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Unit 4 Materials List

Graduated cylinder

Beaker

Bucket for water

Funnel

Box with volume relationship set: cube, rectangpldsm cone, pyramid,
cylinder andsphere

Balance

Box with packingpeanuts

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, mdtavasher & jacks

Box with 40 circular discs

Box with plastic square weights: 4 1g yellow weights, 2 5g orange weights, 1
10g purple weigh 1 20g pink weight

Box with six calibration standard weights: 1g, 2g, $0g, 20g and 50g

Box with stop watch, cartape measure, stringulley

Boardfor mounting pulley

Bagwith miscellaneous shells

Densityblock set

Rhinoceros Beetle

Morpho Butterfly



Unit 4. Simple Measures

Have you ever been measured? When you visiitbec t or Gaswursef f i c e,
probably measurggur height and weight. Have you ever measured anything? At
the gra@ery storeyou may measurguits and vegetables to determihow much
they will cost Scientistoften measure things as a means of comparison.

In this unit we will explore thepropertiesof matter, includingnass,
volume and density. We wilearn how taneasure thesgroperties, and we will
come to understand the relations that exist between ®eme of the following
exercises are presented in two versjane for lower gradesand another for
highe gradesExercise 1. What idts mas®, Exercise 2 How is mass related to
shape? ,Exercise 3 Density, andExercise 4. Exploring object size, shape,
density and mass



Exercise 1: What is its mass?

Themassof a bodyis a measte of how much matter the bodgntains.
We can measureloodyd s ma s s b lyow strermly ther bodpesists
changsin its velocity (speedanddirection) The more massivde body the more
difficult it is to makethe bodymovefaster slower,or changedirection For
instance, it igasier to psh an empty shopping cart than it is to pushllaone.
Test this the next time you go to the grocery store.

Accelerationi s t he rate at whichfaabboddd® s\
velocity is changingthen we say that the bodyascelerating 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 causan object to acceleratedalled aforce. Gravity,
magnetism, friction, and tensi@mne examplesf forces If you hold your pencil up
above your desk and then releaséhi¢ force of gravity will cause the pencil to fall
to the desk. If you repeatishsame experiment iruter space, beyortiereach of
Earthoés gravity, the pencil will simply
the same. In this exercisge will measure how gravity changé®tmotions of
various objects, in order to diseer 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 massybuwere standing on the surface of the moon othensurface 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 ativities, we will considemass Mass is expressed in theetric
system of measuremerithe units of mass units and the relations that exist
between themare 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 completingcientific calculationgt 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.



Example: How many grams are tlere in one milligram?

Answer:

We start with the equation from the table that relates grams to milligrams
1000mg=1g

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 fra&%gmo its decimal

form.

1
1mg=——g=0.001
Mme&=7To000 & &

Q1. How many kilograms are there in one gram?

Q2. How many milligrams are theia 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 ahgkis
resistance to change in motiasingthe experimental setup shown on the next
page. You will complete two exercises on mass and mdixercise 1lal &
Exercise 1a2.

**There are two versions of these exercisesrlhe first version is called
Methods for lower gradesThe second version, entitledlethods for higher
gradesis enhanced with additional mathematics

All exercises of mass and motion utilize the set up shown on the next page.
e Locate the box labeled 1a

This box should contain a cdraving the following characteristics: 4

wheels, a cavity to hold objects, aadhole 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.

e Clear a tabletop ithe room

e You will set up the apparatus shown in the figure below, usir@yartass

e If your table is to too thick for the pulley clamp, attactoitheenclosed
piece of dry erasboard instegdandweight the dry erase board down with a
book or somether heavy object.



Place a barrier (e.g. book) under the string in front of the putethat 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 thefront wheels of the aashould be even with the starting line.

The distance between the starting line and the end batrrier is your track
length.

Your track lengthmust be less than the height of the table.

/ Insert book or some other stop under string at end of tab

Exercise 1al. Items oknown mass(Methods for Lower Gradgs

Find the boXabeled lavhich contains a series odélibration weights

Load one calibridqon weightinto the catrwhile holding itat the starting line.

Write the mass of thealibration weight down on a sheet of pgpeon the

boardat the front ofthie room (number on weightmass 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 trfdakthe stop)

Write downthe number of seconds it took for the abj travel the track
Repeatliis process for all of theeights.

Order the objects from the shortest time to cross the table to the longest time.
Answer the following question.

