Analysis of 1D 2-Body Collisions

(Ch. 3 and Ch. 4 of Unit 1)

Review of elastic Kinetic Energy ellipse geometry

The X2 Superball pen launcher
Perfectly elastic “ka-bong” velocity amplification effects (Faux-Flubber)

Geometry of X2 launcher bouncing in box

Independent Bounce Model (IBM)

Geometric optimization and range-of-motion calculation(s)
Integration of (V1,V>) data to space-time plots (yi1(t),t) and (y2(1),t) plots
Integration of (V1,V>) data to space-space plots (y1, y2)

Multiple collisions calculated by matrix operator products
Matrix or tensor algebra of 1-D 2-body collisions
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Review of elastic Kinetic Energy ellipse geometry
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The X-2 Pen launcher and  Superball Collision Simulator™
A
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*S imulatorWebsite: http://www.uark.edu/rso/modphys/animations/BounceltWeb.html
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Geometry of X2 launcher bouncing in box
——) [11]cpendent Bounce Model (IBM)

Geometric optimization and range-of-motion calculation(t)
Integration of (V1,V>) data to space-time plots (yi(t),t) and (v2(t),t) plots
Integration of (V1,V>) data to space-space plots (yi, y2)
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Geometry of X2 launcher bouncing in box

Independent Bounce Model (IBM)

—) (Geometric optimization and range-of-motion calculation(s)
Integration of (V1,V>) data to space-time plots (yi(t),t) and (v2(t),t) plots
Integration of (V1,V>) data to space-space plots (yi, y2)
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Geometry of X2 launcher bouncing in box

Independent Bounce Model (IBM)
Geometric optimization and range-of-motion calculation(s)

— [11tegration of (V1,V2) data to space-time plots (yi(t),t) and (y2(1),t) plots
Integration of (V1,V>) data to space-space plots (yi, y2)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometric “Integration” (Converting Velocity data to Spacetime)
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Geometry of X2 launcher bouncing in box

Independent Bounce Model (IBM)

Geometric optimization and range-of-motion calculation(t)
Integration of (V1,V>) data to space-time plots (yi(t),t) and (v2(t),t) plots

— [11t€gTAtION of (V1,V2) data to space-space plots (vi, y2)
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Geometric “Integration” (Converting Velocity data to Space-space trajectory)
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Geometric “Integration” (Converting Velocity data to Space-space trajectory)

Fig. 4.11
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Geometric “Integration” (Converting Velocity data to Space-time trajectory)

m2 Velocity axis
- oA A 1

ym2 700 8
12 :
3 GX Example with masses: mi=49 and m>=1
0 \ Bang—6(]‘>)
Bang-4
e Bang-3330) 5 7 9111315 17 19
S A N S A
v |
! 6
Bame=12) ¥
/ 22 S S TR
e G y :;: 8I]0]2]4:.~5
|/ _:
/
/

1.0 mli Valocity axis Vym]

Start at
(1.0,-1.0)

V5 1
X /Du’lg-l 01)

Bang-3(20)

Ba;lqg-l(oj) . . . . . . . |

Fig. 5.1
in Unit 1

Friday, December 21, 2012



Geometric “Integration” (Converting Velocity data to Space-time trajectory)

v

m2 Velocity axis 10
N

ym2 7
12 %

.0

J

Example with masses: mi=49 and m>=1
) Kinetic Energy Ellipse

1 1 49 1
KE=—mV +-m\V; =—+—=25
Bangd(1p) Bang-30) 5 7 9111315 17 19 2 2 2 2
’ R A A Vf V22 xf xj
4 3 1= T ~ 2 2
5 2KE/m, 2KE/m, a;, a,
Bang=27y >
( )/' Ellipse radius 1 Ellipse radius 2
a,=2KEIM,  a,=.2KE/m,
- = /2KE/49 = /2KE/1
10 ml Wocity axis Vi = ,/50/49 = /50/1
/Dung-] 01)
Bang—3(20)

Fig. 5.1
in Unit 1
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Multiple collisions calculated by matrix operator products
Matrix or tensor algebra of 1-D 2-body collisions
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Multiple Collisions by Matrix Operator Products

FIN IN
com _ Vi +V _ mv, +m,v,

T-Symmetry & Momentum Axioms give: V

2 m, +m,
Gives v/™V in terms of v/V... Finally as a matrix operation: v//N =NMev/V, .
mv® +m, v ml"lIN - mz"llN + 2m2v§v m —m, 2m, VIIN
vlFIN B D COM _ VllN B 21 ’;11 " mi — 2m1va n mzvéN _ mlvéN 2m, m, —m, véN
V§ " 2V — VéN ) my, +m,v, N ) m, +m, ) m, +m,
. . _ mm,
Matrix operations include...
Floor bounce F of m;: Mass collision M of m; and m> : Ceiling bounce C of m.:
( m, —m, 2m, )
F: _1 O M: m1+m2 m1+m2 C: 1 O
0 1 2m,  m,—m, 0 -1
| mtmy mytm,
Let: mi=49 and m>=1 M=( 096 0.04
| | 196 —0.96
L o a1 0 ][ 096 004 )_[ 096 004
Define a “rotation” R as group product. R= C+M [ 0 _1 ) ( 106 0.6 j ( 106 096 ]
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[FINY= C M e C - M - C M -« C - M - F |IN")

Ml (10 ) (09 004 Y[ 1 0 (09 004 J[1 0 (09 004 J(1 0 )09 004 J[ -1 0 ) v =-1
JFIN-9 0 -1 J{ 196 <096 J{ 0o -1 ) 196 096 J{ 0 -1 J{ 196 096 J{ 0 -1 ) 196 —096 )| 0 +1 ) ,w__4

(INITIAL (0))
v)- R - R . R . R . Fln)
FIN—
Vi _ 096 0.04 . 096 0.04 _ 096 0.04 . 096 0.04 ] om=l
ngN—9 -1.96 0.96 -1.96 0.96 -1.96 0.96 -1.96 0.96 vy, =—1 (sfer Bang. )
after Bang
m2 Velocity axis
Vym2 ! 712 8 V1202925
x | v, =-6.768
(after Ban —9)
I Bang—6(]‘>)
|
T b !
| : ang-4(1p) , Bang3p0) 3 79111315 17 19
: | H - DT e = -'-
|
|1k
H—tH B FIN-11 FIN-9
| Bang=27j >
(K ' AN Vi [ 096 0.04 Vi
o : s ]012 Do : = .
a : FIN-11 — FIN-9
| : : /// Bang6 v2 1.96 0.96 v2
| JulL e /
M ; EE _
i b4 2! v, =0.0100
':/ | I : 1.0 ml Vdlocity axis Vyml —_
l J : : Start at :;. 'Illl V2 — _7 .()71
F: il i, ; / . (after Bang-11)
” ; I*uung 7 0]) :E- . II"l.
/7’ ] ,.-"J i
/,/ I : |: 12 -,_E: K ml =49
i : : :I a;ig—2ég2) e
RN '
: : : Bang3(20) / 10
i e
time
Hy
| dbs
al
i
| 7
Wi

7]
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