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Guide for Educators 
 Humans are complex organisms with highly 
evolved nervous systems. But believe it or not we 
are not the dominant species on the planet. In 
terms of both numbers and mass, bacteria take 
that award by a landslide. Bacteria have no brain 
and flagella provide their only motive force, so how 
are they able to succeed so stunningly? Turns out 
that they use random motion enhanced by analog 
feedback. This kit includes components for build-
ing a simple light-based bacteria model based on 
the bristlebot design.  

NGSS Standards 

From molecules to organisms: Structures and Pro-
cesses, 3-LS1-1, MS-LS1-1, MS-LS1-7, HS-LS1-
2. 

Contents of Kit 
Toothbrush head (2), 25 pin micro bread-

board (1), 2N3904 NPN bipolar transistor (1), 
CR2032 3V Lithium coin cell battery (1), micro 3V 
DC vibration motor (1), 5539 photoresistor (1), 
permanent mounting tape 1“x2“ (1), single-use su-
perglue tube (0.07 oz), adhesive-backed googly 
eyes (4), bare metal paperclip (2).  

 

 

Required but not included: Scissors 

Optional Equipment (not included): 

Digital Multimeter, Eisco Scientific model 
PH1121B (www.eiscolabs.com/products/ph1121b) 
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Background 

Bacteria do not have long distance high resolution 
sensory organs like eyes or ears. They don’t have 
a brain and can’t strategize about how to obtain 
food and energy. The have a simple structure 
which responds to the environment around them. 
As they randomly move through their environment, 
environmental factors such as chemicals and tem-
perature change how the bacteria move. The 
changes to their motion can preferentially move 
them towards food and energy and away from de-
structive environments. Thus, with very simple 
functions they can thrive in their environment.  

The circuit in this kit is also very simple. It uses a 
photoresistor to supply a light-dependent current 
to a vibration motor. It has no logic circuit or even 
a comparator. If there is no light, the motor vi-
brates and moves the bot. If there is enough light 
the motor slowly shuts off and the bot stops mov-
ing. The bot has no mechanism for controlling its 
direction or speed. It simply moves around ran-
domly and stops when it is ‘happy’. Like bacteria, 
this simple behavior allows the bot to find light.  

 

 

Pedagogical Guide 

Assembly – Build and test the circuit.  

First we have to glue the breadboard to the tooth-
brush heads. 

1) Glue the toothbrush heads to either side of the 
small circles on the bottom of the breadboard. 

a. Unscrew the red and white cap on the su-
perglue and remove the red washer. Then 
screw the cap back on being careful not 
to squeeze the superglue. This punctures 
the seal.  

   

b. Remove the red cap only (not the white) 
cap and squeeze some super glue onto 
the bottom of the breadboard. Press and 
hold the toothbrush heads onto the bread-
board for about a minute. Then let the 
glue dry until it’s no longer tacky. You 
should use enough glue to wet the bottom 
of the breadboard but not more otherwise 
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the glue will spill down the side and make 
a mess.  

  

     

 

 

 

 

The next step is to build the circuit below. 

 

2) Hold the micro breadboard so the numbers 1,2, 
and 3 are at the bottom. We’ll label the first and 
last column 0 and 4. We’ll label the rows A-E 
from the top to the bottom as shown in the dia-
gram below. Circuit element leads are inserted 
by coordinate letter and number. For example, 
the coordinate B1 is shown by a diamond. 
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3) Stick the DC vibration motor to the top of the 
breadboard using the adhesive backing so that 
none of row C, D0 or D4 are covered. Cut a 
small piece of mounting tape and secure the 
leads to the top of the motor close to the end of 
the leads. Carefully insert the motor leads into 
B2 and C4 (color doesn’t matter). Unfold the 
paper clips a bit and carefully insert them into 
A2 and A4. Then squeeze the battery between 
the paperclips. If the motor buzzes, then you’ve 
placed the leads correctly. If not, you may need 
to insert the leads a bit further into the bread-
board holes. Once you have verified the motor 
works, remove the paper clips. 

