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Sc ales
Meteor Impac ts

ma ss = 103 kg

speed  = 102 m/ s

E = 2-100 MPa (c rushed  vs. intac t)

Fr = v2/ gD = 10-6 to 10-2 

r gD/ E  >> 1 (g ravity-d ominated )

Laboratory Impac ts

mass =  10-2 to 10-1 kg

speed  = 1 to 2 m/ s

E  = 4 MPa (intac t)

Fr = v2/ gD = 101

r gD/ E  = 10-2 (strength-dominated )

US Army Air Servic e (1929)

Mikkelson, Lohse, et a l (2001)
Thoroddsen and  Shen (2001)
Walsh, de Bruyn, et a l (2003)
Uehara , Durian, et a l (2003)

Sc a ling , jets, & 
morphology
in lab  impac ts



2D Meteor Experiment

photoelastic  d isks

high-speed  video

c irc ula r pola rizer

Dmeteor  = 50 cm

Mmeteor = 34, 96 g

dgra ins  = 7.5, 9 mm (b id isperse)

mgra ins = 0.29, 0.41 g

Ngra ins  = 103

d imensions: 33 c m x 18 cm

drop  height: 5 to 35 cm

c irc ula r pola rizer

measure elastic  
energy during  
impac t using  

photoelastic  g ra ins



Elastic  Forc e Measurements
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Impac t Features
trac k fa lling  d isk, 
measuring  potentia l 
energy PE = mgh and  
kinetic  energy KE = ½mv2  

measure elastic  energy  
EE = ½ kx2 and  forc e         
(F = kx) from <G2> 

compare PE of g ra ins 
before and  a fter 

before initia l
impac t

after

Dt = 4 ms



Elastic  Osc illa tions?

Speed of Sound

E = 4 MPa

r  = 1000 kg / m3

c  = (E/ r )½  = 63 m/ s

t  = L/ c  = 5 ms

t  = 35 ms



      DKEimpac t   115 mJ

        +      D  PE       burying               67 mJ

tota l d issipa ted :  182 mJ

DPEsand         6 mJ

           DEEstored     < 1 mJ

missing:  176 mJ

Energy Ac c ounting

Before – After

added
grains

removed
grains

no rearrangement



Fric tion and Slipping

1000 partic les

KE (mJ) 211 115 85 74 46

80 67 16 59 51

-8.3 -5.8 -1.3 -5.0 -3.2
EE -0.67 -0.67 -0.24 -0.70 -0.50

Missing Energy 282 176 99 127 93
4 1.6 1.5 0.7 0.8

176 274 166 455 292

PEdisk

PEgrains

DF (N)
# of d/ 10 slips

F



Meteor Drag

quiescent elastic  
period  c orresponds 
to many movie 
gra ins in vic inity o f 
meteor
second  peak in 
elastic  energy 
coinc ides with fina l 
stop



Conc lusions

experiments in photoelastic  d isks a llow the measurement 
of the dynamic s  of 2D “ meteor”  impac ts

elastic , kinetic , and  potentia l energ ies c an be determined

minima l (<1% of KE) elastic  energy stored  a fter meteor 
c ollisions

minima l energy (5% of KE) lost by ejec tion of g ra ins from 
c ra ter

dominant energy d issipa tion mec hanism is still not 
observed , but appears to be from slipp ing  of gra in 
c ontac ts during  peak of impac t

novel d rag behavior in slowing  of d isk

Movies: ht t p: / / www. phy. duke. edu/ ~ked/ movi es/ met eor s/


