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Which of the following is a property of a// collisions - both “elastic” and
“inelastic” collisions?

(1) The internal energy of the system after the collision is different from what it
was before the collision.

(2) The total momentum of the system doesn’t change.
(3) The total kinetic energy of the system doesn’t change.



Which of the following is a property of all collisions?

(1) The colliding objects interact through springs.

(2) The kinetic energy of one of the objects doesn’t change.

(3) The total kinetic energy is constant at all times -- before, during, and after the
collision.

(4) The total kinetic energy after the collision is equal to the total kinetic energy
before the collision.

(5) The elastic spring energy after the collision is greater than the elastic spring
energy before the collision.



1-D Collision

Example

System =cartsA& B

FA(— fric’c”&m “i&— friction
initially y |
Pow!

Pac tricion (N D P icion
. —_—> <«
finally | |

Often know initial motion, want to predict final motion

Two unknowns: V, and Vg

Generally need two equations to solve for them

. i APpgs = AP, +APg =0
rue for all collisions
AE oz =AE, +AE; + AU .z =0
{AKA + AE'nt.A | {AKB + AEint.B\




1-D Collision

Special Case: “Maximally Inelastic” — hit & stick

System =cartsA & B A
pAi > — pB.i
initially | y
Powé
pA f = pB f=
finally | ll ll ll ll |




1-D Collision

Special Case: Perfectly Elastic (all internal changes ‘bounce back’

System =carts A& B pA.i - e er.i
initially | 4
N/
" Pow? .
«— Pa Pg f——

finally | ll !! !! !!
AE pg5 =AK, QE\A@ +AKg + int T &B

Lmve . —imv? )+ (Emav?, —imov? )= 0 (VS<<C
(5 MV s _EmAVA.i)_" (5 MgVg _EmBVB.i)N 0 ( )

2 2 2 2
Equation 1 Pas — Pas + Ps — P ~(
2m, 2m, 2mg  2mg

Equation 2 Pas T Pst = Pai T Psi




1-D Collision

Special Case: Perfectly Elastic (all internal changes ‘bounce back’
Extra special case: Say B is initially stationary

= Initially Stationary

m initially m




1-D Collision

Special Case: Perfectly Elastic Transform for B initially moving

Say I’'m watching this collision while I'm just sitting here. According to me

VA.i.me B I.me — O

“ g Initially | see m

Say you’re watching this collision while walking by with velocity \j V
Relative to you the initial velocities are

VA.l. ou VA.l.me V VB-i-YOU B _Vyou
—
“ Initially you se;_m _ \7’
| <— you
Similarly, after the collision, according to me
ﬁA.f.me 73B.f.me

— “ Finally | see m g

And accordlng to you

vAfyou — vAfme Vyou UB.fyou = VB.fme — Vyou
— .
“ Finally | see m —_—
— —V




1-D Collision

Special Case: Perfectly Elastic Transform for B initially moving

So, completely rephrasing things from your perspectlve

v — VA| V Vei you — _Vyou

—
m Initially you seﬂ \/

| S Vyou
V

A.i.you

— —»

A.i.you — VA.i.me _VB.i.you — VA| Al you Bl you |

Vafyou = Vafme — Vyou
—
“ Finally | see

VAf you — VA f.me VB.|.you

N
UB f you — UB J.me vyou

m, —m
VA.f.you — Vaime ™
Mg +M,
m m
— A B —
VAf T (VAI +VB|






2-D Collision: Scattering

Slow (v<<C)




y 2-D Collision: Scattering

Slow (v<<C) N

> X pp.f :<pp.f C080p1 pp.f Sin Hp’0>

Three Equations / Four Unknowns

p N Need another equation
Or more information

0)

Pr = < Pr ¢ COS HT — Pr 1 ‘Sin ‘9T

Momentum Principle Energy Principle
r)p.f +r)T.f _rjp.i =0 (Ep-f +ET-f)_(Ep.i+ET.i):O
R:p, oSO +pr cosO —p,, =0 Ko+ Koy =Ky + AR FAE +AUz, =0

§:p,sin@,—pr[sing|-0=0 prz).f N P | pf).i 0 it Elastic

2m, 2m;  2m

p



2-D Collision: Scattering

Example. Say a 2kg puck moving at 3m/s collides with a 4kg puck that’s just sitting
there. Say the 2kg puck travels off at 30° and the 4kg one travels down at 50°. What
are the final speeds and is the collision elastic?