Q1. Howis the time it took theart to travel the tractelated tolhe mass of
the object in the ca?t



Exercise 1a2. Ranking items baseadn travel time (Lower Grade$

Find the boxcontaininga numbeiof objects of unknown mass

You will also need your box of calibratiameights from the previous
exercise.

Find additionabbjectsfrom around your roorthat are small enough to

fit into the well of the cart.

RepeaExperimentla with each of these objects

Orderyour objects in aaw, from most massive to least massivased

on the time it took eacbneto travel the track

Situate your calibration weights from Exercise 1a in $haisie row
according to the time it took each one to travel the track

Conclude something about the masgach of your unknown objects.

For example, you might conclude that a paper clip has more mass than
the 2 gram calibration weighbut that it has a mass less than that of the 5
gram weight.

Answer the following gestion.

QL. For each item belowdecide which of the two animals listed is the most
massive. Record your choice the bard at the front of the room.

A meateaer that ambushes its prey omeaat eater that chases its prey
A bird with functionalwings ora flightless bird such as antosh

A soaring/glidng bird(such as a vultujeor a song bird

A beetlethat bors into rottinglogs and litter on the forest floor a
butterfly that visit flowers

e A centipedeor a millipede

e Check your answers forExercise =2.Q1 at the end of the book



Exercise lalltems of known mass(Methods for Higher Grades

¢ Follow the directiongiton page$-7 to set ughe apparatushownon the
next page D o n t measucerthg &ack lendth

¢ Loadthe most massivealibrationweightinto the cartwhile holding it at
the starting line.

¢ When you are readgtartthe stopwatch and let go of the cart
simultaneously.

e Stopthe stopwatch when the cart reachesfinish line

e Foreach objectrecord the time it takef®r the cart to travel #track
and the massf the weight used.

e Repeat witheach of the remaining weights

e Establish a qualitativeetationship between the tinitetakes the art to
travel the trackand the massf the object in the cart.

¢ Make a scatteplot of the mass, m, of the object in the cart versus the
time, t, it took the cart to travel the track. Lathed xaxis t and they
axism.Dono6t forget to |ist your wunits



Exercise 1a2. Obtaining thanassofun k n own s u s i lavps ofdetrt on 6 s
Higher Grades
In this exercisgyou will calculate the mass of several obgeasing
Newtonds | aws of moti on
1) The velocity (speed and directionf)a body does not change unless the
body is acted on by an external force.
2) The net forceacting on a body is equal to the product of the acceleration of
the body and the mass of the body, that is,
F =ma
In this equationmassm, is measured in kgand acceleratigra, is measured
in m/$. The units of forceF, are measured in (&g)/s’
3) If one body exerts a force on a second hdlagn the second body exerts a
force of equamagnitude andpposite direction on the first body.

Q1. Suppose two bodies have an acceleratidng®. The mass of the first
body is 3g and the mass of themed body is 10g. Find the foreetingon
both bodies. Which body Ha greater forcacting upon 2 Make sure you
find the answer using standard units of mass and force!

Q2.Rearrange the equation | mintmwdfmnds s
andF.

Q3. Suppose that a force of (@/n)/< is applied to a body with a mass &5

What is the acceleration of the body? How much force would be needed to give
a body with a mass of 0f the same acceleration? Does this agree with our
previousstatements relating mass and acceleratiBaZareful with your units!

e |ldentify small objects from around
and run in the same experiment you completed uBgercise lawith
each one.

e Record your results in alike that has the name of each object in the first
column, the time it took to travel the track in tH& @lumn and a blank
column entitled objectds mass.

¢ Rank these obgs along with the calibration weights in a isim least
massive to most massiv@ heclass might vote on the relative position
of each item
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The following items of information are neebti® determine the mass of each
object

1) The acceleration due to gravit9.81 sﬂz

m = meters & s = seconds

2) The mass of the camn, = 56 g = 0.056 kg.

3) The mass of thealibrationweight m,, = 0.05 kg

4) The time t,, it takes the cart to travéhe track. (Note d;,,., should be
measured in meters).

Now we are ready to calculate the maseaxth 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 atfesult
acceleration of the cart is equalthat of the string. We wiltall this acceleration
the system acceleration and denote i as

Step 1.Calculate the systemacceleration ag.
Whenan object isaccekrating the relationship between the distance the
objecthastraveled nd t he objectds acceleration i

1 5
d=v0t+§at

Whered is the distance traveled, is the initial velocitya is the acceleration, and
tis the time it takes the object to travel the distadceln the cart experiment
a=ag, d=dq. andt = t;. So, the relationship is

dtrack =Vt + Eastlz

Initially the cart is at restind therefore¢he initial velocity,v,, is zero. Thus
therelationship becomes:

— 2
dtrack - E astl

Q4. Rearrange the equation above to solvexfan terms ofd;, .., andt;.

