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FOREWORD

The Grade 7 Science course of study was prepared in two parallel se-
quences known as the Short and Long Forms. The Short Form (Cur-
riculum Bulletins Nos. %a-d, 1962-63 Series) is designed to meet the
needs of students who achieved a high measure of success in their pre-
vious science classes; the Long Form to meet the needs of those who
have not been able to maintain pace. It is our conviction that many
of these students, some new to our system, need not be assigned to a
nonacademic curriculum in science because of their prior inability to
keep up with other youngsters.

Both the Long and Short Forms contain the same content prescribed
by the course of study for the seventh year. The use of the Long Form,
however, requires the Programming of classes for five periods per week,
one period more than is presently prescribed for other classes.

The Long ¥orm develops a wide range of daily science activities to
motivate and assist the students to compreliend the important science
concepts underlying the grade 7 segment of our new sequential junior
high school science curriculum. Stress is Placed upon learning the

processes and methodology of :cience through active participation with
concrete materials.

The Grade 7 Teachers’ Guide, Long Form, is the first in a three-year
science sequence for grades 7, 8, and 9. The experiences gained by the
students using this form will enable them, if they so desire, to join the
academic stream when they enter high school.

‘Two other aspects of the program are now in the planning stage.
They are the in-service training of science teachers of these pupils and
the writing of texthooks on their reading levls.

HELENE M. LLoYD

Acting Deputy Superintendent
March 1967
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Introduction

The Long Form of the Grade 7 Science course of study is an integral
part of the early secondary science program now being introduced into
the New York City intermediate schools. This program represents an
important part of the total K-12 sequential science program.

Present courses are usually designed to meet the needs of students
who are academically successful through the grades. There is, however,
a group of students, approximately 209,-25%, of the total, who have
not enjoyed such success. For a variety of reasons they read two or
three years below grade level on entering seventh grade. This low read-
ing ability has prevented them from maintaining the pace of other
students.

Some of these students are often referred to as “culturally deprived”
or “disadvantaged.” In this group may be found many students of high
potential. They constitute the “underachievers” in our schocl system.
Lack of success through the elementary grades has widened the gap
between them and the academic mainstream. This group has, in the
past, provided most of our dropouts.

‘The entire intermediate school science program represents an im-
portant educational experiment by the New York City Board of Edu-
cation to provide a new and promising approach o the solution of an
important national problem. The study of science enables the teacher
to meet the child on common ground. Science materials and equip-
ment are colorful, interesting, challenging, stimulating, and available
on all levels. The science classroom provides a unique environment in
which the youngster can observe and experiment with concrete ma-
terials to solve problems meaningtul to him.

This course of study provides highly motivated material in small
units to be taken over a longer period of time. It is structured to en-
able the students to investigate meaningful science problems in small
steps to the same depth required of all other youngsters and thus ulti-
mately to bridge the gap that now exists between them and those who
have experienced academic success.
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The need for a revision of the present Grade 7 Science course of
study was dictated by the experiences gained by teachers under class-
room conditions. Teachers observed that, with daily emphasis on stu-
dent activity and direct participation, they were able to maintain a
high level of interest in classes of disadvantaged students.

Both the Long and Short Forms for seventh-grade science are organ-
ized into four nine-week segments, each devoted to a single science
area: chemistry, physics, biology, and the earth sciences. Both forms
cover the same basic concepts in each science field.

In order to conserve materials, to provide maximum fexibility, and

. to permit better articulation with the high schools, the following se-

quential order of subject areas is recommended for each grade:

Grade 7: Chemistry, Physics, Biology, Earth Science.
Grade 8: Biology, Earth Science, Chemistry, Physics.
Grade 9: Physics, Chemistry, Earth Science, Biology.

SAMUEL SCHENBERG
Director of Science
Director of the Project
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ELEMENTS

Suggested Lessons and Procedures

I. WHY ARE SOME KINDS OF SUBSTANCES
CALLED SOLIDS?

‘Outcomes

e A solid occupies a definite amount of space.

e A solid has a definite shape.

e The shape of the solid does not change to the shape of the con-
tainer in which it is placed.

e A sclid has weight.

Teacher Activities

1. Distribute to every 2 pupils a tray on which is a shoe box con-
taining at least 3 items from each group of the following:

Grour A Grour B
Iron nails Rubber bands
Chalkboard chalk Rubber tubing
Wooden blocks Cloth strip
Iron bolt Short piece of rope
Glass marbles Aluminum foil
Note: If unavailable, other similar familiar items may be sub-
stituted.

NortE: Pupils may be asked to bring in some of the materials.

9. Weigh several objects from pupils’ shoe boxes to demonstrate that
solids have weight.
Norte: Lightweight materials such as a sheet of paper may require
a triple beam balance.




