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Solution to February 2016 Challenge

D Lord of the ring

A cube with edge ais placed at the bottom of a cylindrical ves-
sel with the cross-sectional area 3a2. The vessel also contains
oil and water that behave, well, like oil and water. The densities
of water, oil, and the cube are, respectively, d, 0.8d, and 2d. The
depths of the water and oil layers are, respectively, 0.5aand a.

Find the minimum amount of work required to pull the cube
completely out of the liquid.

Solution:

The work required to raise the cube out of the liquids
is equal to the change in the gravitational potential energy
U of the cube and the fluids when the cube is on top of the
fluids. From the initial conditions, one can determine the
following: s
V. = volume of water = 3a’ [ﬂ] 2 _g,

2) 2
3 3
V. = volume of oil = 3a’ —% = 5%.

In order to determine U for the initial configuration,
you first locate the centers of mass of the cube and each of

the regions of fluid (A, B, C, as shown in the figure below).
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Since the density of each object/region is uniform, its
center of mass (COM) is located at its geometric center, as
shown in the table below.

After the cube has emerged from the liquids, the liquid
levels can be recalculated.

For the water, h = a>/(3a%) = a/3. For the entire fluid
(water and oil), H = (3.5a%) / (3a?) = 7a/6. (See the figure
below.)
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The positions of the centers of mass of cube, water,
and oil in this final configuration can then be calculated,
as shown in the table. (We will assume that the densities
given are weight densities.)

(The base of the vessel has been chosen as the zero
level for calculating gravitational potential energy.)

ORIECT Weight Volume COM height GPE
density
cube 2d a’ Sa da’

A {water) d a’ 25a 25da’
B .8d a’ T5a 0.6da’
C (il Bd l.5a 1.25a l.3da’

Initial configuration: L, | 33sda
cube 2d a 5a/l3 (nhnda’
waler d a a6 i1dat

ol sd 2.5q 0.75a 1.5da’
Final configuration: 8 Sda’

Therefore, the work done by the lifting force is
W=U- U, = 1.65 da*.

Note: if d is assumed to be the mass density,
W = 1.65 dga*.

(Submitted by Norman Derby, Curry Community
College, Brookings, OR)

THE PHYSICS TEACHER & Vol. 53, 2015



We also recognize the following successful contributors:

Phil Cahill (The SI Organization, Inc., Rosemont, PA)

David A. Cornell (emeritus, Principia College, Elsah,
IL)

Haoqin Deng (Wuxi Big Bridge Academy, Wuxi, Ji-
angsu, China)

Daoyang E (Wuxi Big Bridge Academy, Wuxi, Jiangsu,
China)

Don Easton (Lacombe, Alberta, Canada)
Supriyo Ghosh (KolKata, India)

Fredrick P. Gram (Cuyahoga Community College,
Cleveland, OH)

Gerald E. Hite (TAMUG, Galveston, TX)
Art Hovey (Galvanized Jazz Band, Milford, CT)

José Ignacio Ifiguez de la Torre (Universidad de Sala-
manca, Salamanca, Spain)

John Mallinckrodt (Cal Poly Pomona, Pomona, CA)

Carl E. Mungan (U. S. Naval Academy, Annapolis, MD)

Thomas Olsen (Dar Al Uloom University, College of
Medicine, Riyadh, Saudi Arabia)

Pascal Renault (John Tyler Community College, Midlo-
thian, VA)

Joseph Rizcallah (School of Education, Lebanese Uni-
versity, Beirut, Lebanon)

Robert Siddon (U. S. Naval Academy, Annapolis, MD)

Jason L. Smith (Richland Community College, Decatur,
IL)

Many thanks to all contributors; we hope to hear from many
more in the future. We also hope to see more submissions of
the original problems - thank you in advance!

*(Adapted from “Olimpiadnye Zadachi po Fizike” by M. Ba-
kunov and S. Biragov, Ré»C Dynamics, Moscow-Izhevsk,
2006)

Guidelines for contributors:

— We ask that all solutions, preferably in Word format, be
submitted to the dedicated email address
challenges@aapt.org. Each message will receive an auto-
matic acknowledgment.

— The subject line of each message should be the same as the
name of the solution file (see the instructions below).

- The deadline for submitting the solutions is the last day of
the corresponding month.

- We can no longer guarantee that we’ll publish every suc-
cessful solver’s name; each month, a representative selec-
tion of names will be published, both in print and on the
web.

- Ifyour name is—for instance—Donald Duck, please name

the file “Duck16May” (do not include your first initial)
when submitting the May 2016 solution.

- Ifyou have a message for the Column Editor, you may
contact him at korsunbo@post.harvard.edu; however,
please do not send your solutions to this address.

As always, we look forward to your contributions and hope
that they will include not only solutions but also your own
Challenges that you wish to submit for the column.

Many thanks to all contributors and we hope to hear from
many more of you in the future!

—Boris Korsunsky
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