
Physics Challenge for 
Teachers and Students

◗ Fit for an I-V League
A circuit consists of an emf source and five resistors 
with unknown resistances. When an ideal ammeter 
is connected to points 1 and 2, its reading is I. When 
instead a resistor R is connected to the same two 
points, the current through that resistor is i. What 
would be the reading V of an ideal voltmeter if it is 
connected to points 1 and 2 instead of the resistor?

This Challenge attracted a very large number of 
contributions, most of them correct. Some of the 
solvers worked through Kirchhoff ’s rules, whereas 
others opted to use Thévenin’s theorem (which is 
rarely covered in introductory physics courses). 
What follows are two solutions that used these 
two different methods.

Solution 1: 
Let us call the resistances R0, R1, R2, R3, and R4 
and the emf source ε, as shown in the diagram. 
Imagine also there is a generic resistance RM 
between terminals 1 and 2. The assumed electric 
current flowing through each resistor is shown by 
an arrow next to the resistor. Later we will set 

RM = 0 for an ideal ammeter, and IM = 0 for an 
ideal voltmeter placed between the two terminals.
By applying Ohm’s law (or Kirchhoff ’s voltage 
law) around the loop abcda and the loop aefda, we 
obtain the following equations,

The writing will be simplified if we introduce an 
abbreviation Rijk… � Ri + Rj + Rk …; with this 
notation, the equations above become
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From here we can solve for I1 and I2 in terms of 
ε, IM and all the Rs by using the usual elimination 
process. For example, we can multiply the first 
equation with R024 and the second with R0, and 
then subtract the second equation from the first; 
we obtain 
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In the same way, if we multiply the first equation 
with R0 and the second with R013, and then sub-
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tract the second equation from the first, we can 
solve for I2 to get
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The potential difference between terminal 1 and 
2 is V12 = Ve2 – Vb1 = I2R2 – I1R1. Substituting 
the currents I1 and I2 above, we can write V12 in 
terms or ε, IM and all the R’s, 
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Overlooking the details, this potential difference 
can be written as

V12 = ε A – IM B,          (6)

where the coefficients A and B represent the fac-
tors inside the parentheses which depend only on 
the resistances in the circuit. 

When an ideal ammeter (RM = 0) is placed be-
tween terminals 1 and 2, the potential difference is 
V12 = 0 and the current reading is IM = I. With this 
information, Eq. (6) yields

εA = IB.           (7)

Next, when a resistance R is placed between ter-
minals 1 and 2, IM = i and V12 = iR; Eq. (6) now 
yields

iR = εA – iB = IB – iB.           (8)

Here we have used Eq. (7) to replace εA with IB. 
Solving for B, we get
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Finally, when an ideal voltmeter is placed between 
terminals 1 and 2, IM = 0, and so the reading of 
the voltmeter is V12 = εA – 0 = IB, or

V R12 =
−
I i

I i
.
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 (Submitted by Erwin Sucipto, Bethel College, 
Mishawaka, IN)

Solution 2. 
The “linear superposition principle” allows us to 
state that if we choose two points (1 and 2) of 
an electric circuit composed by linear elements 
(sources, resistors, capacitors, and inductors), the 
behavior from the viewpoint of the load connect-
ed to those points is equivalent to a simple circuit 
composed by an ideal voltage source in series with 
an impedance. (It is known as the Thévenin’s 
equivalent circuit. There is also another equivalent 
circuit, composed by an ideal current source in 
parallel with an impedance, the Norton’s equiva-
lent circuit.)
Therefore, for our dc circuit we will have:
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Therefore, the reading of an ideal voltmeter con-
nected to points 1 and 2 will be obviously:
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This problem suggests an interesting procedure for 
obtaining the Thévenin’s (or Norton’s) equivalent 
in electric circuits. It is enough to experimentally 
measure I (with an ideal ammeter connected to 
points 1 and 2) and i for a known resistor R (or 
impedance Z in ac circuits) between these points.

(Submitted by José Ignacio Íñiguez de la Torre, 
Universidad de Salamanca, Salamanca, Spain)
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We would also like to recognize the following con-
tributors:

John Bialek, Daniel Cartin, Daniel Mixson, 
Isaac Sullivan (team solution, Naval Academy 
Preparatory School, Newport, RI)

Hubert N. Biezeveld (Zwaag, The Netherlands) 
Phil Cahill (Lockheed Martin Corporation, North 

Yorkshire, United Kingdom)
R.C. Dhandhania (Navi Mumbai, India)
Don Easton (Lacombe, Alberta, Canada)
Michael C. Faleski (Delta College, Midland, MI)
Fernando Ferreira (Universidade da Beira Interior, 

Covilhã, Portugal)
Fredrick P. Gram (Cuyahoga Community College, 

Cleveland, OH)
Art Hovey (Milford, CT)
Per-Olof Jansson (Stockholm, Sweden)
David Jones (Florida International University, 

Miami, FL)
Loh Lay Kuan, student (NUS High School of 

Mathematics and Science, Singapore)
William J. Leonard (University of Massachusetts, 

Amherst, MA)

John Mallinckrodt (Cal Poly Pomona, Pomona, 
CA)

Arnold F. McKinley (The Marin School, Sausalito, 
CA)

Eugene P. Mosca (U.S. Naval Academy, Annapolis, 
MD)

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

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

Bill Nettles (Union University, Jackson, TN)
Pascal Renault (John Tyler Community College, 

Chester, VA)
McLouis Robinet (Oak Park, IL, retired)
Clint Sprott (University of Wisconsin, Madison, 

WI)
Leo H. van den Raadt (Heemstede, The 

Netherlands)

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
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