 

 

4) Insert the leads of the following circuit compo-
nents at the coordinates indicated. The bread-
board gets crowded quickly, so it’s helpful to 
proceed in the following order: 

a. 2N3904 transistor: (C0, C1, C2) with flat 
side toward the motor. 
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b. Photoresistor: (B0, C3) 

 

c. 1K Ohm resistor (it has a red band): (B3, 
B4) 

 

 

d. 100 Ohm resistor (it doesn’t have a red 
band): (A1, A3)  

 

e. Paperclips: (D0, and D4) 

 

5) Hold the battery between the paperclips with 
the positive side touching the D4 paperclip. The 
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motor should start buzzing. Then bring the bris-
tlebot close to a bright light – the buzzing 
should stop when the photoresistor is a few 
inches from the light. 

6) If the circuit doesn’t function correctly, check 
that  

a. The positive side of the battery is con-
nected to D4, 

b. the other component leads are in the cor-
rect locations, 

c. no wires or leads are touching, 

d. the battery is not dead (you can use a 
multimeter to ensure the voltage is 
around 3V), and 

e. the motor leads are fully inserted into the 
breadboard. 

7) Once you have the circuit working, cut 0.5” di-
ameter circles from the mounting tape and use 
them to stick the battery between the paper-
clips. Bend the paperclips until the bristlebot 
balances. You can also add some adhesive- 
backed eyeballs to your bristlebot. To turn off 
the bristlebot, simply remove the battery and 

paperclips as a unit. Be sure the paperclips 
don’t touch each other after they are removed 
from the breadboard, otherwise the battery will 
drain quickly! 
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Optimizing bristlebot motion 

The bristlebot moves by jumping up and down 
very slightly as the vibration motor shakes the bot. 
When it goes up the bristles stretch out. When it 
comes down they flex and push the bristlebot in 
the direction of the flex. Since there are a lot of 
bristles, the motion is in the direction of the net 
force of all the individual bristles.  

 

The motion of the bristlebot is primarily influenced 
by 3 factors. The direction of the bristles, the posi-
tion of the motor and the position of the battery. If 
you don’t like how the bristlebot is moving you can 
adjust these to try to change how your bot moves. 

8) You can gently smash the bristles in the for-
ward direction. This should improve forward 
motion and reduce turning. 

9) You can tip the battery to the left or right to 
compensate for turning to the right or left, re-
spectively. 

10) You can change the position of the motor us-
ing the leftover mounting tape (this can be 
tough because you’ll have to reinsert the leads 
into the breadboard and re-attach them to the 
motor or the breadboard as before).  

11) Once you’re satisfied with your bristlebot, 
you can make a bristlebot environment. It 
should have a flat surface and vertical side-
walls. You can simply use a boardgame box, or 
you can tape paper walls to a fairly smooth ta-
ble. Be careful that the surface isn’t too smooth 
or the bristles will slip and the speed will be re-
duced. If the surface is too rough, the bristles 
won’t be able to stretch out. Both cases will re-
duce the speed of the bristlebot. 

You should also try to avoid sharp corners 
since the bristlebot will tend to get stuck. 

Experiments to try 

1) Set up an incandescent light shining into 
your arena. Is the bristlebot able to find the 
light? How long does it take for it to stop 
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moving? Does it matter which direction the 
photoresistor is pointing? 

2) (For a classroom setting) Put many bristle-
bots in the same arena. Adjust the incandes-
cent light so that only a few bots are able to 
sit in the light. How does the gross motion of 
the bots evolve? Do bots bounce each other 
out of the lighted region? 

3) (For a classroom setting) Now adjust the in-
candescent light so that many bots can find 
and sit in the light. How does the gross mo-
tion evolve in this case? 

4) (For a classroom setting) Do all the bots 
have the same sensitivity to the light? What 
can explain this? Which bots will do the best 
at getting the most light? Does it depend 
upon the number of bots? 

Application to Bacteria 

1) Are the bristlebots able to ‘see’ the light? Do 
they ‘know’ where the light is located relative 
to their own location? Do they need to know 
where it is located? 

2) How does the size of the arena influence the 
time it takes to find the light? How does this 
apply to bacteria? 

3) How does the number of bots influence the 
time it take to find the light? How might this 
apply to bacteria? 

4) What effect would there be if all the bots had 
the exact same sensitivity? Is anything 
gained by the bot community if they have dif-
ferent sensitivities? How might this apply to 
bacteria? 
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