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Objectives  

The objectives of this experiment are: (1) to study Archimedes' Principle, (2) to learn how 
to measure the density of a solid object by using Archimedes Principle, (3) to learn to 
apply electronic sensor technology to measurements, (4) to study and learn data analysis 
procedures, (6) and to learn the use of a spreadsheet for data analysis and presentation. 

 

Theory 

Archimedes, a Greek Mathematician, recognized that an object partially or fully 
submerged in a fluid has an upward buoyant force acting on it equal to the weight of the 
fluid displaced.1 When an object floats and does not accelerate, then it is in equilibrium. 
The sum of the forces will be zero. The weight of the object is equal and opposite to the 
buoyant force when there are no other external forces. If the object is partially 
submerged then the volume of fluid displaced will be the volume of the submerged part 
of the object. If the object is fully under the fluid, then the volume of the fluid displaced 
will be the volume of the whole object. Let’s look at some examples. 

An ice cube with dimensions 4 cm x 4 cm x 4 cm floats in water where 92% of 
the ice cube is submerged. The amount of water displaced by the ice cube is the 
volume of the ice cube under water. The volume of the ice cube is (0.04 m)3= 6.4 x 10-5 
m3. The volume of the ice cube that is under water is 5.88 x 10-5 m3 (0.92*volume of the 
ice cube) so the volume of water displaced is 5.88 x 10-5 m3. The density of water can 
be used to find the mass of the water displaced. Since ρ=m/V where ρ is density, m is 
mass, and V is volume, the mass of the water displaced is found using 

1000 kg/m3=m/5.88 x 10-5 m3 

where the density of water is 1000 kg/m3.Rearranging the equation gives 

m=1000 kg/m3*5.88 x 10-5 m3 and  



  

m=0.0588 kg. 

The weight of the water displaced is just the mass of the water displaced times the 
acceleration of gravity: 

Wwater displaced=mwater displacedg=0.0588 kg * 9.8 m/s2=0.58 or 

Wwater displaced=0.58 N. 

Thus the buoyant force FB is equal to the weight of the water displaced which is 0.58 N!  

 

If you hang a cube by a string as shown in Figure 1a, then the forces acting on 
the cube will be the tension provided by the string, 𝑇𝑇�⃗1, and the force due to gravity 
(weight of cube), �⃗�𝐹𝑔𝑔. The forces will be in equilibrium since the cube does not move. 
Thus, the net force will be zero since there is no acceleration of the block as shown in 
the following equations: 

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚𝑚�⃗�𝑎 = 0     (1) 

and 

     �⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 0 = 𝑇𝑇1𝑦𝑦� − 𝐹𝐹𝑔𝑔𝑦𝑦�    (2) 

Where 𝑦𝑦� is the unit vector in the y-direction. Rearranging equation (1) shows that the 
tension in the string equals the weight of the cube, 𝑇𝑇1 = 𝐹𝐹𝑔𝑔. 

 
Figure 1. a) A cube hangs by a string. b) A cube hangs by a string and is submerged in 

water. 

Now if you hang a cube by a string and submerge the cube under water as 
shown in Figure 1b, then the forces acting on the cube will be the buoyant force, �⃗�𝐹𝐵𝐵, the 
tension provided by the string, 𝑇𝑇�⃗ 2, and the force due to gravity (weight of cube), �⃗�𝐹𝑔𝑔. The 



  

forces will be in equilibrium since the cube does not move. Thus, the net force will be 
zero since there is no acceleration of the block as shown in the following equation: 

�⃗�𝐹𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑚𝑚�⃗�𝑎 = 0 = 𝐹𝐹𝐵𝐵𝑦𝑦� + 𝑇𝑇2𝑦𝑦� − 𝐹𝐹𝑔𝑔𝑦𝑦�   (2) 

The magnitude of FB+T2 is equal to the magnitude of Fg. 

 

Since the weight of the cube, Fg, is the same in both a and b cases, then  

|𝑇𝑇1| = |𝐹𝐹𝐵𝐵 + 𝑇𝑇2|.    (3) 

 

Apparatus: 

The apparatus is shown in Figure 2 and consists of: (1) four cubes of different 
material, (2) a can with a spout for overflowing water, (3) a catch can for the overflow 
water, (4) a Pasco CI-6537 force sensor, (5) various rods and clamps, and (6) a Pasco 
850 Universal interface. 

 

 
Figure 2. Force sensor with cube hanging, spout can, catch can, 3 other cubes, and the 

Pasco 850 Universal interface. 

Procedure 

There are four cubes of different material that will be measured to find the density 
of each material. 



  

Data Acquisition Setup 

1. Check and make sure that the force sensor is plugged into Analog Input A on the 
Pasco 850 Universal interface. 
 

2. From the Start Menu or the desktop, start the Capstone software program and 
click on the Hardware Setup icon, , in the Tools palette panel on the left side 
of the screen. 
 

