Physics Challenge for 5o, coumn s
Teac h e rS a n d St u de nts korsunbo@post.harvard.edu

Solution to September 2009 Challenge

D Half and Rough

Challenge: A small block slides down a slanted board
when released. The upper half of the board is smooth
and the lower is rough, so that the acceleration of the
block on the smooth half is three times greater than it
is on the rough half. The block reaches the bottom of
the board in time t;. The board is then flipped so that
the upper half is rough and the lower part is smooth,
and the block is released from the top again. This time,
the block reaches the bottom of the board in time t,. In
both cases, the board makes the same angle with the
horizontal. Find the ratio t;/t;.

smooth

rough

Column Editor’s note: Many readers went
“above and beyond” finding the answer and pro-
vided the comments that would no doubt be use-
ful and interesting to anyone seeking to extract the
most out of this problem. As an exception to the
usual format, I will also post some of those “extra”
comments following the solution.

Solution: We analyze the general situation calling
each half of the total distance L and the accelera-
tion on the two surfaces to be A and NA, where IV
is a positive constant such that 0 < N =1 (indi-
cating that the rough surface comes second and
has smaller acceleration). Using constant accelera-
tion kinematics for each of the two parts of the
motion, we have for the first distance L in time 7*

v=uv,+at — v=AT. (1)

Ax=unAtt—alf = L=—(ATY -

@
T= %
A

Now, for the second part of the motion, we have
(with 73 meaning total time to the bottom)

Ax =y,At +%(4)At2 —  L=(AT)(#,—T)

+ (A, ~ T G)

Substituting Eq. (2) into Eq. (3) and rearranging
with some algebra leads to

%NA ta +(A—NW2LA t, +(N —3)L =0,

which has positive physical solution

ty =

(N —DV2LA +\2LAN —1)* —4(L)(N —3)(2 NA)
NA
_ \/z N—1+N+1

A

N
By choosing the acceleration for the first trip on
the first surface to be A with the second half of the
trip having acceleration NA, when the reverse trip
is considered, the substitutions required into Eq.
(4) to find the time would be to let NV — (1/N)
and then substitute A = (/VA) .

With this information, the ratio of the times for

(4)

smooth start to rough start becomes
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The graph shows the ratio of times for this prob-
lem as a function of the value of V.

Time ratio as a function of N
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For the problem of interest, we have NV = 1/3,
leading to a time ratio of
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(Contributed by Michael C. Faleski, Delta College,
Midland, MI)

Comments, addition, alternatives:

1. One can draw free-body diagrams of the block
on each half of the board to straightforwardly
show that the coefficient of kinetic friction on
the rough section must be ft, =% tan6. Recall
that coefficients of static friction are larger than
the corresponding coefficients of kinetic friction.

We must assume, however, that the coefficient

of static friction is smaller than g = tan® as
otherwise the block would not begin to slide when
placed at rest on the rough end of the board. But
other than that, we do not need to know the value
of the coefficients of friction in order to solve the

problem.

2. Not only did the solution not require knowl-
edge of the values of i, it does not in fact require
knowledge of g and ag separately but only of
their ratio ag/ap = 3. For example, there could be
friction on both halves of the board, but with one
half rougher than the other such that the ratio of
accelerations remains 3. The value of #,/#, in Eq.
(8) would then remain unchanged.

(Contributed by Carl E. Mungan, U.S. Naval

Academy, Annapolis, MD)

The kinematical analysis can also be conducted
entirely in terms of velocities. On a velocity-
versus-time graph, the paths representing the two
slides form the sides of a parallelogram. We will
be interested in the times at which the velocity for
each slide reaches its final value.
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If we use the acceleration a which the block
experiences on the “smooth” section as a reference,
and the length of each section is Z, the block start-
ing from rest undergoes increases in velocity on the
smooth or rough sections given by

(Av)! =24 L , (Ao} =2(5a)L = 2al

For the slide with the smooth section encountered
first, the final velocity is given by

v = (Av)? + 2(%;15)]4,

while for the slide with the rough section encoun-
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tered first, the final velocity is found from

v; = (Av)! + 24 L. Hence, for both slides, the
block, which starts from rest, reaches the bottom
with final velocity

v = %ﬂs L.

(This also follows from work-energy consider-

ations.)

(Contributed by Gregory Ruffa, University of
Minnesota, Minneapolis, MN)

Assuming that the accelerations are non-zero, but
their ratio, A = a;/a,, is extremely large, the accel-
eration on the top half of the board is much larger
than on the rough side, i.e. A >> 1.
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(Contributed by Daniel Schumayer, University of
Otago, Dunedin, New Zealand)
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Quebec, Canada)

R. C. Dhandhania (KalraShukla, Mumbai, India)

E Javier Doblas (Escuela Técnica Superior de Ing-
enieros, Sevilla, Spain)

Don Easton (Lacombe, Alberta, Canada)
Hasan Fakhruddin (The Indiana Academy for Sci-
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University, Muncie, IN)

Fernando Ferreira (Universidade da Beira Interior,
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J. Iniguez (Universidad de Salamanca, Salamanca,
Spain)

David Jones (Florida International University, Mi-
ami, FL)

Philip Keller (Holmdel High School, Holmdel, NJ)

Loh Lay Kuan, student (NUS High School of

Mathematics and Science, Singapore)

Stephen McAndrew (Trinity Grammar School,
Summer Hill, NSW, Australia)
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Bangor, ME)

Matthew W. Milligan (Farragut High School,
Knoxville, TN)

David Mills (College of Southern Nevada, Hender-
son, NV)

Bayani I. Ramirez (San Jacinto College South,
Houston, TX)

Anthonie Reijm (Edgewood Jr./Sr. High School,
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Pascal Renault (John Tyler Community College,
Chester, VA)

Rachel Shirron, student (Gordon College, Wen-
ham, MA)
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Jason L. Smith (Richland Community College, De-
catur, IL)

Cissio dos Santos Sousa, student (Colégio Objetivo,
Sao Paulo, Brazil)

Clint Sprott (University of Wisconsin — Madison,
WI)

Sam Terfa (Minnehaha Academy, Minneapolis,
MN)

Michael Threapleton (Centralia College, Centralia,
WA)

Leo H. van den Raadt (Heemstede, The Nether-
lands)

Carl Weaver (Georgia Institute of Technology, Al-
pharetta, GA)

Kuan Xiang Wen, student (NUS High School, Sin-
gapore)
Chee Leong Wong, student (NUS High School of

Mathematics and Science, Singapore)
Katherine Young, student (CNU high School, Bei-
jing, China)
John B. Zacharias (Edgewood Jr./St. High School,
Merritt Island, FL)

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

Please send correspondence to:
Boris Korsunsky
korsunbo@post.harvard.edu

THE PHYSICS TEACHER o Vol. 47, April 2009 271



