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THEVENIN'STHEOREM - PART |1
SUMMER 2007 A.P. FELZER

Todo "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.

We know from the last Investigation that if we take acircuit of resistors and sources as follows
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and connect avoltage source V asfollows
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then V and | will berelated by an equation of the form
V=al+b

with agraph like the following
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with V =V, = Open Circuit Voltage = Voltage when | is equal to zero. The objective of this

Investigation is to find the physical significance of the coefficient a and the constant b. Be sure to
take alook at the Computer Demos on Thevenin's Equivalent

1. We begin with the following circuit

| 1K
—> A
+ 1K
v C s

Vs

a. Make use of node equations to verify that when we connect a voltage source V as follows
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then
V =2000I +V, +1000l,=al +b

with a=2000 and b=\, + 1000,

b. Now make use of your result in part (a) to find the open circuit voltage V. of the circuit -
thevalueof V when | =0 asfollows
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c. From part (b) we seethat when | =0 then
V =a(0) +b=b=V,+1000I,

and so b= Vs+ 1000l g isthe open circuit voltage Voc of the circuit. Now make use
of the equation from part (a)

V =2000I +V, +1000l, =al +b

tofindV when V,=0 and |I,=0
d. From part (c) we seethat when \, =0 and |, = O then

V = 20001 + 0 +1000(0) = al = 2000!

and so ais equal to the equivalent resistance Ry, of the circuit when all the sources
Vgand Is are set to zero. Verify that a= 2000 isin fact equal to the equivaent
resstance Re, = V/1 of our circuit with \/, and | set to zero as follows

I 1K
—> AAAY § J

v glK

|s:0
e

2. The objective of this problem isto repeat the analysis of Problem (1) for the following circuit
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a. First connect avoltage source V and then make use of node equationsto find V asa
functionof | intheform V =al +b

b. Then make use of your equation in part (a) to find a and b
c. Veifythat a= Ry, = Equivalent Resistance of the circuit with al its sources V, and |

et to zero
d. Verify that b isequal to the open circuit voltage V. of the circuit as follows
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3. Generalizing on the results of the first two problemsit can be shown that if N isany circuit of
resistors and sources like the following
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then
V= @QI + Ve
where

Req = Equivalent Resistance of the circuit with all its sources Vs and I s set to zero
Voc = Open Circuit Voltage of the circuit with all its sources Vs and Is on

Now by tradition we define Regto be the Thevenin Equivalent Resistance Ry of the circuit
and Vo to be the Thevenin Equivalent Voltage Vty of the circuit. And so for circuits of
resistors and sources we have

V= REQI +VOC = RTHI +VTH
with
Ry = Equivalent Resistance of the circuit with all its sources set to zero
V;; = Open Circuit VVoltage of the circuit with al its sources on

Memorize thisresult forever. Then make use of it in the following circuit
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a Tofind V;, =V, by calculating the open circuit voltage of the circuit
b. Tofind R, by finding the equivalent resistance of the circuit with all the sources set to
zero. Be sureto draw the circuit your analyzing

c. Writethe equation for V asafunction of |
d. Draw the graph for V asafunction of |

4. For thefollowing circuit
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a Cadculate V;, =V
b. Cdculate R,,. Besureto draw the circuit you're analyzing

c. Writethe equation for V asafunction of |
d. Draw the graph for V asafunction of |
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a Cdculate Vi, =V

b. Cadculate R,,. Besureto draw the circuit you're analyzing

c. Writethe equation for V asafunction of |
d. Draw the corresponding graph for V asafunction of |

5. For the following circuit
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6. FindV asafunction of | for acircuitwith R, =2K and V,, =- 3 volts.

7. Find Ry, and V,,, for acircuit with the following graph
|V (volts)

e

8. Math Review: Sketche' and €* onthesamegraphfor t 3 0. Identify whichiswhich
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