/ed.,
hurs
.,

10.5, .11 Different Reference Frames

1.1 Translational Angular Momentum

RE 11.a; HW10: Pr's 13%, 21, 30, "39

* For each part of these problems, be very careful about what you choose as the system

and what you are using as initial and final states.

o \
o Stuck togethe

(stationary)



http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-036.htm
http://www.wiley.com/college/chabay/0470503475/image_galleries/ch10/pages/MI3e_10-039.htm

But First:
Deducing the invisible particle:

Nn—>p +e +v, &

«
Conservation of Momentum e P,
B, + P, X0 .
2 R o pe
pp + pe + pv = O

Must be another particle with missing energy & momentum
Charge is conserved and detectors can'’t see it — must be neutral
Sometimes energy and momentum almost conserved — must be nearly massless

Conservation of Energy

2 | | 2 2‘2 “2 | 2‘2
m,c %<\/ p.c®+ mc? +\/1 p,c°+ mc?

. 2 | | | 2 | 2
m,c? :\/ p.C°+ mc® +\/1 p,c°+ m,c’ +\/1 p,c *+ m,.c’


http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=xjkHrHK1iig4CM&tbnid=NTzXFmjAhB4P9M:&ved=0CAUQjRw&url=http://blogs.voanews.com/science-world/2013/07/23/neutrino-morphing-discovery-could-unlock-mysteries-of-the-universe/&ei=6cqMUuO-Loe7iwKk9oHQDA&bvm=bv.56643336,d.cGE&psig=AFQjCNFnEwuOVc6ivp4Misg_S7nlIrLViQ&ust=1385043289780416
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=XzP-2tgwgcr5EM&tbnid=3OiQ578N1wglCM:&ved=0CAUQjRw&url=http://blogs.nature.com/news/2011/06/neutrino_oscillations_could_pr.html&ei=usqMUvPODebtigLbjoHQBw&bvm=bv.56643336,d.cGE&psig=AFQjCNFnEwuOVc6ivp4Misg_S7nlIrLViQ&ust=1385043289780416

Memory Lane:
Multi-Particle System’s Momentum and Center of Mass

drjsystem _g
dt 2 If no external forc
ﬁsystem ~ msystem\_icm: constant

g m,\V, + m,v, + m,v, +...
o m,+m, +m, +...

If no external force, center-of-mass motion can’'t change

Often simpler to just focus on relative motion

lab3 binary w cm.py RotateVibrateTranslate (e edit).py



Memory Lane: Multl-FParticle system's Energy
Splitting up Kinetic

K = K; + K, + K, +.. v,
K &2 MV, +2m,va +imyvs +..
d .
Where V,=—r1 ,ect
dt
But ¥y =r_+r . etc
1 cm l<cm
. d . d .
SO Vl = . rcm +— Ifll(—cm
dt dt
, etc.

=im [v +2V, Vi . +V1H:m]

1 1
m V +m V Vl(—cm m V1<—cm

then Ktotal ~ %(Z mi ]me +\7c [Z m l<-cm ) + Z( | |<—cm

Ko & EMouV2, + 3 3myv2 oam
~ _ total total “cm Z i |<—cm recall vV, = -m
recall Vl = ch + V1<—cm totel
= \71 — \7 Z mi[ Vi(—cm _vcm’ = Z rni\_ii<—cm o (Z m; ]vcm = mtotalvcm - rntotal\_icm =0
- i



Memory Lane: Multi-FParticle System S Energy

Splitting up
V2
K = K+ K, +K, +...
~ 1 2,1 2,1 2
Ktotal ~ 2 mlvl + 2 m2V2 + 2 m3V3 +
1 1 2
Ktotal mtotalv + Al V1<—cm + 2 m2V2<—cm +..



Center of Mass & Collisions

Energy
V2<—C_n>RV2
Vv
cm
Ktotal = K + K o K + K1<—cm K2<—cm e
or
Imvi+imyve =im v +imv: o +imyvs
where V= MV, + MV, _ constant
m, +m,
2
so K, =3Mg. Vs, =constant

Before collision: K1.i + K2.i = Kcm + K1<—cm.i + K2<—(:m.i

After collision: K ; +K,; =K_, + K, .. + K

change: A K,+K, =AK

lcm.

