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Unit 4 Materials List  
 

 

 Graduated cylinder 

 Beaker 

 Bucket for water 

 Funnel 

 Box with volume relationship set: cube, rectangular prism, cone, pyramid, 

cylinder and sphere 

 Balance 

 Box with packing peanuts 

 Box with miscellaneous items such as hickory nuts, string, acorns, spiny seed 

pod,  stone, cotton ball, feather, paper clips, noodles, plastic cap, felt pad, 

hexagonal weight, metal washer & jacks 

 Box with 40 circular discs 

 Box with plastic square weights: 4 1g yellow weights, 2 5g orange weights, 1 

10g purple weight, 1 20g pink weight 

 Box with six calibration standard weights: 1g, 2g, 5g, 10g, 20g and 50g 

 Box with stop watch, cart, tape measure, string, pulley 

 Board for mounting pulley 

 Bag with miscellaneous shells 

 Density block set 

 Rhinoceros Beetle 

 Morpho Butterfly 
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Unit 4. Simple Measures 

 

 Have you ever been measured? When you visit the doctorôs office, a nurse 

probably measures your height and weight. Have you ever measured anything? At 

the grocery store, you may measure fruits and vegetables to determine how much 

they will cost. Scientists often measure things as a means of comparison.  

In this unit, we will explore the properties of matter, including mass, 

volume, and density.  We will learn how to measure these properties, and we will 

come to understand the relations that exist between them. Some of the following 

exercises are presented in two versions, one for lower grades, and another for 

higher grades: Exercise 1. What is its mass?, Exercise 2. How is mass related to 

shape?, ,Exercise 3. Density, and Exercise 4. Exploring object size, shape, 

density and mass 
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Exercise 1: What is its mass? 

The mass of a body is a measure of how much matter the body contains.  

We can measure a bodyôs mass by measuring how strongly the body resists 

changes in its velocity (speed and direction). The more massive the body, the more 

difficult it is to make the body move faster, slower, or change direction. For 

instance, it is easier to push an empty shopping cart than it is to push a full one. 

Test this the next time you go to the grocery store.   

Acceleration is the rate at which a bodyôs velocity changes.   If a bodyôs 

velocity is changing, then we say that the body is accelerating.  So, we can 

rephrase our previous statement about changes in velocity in terms of acceleration.   

The more massive the body, the more difficult it is to accelerate.   

Anything that can cause an object to accelerate is called a force.  Gravity, 

magnetism, friction, and tension are examples of forces.  If you hold your pencil up 

above your desk and then release it, the force of gravity will cause the pencil to fall 

to the desk.  If you repeat this same experiment in outer space, beyond the reach of 

Earthôs gravity, the pencil will simply float in place.  That is, its motion will stay 

the same.  In this exercise, we will measure how gravity changes the motions of 

various objects, in order to discover how massive the objects are.  

In the United States, we often talk in terms of how much an object weighs, but 

weight is actually a measure of the gravitational pull on an object. You would have 

the same mass if you were standing on the surface of the moon or on the surface of 

the earth, but you would weigh less on the moon because the gravitational pull of 

the moon is less than that of the earth.  

In these activities, we will consider mass.  Mass is expressed in the metric 

system of measurement. The units of mass units and the relations that exist 

between them are shown in the table below.   

MASS UNITS 

Unit  Symbol Relationship 

milligram mg  

gram g 1000 mg 

kilogram kg 1000 g 

metric ton t 1000 kg 

 

When completing scientific calculations, it is important that you keep track 

of all of your units, and that you are comfortable converting between units.  The 

following example and exercises will help you learn how to convert between units. 
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Example:  How many grams are there in one milligram? 

Answer:  

We start with the equation from the table that relates grams to milligrams 

 

Next we divide both sides of this equation through by 1000 so that the left hand 

side of the equation is equal to 1 mg, and convert the fraction  to its decimal 

form. 

 

 

Q1.  How many kilograms are there in one gram? 

 

Q2.  How many milligrams are there in one kilogram?  How many milligrams are 

there in one metric ton? 

 

Q3.  How many kilograms are there in 800 grams? 

 

Exercise 1a. Mass & Motion 

In this exercise, you will test the relationship between the mass of an object and its 

resistance to change in motion, using the experimental setup shown on the next 

page. You will complete two exercises on mass and motion: Exercise 1a1 & 

Exercise 1a2.  

