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Solution to April 2016 Challenge

D Back to square one

A circuit below consists of four resistors connected by ideal
wires. The circuit draws power Pif an ideal battery is connected
to either points A and D or points B and C. If the same battery is
connected to either points A and B or points C and D, the circuit
draws power 2P.

What power would be drawn if the same battery is connected to
points Aand C?
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Solution:
Let’s use the following designations:

Ryg=Ry

Rpc=R,

Rep=R;

Rpa=R,
If an ideal battery (¢) is connected to the points A and D,
the equivalent resistance is
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If an ideal battery () is connected to the points B and C,
the equivalent resistance is
1
Rp =7 )
R, T R+R+Rs
In both cases, the circuit draws power P:
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It means that:

Reql = Rqu'

Finally, by using Eqs. (1) and (2), we obtain:
Ry=Ry. (3)
In the same way, if an ideal battery () is connected to the

points A and B, the equivalent resistance is

1
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If an ideal battery () is connected to the points C and D,
the equivalent resistance is
1
e — (5)
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In that case, the circuit draws power 2P
2
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So,
= R 4R,
E — "teq3 an E — “teq4
It means that:
Req3 = Req4'

Finally, by using Eqs. (4) and (5), we obtain:
R, =R;. (6)

By using the result of Egs. (3) and (6) in Egs. (1) and (2),
we obtain:
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By using the result of Egs. (3) and (6) in Egs. (4) and (5),
we obtain: .
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Taking Eqgs. (7) and (8), we obtain:
R, =R (1++/3). ©)

By substitution of the result of Eq. (9) in Eq. (8), we ob-
tain:
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e 3423
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P 243
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If the same battery is connected to points A and C, the
equivalent resistance would be:

R (2 3
g, —RQ3) (11)
2
In that case, the circuit draws power:
&2 (12)
P ==
R,

By using Eqgs. (10), (11), and (12), we obtain the final
solution:

P, =2(23/3—3)P~0.928 P.

(Submitted by José Antonio Santiago Espinal, student, Es-
cuela Politécnica Superior University of Seville,
Seville, Spain)

We also recognize the following successful contributors:

Wayne R. Anderson (Sacramento City College, Sacra-
mento, California, emeritus)

Philip Blanco (Grossmont College, El Cajon, CA)
Phil Cahill (The SI Organization, Inc., Rosemont, PA)

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

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

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

Gerald E. Hite (TAMUG, Galveston, TX)

Charles Holbrow (emeritus, Colgate University,
Hamilton, NY)

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)
Stephen McAndrew (Sydney, Australia)

Daniel Mixson (Naval Academy Preparatory School,
Newport, RI)

Hunter Morris, student (John Tyler Community
College, Midlothian, VA)

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

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

Jacob Owens (John Tyler Community College, Midlothian,
VA)

Michael Pocius, student (John Tyler Community College,
Midlothian, VA)

Pascal Renault (John Tyler Community College, Midlothian,
VA)

Daniel Schumayer (University of Otago, Dunedin, New Zea-
land)

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

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

Clint Sprott (University of Wisconsin — Madison, WI)

Michael Wood (National Institute of Standards and Technol-
ogy)

Wu Yonghao (Tian Yi High School, Wuxi, Jiangsu province,
China)

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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