Archimedes’ Principle

Purpose:  In this lab you will verify Archimedes’ Principle by measuring the buoyancy force, apparent weight, and weight of the displaced water of several submerged objects.  You will also calculate the density of said objects and record your data on a spreadsheet.

Equipment: 
Dual-Range Force Sensor



Ring stand with support rod and clamp



Two containers (overflow cup and handled cup)



200g calibration mass



Specific Gravity masses
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A) Turn on the computer and open Logger Pro 3.1
B) Plug the Din Adapter to 
      Ch1 and then the Force 
                        Sensor to the Din Adapter.
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C)  Mount the Force Sensor 
      to the Ring Stand using 
      the short support rod and 
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       clamp (on tray)

D)  Open “Lab Pro” and 
       scroll down the Analog 
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      Sensors until you find      

      Dual-Range Force and click        

      and drag it to CH1
[image: image6.png]£ Microsoft Excel - Book1.xls

@) Ele Ed on Iert Farmet Lods Dote indow o

DEEERza/o-az 80 2

H3 =| =(D3-E3)
A B 5] D E F G H [l J K L M N 0 3

s o -|B 7y

1

2 F. F Fao | Fou Fu Fo | Fofufe
3 Brass 0.19] 0.642] 0.418] 0.412] 0.222 0.224] 0.892857 |
4 [Alurninum

5 Steel

B

7

8

Lead

33 v
e[« »Tbi\heet1 {Shestz £ Sheets [l i H

[ o~ Iy & | auoshapes - N N OO B 4l
Ready [T  mwml [ [





E) [image: image7.png]£ Microsoft Excel - Book1.xls

| ) Fle Edt Vew Insert Fomat Took Data window Hep

DR ek Bbelo-|axz 8D 2w~ <o -|B z U
=| =(H3-G3)H3"100

A B 5] D E F G H 1 J K L M N 0 3

1

2 F. F Fao | Fou Fu Fo | Fofufe
3 Brass 0.19] 0.642] 0.418] 0.412] 0.222] 0.224][0.852857]
4 [Alurninum

5 Steel

B

7

8

Lead

33 v
e[« »Tbi\heet1 {Shestz £ Sheets [l i H

[ o~ Iy & | auoshapes - N N OO B 4l
Ready [T  mwml [ [




 Right click on the icon of the 
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       force sensor in CH1 and      

       Calibrate appears at the top of 
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       the list.

F)  Press Calibrate and the Sensor
      Settings menu comes up.  With      

      this menu you calibrate the    
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       force sensor and prepare it for 
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       use.

G)  Make sure nothing is on the end of the force sensor and press Calibrate Now.  When the Channel Input (volts) stabilizes enter “0” in the Enter Value box (the “0” stands for 0 N hanging on the force probe).  Press Keep.  Notice that Reading 2 in now highlighted.  Place a 200 g mass on the end of the force sensor and when the voltage stabilizes put 1.96 in the Enter Value box.  (That’s the weight of a 200 g mass!)  Press Done. You’re ready to take force readings.

Part 1

A)  Open up Excel and make labels as shown:

	      
	
	
	
	
	
	
	

	       
	Fc
	Fo
	Fapp
	Fcw
	Fw
	Fb
	Fb-Fw)/Fb x100

	Brass
	 
	 
	 
	 
	 
	 
	 

	Aluminum
	 
	 
	 
	 
	 
	 
	 

	Steel
	 
	 
	 
	 
	 
	 
	 

	Lead
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	


B)  Suspend the container with the handle from the force sensor, measure its weight Fc, and record it in the spreadsheet. (Press “Collect” and let run for @ 5 sec. and then use “STAT” and the “mean” value to attain your force reading)
C) Remove the container and replace it with one of the masses.  Measure the weight of the object Fo, and record it on the spreadsheet.

D) Fill the overflow cup and place it on the ring stand base under the force sensor.  Place the handled cup under the spout to catch any overflow.  Gently lower the mass into the overflow cup while keeping it attached to the force sensor.  While the mass is suspended in the water measure its apparent weight Fapp and record it on the spread sheet.

E) Measure the weight of the handled can with the water in, Fcw, that has been displaced from the suspended mass and record it.