***There are two versions of these exercises.  The first version is called 

Methods for lower grades.  The second version, entitled Methods for higher 

grades, is enhanced with additional mathematics. 

All exercises of mass and motion utilize the set up shown on the next page. 

 Locate the box labeled 1a. 

This box should contain a cart having the following characteristics: 4 

wheels, a cavity to hold objects, and a hole in the front to insert a string. 

There should also be a measuring tape, a stopwatch, a pulley and a string 

with weight attached to it in the car box. 

 Clear a tabletop in the room.  

 You will set up the apparatus shown in the figure below, using a 50g mass. 

 If your table is to too thick for the pulley clamp, attach it to the enclosed 

piece of dry erase board instead, and weight the dry erase board down with a 

book or some other heavy object. 
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 Place a barrier (e.g. book) under the string in front of the pulley, so that the 

cart does not fall off the end of the table. 

 Mark a starting line at the other end of the table.  At the beginning of each 

trial the front wheels of the cart should be even with the starting line. 

 The distance between the starting line and the end barrier is your track 

length.  

 Your track length must be less than the height of the table. 

 
         

            
 

Exercise 1a1. Items of known mass (Methods for Lower Grades) 

 

 Find the box labeled 1a which contains a series of calibration weights. 

 Load one calibration weight into the cart while holding it at the starting line. 

 Write the mass of the calibration weight down on a sheet of paper, or on the 

board at the front of the room (number on weight = mass in grams). 

 One person should release the cart while a second person uses the stop watch 

to find the time it takes the cart to travel the track (hit the stop). 

 Write down the number of seconds it took for the object to travel the track. 

 Repeat this process for all of the weights. 

 Order the objects from the shortest time to cross the table to the longest time. 

 Answer the following question. 

 

Q1.  How is the time it took the cart to travel the track related to the mass of 

the object in the cart?  

 

 

 

 

 

Insert book or some other stop under string at end of table 



 8 

 

 

Exercise 1a2. Ranking items based on travel time (Lower Grades) 

 

 Find the box containing a number of objects of unknown mass. 

 You will also need your box of calibration weights from the previous 

exercise. 

 Find additional objects from around your room that are small enough to 

fit into the well of the cart.  

 Repeat Experiment 1a with each of these objects. 

 Order your objects in a row, from most massive to least massive, based 

on the time it took each one to travel the track. 

 Situate your calibration weights from Exercise 1a in this same row 

according to the time it took each one to travel the track. 

 Conclude something about the mass of each of your unknown objects.  

For example, you might conclude that a paper clip has more mass than 

the 2 gram calibration weight, but that it has a mass less than that of the 5 

gram weight. 

 Answer the following question. 

Q1. For each item below, decide which of the two animals listed is the most 

massive.  Record your choice on the board at the front of the room. 

 A meat eater that ambushes its prey or a meat eater that chases its prey 

 A bird with functional wings or a flightless bird such as an ostrich 

 A soaring/gliding bird (such as a vulture) or a song bird  

 A beetle that bores into rotting logs and litter on the forest floor or a 

butterfly that visits flowers 

 A centipede or a millipede 

 

 Check your answers for Exercise 1a2.Q1 at the end of the book! 
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Exercise 1a1. Items of known mass (Methods for Higher Grades) 

 Follow the directions at on pages 6-7 to set up the apparatus shown on the 

next page.  Donôt forget to measure the track length!   

  
 

 Load the most massive calibration weight into the cart while holding it at 

the starting line. 

 When you are ready, start the stopwatch and let go of the cart 

simultaneously. 

 Stop the stopwatch when the cart reaches the finish line. 

 For each object, record the time it takes for the cart to travel the track, 

and the mass of the weight used. 

 Repeat with each of the remaining weights. 

 Establish a qualitative relationship between the time it takes the cart to 

travel the track, and the mass of the object in the cart.    

 Make a scatter plot of the mass, m, of the object in the cart versus the 

time, t, it took the cart to travel the track.  Label the x-axis t and the y-

axis m.  Donôt forget to list your units on your axes! 
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Exercise 1a2. Obtaining the mass of unknowns using Newtonôs laws of motion. 

Higher Grades 

 In this exercise, you will calculate the mass of several objects using 

Newtonôs laws of motion.   