3. In the Hardware Setup window click on the Analog A Input of the Pasco 850 
Interface Icon and scroll to the force sensor. Left click on force sensor. 
 

4. At the bottom of the window, adjust the sample rate to 1 Hz using down button of 
the sample rate adjustment icon. Minimize the Hardware Setup panel by clicking 
on the Hardware Setup icon. 
 

5. Create a table and graph in your main window by clicking the Table & Graph 
icon, , on the Quick Start page template. Click on the Select Measurement 
sections and choose Time(s) for the first column of the table and the x-axis of the 
graph and Force (N) for the second column of the table and the y-axis of the 
graph. 

 

Measurement and Analysis 

Table 1. Density of common materials 

Material Density (kg/m3) 
Aluminum 2.7 x 103 

Brass 8.7 x 103 
Lead 11.3 x 103 
Steel 7.9 x 103 

Water 1.0 x 103 
 

1. Measure and record the length, width, and height of a cube in an Excel data 
sheet like the one shown in Figure 3. 

2. Measure and record the mass of the cube using the electronic balance. 
3. Measure and record the mass of the catch can using the electronic balance. 
4. Fill the spout can with water. Set it on the counter next to the sink so that any 

excess water goes into the sink. Plug the spout with your finger and carefully 
carry the spout can of water back to the lab bench. 

5. Place the spout can of water under the force sensor but with enough distance 
between the two that the cube will not enter the water when you attach it to the 
force sensor. 



  

6. Place the catch can so that it will catch any water coming out of the spout when 
the cube is lowered into the water. 

7. Click the Start button to start recording your measurements. Press the tare 
button on the force sensor so that the reading is zero with the string attached. 

8. Attach the cube to the force sensor by hooking it onto the string. This reading is 
the magnitude of T1 (and also the magnitude of Fg).  

9. Record the weight of the cube in the data sheet (which is the same magnitude as 
the tension in the string since the forces are balanced). 

10. Gently lower the cube into the water until it is completely submerged but does not 
touch the sides or bottom of the spout can. 

11.  Record the reading on the force sensor after submersion. This reading is the 
magnitude of T2.  

12.  Click the Stop button to stop recording your measurements. 
13.  Measure and record the mass of the catch can and overflow water in the data 

sheet. 
14.  Calculate the mass of the water displaced by the cube. 
15.  Calculate the weight of the water displaced by the cube (buoyant force). 
16.  Calculate the buoyant force by subtracting T2 from T1 (force sensor readings) 

and using Equation (3). Compare this result to the buoyant force found from the 
weight of the water displaced. 

17.  Calculate the volume of the water displaced by the cube using the density of 
water and the mass of the water displaced. 

18.  Since the cube is fully submerged, the volume of water displaced is also the 
volume of the cube. 

19.  Calculate the density of the cube by dividing the mass of the cube (measured 
with the electronic balance) by the volume of the cube. 

20.  Compare the measured density of the cube found with the buoyant force to the 
measured density of the cube found by measuring the dimensions of the cube.  

21.  Compare the measure density of the cube found with the buoyant force to the 
density of the material listed in Table 1. 

22.  Press the Delete Last Run button to clear your data. Repeat these 
measurements and calculations for the other three cubes. 

23.  Make sure that you wash your hands after handling the lead cube. 



  

 
Figure 3. Example Excel Sheet 

 

Questions 

1. How much does the hook affect your measurements? 
2. Was your can completely dry when you started with each cube? 
3. If there was remaining water in the can, how would this affect your 

measurement? 
4. An object will float if it is less dense than the liquid it is in. An object will sink if 

it is more dense than the liquid it is in. It will be neutrally buoyant if the 
densities are the same. Which of the following cubes will float in water? 

a. Polystyrene foam (density=45 kg/m3) 
b. Lithium (density=534 kg/m3) (if it was not so reactive to water!) 
c. Mercury (density=13,593 kg/m3) 

5. What is the buoyant force for a cube that displaces 0.530 kg of water when it 
is submerged in water? 

6. What is the volume of the displaced water in question #5? 
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Theory 
 
Liquids are incompressible.  Their density ρ = mass/volume is constant.  When a liquid 
flows through a pipe, conservation of mass leads to the equation of continuity. 
Consider the flow of a fluid through a pipe with varying cross sectional area A. 
The volume V1 of liquid flowing into the pipe equals the volume V2 flowing out of the 
pipe per unit time. 
V1/Δt = V2/Δt,  A1Δx1/Δt = A2Δx2/Δt,  A1v1 = A2v2. 
 

 
 
For the pipe we write the equation of continuity as A1v1 = A2v2, or Q = Av = constant. 
Q is called the volume flow rate. 
In this session, you will try to verify the equation of continuity for water flowing out of the 
bottom of an elevated can through a small-diameter hose.  You will also measure the 
fraction of the ordered energy that is lost because of friction. 
  



