Axiomatic development of classical mechanics
(Ch. I and Ch. 2 of Unit 1)

Geometry of momentum conservation axiom

Totally Inelastic “ka-runch’collisions ™
Perfectly Elastic “ka-bong” and Center Of Momentum (COM) symmetry*

Geometry of Galilean translation symmetry

Time reversal symmetry
...of COM collisions

Algebra, Geometry, and Physics of momentum conservation axiom

Vector algebra of collisions
Matrix or tensor algebra of collisions
Deriving Energy Conservation Theorem

* Download Superball Collision Simulator
http://www.uark.edu/ua/modphys/markup/BounceltWeb.html
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A pI‘Oblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision..... After collision...what velocities?
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A pI‘Oblem ln Spdce-time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision.....
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After collision...what velocities?
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60/
Conventional solution:
Get out formulas:

6y

XmV(before) =XmV (before) [momentum conservation]
SmV? (before) =XmV? (before) [energy conservation)

etc.

But an UNconventional way is quicker and slicker....

(Just have to draw 2 lines! ... (anda circle...)



A pI‘Oblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision.....

After collision...what velocities?
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XmV (before) =XmV (before) [momentum conservation]
SmV? (before) =XmV? (before) [energy conservation)



A prOblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision..... After collision...what velocities?
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A pI‘Oblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision.....

After collision...what velocities?
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A prOblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision

After collision.. what velocities?
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Geometry of momentum conservation axiom

——- [0l Inelastic “ka-runch”collisions
Perfectly Elastic “ka-bong” and Center Of Momentum (COM) symmetry
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A prOblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision.....

After collision...what velocities?
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Geometry of momentum conservation axiom

Totally Inelastic “ka-runch ’collisions
— Perfectly Elastic “ka-bong” and Center Of Momentum (COM) symmetry

Tuesday, August 27, 2013

11



A pTOblem ln S pdce-ﬁme . (60mph Cell-faxing 4ton SUV rear-ends 10mph Iton VW)

Before collision..... Afier collision...what velocities?
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Superball Collision Simulator
http://www.uark.edu/ua/modphys/markup/BounceltWeb.htm
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http://www.uark.edu/rso/modphys/animations/BounceItWeb.html
http://www.uark.edu/rso/modphys/animations/BounceItWeb.html

A pI'Oblem 111 Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Before collision.....

< [ mile > Pel”fecﬂx
-l -08 -06 -04 -02 () %
A
-6 sec. Hision! <
-12 . — = A0 olLsion!
sec = :é ”G
)
- “
-24 sec. -+ S
)
L ~ a4 Y
-36 sec. £y 2 Conventional solution:
=S
S Get out formulas:
-48 sec. T, S ISmV(before)=XmV(before) [momentum conservation]
™ SmV?(before) =XmV?(before) [energy conservation]
£60 sec: @7/% \J elc.
(0,5 . ° #
z]@mpb SUVVSUV Vm/k:constant is Axiom %1
\Slope =-4
Velocity-velocity Plot
100mph 100mph M AV
90 ALy - “Ka-Runch!”
\ "rw - Msuy . . . .
50 14 (Extreme inelastic collision)
70 70 \kslope k
60 & 60h 1| | FL7 FINAL it V=5 Ompi
4 mp T
VV.gVOmph VVW 40 IVVW_ VS U= VVWF IN :5 Omph
40 30 |—line h
30 ; IN= m,
. 01 il (7 sor" 00w
10mph L0 & AL Vs T Vi =10 Fig. 2.1
] 0| 10 20 30 4050m 070 80 90 ]00mph in Unit 1
0| 10 20 30 4050m070 80 90 100mpi SUV

SUvV

Tuesday, August 27, 2013

60mph

14



A pI’Oblem 111 Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW) NO l‘i C e € K a —- B 0]/l g 77
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Geometry of Galilean translation symmetry
m—— /5 © shift in (V1,V>)-space

Time reversal symmetry
...of COM collisions

Tuesday, August 27, 2013
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A pI‘Oblem IIl Spdce-time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Geometry of Galilean translation (A symmetry transformation)
If you increase your velocity by 50 mph,...

...the rest of the world appears to be 50 mph slower

Tuesday, August 27, 2013 17



A pI‘Oblem IIl Spdce-time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Geometry of Galilean translation (A symmetry transformation)
If you increase your velocity by 50 mph,...

...the rest of the world appears to be 50 mph slower

(a) Galileo transforms to COM frame
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A pI’Oblem 1Il Spdce-time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Geometry of Galilean translation (A symmetry transformation)
If you increase your velocity by 50 mph,...