1) The velocity (speed and direction) of a body does not change unless the 

body is acted on by an external force. 

2) The net force acting on a body is equal to the product of the acceleration of 

the body and the mass of the body, that is,  

 

In this equation, mass, m, is measured in kg, and acceleration, a, is measured 

in m/s
2
.  The units of force, , are measured in (kgĀm)/s

2
  

3) If one body exerts a force on a second body, then the second body exerts a 

force of equal magnitude and opposite direction on the first body. 

 

Q1.   Suppose two bodies have an acceleration of 8m/s
2
.  The mass of the first 

body is 3g and the mass of the second body is 10g.  Find the force acting on 

both bodies.  Which body had a greater force acting upon it?  Make sure you 

find the answer using standard units of mass and force! 

 

Q2. Rearrange the equation in Newtonôs second law to solve for a in terms of m 

and F.   

 

Q3. Suppose that a force of 10(kgĀm)/s
2
 is applied to a body with a mass of 50g.  

What is the acceleration of the body?  How much force would be needed to give 

a body with a mass of 100g the same acceleration?  Does this agree with our 

previous statements relating mass and acceleration?  Be careful with your units! 

 

 Identify small objects from around the room that will fit in the cartôs well 
and run in the same experiment you completed under Exercise 1a with 

each one.  

 Record your results in a table that has the name of each object in the first 

column, the time it took to travel the track in the 2
nd

 column and a blank 

column entitled objectôs mass. 

 Rank these objects along with the calibration weights in a list from least 

massive to most massive. (The class might vote on the relative position 

of each item) 
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The following items of information are needed to determine the mass of each 

object. 

 

1) The acceleration due to gravity:   

      m = meters & s = seconds 

2) The mass of the cart: . 

3) The mass of the calibration weight:  
4) The time, , it takes the cart to travel the track.  (Note:  should be 

measured in meters). 

 

Now we are ready to calculate the mass of each object.  First, note that since the 

cart and the weight are joined by a string and pulley any change in the position of 

the string results in an equal change in the position of the cart.  As a result, the 

acceleration of the cart is equal to that of the string.  We will call this acceleration 

the system acceleration and denote it as . 

 

Step 1. Calculate the system acceleration, . 

When an object is accelerating, the relationship between the distance the 

object has traveled and the objectôs acceleration is: 

 

 

 

Where d is the distance traveled, vo is the initial velocity, a is the acceleration, and 

t is the time it takes the object to travel the distance, d.   In the cart experiment, 

, , and .  So, the relationship is 

 

 

Initially the cart is at rest, and therefore the initial velocity, vo, is zero. Thus 

the relationship becomes: 

 

 

 

Q4. Rearrange the equation above to solve for  in terms of  and .   
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Step 2. Calculate the gravitational force on the calibration weight. 

On earth, the acceleration of a free falling body is 
. 
 Therefore the 

gravitational force, , on a 5g weight is  

 

 

Step 3: Calculate the tension on the string. 

 The force of gravity on the calibration weight is opposed by the tension 

force, , on the string.  The net force on the calibration weight, , is the 

difference of these two forces, that is 

 

Q5. Use Newtonôs second law to find  in terms of  and . 

 

Q6. Find  in terms of .   

 

Step 4. Use Newtonôs second law to find the combined mass of the cart and 

object, . 

The cart is being pulled by the tension, or pulling force, in the string.  

Therefore, the force on the cart, , is equal to .   

 

By Newtonôs second law,  is also the product of the cartôs mass and its 

acceleration. 

 

Q7. Solve for . 

 

Step 5. Find the mass of each object.   

To find the mass of each object, simply subtract the mass of the cart from 

the combined mass of the cart and object. 

 

 

 

Note that the masses  and  must be in kilograms, or at least in the same 

units, for your answer to make sense. 

 

 Complete your table by recording the mass of each object. 
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 Add the data points for the unknown objects to the graph you have made 

of mass versus time to travel the track.  

 Test the ranking obtained from your table and graph against your original 

ranking of items by mass. 

 Answer the following questions. 

 

Q8 .What are some possible explanations for any differences between the 

first (qualitative) and second (quantitative) rankings you developed? 

Q9. What objects were the heaviest?  The lightest?  

