect:

spacecraft planet spacecraft planet

speed of approach speed of separation
=lvgil+Ivy| Vsep = Vsr -V,
- Vapp - Vs,i TV
= VgV, T 2V,

Vapp
P



Cassinl Mission to Saturn:
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Four "Slingshot" Gravity Assists:

Venus: June 1998
Venus: April 1999
Earth: August 1999
Jupiter: December 2000

Arrive at Saturn: July 2004



Looping path

Saturn _




A moving object (A) strikes a stationary object (B).
A O‘—"“D Va,A :{—l
Is It possible for B to end up with more
momentum than A had before the collision?
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A 5 kg bowling ball collides elastically with a
stationary pin of unknown mass.

What IS the final speed of the pin?

pin,final —

<

/b‘” ~ V
¢, pins O
before: ch_m/s F

A. 2 m/s
,B. 4 m/s
) C. 6 m/s
after : @ 10 m/s
-0 elobe collinon qr.aaloﬂ — peed ol E not sure




A 5 kg bowling ball collides elastically with a
stationary pin of unknown mass.

What is the mass of the pin?

= my, =7
before: (5kg )—>6m/3 &chm-" (,A\p'” 1 kg

B. 5 kg
Wy
4 m/s IC. 10 kg
fter : @é
after . D.  notsure

=) Ust Com). of 0 ks b

P . -
b ‘/(/6 + QV'P V‘oP = %b VJcb + %P Vé:l’

7 T
e~ — ) —=_ -

30 ky ™ 2087 4 10 ky



