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Motivational Design Problem: Suppose that you have a piece of electronic equipment
and its battery source that must be separated by a considerable distance. For instance,
your solar array and batteries might be located in a facility that may be several hundred
feet from your communication equipment. We must interconnect the two locations with
electrical cabling. The following picture illustrates the simple system.

Let’s assume that the “Load” is rated to consume 0.144W when supplied 12V. The load
will operate properly as long as the voltage across it is greater than 11V. Let’s further
assume that the battery voltage will remain constant at 12V (an approximation) and that
the battery has a capacity of 0.8Ahr. Our problem is to determine

1. the maximum permissible cable resistance required for the load to still function
normally

2. the maximum distance the battery and load can be separated if we use AWG #30
cable

3. the distribution efficiency
4. the approximate time before the battery discharges.

We will eventually be able to answer all of these questions analytically. Today however,
we will attack the problem by constructing an experiment. This will give you the
opportunity to become acquainted with the laboratory components and instrumentation
equipment and build a simple circuit and take some measurements. Such an engineering
problem is naturally broken down into steps. We will guide you through these steps
today. In future exercises, you will chart the solution!

Step 1: Model system components with laboratory equipment

We need equipment to emulate the battery, the cables, and the load. Since we assume that
the battery voltage is constant, we will be able to represent it with a fixed voltage source.
Further, the cables will be modeled by resistors and absent any other information about
the load, we will also model it by a resistance as shown in the following figure.
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We will review shortly in lecture that this is a series circuit and that resistors in series
add, so we can combine the cable resistances into a single equivalent as shown next

where CableCableTot RR 2 .

The fixed voltage source can be emulated by the lab bench power supply. The load
resistance will be found to be a known fixed value and can be represented by a fixed
resistor. The cable resistance is an unknown so we will model it with a variable resistor
box. To determine the load resistance, we will take the nominal load information and
substitute into one version of the resistor power expression

R

V
P

2



Determine the theoretical value for LoadR and record it here (use the rated values given on

the previous page in the design problem): ___________________

Step 2: Devise the experiment

We want to set the power supply voltage at the battery nominal voltage (12V),
interconnect the circuit, and vary the cable resistance while measuring the battery current
and the voltage across the load. Once the load voltage equals 11V, we will have
determined the maximum permissible cable resistance and answer the remaining
questions.
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Step 3: Insert measurement equipment

We will soon learn that in order to measure current we will need to insert an ammeter
(designated by a circle with an A in it) in series with the component of interest; to
measure voltage, we will need to insert a voltmeter (designated by a circle with a V in it)
in parallel with the component of interest. Our test circuit then becomes the following

Properly placed ideal ammeters and voltmeters will not influence the operation of the
circuit. Real measurement devices will have a small effect. For now, we will ignore non-
idealities.

Step 4: Measure any components before assembling the circuit and note the ratings

The variable resistor box allows us to program the value of the resistance. Set it initially
to zero ohms. However, before including it in any circuit, we should note its power
rating. Find the power rating on the side of the box and record it here

Resistor Box Power Rating: ___________

The power supply allows us to establish a voltage to deliver a limited amount of current
(thus power) to an attached system. Record the power supply ratings here

Max Supply Voltage: ___________ Max Supply Current: _________

Next, we need to set the power supply voltage and confirm the value of the load
resistance. We will measure resistance, voltage, and current using the Digital Multi-Meter
or DMM. You have two DMM’s at each workstation. Find and energize one of them. We
will use the three jacks on the far right of the meter (two at a time): the top two will be
used to measure resistance and voltage (positive on the top); the bottom two will be used
to measure current (positive on the bottom).

Typically, we want to record the theoretical and the actual resistance values. The
theoretical value can be determined by using the resistor color code (the colored bars on
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the side of the resistance). The code is cracked here and is also available on charts in the
lab!

0 Black
1 Brown
2 Red
3 Orange
4 Yellow
5 Green
6 Blue
7 Violet
8 Gray
9 White

We read the code starting at the band closest to the edge of the resistor. The first two
bands represent the first two digits of the resistance. The third band determines the
power-of-ten multiplier for the first two digits (or a multiplying factor if gold or silver).
The fourth band is the manufacturer’s tolerance (5% gold, 10% silver, 20% no band). The
fifth band, if present, indicates a reliability factor. For example if the first three color
bands are red, black, orange then the resistor nominal value is given by

 k20000,201020 3

If the tolerance band is silver, then the actual resistance is guaranteed to lie within

   kkk 2201.0120

For the two mounted resistors in front of you, determine and record the theoretical
resistance values in the following table. The power rating of the resistor is important as
well. We want to ensure that we will not exceed its capability. The size of the resistor
will indicate its rating. Compare the resistor with the following figure and list the power
rating in the table.

Color Code
(List Colors)

Nominal Value Measured
Value

Within
Tolerance

(Yes or No)

Wattage
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OK, finally we need to measure the resistance using the DMM.