...the rest of the world appears to be 50 mph slower

(a) Galileo transforms to COM frame (b) ... and tgAflve or six other reference frames
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Geometry of Galilean translation symmetry
45° shift in (V1,V3)-space

——) ] ime reversal symmetry
...of COM collisions

Tuesday, August 27, 2013
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A prOblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Geometry of Galilean translation (A symmetry transformation)
If you increase your velocity by 50 mph,...

...the rest of the world appears to be 50 mph slower

(a) Galileo transforms to COM frame ve or six other reference frames

Time-reversal (F-I)
symmetry pairs
(Four examples)
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Geometry of Galilean translation symmetry
45° shift in (V1,V3)-space
Time reversal symmetry

> ...of COM collisions

Tuesday, August 27, 2013
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A prOblem 1n Space'time . (60mph Cell-faxing 4ton SUV rear-ends 10mph 1ton VW)

Geometry of Galilean translation (A symmetry transformation)
If you increase your velocity by 50 mph,...

...the rest of the world appears to be 50 mph slpwer

THE

COM Time-reversal
symmetry pair
(Just 1 case)

00
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Algebra, Geometry, and Physics of momentum conservation axiom

=] ctor algebra of collisions
Matrix or tensor algebra of collisions
Deriving Energy Conservation Theorem
Energy Ellipse geometry

Tuesday, August 27, 2013
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Algebra, Gebmetry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

M, +M, )V OM=M_ v INeM Y
SUvV

Suv:- Suv ywe vw

=M TV FIN_|_M 14 FIN
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Suv
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Algebra, Gebmetry, and Physics of Momentum Conservation Axiom
Conservation of momentum line: 3.
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

Suv SuUvV ywo Vvw Suv Suv Vvwo vw
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100
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70
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50 e OOML o | INL . o o TTIAL
v L/UlVl:(v 11V+v y 11\’)/1
40
30
20
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Algebra, Gebmetry, and Physics of Momentum Conservation Axiom
Conservation of momentum line: 3.
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

suv” suv yw' vw suv” suv yw'’ vw
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Algebra, Gebmetry, and Physics of Momentum Conservation Axiom
Conservation of momentum line: 3.
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

suv” suv yw' vw suv” suv yw'" v
(M SUV+M VVI) (M SUV+M VW)
V
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Algebra, Gebmetry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

»
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

suv: Suv yvwo Vw suv: Suv Vyvw" VW
(MSU V+MVVJ (MSU 14 —I_MV W)
Express this using velocity vectors: V
1% IN oo Vw
IN— suv
A  IN 90 A VAL
1 4/4
o FI 80
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14 FIN 60
rw
COM 50 N COM=rxINTxFV
v com—|V —pcom(1 20 \ =(V[7FV )L
y coM 1 30
= COMy Define funny-unit vector:| | 20
u= ] 10 \ V IN
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N4
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Algebra, Geometry, and Physics of momentum conservation axiom

Vector algebra of collisions

atrix or tensor algebra of collisions
Deriving Energy Conservation Theorem
Energy Ellipse geometry

Tuesday, August 27, 2013
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

»
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

suv: Suv yvwo Vw suv: Suv Vyvw" VW
(MS U V+MVVI) (MS U V—I_MV W)
Express this using velocity vectors: V
y IN 14/4
V IN_ SUV 100
v IN 90 \Y
1 4/4
Yy FI 80
Vv FIN_— suv 70
VVW FIN 60
50 AR I 5 N A ] s N PP
V COM— y oM —pcom|1 40 =(V[TTV )L
7 COM ] 20 TIime-Reversal
Symmetry Axiom
=) COMy  Define funny-unit vector:| | 20 /3/
...and matrix operators. u=|; 10 \ vV IN
M= M, 0 10 20 30 40 50 60\70 80 90 100 V%
0o M, suy

...that give momentum vector: P=MeV= MSUV 0 VSUV
o M, )\V,

Psor =€“ZSUVVSUV)
PV w VWVVW |
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

»
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

N4 ywe Vvw N4 rweVw

M, +M,) M,,,+M,)

N4 N4

Express this using velocity vectors:
y IN VVW
V IN_ SUV 100
v IN 90 \Y
1 4/4
Yy FI 80
Vv FIN_— suv 70
VVW FIN 60
50 AR I 5 N A ] s N PP
y COM— ycom — COM 1 40 =(V["+V )L
7 COM ] 20 TIime-Reversal
Symmetry Axiom
=) COMy  Define funny-unit vector:| | 20
...and matrix operators. u=|; 10 \ vV IN
M= M, 0 10 20 30 40 50 60\70 80 90 100 V%
0o M, suy

