University Physics 226N/231N
Old Dominion University

Momentum, Impulse, Elastic Collisions

Dr. Todd Satogata (ODU/Jefferson Lab)

satogata@jlab.org
http://www.toddsatogata.net/2016-ODU

Monday, October 17, 2016
Reminder: The Second Midterm will be Weds Oct 19 2016

(Yes, still open book, open computer, etc.)

Happy Birthday to Eminem, Felicity Jones, Evil Knievel,
Rita Hayworth, Mike Judge, and Randall Munroe (CNU physics, of xkcd fame)!

Happy National Pasta Day and National Mulligan Day!

Please set your cell phones to “vibrate” or “silent” mode. Thanks!
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What We Have Covered So Far

= Physical quantities and vectors
= Kinematics in one and two dimensions
= Centripetal acceleration

= Newton’'s laws

= First law

= Second Law

= Third Law

= Application of Newton’s Laws
= Work and Energy

= Friction:

= Conservation of energy

= Potential energy and potentials
* Momentum and Impulse
= Definitions
= Conservation of momentum
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Second Midterm “Cheat Sheet”

Static Kinetic

= Force of friction: F¥ = sn Or [N opposing direction of motion

—

= Newton’s second law: FLet = Ma vector equation

—

= Work done by force over a distance: W = F - Ax = F' Ax cosf

Gravitational potential ?nergy: E, = mgh

Kinetic energy: Ej = §mv2 X

Spring stored energy: Es = §kAx2

Energy lost to friction: E¢ = ppn Az

Conservation of energy: total energy of a closed system is conserved

= Momentum: P = mu

Conservation of momentum: total momentum of a closed system is
conserved

= Collisions:

Elastic collisions: conserve energy and momentum

Inelastic collisions: conserve momentum but not (calculable) €NErgy
« Examples: explosions, deformations, things that stick to each other
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Conservation of Momentum Example 5

= An 8.0-g bullet is shot into a 4.0-kg block, at rest on a
frictionless horizontal surface. The bullet remains lodged in
the block. The block moves into an ideal massless spring

and compresses it by 8.7 cm. The spring constant of the
spring is 2400 N/m.

= What is the initial velocity of the bullet?

V

= 2

.. 40
SRANTITIRN

) JSA
Jefferson Lab Prof. Satogata / Fall 2016 ODU University Physics 226N/231N 6 @ @



N My, = 8.03= 0008\(% {z) '
B—r M5‘=4.0\£% S>> My

4. Ok&' H Ax =€l om= 0.08F1m
—" = K =2.4%x10°> N/mm

E\P_'\'_e_'. Azq:ww:&\a\r\ ‘9 Wioek ‘(w ‘

= INELASTIC = cons off Momawtom, NoT eneray
O émf ,‘2‘:::,:%
g =((Mu* e Vg = My Vo | 2embrenans: N L
Thon agply oo £ evargy dovi s el emgress
3 (Mot MedN fes “*/ ‘""’“”5
S RM»*HG,)!L = kAx® |

£ -




L A% rﬁ | &) Fwd T w cope
_//% — B) 10 on 20N black (Yotald
A
T;;x M"-z‘”‘l 2 (12N Q W en \ZN bleex C° o\

- A) oted W done msaﬂ'm

= = 5% 08O
%“ X (0S M“‘GW"\M% ? Could \OQ‘

R[>, Mestow:. yi:wemg  (HECEES
'M‘% — )(\'.Fnt, gm‘aq A
® B9 12 Fuat V- Mgy =ty
| l"“zg A LT Mzq * e V/m,
b» W= FAx MSQ 9:00 M\T- MMy 3:'}42'\—
ST b = Wlnet)y i W THMT = MiMeq
¢) W= (T-Mzq) w5 I18ONE 2 Fa bl e
Y We ( 794 t" i




/mga 4s. olg @
Be53.\" = 69. 0\% Vog
& e \I = |{B.0M[s B3
| allen 9-\ o ¢

= walashme co\owr 7 Pmbab(a s “e ) e
Pix= MeVe, (D ak vest) \")2¢qm&-wo %4
Vex® MeVe(y * MpNogy >

f QAQ_ Vq,{. 056 -\'HD\ID} ch . HQ"Q
127

Py~ ~ ——— i
Pey = Mv-vappupvm TN Ppier 4 darc!

“[HeVef smbe = MoVegsmby = O]
Py




How to Solve Those Equations

From the class slide, the two equations to solve for two unknowns vpy and 6p are:

MRUR; = MRURscosfr +mpuvpycostp
0 = mRvasiHHR—mDvasinHD

It is helpful to note that only the rightmost terms in each equation contain unknowns, so you can write
mpvpfcosfp = MRUR; — MRVRfCcos O (0.3)
mpupfsinfp = mpurssinfpr

Taking the ratio of the second equation over the first equation conveniently cancels out the unknown
UDf-
MRURf sin QR

tanfp = (0.5)
MRVR; — MRURf cosOpr

in 6
tanfp = —tdR (0.6)
URi — VRf cosOR

From there you can get the angle #p, and you can use that to get vp; from either equation (0.3) or (0.4).
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Conservation of Momentum and Relativity

* Momentum is conserved regardless of your frame of
reference
= Remember that momentum is defined as p = mv

= Velocity depends on how you and the object are moving
relative to each other

= As long as you do not change your velocity between “before”
and “after”, conservation of momentum still works

* You are adding or subtracting the total mass of the system
times your extra velocity to both “before” and “after” total
momenta

= This observation has deep and subtle connections to
Einstein’s theory of special relativity
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