11



Step 2 Calculate thegravitational force on the calibration weight.
On earth, the acceleration of a free falling body.& S% Therefore the
gravitationalforce, F;, on a5g weight is
kg m
SZ

m
F, =m, X g =0.05 kg><9.8ls—2 ~ 0.49

Step 3: Calculatethe tension on the string.

The force of gravity on the calibration weight is opposed by the tension
force,T, onthe string. The net force on the calibration weigft is the
difference of these two forces, that is

kg m

Fy=F—T=049 ———T
Q5.UseNe wt on6s t®&ndK, mtrms afavandm,,.

Q6. Find T in terms ofa.

Stepd.Use Newt onods s theowmbhedlmass of thecart and d
object, m,,,.

The cart is being pulled by the tension, or pulling force, in the string.
Therefore, the force on the caft, is equal td'.

Fe=T

By Newt ono0 sF.isse caolnsdo |tahwe pmassdndas o f

acceleration.
F, =my X ag

Q7. Solve form,,;.

Step 5 Find the mass of each object.
To find the mass of eadbject simply subtracthe mass of the cart from
the combined mass of the cart and object

Mopj = Mo — M

Note that the masses;,; andm, must be in kilograms, or at least in the same
units, for your answer to make sense.

e Complete your table by recording the mass of each object.
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e Add the data points for the unknown objects to thelgsequ have made
of mass versusme to travel the track

e Test theranking obtained from your table agthph against your original
ranking of itemdy mass

e Answer the following questions.

Q8 .What are some possible explanations for any differences between the
first (qualitative) and second (quantitative) rengs you developed?
Q9. What objects were the heaviesthelightest?

Q10. Can you tell by looking at the various objeatsich oneshad more
matter in therfd

Q11. For each item beloydecide 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 amicls

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

e A centipede or a millipede

e Check your answers fdixercise 12 at the end of this bodk

Exercise 1b What is its mass?
In this exercise we will determine the mass of various objBatermining an
objectds mass all ows you to answer ques

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 BEGI Ne.

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.

13



This balance doesotallow you to directly measureahg ect 6 s mass. Ho
you can use it to compare the masswvo objects.In this way, the balance allows

you todetermine or at least estimaketmass of anbjectwith the aid ofseveral

objects of known mass

First we willdetermine the mass of a rimggight

e For a sart, take two rings out of the boxlaBe one ring on one tray of the
balance and the othgng on the other tray. If the two trays balance (are
level with one another), then the two rings are of equal rmase
additional rings from the box and repeat this comparison to ensure that the
rings are of the same mass.

¢ Now open the box with theolored blocksn it.

e Hold a purple block in one hdrand aing in theother hand. Whickooks
like it would have morenass? Which object feels heaviér e s sée which
object has more mass

e Place the purple block on the left traytlhé balance and a riram the right
side of the balance. If one object has more mass than the other, the balance
will be lop-sided and ttmore massive object will pusts side of the
balance down.

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

e 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 mmtdo
peek at answers to later questions.

e Determine how many rgs it takedo equal the mass of the pu@lack, by
adding rings to theght side of the balance until the two traaspear to be

level. Whenthis occursthe mas®f the rings in the right tray is equal to the
mass of the purple block

Q2. How many rings did you use?

e Recod the number of rings took to balance the two trays [ata Tablel,
which is located at the end of this exercise

e Check the answer sheet unéisercise 1b. Q2o se ifyou are correct

Let 6s investigate further the problem o
repeatinghe comparison you made between the ring mass and the purple block
with anothercolored block
e Determine how many rings it takes to equal the mass of the orange square
block.

14



e Remove albbects from the balance

e Place arorange block in one hand aading 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?
e Check the answer sheet unéisercise 1b. Q3f you are unsure.
e As before, continue placing rings in ttray until the two trays are balanced.

Q4. How many rings did it take this time?
e Record how many rings in Data Table 1
e Look at the answer sheet undetercise 1b.Q4to see if you are correct.

Q5. Looking at your data, what mathematical relationship can you surmise about
the masssof the purple and orange blocks relative to that of the ring?

e Record this relationship in datalile 1.

e 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 reas for your hypothesis on your datzegt.
Repeat this experiment a third time.

