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The superconductor Hotshot Operational Research Team (SHORT), a division of ACME, has been producing an electronic device, called the Fortified Utility Switching Engine (FUSE), for the Bureaucratic, Large, Overblown, Washington Network (BLOWN), a branch of the federal government.  The SHORT FUSE has been manufactured under strict specifications, which SHORT has supposedly upheld.  Recently, however, some of the BLOWN FUSEs have begun to fail, and BLOWN is preparing to cancel its contract with ACME, claiming that the SHORT FUSEs have not been manufactured to specifications.

Naturally, SOLVE has been called in to investigate this matter.  Since you have much expertise in this area, you have been selected by Biro Kratt as the individual responsible for discovering just what is going on and who is to blame.  The successful completion of this project may well allow SHORT to retain its multimillion-dollar contract with BLOWN.  A personal salary increase may also be in the offing if you are successful.

The FUSE is a complicated device, but the problems which BLOWN is having are all located in a small part of the circuitry.  This part of the circuitry is displayed in the schematic diagram opposite.  The object listed as V is a six-volt battery, and the 28 resistors are placed as shown.  In addition, with certain options on the FUSE enabled, there may or may not be an auxiliary 1.5 volt battery at A.  All of the BLOWN FUSEs have been failing at B, a sensitive black box that is not designed to handle more than 0.6 ampere of current.  In addition, the wiring is delicate enough so that it will melt if the current ever exceeds 0.9 ampere at any point. [image: image1.png]VVV

Rag <

AAA
VVVYV





BLOWN is claiming that on of the two specifications, and perhaps both, are not being met by SHORT.  Thus, you are going to have to solve for the current throughout this device to determine if the current at any point exceeds 0.9 ampere.  In addition, you must determine whether the current through B ever exceeds 0.6 ampere. The actual black box placed at B is not manufactured by SHORT, and its circuitry is unknown.

You will solve this problem by using the current loop law.  This law says that, for any loop, the sum of the voltages around the loop must be zero.  The relationship between the current i, the voltage v, and the resistance r is v=ir.  This means that across each resistor there is a voltage drop of ir, where i is the current through the resistor.  The battery V produces a voltage of six volts, while A may or may no produce 1.5 volts.  Each of the 16 loops given in the schematic diagram may be considered to have a current flowing around it in the clockwise direction (counter-clockwise if you happen to be right-handed).  In addition, currents through wires that are common to two loops may be summed.  Thus, the current through R18 is given by i1-i3, since i1 and i3 are flowing in opposite directions through R18.  Thus for each loop, a linear equation may be written involving the variables i1, i2, …, i16, since all of the resistances are known.

Your job will be to solve two linear systems, corresponding to the cases when a 1.5-volt battery is absent or present at A.  Thus you must construct a 16 x 16 matrix and two 16-component vectors.  Try to use as efficient a method as possible for this problem.

The resistors given in the diagram have the following values:  R1 is a 4( (ohm) resistor.  R2, R4, R5, R7, R9, R10, R11, R12, R14, R18, R19, R20, R25 R26, and R27 are 2( resistors, and all of the rest are 1( resistors.

Write up a detailed project summary describing your solution method, and the results.  In particular, try to determine if SHORT has not built the FUSE to specifications.  If not, then determine who is responsible for causing the FUSE to fail.  It is not your job to acquit SHORT; it is your job to discover the truth and report it.

