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1 Problem

A boat is floating in water, carrying a box.
The box is thrown overboard where it sinks. How

does the volume of water displaced by the boat
and box change?

2 Definitions
2.1 Variables
e p : density
e V' : volume
e ¢ : gravitational acceleration
e a : acceleration

® M . 1mass

B : bouyant force

o W : weight
2.2 Markings
e 1, : water

e xp: boat (Vg referrs to the volume of water
displaced by the boat)

e 13 : box (V}, referrs to the volume of water
displaced by the box)

e xpp : boat with the box in it (Vpy refers to
the volume of water displaced by the boat
with the box in it)
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2.3 Conventions

e The positive y direction is assumed to be
up.

3 Calculations

The following set of equations represents the vol-
ume of water displaced by the boat with the box
on it, Vpp. It is assumed that the buoyant force
is equal to the weight of the system.

By, = Wpy
puVBrg = (mp-+mp)g
puVBy = mp+my
mp 4+ mp
Vep, = —— (1)
Pw

The following set of equations represents the
volume of water displaced by the boat without
the box, V. It is asumed that the buoyant force
is equal to the weight of the boat.

B = Wpg
pwVBg = mpyg
puwVB = mp
mp
Vg = £ 2
Pw ( )

The following set of equations represents the
volume of water displaced by the box in the wa-
ter, V4, in terms of buoyancy.

By =W, = —myay
PwVbg —mpg = —mpay
o
puVo —my = my }
L g
pw% = My g:|+mb
ap
pw% = My 1_}
L g
Vi = k= p=1-% (3)
Pw g

The numerical values of a, and g are positive,
so their ratio is a positive number. This means
that k< 1.
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The following set of equations represents the
volume of water displaced by the box in the wa-
ter, V4, in terms of its mass and density.

AL my
my
v, = 4
b o (4)

The following set of equations represents the
change in the volume of water displaced between
the first state, V7, when the box is in the boat,
and the second state, V5, when the box is over-
board.

Vi=Vgy, , Va=Vg+V
AV = V-V
AV = Vg+V,— Vg (5)

The following set of equations solves for the
change in volume of water displaced using the
buoyancy representation of the volume of the
box, V4, from (3).

AV = Vg+V,— Vg
AV = mE g et
Pw Pw Pw
AV — mp + kmp — mp — my
Pw
k—1
AV = mb(p)<o (6)

Since k < 1, and (k — 1) < 0, the change in
volume is negative.

The following set of equations solves for the
change in volume of the water displaced using

the density representation of the volume of the
box, Vj, from (4).

AV = Vp+V,— Vg
AV = MB M mp+m
Pw Pb Pw
AV - MBomp-my  my
Pw Pb
Ay = 2o (7)
Pb Pw
Since the density of the box, pp, must be

greater than the density of the water, p,,, in or-
der for the box to sink, the first fraction in (7)
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is smaller than the second, making the change in
the volume negative.

4 Result

It has been found that the change in volume is
negative, which means that the volume displaced
by the boat with the box on it is higher than the
volume displaced by the boat when the box is
overboard. If the boat and box are located in a
finite container, like a canal lock, the water level
in the container will decrease when the box is
thrown overboard.