...that give momentum vector: P=M°V=(MSUV 0 W)(VSUV

whose sum of components is constant. 0 M, Vow
u\(by ue product)

const. =u-P=PSUV +PV

PS vr =€“ZSUVVSUV)
PV v VWVVW |

ft =J]j]° [ ] el 1) [ ] IN
W_MSUVVSUV +M VWVVW_u MeV=usM-V
—ueMeV N
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

COM— IN. — FIN. FIN
(M, +M, JV M=\ Nty Y RN=M oy FINAM Y

SuvV Suv:- Suv suv: suv Ywe vw

const.=V COM=pg py INgpg o \IN=pg p FINppg 7 FIN

Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

suv: Suv ywe Vvw N4 rweVw
(MS U V+MVVI) (MS U V—I_MVVI)
Express this using velocity vectors: V
y IN Vw
V IN_ SUV 100
IN
V,, 90
V FI. 80
Vv FIN_ suv 70
VVW FIN 60
50 N o VS 5] N SN
v com_|V M _, com (1 0 FV N2
7 COM ] 20 eversal
Symmetry Axiom
=) COMy  Define funny-unit vector:| | 20
...and matrix operators. u=| ; 10 \ vV IN
M= My, 0 10 20 30 40 50 60\70 80 90 100 V%
0o M, suv

...that give momentum vector:

whose sum of components is ¢

(by ue product)

const. =“°P=P5UV +PVW

Denote Center of Momentum

Tuesday, August 27, 2013

with engineer’s centering symbol

onstant.

suv: suv

VCOM

P=MOV=(MSUV 0 W)(VSUV

=M_ V. +M_V =usMeV=usMeV ¥

rwe vw

o M, )\V,

PS uv =€ZSUVVSUV)
PV w VWVVW ]

—ueMeV N
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

»
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

Suv:- Suv ywe vw Suv- Suv Ywe vw

Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:
const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

Tuesday, August 27, 2013

Suv: SuUvV ywo Vw suv: Suv ywe vVw
(MS U V+MVVJ (MS U V—I_MV W)
Express this using velocity vectors: V
14 IN rw
V [N: SUV 100
v, IN 90 Vv
Y FI 80
Vv FIN_— suv 70
VVW FIN 60
50 e /“’f)/{/f I TTTAA o
V COM: VCOM :VCOM ] 40 v \./uu/l:(v uv+v 1 11V)/Z
7 COM ] 0 Time-Reversal
_ycouy 20 Symmetry Axiom
...and matrix operators: 10 J\ vV N
M= MSUVO 10 20 30 40 50 60\70 80 90 100 V%
0o M, suv
. V
...that give momentum vector: P=MoV=(MSUV 0 W)( suv| =(Fsun| = suvY sur
whose S%Omponents is constant. \0 M, Vw | \Py .
(by ue product)
—reD— _ — _ IN
const=ueP=pP +P =M V. +M, V =usMeV=ueMeV
—ueMeV N
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

»
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

N4 ywe Vvw N4 rweVw

(MSUV+MVVI) (MSU 14 —I_MV W)
Express this using velocity vectors:
y IN VVW
V IN_ SUV 100
v IN 90 \Y
1 4/4 80
FI
Vv FIN_ VSUV 70
VVW FIN 60
50 £ eI o DAL e
V COM: VCOM :VCOM ] 40 V1=(V uv_|_v 1 11V)/Z
7 COM ] 20 TIime-Reversal
_y comy 2 Symmetry Axiom
...and matrix operators. 10 A\/ v IV
M= M, 0 10 20 30 40 50 60\70 80 90 1j00 V%
0o M, suv

...that give momentum vector: P=M°V=(MSUV 0 W)(VSUV

whose sum of components is constant. 0 M, Vow
u\(by ue product)

const. =u-P=PSUV +PV

PSUV =€“ZSUVVSUV)
PVW VWVVW |
= =peMeV=neMeV N
W_MSUVVSUV +M VWVVW_u MeV=usM-V

—yeMeV FIN
Then: V ¢OM=] COMy, gives. uM-v

\Y COM‘M'V COM:V COM.M.V IN:V COM‘M'V FIN
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Algebra, Geometry, and Physics of momentum conservation axiom

