
   LABORATORY
INVESTIGATION
Why Are Cells So Small?

Have you ever wondered why cells are so small?  To see just the shape of cells we use a light 
microscope and a magnification of at least 100 power.  We also know that the cells of large animals and 
plants are in general no larger than the cells of small animals and plants.  Large living things just have 
more cells than smaller living things.  In this investigation we will look at the cell size question and 
try to find a reason why cells are small. 

We will begin our exploration of the question by creating a model cell.  Its shape is that of a cube.  
The model cell is made of agar agar containing a waste substance, salt.  The salt is evenly distributed 
throughout the agar.  The dimension of the model cell is 2.5 cm on each side. This is much larger than a 
real cell.  The area of the model is a measure of the amount of cell membrane present and the volume of 
the model is a measure of the amount of cell content present (cytoplasm).  We also know that the real 
cell is a dynamic system constantly moving raw materials into the cell  and wastes and cell products out 
of the cell.  Transport mechanisms, diffusion, osmosis and active transport facilitate the exchange 
process.  In our model cell the demand for services, raw materials and waste elimination, increases as 
the volume increases while the ability to supply these services across the membrane increases as the 
surface area increases.   Think of demand as the model cell’s volume and supply as the model cell’s 
surface area.  Now the question becomes, can supply keep up with demand as the cell increases in size?

In our cell simulatiion, demand, requires the elimination of waste salt distributed throughout the 
agar cube’s interior.   When the agar cube is placed in a container of distilled water, salt will slowly 
diffuse from the cube’s interior where it is in high concentration and enter the water surrounding the 
cube where the salt concentration is lower.  Your task in this investigation is to compare the rate of 
diffusion of salt as the cell surface area is increased and the total cell volume is held constant.

The rate of diffusion is measured indirectly using a conductivity sensor.  The sensor uses the ions 
dissolved in water to conduct a current of electricity from one side of the sensor to the other side of the 
sensor.  The greater the number of ions in the water the greater the current of electricity produced by the 
sensor.  When salt is added to water, large numbers of ions are formed. A solution of salt causes a large 
current of electricity to be produced and the conductivity value is higher.  The probe is calibrated to 
report conductivity in microsiemens per centimeter.

Vernier Equipment
Conductivity sensor, LabPro interface

Materials
Safety goggles, laboratory apron, 500 ml. beaker, distilled water,scalpel, 5 agar cubes, calculator, 
metric ruler, rinse bottle. 

Safety
Wear safety goggles at all times during the investigation.  Wipe up any spills of materials.
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Procedure
1. Pick up a 2.5 cm agar cube from the supply counter.  Place it on a clean paper towel and bring it 

back to your work space.  Measure the cube’s dimensions to confirm that it is approximately 2.5 
cm on a side.  Record the dimensions in Table 1.   Calculate the cube’s area and volume.  Record 
these values in Table 1.   Calculate the ratio of surface area to volume.  Record the area 
/volume ratio in Table 1.

2. Check your computer lab station equipment for the following connections.   The cable of 
the conductivity sensor is plugged into LabPro channel 1 (ch1).   The LabPro power 
supply is plugged into the LabPro AC adaptor port and a 110 volt outlet.  The USB cable 
is plugged into the LabPro and the computer USB port.  The switch on the back of the 
conductivity sensor is set to the 0 - 200 range.

3. Start the data collection software by double clicking on the LabPro icon found on the desk top. 
(JBS students should click on the Cell Size file in the Biology folder.)   A data table and graph 
appear on the screen.  The Y axis of the graph is labeled Conductivity and the X axis is labeled 
Time (S).  The Collect button at the top of the screen is also highlighted.  If this is the case 
proceed to the next step.  If the computer did not detect the conductivity sensor, the graph is not 
labeled and the Collect button is faded, ask your teacher to manually set the sensor ID for you. 

4. Place 250 ml. of distilled water in a 500 ml. beaker.  Place the probe in the beaker.  Click on the 
Collect button and read the ion concentration of the distilled water from the window above the 
graph or from the data table. 

5. Click Stop to halt data collection.  
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6. You are now ready to make your first conductivity measurement.  One team member should start 
data collection by clicking on Collect.  A second team member should place the agar cube in the 
water and slowly stir the beaker contents with the sensor probe.  Collect measurements of the 
conductivity of the water for 2 minutes.  When data collection ends print the graph.   Find the 
slope of the portion of the curve between 50 and 100 seconds.  Record the slope (conductivity rate 
of change) in the table 1. 

7. Dump the contents of the beaker.  Water goes into the sink the agar cube goes into the special 
waste receptacle.   Rinse and dry the beaker. 

8. Repeat steps 1, 4, 5 and 6.  This time cut the agar cube into 2 equal parts and place both of the 
agar cells in the water.  Record the new measurements in table 1.  Calculate the new surface 
area, new volume and new area to volume ratio.  Find the new slope of the portion of the curve 
between 50 and 100 seconds.  

9. Dump the contents of the beaker. Water goes into the sink the agar pieces go into the special 
waste receptacle.  Rinse and dry the beaker.

10. Repeat the process you have been following above for agar cubes cut into 4 equal pieces, 8 equal 
pieces and 16 equal pieces.  Record all measurements and calculations in table 1.

11. When you are finished close Logger Pro if requested by your instructor.  Rinse, wash and dry all 
containers.

Analysis   
1. Report the ion concentration of distilled water.______________________  

2. In this investigation, was the highest concentration of salt in the agar block or in the water in 
the beaker?   In this investigation, was the lowest concentration of salt in the agar block or in 
the water in the beaker?   Was the direction of diffusion from low to high salt concentration or 
from high to low salt concentration?

3. What evidence is there that salt diffuses out of the agar blocks.

4. Is the rate of diffusion out of each size block about the same?

5. Assuming that the salt is a toxic substance and needs to be eliminated, which agar block of 
those tested would eliminate the salt most quickly?  Which block tested has the most 
favorable surface area/volume relationship?

6. Write a sentence that explains how the rate of diffusion varies with the surface area of the 
cell. 

7. Prepare a bar graph showing the relationship of the surface to volume ratio and the rate of 
diffusion of salt from the agar block.

8. Cells typically grow as they age.  What is the consequence of cell growth on the transport of 
materials into and out of cells? 

9. Why do you think larger animals have more cells rather than larger cells?

10. Why do you think that the colder regions of the earth have have animals of larger size? 
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Consider that the air is cold and the animal is hot, therefore heat is constantly lost to the 
environment. 

Going Further
1. Investigate the diffusion rate of cells of different thickness. Design an investigation to find out 

if the thickness of the cell has any effect on the rate of diffusion. 

2. Continue your study of diffusion using a range of cell shapes.

Rate of Diffusion
microsiemens per 
centimeter/sec

Ratio 
surface/
volume

Volume 
cm3

Surface Area 
cm2

Agar Dimension 
cm

Table 1.  Cell Surface to Volume Relationships
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