ECE 109 - TRANSFER FUNCTIONS - INVESTIGATION 23
LOADING IN RESISTOR CIRCUITS

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.

Circuits are very often built in sections which are then connected together. Thisis great except that
sections that work fine by themselves may not work well or at all when connected together. The
objective of thisInvestigation is to see how connecting circuits together affects their output
voltages - how the gain of acircuit is affected by the equivalent resistance of the load.

1. Given thefollowing circuit
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b. Now suppose we connect aload R asfollows
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Doestheadding of R causeV, to go up, to go down or to stay the same. Hint - replace
the original circuit by its Thevenin Equivalent asseenby R

c. Now find and sketch V, asafunction of R . Describe the graph.

d. Why dowesay R loads down thecircuit when R issmall

2. Generalizing on the result of Problem (1) we see that if we take a general resistor circuit with
Thevenin Equivalent asfollows

RTH




then V1 will decrease from

R V,
R+Ry

Memorize thisresult. Then make use of it to find and sketch V, in the following circuit

Vi=Ve,  to V=
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asafunction of the equivalent resistance R, of N. Describe your graph

3. Suppose we take the following circuit

_ —
Vs=5volts qﬂ Resistors \%1

with open circuit gain G =V, /V = 0.8 and Thevenin Equivalent Resistance Rty and add aload
resistor R asfollows
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Vg =5volts éﬁ) Resistors V1 é RL

How did adding R_ affect V,. Did it go up, down or stay the same. How do you know
Find and sketch V, asafunctionof R if R, =1K . Describe your graph

Find and sketch V, asafunction of R, if R =1K. Describe your graph

For what value of R, is V, maximum
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4. Suppose we take the following circuit

) —
Vs =5volts éﬁ) Resistors V1

with open circuit gain G =V, /V = G, and add aload resistor R asfollows
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Vs=5volts éﬁ) Resistors V1 é RL

a Howdid adding R affect thegain G =V,/V;. Didit go up, down or stay the same.
How do you know



b. Sketch G asafunctionof R . Describe your graph

5. Suppose we take the following circuit
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Vi

with Thevenin Equivalent resistance R, and open circuit voltage gain G, =V, /V; and connect
toit asecond circuit N, with equivaent resistance R, asfollows
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How will V; be affected by connecting N, if the equivaent resistance R.,, of N, satisfies
Ree >> Ry . Justify your answer. Test your result by calculating V; when V;, =5 volts,

Ry; =100 W andRy, = 10K
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Now suppose we now take the same circuit N, asin Problem (6)

+

Vi

with Thevenin Equivalent resistance R,,, and open circuit gain G, =V, /V; but thistime
connect up asecond circuit N, with equivalent resistance R, and open circuit voltage gain

G, =V,/V, asfollows
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when Ree >> R
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First draw the circuit with V; and N, replaced by its Thevenin Equivalent
Now justify the fact that if R.,, >> R, then for all practical purposes V, = G,V
Make use of your result in part (b) to find an equation for V2 intermsof V;, G, and G,

We have from part (c) that the overall voltage gain of our circuitis G = GG, when there

isnoloading of N, by N,. Memorizethisresult. It'svery important. Now let's
consider the case when N, doesload down N,. Would thisresult in asmaller or larger
overall voltage gain than when there is no loading. Explain how you know

resistance. Why

Would you buy avoltmeter with alarge equivalent resistance or with asmall equivalent



8. Math Review: Given x(t) = 3cos(2p1000t)
a. What isthe period of x(t)
b. How much time doesit take x(t) to go through 5 periods