Q10. Can you tell by looking at the various objects which ones had more 

matter in them? 

Q11. For each item below, decide which of the two animals listed is the 

most massive.  Record your choice on the board at the front of the room. 

 A meat eater that ambushes its prey or a meat eater that chases its prey 

 A bird with functional wings or a flightless bird such as an ostrich 

 A soaring/gliding bird (such as a vulture) or a song bird  

 A beetle that bores into rotting logs and litter on the forest floor or a 

butterfly that visits flowers 

 A centipede or a millipede 

 

 Check your answers for Exercise 1a2 at the end of this book! 

 

 

Exercise 1b. What is its mass? 

In this exercise we will determine the mass of various objects. Determining an 

objectôs mass allows you to answer questions like: 

Which has more mass? 

How much mass did the object gain or lose from one time to the next? 

Do objects of the same type have the same mass? 

TO BEGINé. 

You will need: 

1. Balance provided 

2. Box with 40 circular discs/rings 

3. Box with colored blocks 

 

 Remove the balance from the wooden trunk. 
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This balance does not allow you to directly measure an objectôs mass. However, 

you can use it to compare the mass of two objects.  In this way, the balance allows 

you to determine or at least estimate the mass of an object with the aid of several 

objects of known mass.  

First we will determine the mass of a ring weight. 

 For a start, take two rings out of the box.  Place one ring on one tray of the 

balance and the other ring on the other tray. If the two trays balance (are 

level with one another), then the two rings are of equal mass. Take 

additional rings from the box and repeat this comparison to ensure that the 

rings are of the same mass. 

 Now open the box with the colored blocks in it. 

 Hold a purple block in one hand and a ring in the other hand. Which looks 

like it would have more mass?  Which object feels heavier? Letôs see which 

object has more mass.   

 Place the purple block on the left tray of the balance and a ring on the right 

side of the balance. If one object has more mass than the other, the balance 

will be lop-sided and the more massive object will push its side of the 

balance down.  

Q1. Which object has more mass: the purple block or the ring?   

 Consult the answer sheet at the end of the book under Exercise 1b to verify 

your answer if you are unsure.  No cheating! You are on your honor not to 

peek at answers to later questions.  

 Determine how many rings it takes to equal the mass of the purple block, by 

adding rings to the right side of the balance until the two trays appear to be 

level. When this occurs, the mass of the rings in the right tray is equal to the 

mass of the purple block. 

 

Q2.  How many rings did you use?    

 Record the number of rings it took to balance the two trays in Data Table 1, 

which is located at the end of this exercise. 

 Check the answer sheet under Exercise 1b. Q2 to see if you are correct.  

 

Letôs investigate further the problem of how much mass a single ring has by 

repeating the comparison you made between the ring mass and the purple block 

with another colored block .  

 Determine how many rings it takes to equal the mass of the orange square 

block.  
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 Remove all objects from the balance.   

 Place an orange block in one hand and a ring in your other hand.  Which 

block feels heavier? 

 Place the orange block in one tray and the ring in the other tray.  

  

Q3. Which has more mass?  

 Check the answer sheet under Exercise 1b. Q3 if you are unsure. 

 As before, continue placing rings in the tray until the two trays are balanced. 

  

Q4. How many rings did it take this time?  

 Record how many rings in Data Table 1 

 Look at the answer sheet under Exercise 1b.Q4 to see if you are correct. 

 

Q5. Looking at your data, what mathematical relationship can you surmise about 

the masses of the purple and orange blocks relative to that of the ring?  

 Record this relationship in data table 1.  

 Check your answers on the answer sheet under Exercise 1b.Q5. 

 

Q6. Hypothesize the mathematical relationship between the yellow block and the 

ring.  State a reason for your hypothesis on your data sheet.   

Repeat this experiment a third time.   

Compare a square yellow block to a ring.  Which one looks like it would have a 

greater mass?  Does one feel heavier than the other does? 

Place the yellow block in one tray and a ring in the other.   

Q7. How many rings did it take to balance the two trays this time? 

Thus far, you have been determining the relative masses of objects. Balances or 

scales have sets of standard masses associated with them. These objects are of 

known mass and are used to calibrate the scale (adjust the mechanism to ensure 

that it provides an accurate mass). We can use these standards to determine the 

absolute mass of a single object, that of the ring. 

