Answer on Question #40140, Physics, Mechanics | Kinematics | Dynamics

a) A particle of mass 4.0 kg, initially moving with a velocity of 5. 0 ms with a particle of mass 6.0 kg, initially
moving with a velocity of 5.0ms- 1 collides elastically -8.0 ms-1. What are the velocities of the two particles
before and after the collision in the center of mass frame of reference? What are the velocities of the two
particles after the collision in the laboratory frame?

b) A 30.0 kg girl stands at the rim of a merry-go-round that has a moment of inertia of 2 500 kg m and a
radius of 3.00 m. The merry-go-round is initially at rest. The woman then starts walking around the rim
clockwise at a constant speed of 2. 0 ms-1, i) In what direction and with what angular speed does the
merry-go-round rotate? ii) How much work does the girl do to set herself and the merry-go-round into
motion.

Solution

a)

Before collision

After collision
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1) The laboratory frame.
Given:
m m
m; =4.0kg,m, =6.0kg,vy; =5.0 ?,1721' =-5.0 ’x

Collision is elastic - both the momentum and kinetic energy of the system are conserved.
myVy; + mvq; = mlvlf + mzvzf.

2 2 2 2
MpVy;  MqVy; My Uiy MpVpy

2 2 2 2

My + MV = My Vip + MpVpp = m1(171i - V1f) = mz(”zf - Vzi)-
2 2 2 2
mzzvz‘ mlzv“ = m12171f + mzzvzf - my (v —vi;) = my(viy — v3)).
my (v; — ’712f) = mz(vgf - v3;) = ml(vli - 171f)(171i + Ulf) = mz(UZf - ”2i)(172f + V1)

To obtain our final result, we divide equation m1(171i - Vlf)(vli + vlf) = mz(vzf - v2i)(v2f +

vzl-) by equation m1(171i - vlf) = mz(vzf - vzl-) and obtain

(Vli + Vlf) = (sz + 1721’) - Wy —vy) = —(V1f - sz)-
This equation, in combination with equation m,v,; + m,vy; = myvyf + myvyf give us the final

velocities:
o my—my + 2m, _4.0—6.050+ 2-6.0 (=5.0) = 70m
vlf_m1+mzvll m1+m2v21_4.0+6.0 T 40460 T T s”
2m1 mz - m1 2 " 40 60 - 40

m
V2 = o 2 T 20460 0 "0 5600 20 =30
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The center of mass frame of reference.
Before the collision:

e = Mg + My vy —5p— 6.0-(—5.0) +4.0-5.0 _ 6.0m.
m E Yem  FL my +m, 4.0+ 6.0 s
= = o MUy + My vy — 50— 6.0 (—5.0) +4.0-5.0 _ 4 m
2t vz Tem 2 my +m, 4.0 + 6.0 s

After the collision:

m
ulf = _uli = _6.0?.

m
uzf = Uy = 40;

b) i) If no external agent exerts a torque about the vertical axis through the center of the merry-go-
round, the total angular momentum of the system (girl plus merry-go-round) about this axis
remains constant. When the girl is at rest on the stationary merry-go-round, the total angular
momentum of the system is zero (L; = 0). As the girl starts walking around the axis, merry-go-
round must develop a counterclockwise angular momentum whose magnitude equals of the girl’s
clockwise angular momentum. These two contributions to the total angular momentum will then
cancel each other.

Treating the girl as the point object on the rim of merry-go-round (which r = 3.00 m from the
axis), her moment of inertia about the central axis is I, = mgrz.Taking counterclockwise angular
momentum as positive the girl’s clockwise angular momentum as she walks at constant speed v
relative to the Earth is

v
Ly = —lywg = —(mgrz) (;) = —myrv.

The angular momentum of merry-go-round is L,,, = I,,,w,, and conservation of angular momentum
requires that

Lfinal = Lm + Lg = Li =0or Im(l)m — mg‘r‘[) = 0.
Thus

mgrv  30.0kg-3.00m 2. o2 rad
Wy = L = 2500 kg m S — 0.07ZT counterclockwise.

ii) The work-energy theorem gives the work done by the girl to set this system in motion as
1 2 o 1 2
Whet = KEf — KE; = (Elmwm +Emgv ) —0.

1 rad\? 1 my 2
Wit = 5 (2500 kg - m) (0.072 T) +5(30.0kg) (2. 0?) = 66.5].
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