B¢ =(P,(C0S6,,p,sinG,0)

"""""""""" Byi =(Py::00)
} b —_— ﬁT.i =0
m, i

Momentum Principle
X:p,C08O, +p;;cosé —p,; =0

0)

J:p,sing,—pysin€|-0=0 Br¢ =(Pr.¢ COSG ,— Py [sin G,

Energy Principle — if Elastic
2 2 2
pp.f n pT.f . pp.i =O

2m, - 2m;  2m

p



j 2-D Collision: Scattering
Slow (v<<C), Elastic Collision _
> X pp.f :<pp.f C080p1 pp.f sin Hp’0>
/ev
....................... p
""""""" .App.i :<pp.i10’o> @
P —_— Pr; =0
............... T Three Equations / Four Unknowns
Mp S Need another equation
My
Special case: equal masses ‘
m.=mn G .
pz_p pTz pz , , , NOT
pi _ Pt LT = ppi=Poy t+ Pry Br ¢ =(Pr.¢ COSO ,— Py sin6;|,0)
2m ——2m—2m;

Bpi = Ppt + Bro = ph =By o By = (B + By Jo (B + By )
p?}i = psf T pTZf +25pf ® Dy g per: jng)iTlfzmsi;)ied oo
compare pf)i = pi)f + pTzf +2\ppf Prs COS(Hp +‘HTD}
Must b(Ya Zero




y 2-D Collision: Scattering

Slow (v<<C), Elastic Collision

> X pp.f :<pp.f C080p1 pp.f sin Hp’0>
/ev
....................... p
""""""" App.i :<pp.i’0 O> @
P _> Pr;i=0
""""""""" -|- Three Equations / Four Unknowns
My N Need another equation
My
Pr¢ = < Pr.¢ COSEr,—Pr ‘Sm & ’O>
Momentum Principle Energy Principle — if Elastic
r)|o.f +f>T.f —ﬁp.i =0 (Ep.f +ET.f)_(Ep.i+ET.i):O
X:p,C0sO +p;;cosé —p,; =0 Kot +Kei =K, ;=0
J: Py SiNG, = pr¢fsiné|-0=0 pf).f N Pr ¢ B p[2).i _0
2m,2m;  2mg



y 2-D Collision: Scattering

Slow (v<<C), Elastic Collision

> X pp.f :<pp.f C080p1 pp.f Sin Hp’0>

Three Equations / Four Unknowns

Need another equation
Collision geometry and Impact Parameter

Component of momentum along line of

contact changes, other component = G ...

remains constant NI+

b = Impact Parameter Pr.¢ = < P ¢ COS O, ,—P; ¢|sin 6; ,O>

Momentum Principle Energy Principle — if Elastic
Po¢+Prs—Ppi=0 (Ep.f +ET.f)_(Ep.i+ET.i):O
X:p,C0sO +p;;cosé —p,; =0 Kot +Kei =K, ;=0
\/ - I _ I N 2 2 2
y- pp-f sin Hp pT.1“Sln ‘9T‘ 0=0 pp.f n Pr 1 _ pp.i —0

2m - 2m; 2m

p P



Which of these is true? I

1) The larger the impact parameter, the larger the scattering angle (deflection).
2) The larger the impact parameter, the smaller the scattering angle (deflection).


http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-018.htm
http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-019.htm
http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-020.htm

2-D Collision: Scattering

Qualitative effect of Impact Parameter

Miss: b too big @ No deflection

Glancing Blow: b big [/ p_* - Q/ minor deflection

Solid Blow: b small _ _
major deflection




Probability and Cross-sectional Area
Playing Darts Badly



2-D Collision: Scattering — Discovering
Nucleus . " - ZnS &.

.+ "\ Light
S‘Q —
5
5
//\?g‘
=

Scattering angle 6


http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-025.htm
http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-027.htm
http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-028.htm

In the Rutherford experiment, what was surprising to the experimenters?

(1) Sometimes the alpha “rays” passed right through the gold foil.
(2) Sometimes the alpha “rays” were deflected slightly when they passed through

the gold foil.
(3) Sometimes the alpha “rays” bounced back from the gold foil.




