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The final thing that I would like to report is
that we have reached our goal to endow the
Excellence in Physics Education Award. An
endowed award must raise $100,000 in order
to be established. We had a great response
from FEd members, the FEd itself matched
$30,000 in contributions, and a gift from the
Lounsbery Foundation put us over the top. I
hope that many of our members will consider
nominating outstanding groups that have made
national contribution to physics education at
any level for this award. Wolfgang Christian,
who spearheaded the fund-
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raising effort, will Chair the first award committee.
So with the passing of the gavel we have a new
Chair. I have enjoyed my role in the FEd leadership for the past few years, and I look forward to the coming year as past-Chair (which
has the lightest duties!). I hope that some of
you reading this who have never run for office
in the FEd will consider doing so, and that you
will get as much out of the experience as I
have.
Ramon Lopez is Professor in the Department
of Physics and Space Sciences at the Florida
Institute of Technology in Melbourne, Florida
and Chair of the Forum on Education

What is the buoyant force on a block at the bottom of a
beaker of water?
Carl E. Mungan
Abstract
I 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 penetrates between the object and the solid surface.
Several recent papers [1-3] have revived questions 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 removed. 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 introductory physics textbooks? Open your favorite
text and see if it answers this question. You
will probably find that it does not. Conventional books introduce buoyant force by considering an object suspended in a liquid (perhaps 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 surfaces of area A, while the plastic of the suction
cup has negligible mass and volume. Define
Ptop to be the fluid pressure at the depth of the
top surface of the block, and let Pbottom,inside
and Pbottom,outside be the fluid pressures at
the depth of the bottom surface of the block respectively inside and outside the volume of
fluid enclosed by the suction cup. The existence of suction implies that
Pbottom,inside < Pbottom,outside.
The weight of the block is balanced by the difference 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 + APbottom,inside − APtop. (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,
Pbottom,inside = Pbottom,outside − ∆P.
This can be substituted into Eq. (1) to obtain

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 = A∆P is
the “holding” force due to the suction.
Although Eqs. (1) and (2) are fully equivalent
and both contain exactly one upward and one
downward fluid force term, there are three advantages of the second equation over the first:
1. We can use Eq. (2) to immediately compute
the minimum force Fmin required to hold the
block down, by setting N = 0. One finds the intuitively 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 explicit in Eq. (1).
2. We have separated the variation in fluid
pressure with depth from the pressure differential ∆P due to the suction. This is a pedagogically instructive distinction to make.
3. Equation (2) consistently defines the buoyant 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 remains simple and unambiguous if ∆P is nonzero.
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 interactions when appropriate [12]. But usually
(1)
these effects are negligible. With that understanding, it is reasonable to ask students,
“What is the magnitude of the force required to
slowly lift the block?” A good first approximation 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 expectation that the block is somehow coupled or
sealed [14] to the table that one needs to include additional forces F. This is entirely
analogous to how projectiles are treated in introductory physics: One initially takes them to
be in freefall. Subsequently a velocitydependent drag force can be added to account
for air resistance. But additional effects such as
lift are only modeled under special circumstances.
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Carl E. Mungan is Assistant Professor of Physics at the U.S. Naval Academy in Annapolis,
Maryland. He can be reached via email at
mungan@usna.edu.

A Ph.D. in Any Language: World Year of Physics Country
Profiles
A FGSA newsletter article
Ben Brown
So what does it take to be called “Doctor” the
world over? Is a D.Phil. the same as a Ph.D.?
Do students in China receive government support for a terminal degree in physics? How is
the traditional path to professorship in Germany being challenged?
These questions (and many others) were recently addressed by an American Physical Society Forum on Graduate Student Affairs
(FGSA) project to uncover the often overlooked differences between graduate education
systems in the U.S. and other countries.
To honor the World Year of Physics in 2005,
FGSA embarked on a year-long project to
learn more about physics graduate study in
countries around the world. Young scientists
in a number of countries gave generously of
their time to prepare short articles summarizing
their path to a Ph.D. (or equivalent degree), as
well as describing some of the notable physics
research currently undertaken in their native
country. These country profiles can be read in
their entirety on the FGSA website at
[http://www.aps.org/units/fgsa/worldyearprofil
es.cfm].
Physics is an inherently international endeavor.
Historically, the diversity of physics research
programs in the U.S. has attracted students and
researchers from numerous countries. When I

first joined my doctoral research group at the
University of Rochester, I was one of only two
Americans in a group that included citizens
from Argentina, Brazil, France, Mexico, the
United Kingdom, and Poland. Yet aside from
lunch-time conversations, we students were
relatively unknowledgeable regarding the variety of graduate research experiences in countries outside our own.
Across Europe, there is significant variety in
the path to the Ph.D. In Germany, students
seeking a doctorate first must complete a Diploma Thesis---essentially a research thesis
masters degree. In the U.K. and France, a
Ph.D. (D.Phil. in the U.K.) is nominally three
years in length---extremely short compared to
the six-to-seven year average length of a Ph.D.
obtained in the U.S. This difference is in part a
result of the broadly differing philosophies of
the American and European undergraduate and
school-age educational systems. The European
system tends to emphasize academic specialization at an earlier age, while the American
system stresses exposure to a wide variety of
subjects. For example, British undergraduates
typically take courses exclusively in their major subject, permitting a reduced emphasis on
formal coursework at the graduate level as
compared to the American system.
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