Summary on unit 4(update: 11/21/10)

Sec 10.1-7 Collisions: Interaction over a short time. AP =FAt =~ 0, AE=A(K+ Ei) =W+ Q = 0.
3 types: Elastic: AK=0. Inelastic: AK < 0. Maximally inelastic: stuck together, or K, = 0.
Change of internal energy: F = K + E;pe. AE = 0 implies AE;,; = —AK = —AK,.; (Verify last step)

Changing reference frames. Notations: p; + p2 = p} + ph, where p| = p1 and p5 = pay.
e Bowling ball (Bb) hits pingpong ball(Pb) at rest. In lab frame: Mwvy + mwv2(0) = Mv] + muj,.

e Bb-frame is where Bb at rest. Velocities in Bb-frame and in lab-frame are related by V* =V — vpgy,

Pb in Bb-frame vy = v9 — vgy, = —vRy.
e After elastic bounce, the Bb-frame velocity is: v5* = —v3 = vpp.
e In lab frame: Since in general V = V* + vpy, final lab-frame Pb velocity is v = v5* + vy = 2upp.

What is the sign of v} in elastic collisions where vo=0 in 3 cases: m1 < ma, m; = Mo, and my > my?
Elastic headon collisions for arbitray my, mas, v1 va: V) = 2U¢y, — v1 and v = 2vem — vo. Derive.
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Ballistic Pendulum 1d collision: (i) Initial; (A) after collision m+M stuck together m+M; (B) block reached
final height. Steps to determine v;. Geometry: From L, 6 to h. From h to K 4. From K4 to v;.

(i) to (A): AP = P4 — P;, P, = muvy, Pa = (m+M)va. (A) to (B): AE=AK+ AU =0. AE;;,; =0, why?
Beyond 1d collisions:
Impact parameter b: b decreases, scattering angle increases.

Rutherford scattering: It led to the discovery of nuclei in atoms.

Sec 11.1-9 Angular momentum in rotational motion

Translational rotation: L=Lo =r X p=rpsinfn=r,pn

Angular momentum Principle (AMP) about O (subscript suppressed): dL/dt = 7, 7 = d(r x p)/dt = r, Fi.
Planetary motion: dLo/dt =r x F = 0, since F = —GMm¢t /r?. This implies that Lo = const.

; . AA _ _1 AA _rtip _ L
Kepler’s 2nd law: 27 = const. AA = 57 vAt. JF = 52 = 5=

Angular momentum of multiparticle system: Lot = Lirans + Lirot-

Example: A dumbbell has masses m; = mo = m, separated by 2a. Rotational angular velocity: win.
Assume its cm rotates along n, with a uniform velocity along a ciculr arc, where v, = remws.
The two angular momenta vectors are Lo = 2ma?win and Le,, = QmTEmwgﬁ.

Angular momentum of rotation of a rigid body. Lot et = (Liem, 4 + Lyot) 1.
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AMP for rigid body rotation about A. d;‘—t“ = =gt 4 % =Tem, A X Fem + TrohL

Boy+MGR: Torque, negligible: % ~0. L; = amv;, Ly = ma*wys + Iygr - wy.
Meteorite hits a satellite. Collisions: AP =0, AL = ALn = 0. Use AE =0 to find AE;,;.
Prediction on #. Linear to rotation: v = % tow = %, p=mvtoL=1Iw,F tor.

AMP for Rigid body rotation: AL = 7At leads to Ly — L; = TAt, or wy —w; = TTN.

Position update: 0y = 0; + wqpgAt, where for constant F, wgpg = (ﬂ;—w