Vector algebra of collisions

Matrix or tensor algebra of collisions
= Deriving Energy Conservation Theorem

Energy Ellipse geometry

Tuesday, August 27, 2013
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

S
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

Suv: SuUvV ywo Vw suv: Suv ywe vVw
(MS U V+MVVJ (MS U V—I_MV W)
Express this using velocity vectors: V
y IN Vw
V IN_ SUV 100
v IN 90 \YA
yw
Yy FI 80
Vv FIN_— suv 70
y FIN 60
w /{
50 - COOAL oo I INT o TIALR o
v com(V My com (1 ” V- EOM= Y VY FAY )
y COM )i 30 =Symmetry Axiom
_ 7 COMy, 20 l
...and matrix operators. 10 \ v IV
M= M, 0 10 20 30 40 50 60\70 80 90 100 V%
0o M, N4

...that give momentum vector: P=M°V=(MSUV 0 W)(VSUV

whose sum of components is constant. 0 M, Vow
u\(by ue product)

const. =u°P=PSUV +PV

PS uv =€“ZSUVVSUV)
PV w VWVVW |

=M_ V. +M, V, =usMeV=usMeV

w suv: Suv ywe vw
. —ueMeV FIN
Then: V COM=y COMy gijyeg:

Vv COM‘M'V COM:V COM.M.V IN:V COM‘M‘V FIN

By T-Symmetry Axiom: V COV=1,(V N+V IV Substituting:

Vv COM‘M'V COM:I/Z(V IN_|_V F]N).M.V 1N:]/2(V [N_|_V F]N).M.V FIN |
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

S
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

N4 ywe Vvw N4 rweVw

(MSU V+MVVI) (MS urv +MV W)
Express this using velocity vectors:
y IN VVW
Vv IN_ suv 100
V,, IN 90 V|
. FI 80
Vv FIN_ suv 70
VVW FIN 60
50 AR I 5 N A ] s N PP
V COM: VCOM :VCOM ] 40 V1=(V N\ uv.)/z
y COM 1 30 =Symmetry Axiom
_ 7 COMy, 20 y
...and matrix operators. 10 \ vV IN
M= Mg, 0 =\ Transpose 10 20 30 40 50 60\70 80 90 100 ,igtah
0 M Vsow
rw

M-symmetry M=MT

...that give momentum vector: P=M°V=(MSUV 0 W)(VSUV

whose sum of components is constant. 0 M, Vow
u\(by ue product)

const. =u-P=PSUV +PV

PS v =€“ZSUVVSUV)
PV v VWVVW |

=M_ V. +M, V, =usMeV=usMeV

w suv: Suv ywe vw
. —ueMeV FIN
Then: V COM=y COMy gijyeg:

Vv COM.M.V COM:V COM.M.V IN:V COM‘M‘V FIN

By T-Symmetry Axiom: V COV=1,(V N+V IV Substituting:

Vv COM‘M'V COM:I/Z(V IN_|_V F]N).M.V IN:]/Z(V IN_|_V F]N).M.V FIN |
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:

S
M, M, )V =M V. NMm Y, N=M Vo NM )y N

suv suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

N4 ywe Vvw N4 rweVw

(MS U V+MVVJ (MS U V—I_MV W)
Express this using velocity vectors: V
y IN Vw
VvV IN_ SUV 100
v IN 90 \YA
yw
Yy FI 80
Vv FIN_— suv 70
14 FIN 60
w /{
50 - COOAL oo I INT o TIALR o
v com(V My com (1 ” V- EOM= Y VY FAY )
y COM )i 30 =Symmetry Axiom
_ 7 COMy, 20 l
...and matrix operators. 10 \ v IV
M= (JWSUVO \ _N[Transpose 10 20 30 40 50 60\70 80 90 100 V%

0 MVW

Suv

M-symmetry M=MT

: V
...that give momentum vector: P=MoV=(MSUV 0 W)( sur
whose S%Omponents is constant. \0 M, Vow

PS uv =€“ZSUVVSUV)
PV w VWVVW |

(by ue product)
const=ueP=pP +P =MV _+M V =usMeV

w suv: Suv rwe vw

Then: V COM=y COMy gijyeg:

Vv COM‘M'V COM:V COM.M.V IN:V COM‘M‘V FIN

By T-Symmetry Axiom: V COV=1,(V N+V IV Substituting:

Vv COM‘M'V COM:I/Z(V IN_|_V F]N).M.V 1N:]/2(V [N_|_V F]N).M.V FIN |

Tuesday, August 27, 2013

M-symmetry M=MZ|: V FINeMeoY IN=V INeMoV FIN

this becomes:

