Physics Cup — TalTech 2019 — Problem 4. March 17, 2019

Consider an infinite square grid of resistors. Let us introduce coordinates x
and y so that all the nodes are at integer coordinates (n,m), with n,m € Z.
For this grid of resistors, all the horizontal resistors, i.e. the resistors between
node pairs [(n,m), (n 4+ 1,m)], have the same resistance R; all the vertical
resistors, i.e. the resistors between node pairs [(n,m), (n,m + 1)] have the
same resistance r. It appears that for such a grid, the effective resistance
R, between the nodes (0,0) and (n,n) equals to
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this formula can be used in your solution. By how much will change the
effective resistance between the nodes (0,0) and (1,1) when the nodes (n,n)
and (n 4+ 1,n + 1) are connected with a piece of wire of negligibly small
resistance? In other words, determine R}, — Ry;, where R}, is the new
effective resistance between the nodes (0,0) and (1,1) after short-circuiting
the nodes (n,n) and (n+ 1,n + 1). Assume that n > 1.

Hint 1 (17th Mar. 2019). There are two ways of solving this problem:
(a) using an equivalent 4-port circuit made of 6 resistors; (b) making use of
the superposition principle — you need to apply it twice. Mathematically,
approach (b) is simpler. With (a), the complexity of the algebra depends
on the choice of the equivalent circuit (similarly to A and Y-connections for
3-port circuits, different circuits can be used).
By the end of the second week of the second problem, there were
400 registered participants from 54 countries; among them there were 201
high school students, and 199 university students. During the week, in to-
tal 15 solutions of the fourth problem were submitted, out of which 12 were
correct. For the university students, there is still a chance of getting the
speed bonus!



Correct solutions submitted by 17th March 2019:

Name country Uni/PreUni  subm. date/time (GMT)
Johanes Suhardjo Indonesia HKUST 10 Mar. 2019 15:42
Felix Christensen UK Oxford 10 Mar. 2019 19:54
Stefan Dolteanu Romania  PreUni 10 Mar. 2019 20:55
Thomas Foster UK Oxford 11 Mar. 2019 10:33
Ionel-Emilian Chiosa Romania  PreUni 11 Mar. 2019 12:40
Siddharth Tiwary India IIT Bombay 11 Mar. 2019 14:34
Tung Tran Xuan Vietnam  PreUni 11 Mar. 2019 19:52
Vladislav Polyakov Russia PreUni 12 Mar. 2019 06:41
Oliwier Urbanski Poland PreUni 12 Mar. 2019 14:34
Eduard Burlacu Romania  PreUni 13 Mar. 2019 16:52
Péter Elek Hungary  PreUni 13 Mar. 2019 17:41

Mateusz Kapusta Poland PreUni 13 Mar. 2019 22:49



