Assignments for Physics 5103 - 2019 Readiaaésical Mechanics with a BANG! and Lectures

Assignment Set 1 - 8.26.19 Read Unit 1 Chapters 1 thru Ch.3- Exercises due Wed. September 4

Exercise 1Class exercise continuedE

Complete VW(10mph) vs. SUV(60mph) collision analysis and plot of IN and FIN velocity states done in clas
Extra £80 by +120 graphpaper attached is same as used in class

(a) For a totally inelasti®ka-runch€ase derive bPnal velociti®&§N = (VFIN; | VFIN,) from plot

(b) Derive and plot IN and FIN KE ellipseand velocity vectors. (Use tensor algebra to clarify formulas.)

(c) For a totally elasti®ka-bongfase do the same. Compare IN and FIN KE values and ellfpséise two cases.
(d) On the same plot draw ellipse(s) and velocity vectors as seen in the COM frame for both cases.

At the end of Ch.1 is shown an easy ellipse construction given ellipsa eadib. This should not be necessary for Exercise 2 but wi
come in handy for Exercise 1 and 3. Both use attached graph paper (also available online).

Exercise 2Basic pool-shot (equal-mass) kinetics
Use blank £0.5 by £1.0 graph paper (attached and available on-line).
Considen: vs V2 graphs for 1D-collisions between masktsandM: described in Ch. 2 and Ch. 3.

(a) Draw a graph of a collision with initial velocitigg\ = (VINy , VIN;)= (0.5, 0) for equal massedl{ =1= M>).

(b) For a totally inelasti©ka-runchéase bnd bnal velociti®N = (VFINy | VFINy) from graph and plot KE ellipse
(c) For a totally elasti®ka-bongéase do the same. Compare bnal kinetic energy KE values for the two cases
(d) On the same plot draw ellipse(s) and velocity vectors as seen in the COM frame for both cases.

Exercise 3Head-on collision kinetics
Solve using tensor algebraic methods and compare to geometric solution on 0.5 by 1.0 graph paper.

Analyze collisions for head-on initial velociti&dN = (VIN1 , VIN;)= (0.4, -0.2) for masséd: =5 andM; =1.
Derive Pnal velocitie FIN = (VFIN; | \FIN,) = \/COM for a totally inelasti©ka-runchése.
Derive bnal velocitie¥ FIN = (VFIN; , VFINy) for totally elasticOka-bongfase.

DeriveKE= , KE-ellipseradiia;=a , a=b= forka-runchcase and construct its ellipse
DeriveKE= , KE-ellipseradiia;=a , a=b= forkka-bongcase and construct its ellipse
DeriveKE= , KE-ellipseradiia;=a , a=b= forkka-bongcase as viewed in COM frame.
DeriveKE= , KE-ellipseradiia;=a , a=b= foikka-runchcase as viewed in COM frame.

Construct resulting ellipsefor each case (if it exists).
Extra credit
Do the same algebra and geometric plot for non-head-orWttase(VIN; , VIN;)= (0.4, +0.2) for same masdes.
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Set 1 Exercise 2 solution by geometry. (In-class Exercise 1 described in Text-Chapter 3 and Lecture 1.)
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Assignment Set 1 - 8.26.19 Read Unit 1 Chapters 1 thru Ch.3- Exercises due Wed. September 4

Exercise 1Class exercise continuedE

Complete VW(10mph) vs. SUV(60mph) collision analysis and plot of IN and FIN velocity states done in clas
Extra £80 by +120 graphpaper attached is same as used in class

(a) For a totally inelasti®ka-runch€ase derive bPnal velociti®&§N = (VFIN; | VFIN,) from plot

(b) Derive and plot IN and FIN KE ellipseand velocity vectors. (Use tensor algebra to clarify formulas.)

(c) For a totally elasti®ka-bongfase do the same. Compare IN and FIN KE values and ellfpsé¢ise two cases.
(d) On the same plot draw ellipse(s) and velocity vectors as seen in the COM frame for both cases.

At the end of Ch.1 is shown an easy ellipse construction given ellipsa eadib. This should not be necessary for Exercise 2 but wi
come in handy for Exercise 1 and 3. Both use attached graph paper (also available online).

Exercise 2Basic pool-shot (equal-mass) kinetics
Use blank £0.5 by £1.0 graph paper (attached and available on-line).
Considen: vs V2 graphs for 1D-collisions between masktsandM: described in Ch. 2 and Ch. 3.

(a) Draw a graph of a collision with initial velocitigg\ = (VINy , VIN;)= (0.5, 0) for equal massedl{ =1= M>).

(b) For a totally inelasti©ka-runchéase bnd bnal velociti®N = (VFINy | VFINy) from graph and plot KE ellipse
(c) For a totally elasti®ka-bongéase do the same. Compare bnal kinetic energy KE values for the two cases
(d) On the same plot draw ellipse(s) and velocity vectors as seen in the COM frame for both cases.

Exercise 3Head-on collision kinetics
Solve using tensor algebraic methods and compare to geometric solution on 0.5 by 1.0 graph paper.

Analyze collisions for head-on initial velociti®N = (VINy , VINz)= (0.4, -0.2) for massed: =5 andM2 =1.
Derive Pnal velocitie FIN = (VFIN; | \FIN,) = \/COM for a totally inelasti©ka-runchése.

Derive bnal velocitie¥ FIN = (VFIN; , VFINy) for totally elasticOka-bongfase.

