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What is the buoyant force on a block at the bottom of a

beaker of water?

Carl E. Mungan

Abstract

1 propose that buoyant force be generally defined as the negative of the total weight of the fluids that
are displaced, rather than as the net force exerted by fluid pressures on the surface of an object. In the
case of a body fully surrounded by fluids, these two definitions are equivalent. However, if the object
makes contact with a solid surface (such as the bottom of a beaker of liquid), only the first, volumetric
definition is well defined while the second definition ambiguously depends on how much fluid pene-

trates between the object and the solid surface.

Several recent papers [1-3] have revived ques-
tions about the nature of the buoyant force on a
submerged object that is not fully surrounded
by fluid. Suppose it makes contact with a solid
surface, such as a rectangular block firmly
pressed to the bottom of a beaker of water. An
earlier pair of papers [4-5] suggests that in
such a case the buoyant force has been re-
moved. Others argue that while a buoyant force
still exists, its direction is now downward [6].

The logic behind both of these viewpoints is
evident, but which one is consistent with intro-
ductory physics textbooks? Open your favorite
text and see if it answers this question. You
will probably find that it does not. Conven-
tional books introduce buoyant force by con-
sidering an object suspended in a liquid (per-
haps by a string of negligible cross-sectional
area) so that it is fully surrounded by a single
fluid. Continued on page 4
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Alternatively the body is floating and is thus
surrounded by two fluids. But the question of
what happens when an object is only partly
surrounded by fluid is passed over in silence.

This silence leads to a nontrivial pedagogical
issue for introductory physics [7]. Consider
drawing a free-body diagram for a block on a
table including the effects of the atmosphere.
Should this diagram include a buoyant force
and, if so, in what direction [8]?

To resolve this ambiguity, we need to clarify
the definition of buoyant force [9]. Consider
the following model situation. A block of
lower density than a fluid is held down at the
bottom of a beaker of the fluid as a result of the
reduced pressure inside a suction cup [10] (or
thin o-ring) spanning the block’s bottom face.
The block has mass m and top and bottom sur-
faces of area 4, while the plastic of the suction
cup has negligible mass and volume. Define
Prop to be the fluid pressure at the depth of the

top surface of the block, and let Ppottom,inside
and Ppottom,outside be the fluid pressures at

the depth of the bottom surface of the block re-
spectively inside and outside the volume of
fluid enclosed by the suction cup. The exis-
tence of suction implies that

Ppottom,inside < Pbottom,outside:
The weight of the block is balanced by the dif-
ference in fluid forces on the bottom and top of
the block and by a normal force N exerted by
the semi-rigid side walls of the suction cup,
mg =N+ APpottom,inside ~ 4Ptop- (1)
We can express the pressure inside the suction
cup as the difference between the pressure in
the surrounding fluid at the same depth and the
pressure differential across the membrane of
the suction cup,

Ppottom,inside = Pbottom,outside ~ AP-
This can be substituted into Eq. (1) to obtain
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mg=N+B—F, 2)
where the magnitude of the buoyant force B
has here been defined to be equal to the weight
of fluid displaced by the block, and F' = AAP is
the “holding” force due to the suction.

Although Egs. (1) and (2) are fully equivalent
and both contain exactly one upward and one
downward fluid force term, there are three ad-
vantages of the second equation over the first:
1. We can use Eq. (2) to immediately compute
the minimum force Fip, required to hold the

block down, by setting N = 0. One finds the in-
tuitively appealing result that it is equal to the
negative of the block’s apparent weight mg —
B. In contrast, the hold-down force is not ex-
plicit in Eq. (1).

2. We have separated the variation in fluid
pressure with depth from the pressure differen-
tial AP due to the suction. This is a pedagogi-
cally instructive distinction to make.

3. Equation (2) consistently defines the buoy-
ant force on an immersed object to be upward
and equal in magnitude to the weight of fluid
displaced, even when the object makes contact
with solid surfaces [11]. This definition re-
mains simple and unambiguous if AP is non-
Zero.

Equation (2) also holds for a block (of arbitrary
density) on a table, if we broaden F to include
not just the force resulting from suction, but
also from such effects as surface tension, cold
welding, and electrostatic surface charge inter-
actions when appropriate [12]. But usually
these effects are negligible. With that under-
standing, it is reasonable to ask students,
“What is the magnitude of the force required to
slowly lift the block?” A good first approxima-
tion is its weight mg. If the problem asks us to
account for the effects of the fluid environment
(such as the atmosphere) on an ordinary block,
the correct answer would then be its apparent
weight mg — B [13].

Continued on page 5
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It is only when there is a reasonable expecta-
tion that the block is somehow coupled or
sealed [14] to the table that one needs to in-
clude additional forces F. This is entirely
analogous to how projectiles are treated in in-
troductory physics: One initially takes them to
be in freefall. Subsequently a velocity-
dependent drag force can be added to account
for air resistance. But additional effects such as
lift are only modeled under special circum-
stances.
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