Vv COM.M.V COM _ 12V FIN,M,V IN
=12V NeMeV N=12V FNeMoy FIN
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Algebra, Geometry, and Physics of momentum conservation axiom

Vector algebra of collisions
Matrix or tensor algebra of collisions

=3 Completing derivation of Energy Conservation Theorem
Energy Ellipse geometry
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Algebra, Geometry, and Physics of Momentum Conservation Axiom
Conservation of momentum line:
(MSUV—I_MVVI)VCOM:M 14 1N+M 14 =M V FIN_|_M 14 FIN

suv: SuUv ywe vw suv: Suv ywe vw
Mass weighted average velocity at anytime iy Center of Mass velocity V ¢OM:

const.=VCOM=pf 7 INypg o \IN=pg 7 FINyppg o FIN

N4 ywe Vvw N4 rweVw

M, +M,) M,,,+M,)

N4 N4

Express this using velocity vectors: % p=-"%
y IN w
v IN= sur 100
 IN 90 V
rw

FI
Vv FIN_— ( VSUV N)
FIN
VVW

v COM:(V COM)_V

f\/{/f -7l JIAN . w > LTAN /-~
UlVl:(V 11V+v 1 llV)/Z
|24 coM

=) COMy
...and matrix operators: v IN
_ My, 0 _ 10 20 30 40 5 \70 80 90 1j00 V%
0 M, suv

By M-symmetry M=MT : v IINeMeV IN=y NeMoy FIN
% =€“ZSUVVSUV) this becomes:

...that give momentum Vector: P=MoV=(MSUV 0 W)( i sU
V 14/4

hose s of companegis consant. A0 M WV |y covaptey oMy Piveygey ¥
const.=usP=P_ +P =M, V.  +M,V, =«sMeV =1/2V NeMeV V=12V FiNeMoy FIN

Then: V COM=y COMy gijyex:
V COMaNoy COM—yy SOMgNoy IN=y COMoNfoy FIN | These are equations for energy conservation ellipse:
const. = 1/2MSUVVSUV ’ * 1/2MVWVVW ’
. . v COM_ INyy FIN DTS
By I-Symmetry Axiom: V 12(V Y+ V P Substituting: .y ZMSUVVSUV2 Y ZMVWVVW2
V COMeMoY COM=}/3(V N4V FINYoMoV N=/2(V IN4V FINye MoV IV =Kinetic Energy=KE is now defined

and proved a constant under T-Symmetry
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Algebra, Geometry, and Physics of momentum conservation axiom

Vector algebra of collisions
Matrix or tensor algebra of collisions
Deriving Energy Conservation Theorem

=3 Fnergy Ellipse geometry

Tuesday, August 27, 2013
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Algebra, Geametry, and Physics of Momentum Conservation Axiom
Conservation of momentum line: — 3. (...one of co-many...)
J e
VW -
Momentum Ysu v
Conservation
Axiom
plus
100 TN
I-Symmetry | | N i )
Axiom Lo
(M=MTi plied) 60
gives - jg V CO}V{:(V 417\\’,_'_\/ IPIIIAV,) /2
L | T-Symmetry Axiom
Kinetic Energy ¢
Conservation 1 v N
Theorem ) 60 70 80 90 100 V%
SUV
‘7(Xﬂu;hd.\zCXNM;LQ‘]IUNth.\zLN
=12V NeMeV N=1,py FINeNoy FIN
, These are equations for energy conservation ellipse:
All lines of s , ,
...are bisecte KE=1Mg, Ve, =+ 1MV,
(slope=1)-C
2 2 24,2
V&UV + Lﬂw/ = +_ZL
= »KE  22KE a°+b°
MSUV MVW
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viv | |
e |10 \ elastic
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As usual in physics, oppogsite extremes are easier to analyze

than the generi

(a) Ideal
Elastic 1§
(Ka-Bong!)

_.[2E
belastic_ \/ M %

e 1

elastic

]

_2E
aelazstic_\/jv2
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o4

elastic

=35

b
whump M,

(b) Generic
inelastic
(Ka-whump!)

2 Ewhu

- —>

whump
1/,6)

/

I

Pass-thru

_ 2Ewhy
whump N M 5 : D]

|

B |
M] =6 * whump
M2: ] =23.33

The X-2
Next: pen-
launcher

(c) Totally

inelastic
(Ka-Runch!)

“rexer) world” in between!

INEC g
coM CoOM
e > =
-3
_J2IE]
Yeom "M, | b7
\il IECOM
— /4

Flg 3 2 (This case has Bush era requisite

in Unit

1 SUV mass of the 6 ton “Hummer”)
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