Apparatus 
 
• can and hose 
• water containers, one with overflow spout 
• metal blocks 
• electronic balance 
• meter stick 
 
Procedure 
 
Open a Microsoft Excel spreadsheet to keep a log of your experimental procedures, 
results and discussions.  This log will form the basis of your lab report.  Address the 
points highlighted in blue.  Answer all questions. 
 
Each table will work as a group on this experiment. 
 
One end of a rubber hose is attached to a can with a spout in the bottom.  The can has 
an inside diameter of d1 = 9.8 cm and the rubber hose has an inside diameter of d2 = 
0.8 cm.  The other end of the hose is taped to a horizontal rod a certain distance below 
the can.  While one member of your group plugs the hose with a finger, another 
member fills the can with water.  Then you will allow the water to drain from the can 
through the hose into a catch pan.  You will measure the speed with which the water 
level in the can drops, and the speed with which the water emerges from the hose. 
 

    
  



Set up the apparatus on the floor, not on the table. 
 
• The horizontal position of the lower end of the hose should be a few cm over the 

edge of the catch pan. 
• Measure the height of ∆y of the center of the hose above the bottom of the catch pan. 
• Measure the vertical distance h from the center of the hose to the center of the 5 cm 

long black tape inside the can. 
• Record your measurements of ∆y and h in table 1. 
 

Table 1 
can diameter      (cm) 9.8 
hose diameter    (cm) 0.8 
tape length         (cm) 5 
∆y                        (cm)  

h                          (cm)  

∆t                            (s)  

∆x                        (cm)  

 
Fill up the can with water to above the upper end of the black tape without allowing 
water to drain.  Distribute tasks to be performed after you start draining the water. 
• One member of your group will notify the others when the water level in the can 

reaches the upper end and when it reaches the lower end of the black tape. 
• Several members will measure the time interval ∆t between these two events. 
• Other members will mark the spots where the water hits the bottom of the pan for 

those two events.  You will have to determine the average horizontal distance ∆x 
between the lower end of the hose and the spots where the water hits the pan. 

 
Drain the water while making measurements and record your measurements of ∆x and 
∆t in the table. 
 
• Repeat the experiment to check for reproducibility. 
  



Data Analysis: 
 
• To find the speed v1 with which the water level drops calculate v1 = (5 cm)/∆t. 
• To find the speed v2 with which the water emerges from the hose, use the formulas 

for projectile motion.  
o For the vertical motion we have ∆y = ½gt2.  We can solve for the time t it 

takes water to fall from the end of the hose to the bottom of the pan. 
o For the horizontal motion we have ∆x = v2t.  Inserting the time from above we 

have v2 = ∆x/(2∆y/g)1/2. 
• The kinetic energy of a volume V of water moving with speed v = ½ρVv2 = ½mv2, 

since ρV = m. 
The potential energy of the water changes as it moves.  While all the water moves, 
the change in potential energy is the same as that of a volume V, which has been 
moved from the top of the can to the exit of the hose.  The potential energy of the 
water in the rest of the can and hose is the same as the potential energy of the water 
that used to be there before the movement. 
The change in the potential energy of a mass ρV = m of water coming out of the 
hose is mgh. 
Here h is the distance from the center of the hose to the center of the 5 cm long 
black tape inside the can that you measured earlier. 
If no ordered energy is converted into disordered energy we expect from energy 
conservation that the change in kinetic energy is equal to the change in potential 
energy. 
½mv22 - ½mv12 = mgh or ½(v22 - v12) = gh. 
But some of the ordered energy will be converted into disordered energy, so we 
expect ½(v22 - v12) < gh. 
Dividing the change in kinetic energy by the change in potential energy we find the 
fraction R =  (v22 - v12)/(2gh) of the potential energy that is converted to kinetic 
energy.  If no ordered energy is lost, then R = 1.  We expect it to be less than one, 
because friction is always present.  But how much less? 

 
Fill in table 2.  

 
Table 2 

v1 = 5/∆t                          (cm/s)   
v2 = ∆x/(2∆y/980)1/2        (cm/s)   
A1v1 = (πd12/4)v1           (cm3/s)   
A2v2 = (πd22/4)v2           (cm3/s)   
R = (v22 - v12)/(2*980*h)   



Questions 
 
1. Did you verify the equation of continuity?  If not, explain what factors may be 

responsible for the difference in your two values of the volume flow rate?  Does the 
difference seem reasonable considering those factors? 

2. What fraction of the potential energy of the water is converted into kinetic energy in 
this experiment?   What fraction is converted into thermal energy?  Does this result 
surprise you?  If yes, pay attention to Poiseuille's law in the next module. 
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