1. Using cables at the workstation, connect the mounted resistor at your station to
the DMM (in the future we will learn how to null out the effect of the connection
cables, a more appreciable effect for very small resistances)

2. Press the W2 button on the DMM (shown below)
3. Note the value and the units on the display and record the result in the table.
4. Indicate whether the resistance is in tolerance

Let’s next correctly setup the power supply. First, ensure that no wires are connected to
the supply then energize the supply. Note that there are two independent sources labeled
V1 and V2 (see the illustration on the following page). Both supplies can be ON
simultaneously though we have only one meter that we can toggle between with the
buttons labeled V1 and V2. Toggle to supply V1 and use the corresponding adjust knob
to set the meter reading to 12V (this is approximate). To measure this voltage with the
DMM, use the following steps:

1. Turn off the power supply (we want to avoid making circuit modifications with
equipment energized to reduce the possibility of shocks!)
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2. Connect the “+” terminal of V1 to the upper-right HI terminal of the DMM using
a power cable; connect the “-“ terminal of V1 to the middle LO terminal of the
DMM using a power cable

3. Press the “DC V” button on the DMM to specify DC volts. Turn on the power
supply

4. Read the display; use the adjust knob to achieve a value as close to 12V as you
can and record the value

5. Turn off the power supply (if you do not move the adjust knob when you re-
energize the power supply, you will have 12V ready to go)

BattV _____________

Step 5: Build the Circuit

Prior to this point, you will have needed to decide whether to build the circuit on the quad
board (requires mounted components), on a proto-board (requires alligator clips or
stripped wire to make connections), or by simply using cable/wire interconnections. The
first two approaches ensure that terminal connections are not sitting on the workbench
creating the potential for shocks. We will focus on the quad board today. As shown
below, each X in the quad board represents a “node cluster” or connection point. The
node cluster (circled in the diagram) contains four banana jack connection points so you
can interconnect four components. The spacing between nodes is set to accommodate
mounted components such as our resistors. For circuits with more than four components
at a node, multiple nodes can be connected using a shorting bar or wire.
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To build our circuit, consider the layout depicted on the next page. If we start at the left-
most part of the diagram, note the following:

 The power supply terminals must be connected to different node clusters (if they
are connected to the same node, you “short” the supply and the over-load light
will come ON)

 One node of the resistor box will be connected to the same node cluster as the “+”
side of the supply; the other side of the resistor box will be connected to a second
node cluster (note, instead of this intermediate node, this side of the resistor box
can be directly connected to the DMM)

 The ammeter is implemented by using the bottom two banana jack terminals of
the DMM; middle jack being connected to the node at the top of the load; the
ammeter is in series with the source and resistor box – measuring the same current

 The voltmeter is implemented by using the top two banana jack terminals of the
DMM and connecting them to node clusters on either side of the load

 The minus side of the load and source must be interconnected to complete the
circuit. You can reduce wiring by moving the connection to the minus-side of the
power supply to the bottom of the load.

 Use the correct value of the two mounted resistors
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Our goal is that you should not need these detailed layout schematics in the future! To
properly setup the DMM’s:

Voltmeter: Power ON; press DC V
Ammeter: Power ON; press SHIFT DC I

Have the instructor or lab tech verify your setup before proceeding: _____________
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Step 6: Perform the experiment

Note the variable resistance box should initially be set to zero ohms. Energize the power
supply. The power supply display should give an approximate reading of the current
flowing in the circuit. The ammeter will give a more precise reading. Increase the
variable resistance box in steps of ten ohms until the voltmeter (load voltage) reads about
11V. Toggle the resistance value in steps of ohms until it reads as close to 11V as the
resistance box will allow. Record the load voltage, battery current, and final variable
resistance value:

LoadV ______________

BattI ______________

CableTotR ______________

Step 7: Disassemble the circuit and organize your workstation

 De-energize the power supply and the two DMM’s
 Disconnect the wiring
 Remove the variable resistor box and mounted resistor from the quad

board
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Step 8: Make any data calculations

a. Use the Ahr (Amp-hour) capacity rating of the battery and the measured current to
estimate the amount of time the battery can supply this load before being discharged
( timeampshrAmp  ). Show the calculation equation (not just the result)

Time to Discharge: ________________

b. Calculate the distribution efficiency of this circuit. Note the power consumed by a

resistor can be calculated by RI
R

V
P 2

2

 . Find the power to the load (this is power

out) and the power consumed by the cable (this is the power lost). Show the values used
in your calculations.

Power to the Load: ______________________________

Power to the Cable: _______________________________

Then calculate the efficiency by




 100
LOSTOUT

OUT

PP

P
 _______________________________

c. Are we exceeding the power capability of the resistor box (justify your answer)?

d. Given that the resistance of AWG #30 wire is m/3451.0  , determine the maximum
distance between the battery and the load (remember that the cable consists of a forward
and a return conductor!)

Ensure that you have completed the assignment and hand in as directed by your
instructor.


