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Some objects around us are small but others occupy a large amount of space. A 
preliminary question for today’s project is: Does a larger body (a body with greater volume) have 
necessarily a larger mass? The following Activity will help you to answer this question. 


 


Five cylinders of different material have been provided (similar 
to those pictured above) made of different materials. As you see 
they have varying sizes. 


a) For each sample, measure the mass, diameter and length. Record the 
measurements in the data table below. 


metals mass (g) Diameter 
(cm) 


Length 
(cm) 


Volume 
(cm


3
) 


Density 
(g/ cm


3
) 


lead      


tin      


zinc      


copper      


aluminum      


b) Assuming these are perfect cylinders, calculate the volume and record the 
result in your data table. 


c) Does a larger body (a body with greater volume) have necessarily a larger 
mass? 


d) In which sample is matter packed most densely? 


LSW 


8 


Activity 1 You will 


need: equal mass metal 


cylinder set, vernier calipers, 
top-load balance. 


Fluids in Equilibrium 
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e) As you may recall from a discussion in class, density is a measure of how much 
matter (in grams) is packed in every cubic centimeter. Calculate the density of 
each sample. Record the results. 


In Activity 1 you discovered that samples of different metals all had different densities. 
Our next question arises: Is the density a property of a sample or rather a common 
characteristic property of all samples made of the same material? Consider, for 
example, a sample of water and find out how the mass of a sample of water varies with its 
volume. 


Since you will measure the volume of water using a graduated cylinder, we list a few 
tips to follow: (1) Hold a piece of white paper behind the graduated cylinder to make 
the liquid level easier to see, (2) Read the volume by examining the top surface of a 
liquid in the cylinder at eye level, (3) If the surface of a liquid is curved (see Panel A in 
the figure below), use the bottom of the curve for your measurement. This curve is 
called the meniscus of the liquid. (4) Estimate the position of the bottom of the 
meniscus between lines on the scale. Employ the full precision of the scale on the side 
of your measuring cylinder and take the reading up to the nearest tenth of the smallest 
division on the scale.  


 


What is the volume of the liquid in the graduated cylinder in 
Panel B of the figure?  Record your reading to the nearest ten milliliters (1 mL=1 cm


3
): 


“The volume of the liquid is ________ mL.” 


Inspect a 1000ml graduated cylinder provided by your instructor 
and answer the following questions: 


a) What are the smallest division and the estimated 
fraction (one tenth) of the smallest division of your measuring cylinder? 
Complete the sentence: 


“The smallest division is _____ mL, and estimated fraction is _____ mL.“ 


Activity 2 


Activity 3 You will 


need: water, measuring 
cylinders (1000  and 250 


mL), top-load balance. 


A B 
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b) Use a balance to measure the mass of an empty 250 mL graduated cylinder. 
Record your result: 


“The mass of empty measuring cylinder is _________ g.”  


Now you will look at how the mass and volume are related by 
varying the volume while you measure the mass. After you pour 
water into the graduated cylinder, clean the balance of any 


spilled waters. Also wipe dry the inside and outside of the cylinder each time before 
weighing to avoid error. You may want to use a funnel or syringe to prevent getting 
water on the sides of the cylinder. 


a) Fill the measuring cylinder with water up to about the 100, 120, 140, 160, and 
180 mL mark. Measure the volume of each water sample using the scale on the 
cylinder. Employ the full precision of the scale as discussed above. Record 
your results in the data table below: 


volume (mL) Mass of water 
and cylinder (g) 


mass of water(g) mass/volume (g/mL) 


    


    


    


    


    


b) Measure the mass of each water sample using the balance. Record the total 
mass (water plus cylinder) as indicated in the table, then subtract the mass of 
the measuring cylinder itself to obtain the mass of the water alone. 


c) For each sample, calculate and record in the table the ratio of mass to volume. 


d) Graphing is a powerful method of revealing patterns and building 
mathematical models. Using MS Excel, make a coordinate (scatter) plot of the 
mass (in g) vs. volume (in cm


3
). Should the point (0,0) be included on the 


graph? How do you know?  


e) Remember to add all appropriate titles and labels, and also add a linear 
trendline with the equation displayed on the chart. 


f) What is the value and meaning of the slope of the chart you made in part e)? 


g) How does the mass of the sample of water vary with its volume? 