 Locate the 1gram calibration standard. Place this standard on one tray of the 

balance and a single ring on the other tray.  

 You should now be able to answer the following questions.  Record your 

answers in Data Table 2. 

 

Q 8. What is the mass of a ring? 

 

Q 9. What is the mass of the purple block?  
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Q10. What is the mass of the orange block? 

  

Q 11. What is the mass of the yellow block?  
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DATA SHEET for Exercise 1b: What is its mass?  

Data Table 1  

 Number of rings required 

to equal block mass 

Relationship of mass of 

ring to mass of block 

 

Purple block 

  

 

Orange block 

  

 

Yellow block 

  

 

Question 6:  Hypothesize the relationship between the yellow block and the 

ring. 

 

State your reason for your hypothesis. 

__________________________________________________________________

__________________________________________________________________

__________________________________________________________________ 

 

Data Table 2: 

Item Mass in grams 

 

Ring 

 

 

Purple block 

 

 

Orange block 

 

 

Yellow block 
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Exercise 2: How is Volume Related to Shape? 
 

Exercise 2a. Comparing shapes 

In Exercise 1, we learned how to measure the mass of an object. In this 

exercise, we will learn how to measure an objectôs volume.  The volume of an 

object is the amount of space it takes up. Hollow objects and containers are often 

described by the volume that they can hold.  For example, the measuring cups and 

spoons in your kitchen are all labeled with the volumes that they hold.   

 

TO BEGIN  . . . 

You will need 

1. Box with volume relationship set (includes cube, rectangular prism, cone, 

pyramid, cylinder) 

2. Container with sphere inside (PLEASE KEEP SPHERE INSIDE CONTAINER 

WHENEVER POSSIBLE TO PREVENT BREAKAGE.) 

3. Beaker  

4. Funnel 

5. 1000 mL graduated cylinder 

6. Plastic pan (Use this pan to catch any spilled water while pouring during the 

remaining steps.) 

7. Bucket to serve as water reservoir 

8. Box containing miscellaneous objects 

 

 Examine the six containers in the volume relationship set. 

 Try to imagine which of the shapes can hold the same amount of water, 

or which ones look as though they take up the same amount of space 

(have the same volume)? 

Letôs find out if you have guessed correctly. 

 

 Find the round sphere pictured below, and place it in the container with its 

opening facing up. 

 

                               
 

sphere 
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 Using the cup and funnel, fill the sphere with water. (ALL POURING OF 

WATER SHOULD BE DONE OVER THE PLASTIC PAN .)  Do this 

slowly to avoid spilling.  

 

Q1. Just by looking, what container do you think holds the same volume of water 

as the sphere?  HINT: There is only one shape that holds the same amount of water 

as the sphere. 
 

 Pour the water from the sphere into the container you have chosen as being 

similar in volume. If you have water left in the sphere, then the container you 

have chosen is too small. If the new container is not filled to the top with the 

water from the sphere, then it has a larger volume than the sphere. 

 

  Keep filling containers until you have found one that will hold the same 

volume of water as the sphere.  

 

 Find the rectangular box pictured below and fill it with water.  

 

 

                            
 

 

 

Q2. Now follow the directions below to find the container that holds TWICE (2X) 

the amount of water as the rectangular box.   

 

 Pour the water from the rectangular box into the container you have chosen. 

You should then have an empty rectangular box and another partially filled 

container.  

 

 Fill the rectangular box with water one more time, and pour as much of this 

water as you can into the container you chose.   

 

rectangular 

box 

 b 
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 If you guessed the correctly, the container that you chose should be full of water 

and the rectangular box should be empty.  

 

  If this is not the case, choose another container and try again. 

 

Look in volume relationship set box for the cylinder and cube pictured below. 

 

                                
 

 

Q3. Do you think the cylinder holds as much water as the cube, or do you think 

one of these containers holds more than the other?  

 

                         
 

 

 

 

 Slowly pour the water from the cube into the cylinder to learn whether your 

guess was correct. 

 

 Pour the water from both containers back into the bucket.  

 

 Turn the empty cube upside down so that the open side is facing down.   

 

 Set the cylinder on top of the cube. Can you tell by looking down at the 

containers why one has a higher volume? HINT:  It has to do with shape! 

cube 

cylinder 
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 There are two containers left in the box that we have yet to examine. One is 

a cone (think ice cream!) and the other a pyramid.   