Comparea square yellow blocto a ring. Which one looks like it would haa
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 ofolatances 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
ab®lute mass of a single object, that of the ring.

e Locate the 1gram calibration standard. Place this standard on one tray of the
balance and a single ring on the other tray.

e You should now bable to anser the following questions. Record your
answersn Data Table 2.

Q 8.What is the mass of a ring?

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

15



Q10.What is the mass of the orange block?

Q 11.What is the mass of the yellow block?

16



DATA SHEET for Exercise 1b:What is its mass?

Data Table 1
Numberof ringsrequired| Relationship ofnass of
to equal block mass ring tomass of lock
Purpleblock
Orangeblock
Yellow block

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

ring.

State your reason for yohypothesis.

Data Table 2:

ltem

Mass in grams

Ring

Purpleblock

Orangeblock

Yellow block

17




Exercise 2: How is Volume Related to Shape?

Exercise 2a. Comparing shapes

In Exercise 1 we learned how to measule mass of an object. Ihis
exercisewe wi | |

| ear n

how

t 0. Thee@dumelof an
object is the amount of space it takesipllow objects and containers are often

an

obj

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

Box with volume relationship set (includesbe, rectangulgsrism cone,
pyramid, cylindey
Container with sphere inside (PLEASE KEEP SPHERE INSIDE CONTAINER
WHENEVER POSSIBLE TO PREVENT BREAKAGE.)
Beaker
Funnel

1.

2.

ook w

© N

1000 mLgraduated cylinder
Plastic pan (Use this pan to catch any spilled water while pouring during the

remaining steps.)
Bucket to serve as water reservoir
Box containing miscellaneous objects

Examine the six containers in theolume relationship set

e 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)?

Letds find

out

f

y 0 U

have

guessed

Find the round sphere pictured bel@amd place it inlte container with its

opening facing up

sphere

18
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e Using the cup and funnel, fill the sphaevigh water.(ALL POURING OF
WATER SHOULD BE DONE OVER THE PLASTIC PAN.) Do this
slowly to avoid spilling.

Q1. Just by lookingwhat container do you think holds the same volume of water
as the sphereRINT: There is only one shape that hotdesame amount of water
as the sphere.

e Pour the water from the sphere into the container you have chosen as being
similar in volume. Ifyou 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 fromthe sphere, thenlitas a larger volume than the sphere.

o Keep filling containers until you have foundeathat will hold the same
volumeof water as the sphere.

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

’ rectangular
box

Q2. Now follow the directions below téind the container that holds TWIQEX)
the amount of water as the rectangular.box

e 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 ongore time andpouras much othis
water as you camto the container you chose

18



¢ |If you guessed the oectly, the container that you chose should be full of water
and the rectangular box should be empty

e If this is not the case, choose anothertamer and try again.

Look involume relationship sdtox for the cylindeand cubepictured below.

cylinder

Q3. Do you think the cylinder holds as muafater as the cuber do you think
one of these containers holds more than the other?

cube

e Slowly pour the water from the cube into the cylintbelearn whether your
guess was correct.

e Pour the water from both containers back into the bucket.
e Turn the empty cube upside down so that the open side is facing down.

e Set the cylinder on top of the culégan you tell by looking down at the
containers why one has a higher volurhkBRT: It has to do with shape!

2C



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.

pyramid

¢ Observe the size arsthape of these containefge the containers the same
height? Yes, the cone and pyramid are equally tall.

Q5. Do a cone and pyramid of equal height have equal volariiémk carefully!
If you are having trouble, look at the bases of the containeneamember the
cube vs. cylinder compariso@ne has a square base, and the other a circular base.

¢ Slide the cone into the pyramidNow you should be able to t@thich one has
the greater volume.

o Fill the pyramid with waterand then pour the watertacnthe cone.You should
find that the water fronthe pyramid does not quifet 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 #mel graduated cylinder (tall thin
container).

e 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.

21



Can you make gery accurate measurement of the volume of water using the
beakerietb s see i f we can get a more accur a
have chosen.

e 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 isthe volume of the shape you have selected? (The answer should be in
milliliters).

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

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

e Please place the empty clear otainers back into theproper boxes, and
return these to the trunk.

22



Exercise 2b Find the exact volume of these shapes.

There are formlas that allow you to calculate tle&act volume that each of the
containers holds. These formulas are listed in the table below.

Shape Volume formula Explanation
Sphere V= inr3 r= radlius of sphere
3 (r = Ediameter)
rectangular box V=IXwxh l = length of base
w = width of base
h = height
Cylinder V =nr2h r = radius of base
h = height
Cube V=IXwxXh | = length of base
w = width of base
h = height
right cone 1 r = radius of base
V=gmr*h h = height
square pyramid V= lwzh w = width of base
3 h = height

e Use the correct formula to determine the volume of each container. Measure
as carefully as possible for the most accurate results.

