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Laboratory 1 
Using the Meter, Breadboard, and Soldering Iron 

Introduction 
Welcome to the Bio Electronics Laboratory (BEL) located in B10 

Benedum Hall.  In this first lab assignment, you will become 
acquainted with some of the basic tools and skills for prototyping 
electronic circuits. In the process, you will also be exposed to 
important theoretical concepts.  

Each laboratory begins with a list of parts that are new or central 
to the particular lab. In the first lab you will receive your own PittKit 
toolbox, which includes the tools and components listed in the top 
section of the table to the right. For a full list of parts used in the course 
see http://www.vialab.org/Bioe_1310/parts.html on the course 
website.  You should verify that you have received everything in the 
full PittKit list (A). Other components are located Cabinet #1 (always 
open) and Cabinet #2 (only open during lab) in the BEL.  

The “(A)” denotes a task to be completed in the course of the lab. 
Each lab has a sequence of such tasks, labeled (A), (B), (C), etc. In 
your lab report, which you will upload to CourseWeb at the end of the 
lab, include each of those letters in order with a check mark, or a more 
detailed answer if called for.  Your TA should  sign the top of the first 
page, indicating that you have accomplished all of the in-lab portions 
of the lab.  You may complete the more detailed written portions 
afterwards, but it is due at the next week’s lab. Hand in your report as 
a single pdf file to CourseWeb, including a photograph (pasted into your report) of your completed circuit 
showing your email ID along the edge of your breadboard. 

Now let’s look at some of the key items in your PittKit…. 

Parts List 
in PittKit 
digital multi-meter 
breadboard 
needle nose pliers 
diagonal cutting pliers 
stripping pliers 
2 screwdrivers (flat & Phillips) 
double banana plug  
2 E-Z hook test clips (red/black) 
battery clip 
bag of small parts (see below) 
multi-strand flexible 22-gauge 

wire (2 feet each red/black) 
9V battery 
speaker 
USB cable for MicroBLIP 
 
in Cabinet #1 (open always) 
single-strand 22-gauge wire 
various 5% resistors 
various capacitors 
LEDs 
various other parts and supplies 
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Meet Your Meter 
You PittKit contains a 3½ digit multi-meter (leading digit only 

goes to 1). The picture (right) shows the main sections on the control 
pane (note that the picture is of an older model of the meter with 
slightly different control locations). 
power:  There’s no power button now. Turn the knob to turn on the 

meter.  It will turn off after a while of not being used, to conserve 
the battery. 

DC volts: Reads 0-1999 over 4 ranges (e.g., in the “2V full range” 
setting it reads from 0V to 1.999V). Measuring voltages below 
30V is generally safe for the meter and the circuit.  Your meter 
has at least 1MΩ input impedance (resistance), so in most 
applications it does not significantly affect what it is measuring. 
Generally, put the black lead (common) to the circuit ground and 
measure a single voltage with the red lead.  You can also 
measure the voltage difference across a component using both 
leads at “floating” points in a circuit.  The location of the jacks for 
the red and black leads is shown to the right, and these apply to 
measuring resistance as well. 

ohms: To measure a resistor, the meter supplies a known current 
and measures the resulting voltage, from which it calculates 
resistance. You should only measure the resistance of isolated 
resistors or resistor networks. Never measure the resistance of a circuit containing voltage, such as a 
battery or power supply, since those readings will probably be meaningless. 

beep: Use this setting to measure continuity of a wire or switch.  It is essentially an audible ohmmeter for very 
low resistances (the beep is not always reliable on these meters). 

hold: This freezes the output of the meter.  Beware!!! You may bump this button accidentally and spend an 
hour trying to figure out why the voltage is not changing the way it should! (“D.H” appears on the screen) 
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AC volts (V~) Do Not Use! Line voltage from the wall is dangerous and you should never insert a probe or 
wire into a wall socket. 

current (A): Likewise, Do Not Use!  But this time, it is to protect the meter.  When measuring current, your 
meter is “wide open” to being blown out by too much current (if you are lucky, this means you need to 
replace a fuse, but this is quite inconvenient on this meter).  Wait until you are know enough to use this 
feature.  This meter is capable of measuring both DC and AC currents. 

capacitance: This is a nice feature, unusual to inexpensive meters, which lets you directly measure the 
capacitance of a component, generally a capacitor.  The leads of the capacitor to be tested are inserted in 
the “Cx” slots. 

hFE: also known as “beta”, this is the current gain of a bipolar transistor, which we will learn about later. 
inputs: In general, to measure voltage or resistance you will use the “com” (common) input for your ground 

(black) lead and the “VW” input for your signal (red) lead.   
 