 

                                                 
      

 

 

 Observe the size and shape of these containers. Are the containers the same 

height? Yes, the cone and pyramid are equally tall.  

 

Q5. Do a cone and pyramid of equal height have equal volumes?  Think carefully! 

If you are having trouble, look at the bases of the containers and remember the 

cube vs. cylinder comparison. One has a square base, and the other a circular base.   

 

 Slide the cone into the pyramid.  Now you should be able to tell which one has 

the greater volume.  
 

 Fill the pyramid with water, and then pour the water into the cone.  You should 

find that the water from the pyramid does not quite fit into the cone. Thus, 

shape affects volume! 

 

Finally, let's see if we can determine the volume of each shape available to us. To 

do this, you will need the beaker provided and the graduated cylinder (tall thin 

container). 

 

 Begin by choosing one of the shapes. Then, fill it to the top with water.  

 

 With the aid of the funnel, carefully pour the water that filled the container into 

the beaker and try to read the measurement in milliliters on the side of the 

beaker.  

 

cone pyramid 
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Can you make a very accurate measurement of the volume of water using the 

beaker? Letôs see if we can get a more accurate measurement of the shape you 

have chosen.  

 

 Again with the aid of the funnel, pour the water you had in the beaker into 

the graduated cylinder.  

 

 Read the measurement on the side of the graduated cylinder. 

  
Q6. What is the volume of the shape you have selected? (The answer should be in 

milliliters).  

 

 Repeat this process for the rest of the shapes and compare them.  

 

Q7. Which shape has the biggest volume? Which has the smallest volume? 

 

 

 Please place the empty clear containers back into the proper boxes, and 

return these to the trunk. 
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Exercise 2b. Find the exact volume of these shapes. 

 

There are formulas that allow you to calculate the exact volume that each of the 

containers holds.  These formulas are listed in the table below. 

 

Shape Volume formula Explanation 

Sphere 
 

 

 

rectangular box   

 

 

Cylinder   

 

Cube   

 

 

right cone 
 

 

 

square pyramid 
 

 

 

 

 Use the correct formula to determine the volume of each container.  Measure 

as carefully as possible for the most accurate results. 

 

Exercise 2c:  Finding the volume of irregular solids using displacement 

 

Some solids, like the shells included in this unit, have irregular shape and cannot 

be measured with a meter stick or ruler to find volume.  However, there is another 

method to find the volume of irregular solids.  In order to use this method, you will 

need to accurately measure the volume of a liquid in a cylinder. 

  When a liquid is put into a cylinder, it does something unusual. It curves. 

This curve is caused by a quality that liquids have called surface tension.  

When you read the graduated cylinder, you read it at the bottom of the curve. This 

is called the meniscus.   

 Place the graduated cylinder on the table for an accurate reading  

 Place some water in the graduated cylinder (approximately 90 ml) and note 

the meniscus. 
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 Be sure to get down to eye level with the meniscus in order to read the exact 

volume in ml present.   

 
 

 Write down the exact amount of water you have in the graduated 

cylinder. This is your Initial Volume.   

 Now place your shells in a row from smallest to largest based on visual 

inspection. Each shell has a letter on it. 

 Record your shell ranking on the board at the front of the room. 

Now letôs measure the volume of the shells so we can see how our 

qualitative ranking based on estimation by sight compares to our quantitative 

ranking based on measurement. 

   

 Place a shell into the water without splashing any water out of the 

cylinder.   

 Read the new level of water in the graduated cylinder (again to the 

bottom of the meniscus).  Write down the new level of the water.  This is 

your Final Volume. 

 Subtract the initial volume from the final volume.  This difference is the 

volume of the shell.   

 Repeat these steps for each of the different shells to practice determining 

the volume of irregular solids. 

 Now rank the shells from lowest volume to greatest volume, and record 

your ranking on the board.  Compare your two ranking systems. 

 

Using your volume measurements, you can actually determine how much 

larger (greater in volume) each shell in the ranking is than the previous shell. 

