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Laboratory 3 
Measuring Capacitor Discharge with the MicroBLIP 

Introduction 
In this lab, you will use the MicroBLIP in its Voltage Logger 

Mode to sample the voltage over time across a capacitor 
discharging through a resistor.  The MicroBLIP will enter these 
voltage readings directly into a word processor, using its USB 
connection as if it were typing on a keyboard.  Using these voltage 
readings you will calculate the time constant RC, and compare it to 
the expected result calculated from the stated resistor and 
capacitor values.  

First, have your TA validate proper completion and functioning of your MicroBLIP, and its correct insertion 
into the breadboard before proceeding further. (A) Refer to Step 15 in “Building the MicroBLIP”  

http://www.vialab.org/Bioe_1310/BLIP/Building the Micro-BLIP V2.0.pdf 
for how to insert the MicroBLIP in the breadboard. Be sure to remove the 9 V battery used in previous labs. 
The MicroBLIP can deliver ± 5 V to power the breadboard. You must never use the 9 V battery, or any external 
power supply, in the same breadboard as the MicroBLIP, as this may damage the MicroBLIP and possibly the 
computer attached to it by USB.   

 
  

Parts List 
Micro BLIP board (completed, and 

plugged into breadboard) 
100 µF electrolytic capacitor 
various 5% resistors 
pushbutton switch 
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Connecting the MicroBLIP to your circuits on the Breadboard 
You should have inserted the MicroBLIP 

into the breadboard so that the male header is 
all the way to the left in the breadboard (column 
“1”, as labeled on the breadboard).  You will be 
connecting your circuits to the MicroBLIP by 
inserting wires into the first 18 columns of holes 
in the breadboard, both top and bottom.  These 
correspond in a fixed way to the particular pins 
in the MicroBLIP and thus to the functions 
defined for those pins, as shown in Fig. 1.  We 
will use the convention of denoting a particular 

column of five holes by the column number followed by “T” for top 
and “B” for bottom.  The three columns you will use in this lab are 
shaded in Fig. 1, and are shown with wires inserted in Fig 2.  Thus, 
column 12B refers to the 12th column in the bottom half of the 
breadboard. As shown in Fig. 1, this is where the MicroBLIP outputs 
+5V to power your circuits on the breadboard, shown in Fig. 2 as a 
bare piece of 22 gage singe-strand wire connecting column 12B to 
the red bus.  Likewise, column 14B is where the MicroBLIP’s ground 
is made available (recall you always need a ground as a reference, 
and to complete the circuit).  As shown in Fig. 2, we connect this to 
the blue bus. Connect the top buses to the bottom busses with red 
(+5V) and black (ground) wire at the right-hand end of the 
breadboard, as shown in Fig 3.  These busses will provide 
convenient access +5V and ground for the rest of the course. Fig. 2 

Fig. 1 
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 Figure 3 also shows the 
particular circuit you will construct 
(described on the following pages) 
in this lab. The circuit accesses 
ground and +5V from the top and 
bottom busses.  A yellow wire is 
shown connecting the circuit to the 
MicroBLIP’s analog input A0 by 
way of column 4B on the 
breadboard, which, as shown in 
Fig. 1, is where the MicroBLIP 
expects the voltage it will sample 

and report to the computer.  Also shown in Fig. 3 are the MicroBLIP buttons: “reset”, “user 1” and “user 2”, as 
will be described below.  

To construct the circuit, you will use a pushbutton (the same kind you used in your MicroBLIP). You can 
find one in a drawer in Cabinet 2. These buttons work better in the breadboard if you first straighten out their 
pins (Fig. 4, right). There are four pins that come out in two pairs, each pair internally connected and coming 
from one side of the switch (Fig. 4, left). Verify this with your multimeter in the continuity tester mode, pushing 
the button to hear the audio beep. Insert the pushbutton (as shown in Fig. 3 and Fig. 4 left) across the 
breadboard’s central divide.  This results in orienting the switch such that it presents connections to both 
contacts to the top and bottom of the breadboard, maximizing flexibility in placing other components. 

 
 

reset user 1 user 2 

Fig. 3 

Fig. 4 
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Discharging a Capacitor 
In this lab, we will record the voltage across a discharging capacitor. To do 

this, we will use a capacitor with the fairly large capacitance, 100 µF. To 
procure such large capacitance, one normally uses “electrolytic” capacitors, 
whose plates are manufactured to be very close together by a chemical 
process (Fig. 5). Get one of these from the Cabinet 1 and use your multimeter 
to verify its capacitance, inserting the capacitor leads into the “Cx” slots (in 
either direction) and selecting the 200 µF capacitance range. Record this 
value. (B)  

The schematic in Fig. 6 shows the circuit you will build. Figure 7 shows how to construct the circuit. The 
electrolytic capacitor must be connected with the proper polarity, otherwise it will leak. The symbol for the 
electrolytic capacitor has a curved line for the 
negative terminal and a “+” by the other 
terminal. Connect the (-) terminal of the 
capacitor (marked in the gray stripe in Fig. 5) to 
the ground bus (Fig. 7). Note the yellow wire, 
which as shown in Fig. 3, connects the top of 
the capacitor to Analog input A0 of the 
MicroBLIP, via column 4B. Have your TA check 
the circuit before plugging it into the USB hub 
at your station in B10. (C) Be sure that the hub 
has its power supply plugged in, to deliver 
sufficient power to your circuit. Take a picture 
with your smartphone, showing your ID on the 
front edge of the breadboard, to show your TA, 
or just show it to the TA in person.  

