6. Birps (4 points) — Solution by Jaan Kalda.
Let us consider the torque balance with re-
spect to the beam’s centre of mass. Note that
as the beam is long and thin and the other
end of the beam doesn't rise above the wa-
ter, the beam will stay approximately hori-
zontal, which we will use to calculate the mo-
ment arms. First, the beam’s weight acts at
its centre of mass, creating zero torque. The

second contribution comes from the buoy-
ancy force that can be split into two compon-
ents: the upward buoyancy force as if the en-
tire beam were submerged (acts at the centre
of mass, creating zero torque), and the down-
ward “missing” buoyancy force of the trian-
gular section above water (creates a torque).
This missing buoyancy force F' is what be-
comes a real buoyancy force once additional
birds land and press the beam fully under-
water; if the length of the beam is L then
the arm of this force is the distance from the
centre of mass of the beam to the centre of
mass of the triangle which is at the intersec-
tion point of medians, which are a distance
2L away from the bird. Thus the moment

arm of F is ( — 3)L = %L. The arm of

the bird’s weight mg is 3L, hence 1L - mg =
iL-F,ie. F = 3mg. This means that addi-
tionally, the beam can support up to 3 more
birds, 1.e. 4 birds in total.

Note: according the official solution, the
answer does not depend on how much of the
beam is left in the water nor on any other un-
known properties of the beam. As such, fix-
ing any of these parameters does not create a
maximum condition.

Grading (preliminary)

- Used any correct torque balance 0.6 pts
- Used any correct force balance with the

bird present 0.3 pts
- Moment arm for the force of the bird
0.2 pts
- Explicitly stated or derived the center of
mass of a triangle 0.6 pts
- Moment arm for the buoyancy force 0.3 pts
+ Justified numerical answer (4) 0.3 pts

- A final solution that does not depend on fix-
ing any unknown parameters 2 pts