F) Calculate the weight of the displaced water Fw  = Fcw – Fc.  Record it! (see Part3:A)
G) Calculate the difference between the weight of the object Fo in air and its apparent weight Fapp.  This is F​o​ and is the buoyancy force Fb.       Fb = Fo – F​app = F​o​  (see Part3:B)
H) Compare Fb and Fw by using Fb – Fw/Fb x 100  (see Part3:C)
I) Repeat “Part 1” for each of the masses.
Part 2

A)  Go back to your spread sheet and make the following table.  You will find “” under Symbol in the font list..
	 
	mo
	mw
	Vw
	o
	o - t/t*100

	Brass
	 
	 
	 
	 
	 

	Aluminum
	 
	 
	 
	 
	 

	Steel
	 
	 
	 
	 
	 

	Lead
	 
	 
	 
	 
	 


B)  Determine the mass of the objects mo by dividing their weights by “g” . Record the values. (see Part3:E)

C) Determine the mass of the displaced water in like manner. (see Part3:F)
D) Find the volume of  the water by using  = m/V and record it.  Use 1000 kg/m3 for the density of water.   Verify the volume of water by using the three way equality for water. …1g = 1 ml = 1 cm3     (see Part3:G)
E) The volume of the water is the same as the volume of the mass.  Calculate the density of the masses using    = m/V and record it.  (see Part3:H)
F)  Compare your values for density to the values in the table  t and record the percentage difference.
(see Part3:I)


t
	 
	density 

	Brass
	 8.7 x 103 kg/m3

	Aluminum
	 2.7 x 103 kg/m3

	Steel
	 7.9 x 103 kg/m3

	Lead
	 11.3 x 103 kg/m3


Part 3:  Excel Formulas:

	a
	b 
	c
	d
	e
	f 
	g
	h
	I

	2
	       
	Fc
	Fo
	Fapp
	Fcw
	Fw
	Fb
	(Fb-Fw)Fb

	3
	Brass
	0.19
	0.642
	0.418
	0.412
	0.222
	0.224
	0.2

	4
	Aluminum
	 
	 
	 
	 
	 
	 
	 

	5
	Steel
	 
	 
	 
	 
	 
	 
	 

	6
	Lead
	 
	 
	 
	 
	 
	 
	 












B)

C)
	       
	mo
	mw
	Vw
	o
	(o-t)/t​x100

	Brass
	0.065443
	0.02263
	2.263E-05
	2891.892
	 

	Aluminum
	 
	 
	 
	 
	 

	Steel
	 
	 
	 
	 
	 

	Lead
	 
	 
	 
	 
	 



       E)

F)



  G)




H)


I)   compare!









Density table (t)
	 
	density 

	Brass
	 8.7 x 103 kg/m3

	Aluminum
	 2.7 x 103 kg/m3

	Steel
	 7.9 x 103 kg/m3

	Lead
	 11.3 x 103 kg/m3


To get subscripts you press


 “Ctrl + 1” or “Format”, then “Cells” and check subscript and then “OK”





Your formulas are in cells “g3”, “h3”, and “i3"





Note the formula for Fw� by the “=” sign.  To make the formula click the cell you want the formula in (G3), press the “=” sign, and type in “(F3-C3) and hit return.  That is, you want to subtract the weight of the water and cup from the weight of the cup, this yields you the weight of the water, Fw





Do the same for cell “H3”.   Note that this time the formula is (D3-E3), or the weight of the object minus the apparent weight.  This yields the buoyancy force, F�b





Cell “I3” is the percentage difference between the two measurements for buoyancy force.  The formula is 


(H3-G3)/H3*100), or, buoyancy force minus weight of the water divided by buoyancy force all times 100 (x100 makes it a %)  If you get a “-“ you can do “=ABS(…”








=(F10-t)/t*100





Formula for mass of object.





=D3/9.81    m=Fw/g      


Note that D3 is Fw, so your formula yields mass of object “mo”, which is  cell C10                    





Formula for mass of water





=G3/9.81  m=Fw/g       Note that “G3” is Fw, so you’re formula yields mass of water, mw





Formula for Volume of water





=D10/1000   w=mw/V,    therefore,  V = mw/w ,  D10 is Fw and 1000 is the density of water.  You’re formula yields you the volume of water.





Formula for density of object:





=C10/E10	o=mo/V,  Note that C10 is the mass of the object, mo, and E10 is the volume of the object, V, therefore, you’re formula yields you density of object, �o





         Brass:  8,600 kg/m3


Aluminum:  2,700 kg/m3


         Steel:  7,800 kg/m3


        Lead: 11,300 kg/m3





D)





“r” on the keyboard is “”





         Brass:  8,600 kg/m3


Aluminum:  2,700 kg/m3


         Steel:  7,800 kg/m3


        Lead: 11,300 kg/m3





=(F10-t)/t*100














