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Motivational Design Problem: Suppose that you have a 9V Alkaline (non-recargeable)
battery and wish to light two Light-Emitting Diodes (LEDs). The LEDs may be part of
an instrument and are being used to indicate whether a device is ON or OFF. To make
the problem more interesting, suppose further that the LEDs have different voltage and
current requirements. LEDL1 is rated for 5V and 22.75mA while LED?2 is rated for 2V
and 20mA. Our first two solution ideas might be to connect the devices in parallel with
the battery or in series as illustrated in Figure 1 (where we have included the symbol for
an LED).
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Figure 1. Battery and two LEDs connected (a) in parallel (b) in series

Note in paralel, since we are applying more than the rated voltage across each LED, it
will glow very brightly then quickly burn out. In the series connection, KCL makes it
impossible for the two LEDs to carry different currents and KVL shows that we will still
be applying too much voltage across the LEDs (again, they quickly burn out).

We can solve this problem a couple of different ways depending on whether the two
instruments will be ON at the same time (and located in different rooms) or whether they
can be ON independently (but share the same power supply). You may ask: “why not
use the same LEDS?’ Let's assume that that is part of our investigation: to assess the
performance of each.

From acircuit perspective, this problem is one of biasing: establishing the correct voltage
across and current through a component so it operates properly. The issue with Figure
1(a) isthat there is too much voltage across each LED, so a correction might be to add a
component in series with each LED to “drop” the voltage. Our favorite component to do
this is the resistor and this gives rise to our first solution option depicted in Figure 2.
Note that we have included a switch in series with each LED path so that we can
independently control the LEDs. Further note that this circuit is not purely a paralel or
series network. However, KVL and KCL must still apply and these tools will enable us
to complete the design.

First, we must find appropriate values of R, and R, to properly bias the two LEDs.
Follow-on goals might be to determine suitable power ratings for each resistor and then
to determine how long the 9V battery can power the circuit. Our goal isto complete the
design and demonstrate it in the laboratory (which will give us further practice in
measuring resistance, voltage, and current!).
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Figure 2: Biasing Solution #1

Step 1. Model the “system” with laboratory equipment

We will represent the 9V battery with a bench-top power supply.
We will build the circuit on the quad board, so we will use mounted resistors.
We will represent the nominal LED conditions by an equivalent resistance.

Calculate the equivalent resistance of each LED using Ohm’'s Law with its
rated voltage and current:

RLEDl =

RLEDZ =

We will determine the necessary values of resistors R, and R,.
We will use shorting cables or barsin place of the two switches.

The resultant circuit representation is given by the following figure:
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Figure 3: Equivalent Circuit Representation for Figure 2



Step 2: Perform Design Calculations

KCL at the node between R, and R ,, and at the node between R, and
R e, enableusto calculate |, and |, .

lRl_

|R2_

KVL about the source and LED1 path and about the source and LED2 path
enable us to determine V, and Vg,

Vs Ve =
Ohm’s Law allows usto now calculate R, and R,
R=__ R, =

To ensure that we do not destroy any components, we need to calculate the
power consumed by these resistors

PRl - @@ PR2 =

Resistors are only available in certain discrete values (multiples of powers of
ten of the following integers, thus for example we can commercialy find
130, 130Q2, 1.3kQ2, 13kQ2, etc.)

10 11 12 13 15 16 18
20 22 24 27
30 33 36 39

43 47
51 56
62 68
75
82
91

Determine the closest commercially-available values for R and R, (assume
further that we only have access to 100, 150, 220, 330, or 470ohm resistors)

R=____ R, =



Step 3: Devise the experiment

e Wewill measure the laboratory resistors

e Wewill set the power supply voltage at the assumed 9V battery voltage

e We will build the circuit of Figure 3 and measure the LED currents and
voltages and the power supply current

e We will verify the measurements with the switches SW, and SW, in all
possible states

Step 4: Insert Measurement Equipment

An “ideal” ammeter appears as a zero-ohm resistance (short) while an “ideal” voltmeter
appears as an infinite-ohm resistance (open). Thus, if a voltmeter is in parale with a
component it will draw no current; if an ammeter is in series with a component, it will
have no voltage drop. To measure the current and voltage of LED2, we would use a
circuit that looks like this:
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Since we only have two Digital Multi-Meters (DMM'’s), we must swap them around to
measure the LED1 current and voltage and again to measure the current coming out of
the 9V battery (our power supply).

Step 5: Measure any components before assembling the circuit and note the ratings

e Measure the four resistors and note their power rating; list the values in the
following table (the following figure isincluded to remind you how to do this)
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Step 6: Build the Circuit on the Quad Board

e Remember to first de-energize the power supply (safety!).

e Here is one way to build the circuit so you can simply swap in and out the
ammeter and voltmeter in different locations. Note, the elements labeled
BAR are shorting bars that should be at your station:

R2

TO SUPPLY “+’ X ><
BAR,

TO SUPPLY -
RLED2X

e Tomeasure | o, , SMply replace BAR, with the ammeter; to measure V, ., ,
place the voltmeter across R .y,

e Tomeasure | .,,, SMply replace BAR, with the ammeter; to measure V., ,
place the voltmeter across R .,

e To measure the supply current, smply replace BAR, with the ammeter.

REMINDER ON VOLTMETER/AMMETER SETUP
Voltmeter: Power ON; use upper two right-most jacks (positive on top);
pressDCV

Ammeter: Power ON; use lower two right-most jacks (positive on
bottom); press SHIFT DC |

Step 7: Perform the experiment
¢ Insert the measurement equipment

Havetheinstructor or lab tech verify your setup before proceeding:




e Record the datafor the following configurations (include units!)

Configuration 1: Both LEDs in the circuit
Configuration 2: Remove LED2 (remove R ,,) from the circuit

Configuration 3: Remove LED1 (remove R .,,) from the circuit

Config | eos \A | Len2 Viep2 | Sioply
1
X X
2
X X
3

BONUS: If you complete the PE early repeat the design exercise using the following
circuit. Why must both LEDs bein this circuit for it to always work properly?

Step 8: Disassemble the circuit and organize your workstation.




Step 9: Make the following calculations

a. The capacity of a 9V Alkaline battery is approximately 0.6A-hr; however, the
voltage drops significantly as we get to the “end” of the battery life. So let's
assume that the “useful” life of the 9V battery isjust 0.2A-hr. With both LEDs in
the circuit (Fig 2), how long can the circuit operate before the battery voltage goes
too low?

b. What was the percent error between the achieved LED current and the desired
value with both LEDs in the circuit? What was the cause of this error?

Actual —Theoretical y
Theoretical

%Error = 100

c. From your data, determine the circuit efficiency when both LEDs are in the
circuit. Note, the power out will be the combined power consumed by R ., and

R e, the power in will be the power supplied by the battery.



d.
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If we repeated the design with a6V battery (changing the biasing resistors R; and
R, but without changing the LED parameters), would the efficiency go up, go
down, or stay the same? What theoretical value of battery voltage would provide
the “best” efficiency and what is that efficiency? (Hint: you cannot get 100%)