Full specifications for the meter are listed on the following page. 
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Specifications of the CSI-2010 Meter 
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Behold your Breadboard 
Your breadboard will be central to the 

projects that you build during this course. Each 
vertical column of 5 holes is connected, as are 
the entire set of 50 holes in each of the 4 
horizontal power “buses” labeled “+” (red) and “-
” (blue). For most applications, “-” will be ground 
and “+” will be the positive power supply. Your 
breadboard comes with an aluminum back to 
shield against electromagnetic noise, which you 
should attach using the supplied adhesive 
backing.  

Always use single-stranded 22-gauge wire for easy, secure connections. You will cut and strip pieces of 
this wire to fit your needs.  The cabinet in the lab has spools of single-stranded wire with various colors of 

insulations.  Cut yourself a foot or so from red, black, 
and other colors of your choice, and coil them up.  
You can also use the bare wire of the same gauge for 
certain short connections, or create 
such bare wire by stripping off 
insulation. 

 Using short pieces of 22-gauge 
single-strand wire looped around the 
test leads (see right), explore the 
continuity of columns and busses on 
the breadboard, using a low ohm 
setting or the audible beep feature of 
the meter (B).  http://www.doctronics.co.uk 

 



 Laboratory 1  page 6 of 13  

  Last printed 1/17/20 6:31:00 AM   

Labeling your stuff 
Black and silver permanent marking pens are 

available in the lab.  Label your PitKitt on the short 
end of the box (see photo) using the personal part of 
your Pitt email address (up to, but not including, the 
‘@’).  That way your PittKit will be quickly identifiable 
if you store your PittKit on shelves in the Lab.  You 
are also free to carry your PittKit home between labs, but year we have 
enough shelf space to store them, which may be more convenient.  Label 
your meter and as well as your pliers.  Everyone has the same tools and it’s 
easy to mix them up otherwise.  Also label your breadboard along the front 
edge, shown above in the picture, so that we can identify your board in the 
pictures you will take of completed circuits, which you will hand in. (C)   

Small parts 
There are a number of small 

parts in a baggie in the PittKit. To 
help you recognize and keep 
track of them, they are identified 
in the picture to the left.  The 
Zener Diode has “PH C2V4” 
stamped on it.  The 39KW resistor 
is ½ Watt, bigger than the usual 
¼ Watt resistors stocked in the 
lab.  We will use it as a heating 
element.  The other parts will also 
be used in labs. 
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Measuring Resistance 
Next we will measure resistance using your multimeter. As already stated, you should never use the 

multimeter in the “Ω” (resistance) setting unless you are only connected to an isolated passive circuit of 
resistors (no batteries or other power sources), since the meter assumes it alone is supplying all the current. 

You will need to select resistors by their color code.  See 
http://www.ealnet.com/m-eal/resistor/resistor.htm for a nice online 
resistor color-code calculator. Take resistors from the 5% drawers in 
the cabinet with the following values: 

10 KΩ, 24 KΩ, 39 KΩ, 62 KΩ, 100 KΩ.   
Make a table with the stated values of each resistor in the first 

column. Then measure the actual resistance of each resistor and 
record it in the second column.  In the third column, record the percent 
error for each resistor. (D) Are they all within the stated 5% accuracy?  

In the following exercise, you will make use of the basic rules for 
series and parallel circuits: 

  
and 

  

On the breadboard, build each of networks to the right and calculate 
the expected total resistance between the terminals (the little circles) 
based on the actual measured values of the individual resistors.  Then 
measure the actual resistance between the terminals in each case and compare to your calculations. (E)  

� 

RSeries = R1 + R2

� 

RParallel = 1
1
R1

+ 1
R2
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First Soldering: the 9V Battery Clip 
A battery clip is used to connect to most batteries 

because (1) it facilitates battery replacement, and (2) 
soldering directly to a battery can cause it to explode. The 
standard 9V battery clip supplied in the PittKit has multi-
stranded wire, which is nice and flexible, but very difficult 
to insert into the breadboard.  So we will solder short 
pieces of single-stranded 22-gauge wire onto each lead.  
Even if you have never soldered before you should be 
able to follow the instructions on the following 7 panes. 
As is often case, we will solder first and cut afterwards. 
When you are finished, show the result to your TA for 
inspection, (F) and you will be ready to use your 
breadboard and battery together to build circuits. 
 

Strip ~ 1.5” of single strand 22 gauge wire, 
and wrap the ends of the battery clip leads 
around it. 

1 

Joint should be 
mechanically sound, 
before soldering, 
whenever possible.  

2 

First, melt a little solder on the 
tip of the iron and clean the tip 
on a wet sponge (it should 
sizzle a little). Then, heat the 
joint with the iron and touch the 
solder to the joint (and the iron) 
to melt it. 

3 
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Attach the clip to the battery and run the wires 
to the + and – power busses of your prototype 
board. 

Clip wires to 
~3/8” each. 

6 

Soldered joints 
should look like 
this.  Solder should 
“wet” the wires, but 
should not form 
“globs.” 