 


__________________________________________________________ 


 


 


Activity 4 You will 


need: water, measuring 


cylinder (250 mL), top-load 
balance, syringe. 
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As you know, the volume of a liquid can be found by pouring it into a graduated 
cylinder, and the volume of solids can be found using a ruler and mathematical 
formulae if they happen to be regularly shaped. For example, the volume of a cylinder 
is found using the equation:  


volume of a cylinder = π * radius
2
 * height 


In this experiment you measure the volume of five cylindrical 
samples of aluminum. 


a) Using the balance, determine the mass of all five 
cylinders up to the nearest tenth of a gram. Include the measurements of the 
aluminum cylinder from Activity 1. Record your measurements in the table 
below: 


Cylinder  mass (g) height 
(cm) 


diameter 
(cm) 


volume 
(cm


3
) 


mass/volume 


#1 
(from Activity 1) 


     


#2      


#3      


#4      


#5      


b) Using the vernier calipers, determine the height and diameter of the cylinders. 
Employ the full precision of your instrument and take readings up to the 
nearest tenth of a millimeter. 


c) Calculate the volumes of your five objects and compute the ratio of the mass 
and volume to compare these quantities for different samples. This helps you 
see emerging patterns clearly. 


d) Using MS Excel, make a coordinate (scatter) plot of the mass (in g) vs. volume 
(in cm


3
). Should the point (0,0) be included on the graph? How do you know? 


e) Remember to add all appropriate titles and labels, and also add a linear 
trendline with the equation displayed on the chart. 


f) What is the value and meaning of the slope of the chart you made in part e)?  


g) How does the mass of aluminum vary with its volume? 


h) How would you explain the fact that the density for water and aluminum are 
different? 


Activity 5 You will 


need: 5 aluminum cylinders, 


vernier calipers, top-load 
balance.  
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Your teacher will be looking for: 


1. Accurate measurements of the volume  
2.Correct calculations of the mass/volume ratio 
3.Correct number of significant digits in your calculations 


You probably noticed that scuba divers and sea creatures appear almost weightless in 
water. This means that water pushes upward on everything under the blue sea and the 
buoyant force almost exactly balances their weight (weight = m*g). At the same time 
water gets displaced when something gets submerged. This buoyant force depends on 
the volume of displaced fluid (liquid or gas).  


So you may ask yourself: How does the buoyant force vary with the volume of displaced water? 


For this experiment, we will suspend the large aluminum 
cylinder from the force sensor and partially submerge it in water. 
We’ll then observe how the measured weight from the force 
sensor changes as the cylinder is lowered further into the water, 
displacing more water. 


a) Zero the force sensor, and then hang the cylinder from it. Record the weight 
of the cylinder in air from the force sensor: 


“The weight of the cylinder in air is __________ N.” 


Also record this value in the first row of the data table (weight with zero water 
displaced). 


b) Now we will displace water and measure the weight of the cylinder in water. Pour 
water into the beaker to the 750 mL mark. Place the beaker on a lab jack under the 
cylinder. Use the lab jack to raise the beaker until it displaces 50.0 ml of water, and 
record the new (apparent) weight. Record this value in the second column of the 
table below. 


c) Continue to fill out the second column in the data table by further raising the 
beaker and recording the force sensor readings. 


d) When an object is submerged in water, the apparent weight of the object is less 
than the weight in air because of the upward buoyant force (see figure at right). 
Use this reasoning to determine the buoyant force acting on the cylinder for each 
of your readings and record these values in the third column. 


 


 


 


 


Activity 6 You will 


need:  object of volume of 
about 250 cubic cm3, water, 


economy force sensor, 1000 
mL beaker. 








I N T O D U C T I O N  T O  G E N E R A L  P H Y S I C S - I  


 6                                    10/20/2014 2:40 PM 6 


 


 


 


 


 


 


 


 


 


Is the buoyant force directly proportional to the volume of water displaced? 


 


a) Graphing is powerful method of revealing patterns and 
constructing mathematical models. Using MS Excel, make a coordinate (scatter) 
plot of the buoyant force acting on the cylinder in water vs the volume of water 
displaced. Add all appropriate titles and labels, and then add a linear trendline with 
the equation displayed on the chart. 


b) What is the value and meaning of the slope of the chart you made in part a)? 


c) How does the buoyant force vary with weight of displaced water? In order to 
compare two forces rather than the force and volume, convert the volume of 
water displaced by the cylinder into the mass and then to the weight of water 
displaced. Recall that the density of fresh water is 1.0 g/cm


3
, meaning that each 


cubic centimeter (1 mL = 1 cm
3
) has a mass of 1 gram. Use the fact that g = 9.8 


N/kg to convert the mass (in kilograms) into the weight. Report your results in 
your data table. Double check your units! 