* relativistic speeds

* identifying ‘mystery’ particles

« the mathematical trick of analyzing in
the center-of-mass reference frame

Et (METS) 56.2 GeV
Phi

Sum Et

b
268.5 Deg £
348.8 GeV

Emax = 125.7 GeV

o



//upload.wikimedia.org/wikipedia/commons/9/97/CDF_Top_Event.jpg

2-D Collision: Scattering Bo1 =(Py.s €056, D, (5in0, 0)

p.i R ~
mp S
My

Conservation of Momentum

Ppt+Prs—Ppi=0 ‘ ............................
NO+

X:p,;C0S@, +p; cost —p,; =0
§:p,;sind —p;[sing;|-0=0 Pr.1 :<pT.f Cos &, ,— P ¢[sin HT\,0>

” mv
where p=
1_(%)2 \
_ 2 2 ¥
Conservation of Energy — ShOLE = \/(pc) +(mc?)

By plugging that into it and

2 .
1-(¥) recovering that.
‘\—/

\/(pp_fC)2 +(mp.f‘32)2 +\/(pT.fC)2 +(mT_sz)2 —\/(pp_iC)z +(mp_icz)2 -m..c*=0

Note: initial and final masses differ for inelastic collisions

(Ep.f + ET,f )_(Ep.i + ET.i):O where E =




2-D Collision: Scattering
Fast

Note: initial and final masses differ for inelastic collisions

Recall: particle energy

E,=K,+E

p.int
Ep.int = mpC2
Elastic
AEp.in'[ — AmpC2 =0
\/(pp-fC)2 +(mpC2)2 +\/(pT.fC)2 +(mTC2)2 —\/<pp.iC)2 +(mpcz)2 —mT(:2 =0
In-Elastic
AEp.int = AmpC2 e O

\/(pp_fC)Z +(mp.fC2)2 +\/(pT_fc)2 +(mT.fC2)2 —\/(pp_iC)z +<mp_i02)2 -m..c*=0



2-D Collision: Fast

Example: A beam of high energy = (negative pions) is shot at a flask of liquid
hydrogen, and sometimes a pion mteracts through the strong interaction with a proton
in the hydrogen, the reaction is 7 +p" > +X where X*is a positively charged
particle of unknown mass (essentially an excited proton.)

A proton’s rest mass is 938MeV, and a pion’s rest mass is 140 MeV. The incoming
pion has momentum 3GeV/c. It scatters through 40°, and its momentum drops to

1.510 GeV/c. p_.
What is the rest mass of the X*+? @ /epv
............ _p'” | i .......................
= —_— ﬁp.i =0 Conservation of Energy
m_ \/( pmc)z + (mﬁcz)z _ mp.icz ~0
mp .......

Conservation of Momentum
X:p, ;€088 +pycosd —p,; =0 .px.f COSOy = P,;— P, COSO,

y:p,,sing, - p,fsing,|=0 py([sin6,| = p,  sino,
(pX.f COSQX )2 +(pX.f ‘Singx‘)z = (pﬂ'.i o p;r.f COSQ”)Z +(p7r.f Sin 07[)2

Px.s :\/(pﬁ.i — Py COSQE)Z +(p7r.f sin@ﬂ)z Px.s :\/(pﬁ.i)z +(p7r.f )2 —2p,;p,;COSO,




2-D Collision: Fast

Example: A beam of high energy = (negative pions) is shot at a flask of liquid
hydrogen, and sometimes a pion mteracts through the strong interaction with a proton
in the hydrogen, the reaction is 7 +p" > +X where X*is a positively charged
particle of unknown mass (essentially an excited proton.)

A proton’s rest mass is 938MeV, and a pion’s rest mass is 140 MeV. The incoming
pion has momentum 3GeV/c. It scatters through 40°, and its momentum drops to

1.510 GeVi/c. P,
What is the rest mass of the X*+? @ /epv
. 5 (my
ot — P, =0 Conservation of Momentum
m ...........

Conservation of Energy X.f

\/(Iofr.fc)2 +(mﬁ.f02)2 +\/(pxC)2 +(mxc2)2 —\/(pﬂ_ic)2 +(m”c2)2 -m_;c®=0
V(peef +(mec?f = (p.c) +(m.c?f +myc2—(p. cf +(m,,c2f

Could do algebraically further, or just plugin numbers and simplify
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