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Abstract 
Determining the function of sleep is a research goal 

of the client. In order to do so, he wishes to carry 

out an experiment that involves cooling a local re-

gion of a rodent's brain to suppress neurological ac-

tivity. The project goal was to construct a cooling 

device for this purpose that brings the temperature 

to 20°C without disrupting EEG acquisition. The 

team constructed a device using a Peltier cell 

heatsinked by a vortex tube to cool the brain. This 

mechanism was able to sufficiently cool a model 

system with a differential of 23°C at the interface 

of the device and system. The presented schematic 

could be useful for other experiments involving 

brain cooling, though a suitable brain/device inter-

face still needs to be developed. 

Background 
The function of sleep is one of the greatest un-

solved mysteries in modern science.  

 

Many proposed theories regarding the necessity of 

sleep; none substantively established. 

 

Dr. Giulio Tononi hypothesizes that sleep is used 

for synaptic downsizing.  

The client is testing this hypothesis using 2-photon 

microscopy to image synaptic activity in awake and 

sleeping mice.  

 

If the hypothesis is correct, wakefulness with less 

neural activity will produce a longer time between 

sleep/wake cycles.  

 

It has been shown that cooling of brain tissue will 

reduce synaptic activity (Benita & Conde 

1972 ,Waleszcxyk 2005).  

 

The client wishes to selectively cool a region of the 

brain that is responsible for modulating the sleep/

wake cycle. By doing so, he thinks that he will be 

able to suppress synaptic activity, affecting the 

sleep cycle. 

Figure 1:  Synapses in the brain.  (www-
biology.ucsd.edu)  

Final Prototype 
Cool a 3 mm region in the brain to approximately 20°C.   

 

It must cause minimal harm to the brain cells.   

 

The device should take about 30 to 60 minutes to reach the 

ideal temperature.   

 

Temperature should be constant during experimentation 

(±0.5°C) and should be able to last for three to six hours.   

 

The device should not cause any interference to an EEG 

signal acquisition.   

 

The device should be able to fit on a cart so it is capable of 

being taken from room to room.  

 

The temperature should be controlled by the client in order 

to successfully carry out the desired experiments. 

Testing 

Client Requirements 

Setup: 
The testing apparatus consisted of agarose gel, which 

mimics tissue thermodynamics, placed in a hot water 

bath. The temperature of the bath varied from 39 to 50 °

C, depending on the test. Temperature of the gel was ob-

tained using thermocouples. 

Future Work 

Relationship between Voltage and Temperature of Peltier Cell
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“The synaptic homeostasis hypothesis claims 

that plastic processes during wakefulness result 

in a net increase in synaptic strength in many 

brain circuits; during sleep, synaptic strength is 

globally downscaled to a baseline level that is 

energetically sustainable and beneficial for 

memory and performance” (Tononi 2005).  

Design 

Figure 2: A Peltier cell is a circuit component that 
transfers heat in the direction of electron flow.  The cell  

consists of two plates and a solid compound between the 

plates that allows heat transfer against the thermal gradi-

ent—creating a “cold” side and a “hot” side. The energy 

transfer in this manner is changed by current—higher cur-

rents create a greater heat transfer. (http://

www.marlow.com/TechnicalInfo/images/faq_fig1.gif ) 

Figure 3:  A Vortex Tube is a device where air is forced 
through a tube where it is rotated at nearly 1,000,000 rpm to 

separate air particles based on kinetic energy. Hot air parti-

cles are forced toward the outside and cool particles are 

squeezed inside of the tube. As the particles reach the right 

side of the tube, only the hot air escapes. The cold air is 

compressed within the outer warm air cycle, then released 

through the left side of the tube. (http://www.process-

controls.com/techsales/&ex_Flow/vortex_tube.htm ) 

The final prototype uses the  Peltier cell and the vortex tube in conjunction.  As seen below, the Peltier cell is equipped with an aluminum tube as a heat sink, through which 

cool air from the vortex tube passes.   The cell will be connected to a gold needle that will be cemented into the mouse’s brain.  This gold needle will be removable so that multi-

ple Peltier devices do not need to be purchased.  The only disposable component is the needle, in which one will be used for each mouse tested.     

Figure 4:  Setup with Vortex tube (circled 
in red) and Peltier cell and heat sink 

Figure 5:  Complete setup of testing on 
Agarose gel 

Figure 6:  Birds eye view of testing on 
Agarose.   

Figure 7 (above):  
Vortex tube used 

in final prototype 

Figure 8 (below):  
Peltier cell used in 

Final prototype.  

Test 1: Vary Input Voltages of Peltier Cell  

The Peltier cell allows a user to easily adjust the tempera-

ture of the cold side. In order to do this, one must first deter-

mine the temperature produced from varying voltages 

across the Peltier cell. Temperature was collected from the 

cold surface of the Peltier cell, in contact with the air. 

Temperature of Agar underneath Peltier cell with differing interfaces
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Test 2: Examine Different Cell/Agar interfaces  

The method of attaching the device to the tissue depends on 

the interface used between the cell and the tissue. To test the 

interface, we gathered temperature measurements 1mm un-

derneath the interface’s contact with the gel over time. Time 

started when the cell was switched on. Voltage=0.8V, Bath 

temperature=42°C. 

Temperature of Agarose based on distance from the Peltier Cell

15

20

25

30

35

40

0 5 10 15 20 25 30 35

Distance (mm)

T
e
m
p
e
ra
tu
re
 (
°C
)

Surface Temperature

1mm Depth

3mm Depth

Test 3: Find the temperature of the agarose at various distances  

To understand the thermal gradient that the Peltier cell produces, 

several trials were carried out to measure the temperature of the 

agar at various horizontal distances from the Peltier cell, at differ-

ing depths. The results shown below are averages of 3 trials. 

Voltage = 0.775V, Bath Temperature = 46°C 

The device is mostly complete, however additional items remain either unimplemented or untested: 

• There needs to be a method of attaching the device to the brain—this will be accomplished using a magnetic needle that clips onto the housing. 

• The device needs to be tested to see if it produces noise with the EEG signal 

• A non-electronic method of finding the temperature of the device and temperature of the adjacent tissue needs to be obtained. 

• Additional testing needs to be carried out on a mouse to determine the actual thermal gradient 

Result:  

From the data, we determined that a voltage between 0.6 

and 0.8V would produce the ideal temperature for cooling. 

Result:  

Our original design used an aluminum plate between the 

cell and tissue, but this did not produce sufficient cooling, 

so the interface used for additional testing was direct con-

tact. In the final design, there will be another component be-

tween the cell and the brain tissue. 

Result:  

The temperature gradient at each depth is shown below. 