Imagine that it is summer time and you’re 
swimming in a pool. When you dive to the bottom 
of the pool, you feel pressure acting on your ear-
drums and the pressure increases with depth.  The 
purpose of the following experiment is to 
investigate how pressure increases with depth in 
anticipation that this finding will provide an 
explanation for the buoyant force. 


a) Connect the pressure sensor to the computer interface 
and the tubing to the sensor’s pressure port. Fill the 1000 
mL cylinder with water. Slowly lower the tubing and record 
the pressure reading every 5 cm as you go down. Record 


your data in the table below. 


 


 


volume of water 
displaced by 
cylinder (mL) 


weight of 
cylinder in 
water (N) 


buoyant force 
on cylinder in 


water (N) 


weight of water 
displaced (N) 


0.0                     0.0 0.0 


50.0    


100.0    


150.0    


200.0    


250.0    


Activity 7 


Activity 8  You will 


need: 1000 ml graduated 
cylinder, metric ruler, water, 


and PASCO low pressure 
sensor (CI-6534). 
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depth under the 
surface of water (cm) 


pressure (kPa) 
change in pressure 


(kPa) 


0.0  0 


5.0   


10.0   


15.0   


20.0   


25.0   


b) Describe how you arranged the metric ruler so that you could measure the 
depth as accurately as possible. 


c) Calculate the change in pressure and record the values in the table. (The 
change in pressure is the difference between the pressure at a given depth and 
pressure at the surface.) 


d) Using MS Excel, make a coordinate (scatter) plot of the change pressure in 
water vs depth under the surface of water. Add all appropriate titles and labels, 
and a linear trendline with the equation displayed on the chart. 


e) How does the change in pressure vary with depth? Give evidence for your 
claims. 


f) What is the meaning of the slope of the chart you made in part d)?  


g) The pressure reading should increase by 0.098 kPa for each centimeter of 
depth below the surface. Determine the percent error of your measurement. 


Your teacher will be looking for: 


1. Accurate measurements of the volume and weight  
2. Correct calculations of the buoyant force 
3. Correct number of significant digits in your ratio calculations.    
4. Accurate measurement of the depth of the liquids.  
5. Accurate measurement of the pressure in the liquids. 
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Appendix. How to Use the Vernier Caliper  
 


 
 
When using metric, focus on the lower two scales. Notice that there is a coarse 
main scale that is fixed, and a finer vernier scale that slides. The main scale gives 
us the values before the decimal place (e.g. 14), and the vernier scale the values 
after the decimal place (e,g, .65). Note that the vernier scale pictured is divided up 
in 0.05 mm steps, meaning our measurements will precise to the nearest 0.05 mm. 
Also, we can see that the vernier scale only measures one full millimeter! Some 
calipers come in other units of precision, such as 0.1 mm or 0.01 mm steps, so 
check yours carefully, but the principle outlined here is the same. 
 
An example is the easiest way to learn to use calipers, so let’s see how we arrive at 
a measurement of 14.65 mm from the figure above. 
 


1. Look at where the 0 line on the vernier scale lines up with the number 
above it on the larger scale. In the figure, this 0 falls between 14 and 15 
mm on the larger scale. That means that the jaws are open between 14 and 
15 mm. So 14 is the reading from the main scale, the value before the 
decimal place. 
 


2. Now look on the vernier scale, and find the tick mark that best lines up 
with a tick mark on the main scale. The line between 6 and 7 lines up very 
well with the line for 40 on the upper scale, this tells us that the reading is 
0.65 mm (halfway between , the fractional part of the measurement. To 
get the final answer, we put the two numbers together: 14 and 0.65, gives 
us 14.65 mm.  
 


3. Sometimes Step 2 can be a little tricky, so we can do a rough check on our 
result. Look back at where the 0 on the vernier scale falls between the 14 
and 15 mm: is it a little over halfway? If so, then 0.65 mm sounds about 
right for the fractional part of the measurement (remember the whole 
vernier scale is only 1 mm). Similarly, if the calipers were instead set to 
14.05 then we would expect the 0 tick mark on the vernier scale to be 
much closer to the 14 than the 15. 












	Applied Sciences
	Architecture and Design
	Biology
	Business & Finance
	Chemistry
	Computer Science
	Geography
	Geology
	Education
	Engineering
	English
	Environmental science
	Spanish
	Government
	History
	Human Resource Management
	Information Systems
	Law
	Literature
	Mathematics
	Nursing
	Physics
	Political Science
	Psychology
	Reading
	Science
	Social Science
	Liberty University
	New Hampshire University
	Strayer University
	University Of Phoenix
	Walden University


	Home
	Homework Answers
	Archive
	Tags
	Reviews
	Contact
		[image: twitter][image: twitter] 
     
         
    
     
         
             
        
         
    





	[image: facebook][image: facebook] 
     









Copyright © 2024 SweetStudy.com (Step To Horizon LTD)




    
    
