PHYS 2325: 2D COLLISION

DAVID MILOVICH

Question. Imagine discs sliding on a flat sheet of ice. Disc A, with mass m4 = 0.35kg and
initial velocity ¥4 = 0.752(m/s), hits disc B, which has mass mp = 0.95kg and initial speed
vg = 0.00m/s. After the collision, disc B has final velocity ¥ directed 6 = 42° clockwise from 7.
For simplicity, assume that the collision is elastic and that friction (and all other external forces)
and spin are negligible. What are the final velocities ¥y and 057

Answer. By definition of elastic collision, the total kinetic energy is conserved:

1 1 1 1
§mA(vZ)2 + §mB(U*B)2 =Kj+Kyz=Ks+Kp= §mAU‘24 + §vaj23.

Since all external forces are negligible, the total momentum is conserved:

—»k

maTy +mp¥p = Py + Pp = Pa +Pp =ma¥a + mpUp.
Break up this vector equation into x and y components.

MAVY, + MBVE, =DPa, + Py =PAc +PBr = MAVAz + MBUBy
* * k k
MAVY, +MBUR, = Pa, +Ppy = PAz +PBz = MAVAy + MBUBy

Thus, we have three equations and apparently six unknowns, v%, v, vzy, Vhy Uhys v*By. However, we
can use # and a little geometry get the remaining equations we need. By elementary trigonometry,
vp, = vpsinf and U*By = vjcosf. Also, note that va, = v4, vay = 0, and vp, = vy = vp = 0.
Our three equations now simplify:

1 *\2 1 *\2 1 2
2ma(vi)” +gmp(vp)” = gmavy
mavy, + mpupsingd = mava

mszy +mpvicos =0

Solve the last two equations for v%, and ’Uzyi

1 .
{ Oy :UA—lmA mpvlsinf
* _ — *
Vi ="My mpvg cos 0

Apply the Pythagorean Theorem to ©:

(h)? = (vha)? + (v,)°
= (va —m 'mpvlsind)? + (—my'mpv} cosh)?
= v} — 2vam 'mpulsind + m*m%(vy)?sin? 0 + m2m% (vl)? cos?

g | . iy}
=v4 — 2vam ' mpugsing + m*m%(vE)?
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Substitute this formula for (v%)? into our simplified equation for the conservation of kinetic energy
and solve for v7:

gmavy = sma(vy)® + smp(vh)?
smavy = gma(v} — 20am ' mpu sinf +m*m%(vE)?) + smp(vp)?
mavy =ma(vy — 2vam I mpulsind + mPm%(vh)?) + mp(vi)?
mAvE‘ = msz‘ — 2ugampujsing + mzlm%(’v*B)Q + mB(v*B)2
0 = —2uampvising +m'm%(vh)? + mp(vh)?

1

0 =vjh(—2vampsind + m, ' mivy + mpvp)

The product of two quantities is zero exactly when one (or both) of the factors is zero. The first
possibility, vj; = 0, corresponds to the physical situation in which disc A merely passes by disc B
without hitting it. By assumption, disc A actually hits disc B, so vj; # 0 and the other factor is
Zero:

0 =—2v4mpsinf + mzlm%vg +mpuy
0 =—2vq4mpsinf + (mglmQB—kmB)v*B
. -1
2uampsing = (m}, m% +mp)v
2uamampsind = (m% +mamp)vy
2uamamp sin 0 =t
mQB—I—mAmB B

2vam 4 sin O

S *
mp+ma =Up

Now plug our solution for vy into v%,, vzy, Vg, and v*By. As an optional step, we can simplify
using the double-angle formulas cos 20 = 1 — 2sin? 6 and 2sin 0 cos = sin 26.

Uy = va = mylmpvlsing = v - 2amasstt — talmatmal  Sumestt - salnadpn ol
U,txy _ _m;llmB,U*B cosf = _211,47:;;?2;9;050 _ _vénnlijilnjje

U, = vy sing = 2ABATHL - naraloiet

U*By _ U*B cos ) = QUAzgiirrlnGAcosﬁ _ U%Triﬁrsri;lBQO

Plugging in our given values for ma, mp,v 4,0 into our above solutions, we get:

Ty =it +vh,d = (0.2592132 — 0.5450755)(m/s)
Ty =i+ vjh,J = (0.180816% + 0.2008175)(m/s)

Rounding to 2 significant figures, our final answers are o% = (0.261 — 0.557)(m/s) and @ =
(0.187 + 0.207)(m/s).



Confirmation. Let us numerically test our answers. The momenta below are in meters per
second; the kinetic energies are in Joules.

MAvAz + mpvpe = (0.35)(0.75) + (0.95)(0) = 0.2625
mavh, +mpvly, = (0.35)(0.259213) + (0.95)(0.180816) = 0.262500

MAVAy + MBUBy = (0.35)(0) 4 (0.95)(0) =

0
mavty, +mpvl, = (0.35)(—0.545075) + (0.95)(0.200817) = 0.000000

Imavd + impoy = (0.5)(0.35)(0. 5626) + (0.5)(0.95)(0) = 0.0984375
3ma(vy)? + gmp(vg)® = gma((vh,)” + (vh,)?) + gme((vE,)? + (vh,)?)
(0 5)(0.35)(0. 0671912 + 0. 297106) + (0.5)(0.95)(0.0326946 + 0.0403274)