5 

The solder should flow 
all through the joint.  
Each joint should be 
allowed to cool without 
motion, and should be 
shiny and smooth. 

4 

Note: you do not have 
the double board 
shown here. 

7 
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Voltage, Current, and Power 
Refer to the picture (right) and 

schematic (left). Turn your meter to the 
20 V full-scale setting.  Measure and 
record the voltage Vterm between the 
terminals of the battery, with and without 
a 390 Ω resistor load.  From these two 
readings, you can calculate the internal 
resistance Rin of the battery. First, 
without the 390 Ω resistor, no current 

flows (I = 0) so Vterm approaches the stated (ideal) nominal battery voltage, Vnom. 
(Note that the “nominal” voltage is not 9 V, but rather is something around 9½ V 
as determined by the electrochemistry of the materials within, even though it is 
called a “9 V” battery. It is also the “ideal” voltage source discussed in class.) Attaching the 390 Ω resistor 
causes current I to flow, which you can calculate from Vterm and which causes the observed Vterm to drop below 
Vnom.  This voltage drop (which you can also calculate) is due to the current I (which you already know) across 
the internal Rin within the battery.  Therefore you can calculate Rin.  Show your work. (G)  

 The 390Ω resistor is rated ¼ watt.  How much power is it dissipating?  Is it warm? Next, try a 100 Ω resistor 
load (but not for long). How much current is it drawing?  How much power is it dissipating? Is it warm? Why 
should you not leave this resistor connected for a long time? (H)  

Finally, construct the voltage “divider” shown to the left. Calculate the current I 
(why should it be the same through both resistors?) and the power dissipated by each 
resistor. Are these resistors warm? Measure the voltage across the battery. Is it closer 
to Vnom than it was with the 390 Ω resistor? Why can we ignore the internal resistance 
of the battery in this case? Calculate the expected voltage between points “a” and “b”, 
and then record that voltage. Compare the calculated and observed values. (I) 

Circuit 1 
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 More Soldering 

One last soldering task before we are done with the first lab.  
You may come back during the week (you have 24 hour access, 
7 days a week) to get this done. Always remember to turn off 
soldering irons when you are done, or the last to leave the lab. 

The probes that come with the multimeter are meant for testing 
batteries and such things around the house, but not really for 
precision electronics.  You will build nicer test leads with the red 
and black “EZ-hook” test clips and the double “banana” plug that 
came in your PittKit. Multi-stranded wire should be used in test 
leads because it withstands repeated bending much better than 
single-stranded wire. Use the 2-ft pieces of ultra-flexible multi-
strand red and black test-lead wire supplied in your PittKit.  The 
completed test lead is shown to the left plugged into the meter. 

To build the test lead, first let’s connect double banana plug. 
You should “tin” the wires with solder first and then feed through 
and around the strain relief (see right).  Be sure to connect the 
black lead to the side 
of the banana plug 
with the “GND” 
(ground) tab, 
since these plugs can 
be inserted either way 

into a double banana jack. It is the unfortunate fate of many 
double banana plugs to lose one or both of the little set screws, so 
be careful not let this happen with yours. To connect the EZ-
Hook test clips follow the pictures and instructions on the next 
page.  

Black 
wire to 
ground 
tab. 

Wrap wires through 
strain relief. 

Tighten 
screws.  
(easy to 
lose!) 
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Pull off the cap of the EZ-Hook test clip.  Feed the wire through the 

hole in cap before soldering to the terminal on the other part of the clip 
(classic mistake that everyone makes at least once). Strip the lead wire 
1/4" and wrap around gold terminal as shown. The wire should come 
off opposite the longer of the plastic pieces on the clip (arrow in 
picture), so that the hole in the cover is oriented over the shorter piece, 
leaving room for the wire.  Solder sparingly so that it will still fit together, 
and cut off excess wire at solder point. Reassemble part, making sure 
the terminal and fins enter their respective grooves and that the hook 
points in the same direction as the wire exits the cap, as in picture. 
Don’t use too much solder, or the plunger will stick. (J) 

  



 Laboratory 1  page 13 of 13  

  Last printed 1/17/20 6:31:00 AM   

The Bio Electronics Lab (BEL) has 14 Stations, each with two oscilloscopes (“scopes”) and a computer with 
an external USB hub for plugging in your Micro-BLIP (Arduino Micro based Breadboard Laboratory Interface 
Processor).  On the shelf above are a Power Supply and Precision Meter (not to use until later in course) as 
well as a Tektronix Signal Generator (not shown in photo).  The soldering stations include a solder caddy, 
“helping hands” to hold parts while soldering, a water spritzer to wet the sponge for the soldering iron (hear it 
sizzle), and a “solder-sucker” for removing solder from a joint (press the Teflon tip right up against the solder 
joint while melting the joint with the iron, and press the trigger).   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Solder Sucker 

Helping Hands 