 

Fig. 5 

Fig. 6 Fig. 7 
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Consider what happens with this circuit.  Pressing the pushbutton charges the capacitor from the +5 V bus 
through the 100 W resistor. This resistor prevents overloading the power supply while charging the capacitor, 
since a capacitor initially presents an effective short circuit when charging. Although not dangerous to the 
MicroBLIP, the brief loss of power could reset, or otherwise upset, the microprocessor.  

 When the pushbutton is released, the capacitor will discharge, and the schematic may be simplified to that 
shown in Fig. 8 (because the switch is now open).  The voltage 𝑉#(𝑡) across the capacitor and the voltage 
	𝑉((𝑡) across the resistor are both functions of time, as is current 𝐼(𝑡), which must be identical through both 
components by Kirchhoff’s current law.  

This current through the resistor by Ohm’s law is 

       (1) 

and the current through the capacitor (negative since the capacitor is 
discharging) is  

      (2) 

by the fundamental law of the capacitor. Since 𝑉#(𝑡) = 𝑉((𝑡)  by 
Kirchhoff’s Voltage Law, equations 1 and 2 can be combined into a 
single differential equation for 𝑉#(𝑡). Derive that differential equation 
and show that  

      (3)  

where t = 0 at the moment when the pushbutton is released. Show your derivation and explain why the “time 
constant” 𝑅𝐶 represents the time at which 𝑉#(𝑡) has fallen to 𝑉#(𝑡)/𝑒, or 37.8% of the initial voltage. (D)   You 
will now record a series of measurements of 𝑉#(𝑡) and estimate this time constant, RC.  

  

� 

I t( ) =
VR t( )
R

� 

I t( ) = −C
dVC t( )
dt

� 

VC t( ) =VC 0( )e
− t
RC

Fig. 8 
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Recording measurements of the discharging capacitor with the MicroBLIP 
Open up the Excel worksheet provided on the Class schedule website next to these laboratory instructions 

and familiarize yourself with its contents.  Next, open a new document in Microsoft Word on your lab computer 
and click the mouse within the new Word document. Plug in the MicroBLIP, and (assuming you have uploaded 
the MicroBLIP program, the green LED should begin flashing, 1-second on, 1-second off.  If not, push the reset 
button (see Fig. 3), to restart the MicroBLIP program. Then press User Button 1 and the welcome message 
should be typed into your new Word document. Then press User Button 1 again and a message should appear 
saying you are now in Voltage Logger Mode. (Repeatedly pushing User Button 1 will cycle through each of the 
other modes, coming back eventually to Voltage Logger Mode.)  

Press User Button 2 and the MicroBLIP will begin typing numbers between 0.00 and 5.00 V at a rate of 1 
sample/second. Now press and hold the button in your circuit to charge the capacitor (which happens almost 
instantly). The MicroBLIP should report approximately +5 V (a tiny bit less, because of the 100 W resistor). Now 
release the pushbutton and observe at least 15 readings decreasing towards 0 V being typed by the MicroBLIP.  
Copy (control-C in Windows) the first 15 readings from when the voltage just starts to decline, and paste 
(control-V) them into the indicated box in the Excel worksheet. The worksheet should create a graph of the 
readings, which should decay exponentially as described by equation 3 above. Its logarithm should be 
displayed as a straight line.  Be careful not to include any zero values in the list of voltages (the voltage should 
not have reached zero after 15 samples). Why would this cause an error in the spreadsheet? (E) 

To estimate RC, the spreadsheet first takes the natural logarithm of the voltage readings  

           (4) 

and uses Excel’s “Slope” function (a linear regression) to find the slope −∆𝑡 𝑅𝐶⁄  of equation (4) relative to 
sample number (cell D23 in the spreadsheet).  Since the sampling rate is 1 sample per second, ∆𝑡	= 1.0 
seconds and the spreadsheet takes this into account in computing the value in terms of seconds (cell D24).  
Record this result and compare it to the theoretical value of 𝑅𝐶 = 24KΩ	 × 	100𝜇F computed by the spreadsheet 
(cell D28). (F)   

� 

ln VC t( )( ) = ln VC 0( )e
− t
RC

⎛ 

⎝ 
⎜ 

⎞ 

⎠ 
⎟ = ln VC 0( )( ) − t

RC