DeriveKE=_0.27__, KE-ellipseradii a1=0.328@&, a,=b=0.734& forka-runchcase and construct its ellipse
DeriveKE=_0.42__, KE-ellipseradiia;=0.409%, a,=b=0.916% forka-bongcase and construct its ellipse

DeriveKE=__0.15 , KE-ellipseradiiai=0.2449 a,=b=0.5477for ka-bongcase as viewed in COM frame.
DeriveKE=__0.00 , KE-ellipseradiia;=0.00 _, a»=b=0.00 for ka-runchcase as viewed in COM frame.

Construct resulting ellipsefor each case (if it exists).

Extra credit

Do the same algebra and geometric plot for non-head-orWttase(VIN; , VIN;)= (0.4, +0.2) for same massSet 1
Exercise 3 solutions. (Based upon ellipse plots on following page.)
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Three key vectors pointing at momentum lineiairel V" =("}) and Pnaka-bongv™ = () or ka-runch V<o = (1.

D v/ COM M %
V(( 1PT0ml_V(( 1 P V(()I.M.VI’V (()1.M.VF1’\/ V(O\/[.M.V(()W V(OWM V(()\/I

Total Total
0.3P,,,= ( 3 3 )[ 50 ][ . ] ( )( 50 J[ ]='3MTotal'3='3'6'-3='54
0 1 8
= 3-5-4-31.2 = 3524318  =.54 P,,=54-1.2=2-2=18
Lop-sided tensor factors are equal: (True for any symmetric mass-iatriM .)
VI-'IN.M.VI;\/ — VIN .M.VH/\'
50 4 50 2
: : = —2 ) : =0.24
(.2.8)[01J[_.2j<.4 '2)[01][.8j
= 254-81.2 = 4.5.2-21-8
Diagonal tensor terms turn out to be equal, too. (And that proves KE conservation for T-symmetry!)
VIN .M. \“/I;\" — {/FIN .M. \“/FIN
50 4 50 2
5 ) : = : : =0.84
(4 .2)[0 1][_'2] (2 .8)[0 1][}}3]
= 454+21.2 = 2-5-2+.81-.8

With T-symmetry < =%(\7F’N+\7’N ):(8;@) in 1st equation (top of page) leads to KE conservation relationE

VCOMPTotal: %({,FINJF{,IN).M.V/N _ %(VFIN+{]IN).M. VFIN _ %({,Fn\q_{,nv).M.%({,F/NJF{,/N)
54 = .54 = 54
318 :%(VF[NOMOVIN) 2(VIN OMOVIN) %(VF[N OMOVF]N)+%(\—71NOMO\—7F]N) factoring and...
54 = %0.24 + %.84 = %.84 + %0.24 ...and checking sums...

Now subtract the lopsided tensor factor from each term to prove that KE is conserved under T-symmetry.

VCOMPTMZ %({,F]N.M.VIN)z%({,IN.M.\“,IN)zé({,FIN.M.\“,FIN) =%({,IN.M.V]N)_i_%({,FIN.M.VFIN)

I 1 1
OM v/ FIN _ x7 v IN v IN \ v IN ', FIN Y ‘s FIN _ —
V( ¢ PTotal %(V *MeV ) = %(V *MeV ) = l(V ¥M ¥V ) - KEE/m/[c - KEka! bong
0.24 's 0$! 4 % l's 08$! 2%
31s 1 == =1 | =1 KE,, . =42=KE,
; ar2)el Daw a3 2 8)ey | gr g8 Enu
54 112 = 1(49.4+.211.2) = 1(2151.2+.8118)  =.42=KE,

Theka-bongellipse equation follows witk-radius: a= /2042 = 4099 andy-radiusb=+210.42 =.9165.
10 x % 2 2 2 2

! " %" 2
~v ¥M¥V'N:1( x yig3 0] = KEg = 42= KE, =5 +1¥ or 1=-% _+_Y X_ Y
2 2 $0188ve 2 2 2042 21042 2 P

Theka-runchellipse equation follows witk-radius: a=,/20.27 =.3286 andy-radiusb=+2!10.27 = 7348
1 |

! | | " 0/ % 2 2 2 2 2
va°M¥M¥vC0M:1( X y)!§5 0 Mg X S KE, e = 27255 +1L or 1=k e X_Z ¥
2 2 018fve 2 72 2027 21027 & b

0% 3%

. _1 5 _1 _1 _
where: KEka(mnch—E( 3 3 )!§ : =2 !(315.3+ 311 Y = 1(54) = 27

188 38
To convert equations to Center of Momentum (COM)frame we Ssubtiakt= %(VF'N V'N) ( g)
\!/IN_\!/COM (VIN VFIN) (|42) (82):(10'13) and: \!/FIN_\!/COM:l(\!/FIN_\!/IN) ( ) ( ) (i)%l)
Elastic case KE=4,5, .05)(5 0)(,05 =1(0.1"5"0.1+0.5"1"0.5) = 4(0.05+0.25) = 0.15

KE €lipse has x-radius: =4/20.15 =.2449 andy-radius. b=+/2"0.15=.5477
Inelastic case is all zeroes.
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FromBounceltweb app

Time = 6.378
AT = +3.00e-3 I
KE = +0.420

Acceleration (Gravity) =
Drag (Collision) = +0
Force constant = +5
Force power = +1.
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Example with /N1 , VIN2)= (0.4, +0.2). Final velocities are closer so elastic and inelastic ellipses nearly over
The 45j Galilean lines are tangent to a much smaller COM ellipse.
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