. +K

2«<cm.f

2<cm.f

\\—/»/1<—cm \7
v\C.m me 1
cm A

| Regardless of whether collision

IS elastic or inelastic

If no external force, center-of-mass motion can’'t change
Only motion relative to center-of-mass can change



Center of Mass & Collisions

U Ly Momentum
L1 22—y =constant ZFC”*\V _
V
where A R e
Vl = V V l<—cm V2 — Vem +V2<—cm VC} "y W
SO
ml‘ \_icm +V <—cm' +m ‘V +V2<—cm‘ —V
- Ycm
or
mlvcm + m2ch + m1V1<—cm + m2V2<—cm Ny
m, +m, m, +m, o
+ m2 m1V1<—cm +M V2<—cm _
cm + — Yem
1
so MVicen TNV o = 0 o
Regardless of whether collision
Before and after the collision Is elastic or inelastic
m1V\ l—cmii — —M V\ 2<Ccm i m V1<—cmw —M V\ 2«<cm| f



Center of Mass & Collisions
Momentum & Energy

Vv V
Vl — Ycm + Vl(—cm V2 - ch + V2<—cm \_?’R yl(—cm
cm 7
WV
where - grem. 1
cmi N 4
le1 + sz2

=V_,, = constant
m, +m,

Regardless of whether collision is elastic or inelastic

Momentum Kinetic Energy
p‘ Lecmji T p‘ 2e—cmji A«l + KZ } A<<1<—cm.f + K2<—cm.f ~
Y lecm f — P 2<cm| f

If no external force, center-of-mass motion can’t change
Only motion relative to center-of-mass can change

Strategy:

« Determine center of mass velocity

« subtract it out and calculate change (of relative motion)
« Then add it back in.



1-D Collision

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

System = carts A & B DA > P&,

initially | y

m
@)
c
=
o
>
H
>
M
>
o
w©
|
>
2\
>
+
g/
+
>
2\
w
/%
+
/g
w
|
o

[pif _Zp,il _I_(pé-f _ pé' ~0 QIS << C

2 \ 2
FOICUS on . [ pA_f(_0m pi.i(—cm 4 pB.f<—cm pé_k_cm J ~ 0
relative motion - N =
2m, 2m, 2m 2m
y, B B
Equation 2 pAf T pB i = Pai T Psij

pA fecm — pB.f<—cm pA.i<—cm - pB.i<—cm



1-D Collision

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

System = carts A & B DA > P&,

initially | y

L
Vi~
_ Pow! ~
- pA.f pB.f——>
L

finally | 1
Focus on Q S << C/
relative motion Pateom _ Paicen pB f<cm pBuecm
2m, 2m 2m
pA.f<—cm - pB.f<—cm pA|<—cm — p B.i<-cm

i

2 2
pA.f(—cm . pA.i(_c;m J ~ O

pA f «<—cm = pAi(—cm

2 2
( Pateem . Paicem

2m, 2m, 2m, 2mg Slm”arly
2 1 l l 2 1 l 1 pB f<cm pB i<—Ccm
Pateem2 + = Paicen 2 T
m, Mg m, Mg (true in 2 & 3-D too)



1-D Collision

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

System = carts A & B DA > P&,
initially | m y ﬁ
AV
, ?aw.‘i -
+— Pai Pg.f ——

- rom o L

¢'s<<c_

finally |

2

Focus on . 2 _
similarly Pg.fem = Pr.icem

relative motion Pateem = Paicem

In 1-D: if they actually hit
similarly p>B.f<—cm - I_jB.i<—cm

Pateem = Paicen
_ = v =V,
Vateem = Vaicen B.f<«cm B.i<—cm
Add backin Iy Voo =V5 =V,
CM velocity ~ "Acom "A em o
Vai = Vem == Vai = Vem similarly

V,, =2V, —V,. Vg i =2V, — Vg,



Center of Mass & Collisions
High Speeds . .
gamma ray” = High

"H+°H—>°He*—>’He + joe—— energy photon
O\Knowing the initial momenta and masses, what’'s the mass of the excited He?

. \‘ In center of mass frame
Prs EHZ Pui+ Py, =0
Stage 1 E = \/1 0,.C 2+ m,c° +\/1 0,,C 2+ m,,c2°

E :\/( P..C° +(mch22 +\/( Pu.C° +(mH2c212
% E=m_.c’ E/c®=m,_.

ﬁHe + ﬁ;/ — O
What'’s the final momentum?

E = P ”+ Mye? "y p,o 7+ et

E =\/( p,c?+/m,c? " +p,c

photon is massless

P, E-pec’=pc’+mct’

E2 _‘ mHeC2 2
Stage 3

5 |2 2 2|2 P
E’-2Epc+ pc’ = p.c°+ m,C’ 2EC 7