Exercise 2¢ Finding the volume of irregular solids using displacement

Some solids, like the sheilscluded in this unithave irregular shape and cannot
be measured with a meter stick or ruler to find voluitdewever, there is another
method to find the volumef arregular solids. In order to use this methypou will
need toaccurately 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 ahtdgttem of the curve This
is called themeniscus

e Place the graduated cylinder on the table for an accurate reading

e Place some water in the graduated cylinder (approximatetylP@nd note
the meniscus.

23



e Be sure to get down to eye level with the meniscus in order to read the exact
volume in ml prsent.

U
o

LU

L1

|
|

[I==nn meniscus

ﬂ !

e Write down theexactamount of water you have in teaduated
cylinder. This is yournitial Volume.
¢ Now place your shells in a row from smallest to largest based on visual
inspection. Each shell has a letter on it.
e Recordyourshell rankingon the board at the front of the room
Now | etdbs measure the volume of the
qualitativeranking based on estimation by sight compares t@oantitative
ranking based on measurement.

¢ Place a shell into the water withoylashing 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.

e Subtract the initial volume from tHaal volume. Thidifference ighe
volume of the shell.

e 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 greate$time and record
your ranking on the board. oGpareyour 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

Let s s up p ofsllewing setof guantdative tHata

shell numbel volume| size relative to next lower she

1 1.2 ml

2 2.4 ml | 2 times greater tha#il

3 3.3 ml | 1.375 times greater thai2
4 3.9 ml

5 4.6 ml

Then, to find how much more volume shell 2 has than g§helé calculate the
ratio,

volume of shell2 2.4
volume of shell1 1.2

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.

volume of shell3 3.3 1378
volume of shell2 2.4

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

¢ Finishthetableabove.
e Complete a similar table for your shell sample

shell numbel volume| size relative to next lower she

R WN|F
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e Answer the following 6supersolverd ¢

Q8. The sponge is a filtefleeder: 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 elimirditasthe beating of flagella generates the

fl ow of water t hr oug.WhatvJolameofpvatergoefas cen't
filter-feeding sponge cycle through its cavity per day if its flagella create a current

flow of 75 liters of water/ hr?

water exits

collar cell
with flagellum \ I

water circulation
pattern

/food particle caught
on collar

digestion in food
vacuole

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 Wp@er

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 flatterts 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?

SEA ANEMONE

Q11.Volvoxis found in freshwater ponds, puddles, and ditches. It isoaognyte
(algal protist) that forms spherical colonia3What is the volume of thlarge
Volvoxit mo t chl@yoin microliters? b) What is the volumi microliters,of

t he fidaug ndicated withcalblack lyapacross its diametei®T: 1
micron = x10°m, and 1 microliterifl) = 1 mn? = 1x10°m°.

VOLVOX COLONY

3,000 microns
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Q12.Clams use gills for gas exchange and in the collection of food parjigdes
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 caise how could they
guantitatively est this hypothesis a) in living specimeasdb) in collected
specimengrom which the gills have been disseced

CLAM GILL D ~_oxygen to heart

) .. carbon dioxide

food parﬁclé?:ﬁi‘;\ -
move to mouth
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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 refrigeratasbeing more massive than a toaster
because it has a greater volume. You may also have guessed the purple
blockwas heavier than the oranigleckin Exercise 1k because it appeared
to be taller than the orangéock

Size can often be used as an indication of mass, but sometimes
appearance can be deceiving. This is because the matamnaklhichan
object is made also influences its mass. Materials tdfezentdensities.
Thedensity of a materials ameasire of how tightly the matter making up
the material ipacked togethgiFigure 1 below).If the matter idoosely
packed then thedensity of the mizrial is low. Anobjectmade of low
densitymaterial may seem light fats size. If the matter igightly packed
then the densitgf the material is high. An object made of high density
materialmay seem heavy for its sizédake for examplea china dinner
plateandapaper picnic platef the same e (volume). The china platill
beheavier than the paper plab=causdone china is denser than paper.
That is, because thmatterin the china platés more tightly packedhereis
more matter in the china plate, and thus heavier

Low density liquidgise to the top of a colummhile the more dense
liquids move to the bottom: they separate as shown in the picture below
(Figure 2).

Fig. 1 Fig. 2

The dengy of an object is a function atfs mass and volume:
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