ECE 109 - EQUIVALENT CIRCUITS - INVESTIGATION 17
EQUIVALENT RESISTANCE
SUMMER 2007 A.P. FELZER

To do "wel" on thisinvestigation you must not only get the right answers but must also do nest,
complete and concise writeups that make obvious what each problem is, how you're solving the
problem and what your answer is. Y ou also need to include drawings of all circuitsaswell as
appropriate graphs and tabl es.

From our previous Investigations we know that resistors connected in series and in parallel have
equivalent resistances R, and that these equivalent resistances are helpful in the analysis of series
and paralld circuits. The objective of this Investigation is to make use of node analysisto
demonstrate that general resistor circuits also have equivalent resistances and that they are helpful
in the analysis of general resistor circuits. Be sureto take alook at the Computer Demos on
Equivalent Resistances of General Resistor Circuits.

1. Aswe said in the introduction we know from our Investigations on series and paralléel resistor
circuits that the voltage V, across aseriesresistor circuit like the following
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is proportional to the current |, flowing through it as follows
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with V; = R, l,. And so we say thiscircuit isequivalent to asingleresistor R, asfollows
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becausewhenever V, =V, then |, =1,. Wesay they're equivalent because both circuits
respond to the outside world the same - they both have the same currents flowing into them
whenever the voltages across them are the same. What this al boils down to, of course, is that
the equation for V, asafunction of I, isthesameasthat for V, asafunction of |,. By the

same analysis we can a so show that parallel resistor circuits are equivalent to single resistors.
Now make use of these resultsto

a. Find and draw the equivalent resistance R, of three 1K resistors connected in series
b. Find and draw the equivalent resistance Rg, of two 2K resistorsin parallel

2. Find I asafunction of V in thefollowing circuit
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and then make use of the result to find the circuit's equivaent resistance Re, = V/1. Note that
V; =0.4V is 0.4 times the value of theinput voltage source - V does not stand for volts.

3. Theobjective of thisand the rest of the problemsin thisinvestigation isto illustrate the fact that
genera resistor ciricuits are equivalent to single resistors just like ssmple series and parallel
circuitsare. The procedure for finding R, = V/1 of general resistor circuits like the following
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isthe same asfor series and parallel circuits except that now we must use more general anaysis
methods like node equations as follows:

(1) Wefirst connect avoltage source (just like we did for series and parallel circuits) as
follows
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(2) Then solve the node equations for the node voltages in terms of V
(3) Then make use of Ohm's Law and the node voltages from Step (2) to express
[ =1 +1, intermsof V
(4) Andfinaly solvefor Ry, = V/I

Memorize this general procedure for finding R, of resistor circuits. And then make use
of ittofind and draw R, of the following circuit.
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4. Giventhefollowing circuit
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a. Usethe algorithm of Problem (3) to find R, and then make use of your result to sketch

V asafunction of |
b. What isthetotal power being delivered to the resistorsin the circuit of part (b) if
V =5volts. How much energy will be delivered in 10 minutes

5. Usethe algorithm of Problem (3) to find the equivalent resistance R, = V/I of thefollowing
circuit
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6. Suppose wetake acircuit N of resistors as follows
I
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and connect a V =5 volt source acrossit as follows
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N
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a. What isthe equivalent resistance R, of N if 1 =2ma
b. Whatisl if Ry, =2K. Besureto redraw the circuit with N replaced by its
equivalent resistance R, before doing any calculations.

7. Giventhefollowing circuit
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Find I when V =5volts if | =2ma when V =3 volts. Explain how you got your result.
Asusual, be sureto draw al equivalent circuits.
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8. Find the equivalent resistance Ry, of the following circuit
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when both Is=0 and Vs=0. Notethat acurrent source with no current flowing throughiit is

equivalent to an open circuit and a voltage source with no voltage acrossit isequivaent to a
short circuit. Be sure to redraw the circuit before you write any equations.
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9. Find V1 inthefollowing circuit
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if the equivaent resstance of Nis R, = 2K. Besureto redraw the circuit with N replaced
by its equivalent resistance before you write any equations.

10. Find R inthefollowing circuit
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if V; =4 volts and N has an equivalent resistance R, = 5K. Besureto redraw the circuit
with N replaced by its equivalent resistance before you write any equations.

11. Find the equivaent resistance of the following circuit by inspection - without writing any
equations
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Be careful - many students get this one wrong the first time they do it.

12. Find Ry, of thefollowing circuit by inspection



13. Find Ry, of the resistors connected to N in the following circuit
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That is, find R, of the resistor circuit
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14. For review, find the value of V in thefollowing circuitwhen 1 =0
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15. Find | and V inthefollowing circuit
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16. Math Review: Sketch the integrals of the following signals

a X,(t) b1 x,()