This is done be completing ratios. 
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Example 

 

Letôs suppose you had the following set of quantitative data 

 

shell number volume size relative to next lower shell 

1 1.2 ml  

2 2.4 ml 2 times greater than #1 

3 3.3 ml 1.375 times greater than #2 

4 3.9 ml  

5 4.6 ml  

 

 

Then, to find how much more volume shell 2 has than shell 1, we calculate the 

ratio,  

 

 

 

That is, shell 2 has twice as much volume as shell 1. 

Similarly, we can find how much more volume shell 3 has than shell 2. 

 

 

 

That is, shell 3 has 1.375 times the volume of shell 2 

 

 Finish the table above. 

 Complete a similar table for your shell sample. 

 

shell number volume size relative to next lower shell 

1   

2   

3   

4   

5   
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 Answer the following ósupersolverô questions. 

 

Q8. The sponge is a filter-feeder: it circulates water through an internal cavity to 

obtain oxygen and gather food particles (bacteria and dead organic matter) on its 

collar cells. Wastes are also eliminated, as the beating of flagella generates the 

flow of water through the spongeôs central cavity. What volume of water does a 

filter-feeding sponge cycle through its cavity per day if its flagella create a current 

flow of 75 liters of water/ hr? 

 

 
 

 

Q9. Since the typical sponge pumps a volume of water per minute equal to about   

5 times its body volume, what is the volume of the sponge under Q8? 

 

For animation of sponge feeding, go to 

http://www.biology.ualberta.ca/courses.hp/zool250/animations/Porifera.swf 
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Q10. The sea anemone pumps water into its body to assume its feeding form, see 

figure a). When it is frightened by a predator, it contracts strong longitudinal 

muscles and flattens to the form shown in figure b. If the anemone contracted to 

10% of the height of its feeding form, with no changes in diameter, what volume of 

water did this anemone force out? 

 

 
 

Q11. Volvox is found in freshwater ponds, puddles, and ditches. It is a chlorophyte 

(algal protist) that forms spherical colonies.  a) What is the volume of the large 

Volvox ñmother colonyò in microliters? b) What is the volume, in microliters, of 

the ñdaughter colonyò indicated with a black bar across its diameter?  HINT:  1 

micron = 1×10
-6 

m, and 1 microliter (µl) = 1 mm
3
 = 1×10

-9 
m

3
. 
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Q12. Clams use gills for gas exchange and in the collection of food particles, just 

as sponges pump water through collar cells. Researchers predict that clams at 

deeper depths will have much larger gills than individuals of the same species 

would have in shallow waters. Why might this be the case, and how could they 

quantitatively test this hypothesis a) in living specimens, and b) in collected 

specimens from which the gills have been dissected? 

 

                
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://images.google.com/imgres?imgurl=http://www.discovery.com/exp/coralreef/gallery/drrp_image11.jpg&imgrefurl=http://www.discovery.com/exp/coralreef/popup/reef11.html&usg=__CjLQ1LrloE9iU6lCaMBZBYyfpSk=&h=300&w=382&sz=13&hl=en&start=11&um=1&tbnid=FfwaKssDGi3f-M:&tbnh=97&tbnw=123&prev=/images?q=filter+feeding+clam&hl=en&sa=N&um=1
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Exercise 3: Density 

Often, you judge how much mass an object has by its volume.  For 

example, you think of a refrigerator as being more massive than a toaster 

because it has a greater volume. You may also have guessed the purple 

block was heavier than the orange block in Exercise 1b, because it appeared 

to be taller than the orange block.  

Size can often be used as an indication of mass, but sometimes 

appearance can be deceiving. This is because the material from which an 

object is made also influences its mass. Materials have different densities.  

The density of a material is a measure of how tightly the matter making up 

the material is packed together (Figure 1 below).  If the matter is loosely 

packed, then the density of the material is low.  An object made of low 

density material may seem light for its size.  If the matter is tightly packed, 

then the density of the material is high.   An object made of high density 

material may seem heavy for its size.  Take, for example, a china dinner 

plate and a paper picnic plate of the same size (volume). The china plate will 

be heavier than the paper plate, because bone china is denser than paper.  

That is, because the matter in the china plate is more tightly packed, there is 

more matter in the china plate, and thus it is heavier.   

Low density liquids rise to the top of a column, while the more dense 

liquids move to the bottom: they separate as shown in the picture below 

(Figure 2). 

 

   
Fig. 1     Fig. 2 

 

The density of an object is a function of its mass and volume: 

 


