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If you jumped from 100 ft into so many

Costco croissants....

* Would you die?
* Would it be like landing on a cloud?

* From 100ft you hit the croissants going
55mph

* (velocity = /2gh where g = acceleration due to
gravity and h = height)

* Any injuries sustained from the impact are
all based on how quickly you slow down
* Aka how quickl]y your kinetic energy (the energy
a

related to how fast you are falling) i1s dissipated
to the croissants you dive into

* To quantify this need to measure the average
properties of a Costco croissant




How is your energy dissipated?

a) Squishing each croissant b) Bending the edges of croissants not
Force perfectly in your path
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c) Moving each croissant as you hit it

Croissants impacted by a and b identified in the diagram, ¢ shows the displacement of the

croissants after impact
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Squishing the Croissants

*When a force is exerted over a distance the energy this takes is
known as “work”

* This can be calculated by multiplying applied pressure by the
change in volume experienced during the process

Pressure = Force/Area

L)
+ + + + + + + To Measure:
- Mass needed to compress a
i_‘ Z croissant
- Volume before and after

compression

Volume 1 Volume 2




Bending the Croissants

 As you fall through the croissant layers there will be portions of the
croissants around you that just get bent but are not fully compressed

 Since you can assume these croissants will bounce back after you've
passed them, model the bending like a spring
» Energy stored in a spring!! = % k*dx?

« k = spring constant (this just quantifies how stiff a spring is, a slinky would have a low k while
a car suspension would have a high k)

« dx = amount the spring deforms under the applied force

Applied Force

To Measure:
- Spring constant
- Average length




Moving the Croissants

*» Each layer of croissants moves with you after impact

* Energy must be conserved in this collision, governed by conservation of linear momentuml']
* MuVp + MV, = mhvh + m.v,

* Where m;, = diver’s mass, m. = croissant mass, v, = diver’s initial velocity, v, = croissant initial velocity, vy, =diver’s
velocity after impact, v.= croissant velocity after Impact

* |Inthis case, cr0|ssants initial velocity = 0 and you and the croissants share the same velocity afterimpact
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* Which just says that the new speed you move at is proportional to your initial momentum divided by your new mass

* Figure shows compressions/movement of croissants across layers
* X, = height of layer 1 before impact
* X3 = position of layer 1 croissants after 3 layers have been compressed

To Measure:
- Croissant mass
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Measurements fo R YO |
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Measurement Application

Croissant Mass

Conservation of momentum
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Dimensions (pre and post

Change in volume, surface area
compression)

Mass to compress Force applied [] pressure [ | work
croissant

Mass to bend croissant Force applied [ spring constant

Bending displacement Spring constant

» Measurements performed on 2 boxes of
Costco croissants

 Used a kitchen scale to measure masses

* To ensure even pressure distribution during
compression used a Pyrex container that got
filled with dried beans (then rice/popcorn, it

took a surprising amount of force to squish
these croissants)




Average Croissant Properties

Property Value

k (N/m)
Mass (g)
Work to flatten (J)

Length (mm)
Height (mm)
Width (mm)

b 7Y : Very critically the
- : \ : measurements were
e — S— supervised by my two kittens
Merlin and Lancelot

L ancelot



Now What?
*» Number of croissants squished per layer depends

* Number of croissants bent depends on your Weight (Ibm) 150
perimeter e >
: ' . Hip Width (cm)?! 34.18
* To simplify calculations assumed the person . 0]
falling is basically rectangular and hits the Elbow to Wrist (cm) 29.03
croissants feet first Human cross sectional area (m?)  0.0992
* Then assume a packing efficiencyn Croissant area (m?) 0.00938

* Croissants will not be optimally packed if thrown
haphazardly into a large pit

* This value is a percentage that quantifies the disarray Croissant squished/layer 3

* The higher the value the more orderly the croissants
have been arranged, baseline 80%

Packing efficiency 0.8

Croissants bent/layer 10

* Croissants per layer:

* Croissants Squished = ;ﬁ n

C

* Croissants Bent = vpv—hn
C
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Math Break!"!

* Calculations completed layer by layer
* “prev” refers to the value in the previous layer
* Each layeris the average height of the croissants

Mass increases as: Myey, = Mpyrey +NeM

* Where m, is the mass of a croissant and n, = number
of croissants compressed per layer

MprevVprev

New velocity:v, =

Mnew

: 1
KE after momentum conservation: KE = Emnewvg
* KEnew: KEy,y = KE —n W, — n,Ug

* Where: W, =work to compress the croissant
FCO77l ress
« W, =PdV, P1= AIC) ) Fcompress = Mcompress 9> av =
V1 _Vz,V =ElWh
* U, =energy to bend croissants
1 F en

 Us = Ekdxz: k = I;xd» Fyena = Mpena g

* n.=number of croissants squished/layer and n, = the

number of croissants around your perimeterthgt are
getting bent

: ,2KE
* New Velocity: v,o, = m—new
new

* Change in velocity:
* dv = Vpey — Vnewyrey
* Time it takes to compress one

h
layer: dt = o~
average(Va,Vnew)

. . dv
* Change in acceleration: a = o

 Time elapsed:

* lelapsed = dt + telapsedprev

* Impact force you experience:
* F = mya (where m, is your mass)



Acceleration (g's) Force (N)
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Acceleration (g's)
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Depth of Fall (m)
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Conclusions

* While not quite the equivalent of
landing on a giant cloud, you
certainly do not die from this
Impact

e Initial acceleration = 10.84 g’s
« Uncomfortable but not death inducing

 Impact force = 7233 N

* Enough to most likely break at least
some part of both legs

* Could minimize bodily harm by:
» Making croissants even lighter
 Loosely packing the croissants

Bigger issue might be finding your way out of the croissant
pit, especially after the croissants start to bury you
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Bonus Cat
Pictur%s

(here are even more pictures of my cats, they are 9 months old and
weirdly obsessed with the snow)



