9. TriANGLE (5 points) — Solution by Tudor
Plopeanui.

A

Let us consider points A, where the de-
tached ball is, and M, the middle point of the
remaining string. Let G be the center of mass
of the three balls, lying on the segment [AM]
such that GA = 2GM.

As the same gravity force acted on all
the balls, we can consider their free-falling
frame and note that our lab-frame picture is
simply a translation of a similar picture taken
in the free-falling frame. As such, we can
work in the free-falling frame, and assume
that both the detached ball and the center of
mass of the other two balls have moved in a
straight line (A and M have moved linearly
in time). The overall center of mass, G, has
not moved at all.

One can easily find the length of the rope
from the picture, let us denote it as . Be-
fore the ropes snapped, the balls were rotat-
ing around @G, their trajectories being tan-
gential to the circle of center G and radius

?l. The ball which detached continued in



this trajectory until it reached point A. As
such, we know that the length the ball has
traveled is equal to the length of its tangent to

C(G,*31). This length is \/AG2 — & = 4T,
where v is the speed of the detached ball.

For the two balls that are still attached,the
angular momentum they had with respect to
their center of mass s preserved, and as such
they have been rotating around it with speed

@v. The angle by which they have rotated

50 = MEap - VIR _ [y

For a measured value of % ~ 48,60 ~55
radians.

We can discover the same angle geomet-
rically: let us consider the tangents from M

to C(G, ?l). Each line represents a case,
whether the rotation was clockwise or coun-
terclockwise. The string that remained at-
tached went alongside each of these lines,
respectively, when the other two strings
snapped. The "top” line represents clock-
wise rotation and the "bottom” line repres-
ents counterclockwise rotation. As such,
the angle should be measured clockwise and
counterclockwise respectively. The one most
fitting is for the counterclockwise rotation.

Grading: (preliminary)

- Student displays knowledge of the situ-
ation (rotating in a plane perpendicular to
the ground etc.) (0.5 pts)

- Determines COM (0.5 pts)

- Draws (or detailed describes) trajectory
after separation and does so correctly
(paralell but not colinear lines of COM-
travels etc.). (0.5 pts)

- Showing that w; = ws (triangle and two-
connected balls) (1 pts)
+ For each formula: v; = w;r, s1 = T,

a = wsT (0.2 pts)
» Correct final expression a = * (0.4 pts)

+ Correct final value @« = 5.6 rad (with
some tolerance for measurement errors)
(0.5 pts)

- For (ii): full marks if correct. Requires (i)
to be correct. Answer is counter-clockwise.
In exceptionally well motivated cases, half
marks are awarded for correct reasoning

even from incorrect answers in part (i).
(1pts)