NotE: Problems involving buoyancy should not be _in-troduced at
this time, '

.
i

H
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3. Direct pupils’ attention to uses made of this property of weight;
i.e., we buy a pound of sugar, onions, potatoes, etc.

g 4. Set up 2 plastic bags, each containing one of the following:
: a. Iron nails (large) 0. Chalkboard chalk

Direct the attention of pupils to the following:
Solids do not take the shape of the container in which they
are held.

Student Activities

I. Have pupils study the items in their shoe boxes.
Direct pupils’ attention to the idea that there are variations of
size, shape, color, luster, and composition. Ask pupils to remove
all the solids from the shoe box to the tray. Ask the pupils, “Why
did you pick these as solids?” From the discussion, develop the
following criteria for solids:
a. Solids possess a definite shape.

b. Solids occupy a definite amount of space.

2. Have pupils examine solids which can be stretched, bent, folded, ; !
or rolled. |

a. Question the pupils as to whether these things can be called
solids. |

b. Challenge the pupils to apply the criteria for solids (developed
previously) to these objects. ~

c. Elicit the outcome that although these objects lack rigidity they

have a definite shape and occupy a definite amount of space at
any one moment.

d. Have the pupils observe that the shape (of the rigid object)

or the amount of space occupied by the solids does not change
when moved in or out of the shoe box.
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Summary

Solids have weight.

Solids occupy space.

Solids possess a definite shape. | ]
Solids do not take the shape of the container in which they are held. !
Solids can be soft or hard (flexible or rigid). |

A A
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Suggested Homework

1. List 5 solids found in your home.

2. In what 3 ways are solids alike?

3. In what 3 ways may solids differ from each other?

4. Select from the list of materials the ones that are solids:

Dime Heat Thumbtack Paper cup Water
Explain.

2. WHAT IS A LIQUID?

Outcomes

e Liquids have weight.

e Liquids do not have a definite shape. They take the shape of their- :
containers. !

e Liquids occupy a definite amount of space.

Teacher Activities
1. Do liquids have weight?

a. Place a 250 ml beaker or paper cup on a platform scale (2 1b..
maximum) or triple beam balance and pour into the container
about 200 m] of water. Have pupils understand that the increase-

g in weight is due to the addition of the water.
b. Repeat demonstration with other familiar liquids (alcohol,
vinegar, etc.). '

2. Liquids do not have a definite shape. They take the shape of their
. , , containers.

a. Insert a plastic bag through a rigid washer. This will facilitate:
the pouring of water into the bag. See illustration.

-Riqid washer (insndg dia. 17

Plastic baq

L Taae

Water
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b. To reinforce the concept of shape relationship of liquid to con-
tainer, have volunteers alter plastic bag’s shape by squeezing,
prodding, eclongating, etc. In each case, elicit that there is a
corresponding change in the shape of the liquid. '

Student Activities

1. To each pupil’s beaker add slightly less than 100 ml of water.

Challenge the pupils to suggest a way by-which they can figure out
the amount of space the water occupies. Point out why answers
such as 15 full are not acceptable as an accurate measure of space.

2. Introduce the graduated cylinder as an accurate measuring device.
Explain that the graduations are a measure of space (volume).
Make sure pupils know what each graduation represents. Write
these new terms (italicized) on the board.

3. Distribute a tray of materials to every 2 pupils.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 2
(May be duplicated for distribution to pupils).

Purpose: How may we measure the amount of space a liquid occupies?

Materials
Graduated cylinder—100 ml

Procedure

1. Identify each item on the tray.

2. Examine the graduate. How much space does each line represent?
3. Pour all the water from the beaker into the graduate.

4. Note how much space the water occupies.

Beaker—250 ml (14 filled with water)

Questions

1. How-much space does each line on your graduate represent?

2. How much space did the water in your beaker occupy?

3. List 8 other liquids that can be measured in this way.
a, — : b, —m8M8M8 c.

4. When the water was poured into the graduate, did the amount of space
it occupies change? Did the shape change?

Summary -
1. How are all liquids alike? (3 ways)
2. Why.did the water have a different shape each time it was poured?

i i
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Suggested Homework

L. List 5 different liquids found in your home. In what ways are they
alike?

2. How is a liquid different from a solid?
9. How is a liquid similar to a solid?

| 3. WHAT KINDS OF SUBSTANCES ARE GASES?

Outcomes

® Gases take up space.

® Gases do not have a definite shape.

® Gases take the shape of the container in which they are held.
| ® Gases fill the entire container in which they are held.

| ® Gases have weight.

Teachar Activities

L. Air (a mixture of gases) has weight. |

Point out that because gases are usually very light in weight, they

are sometimes falsely thought of as having no weight. Demonstrate
P that air has weight by balancing a basketball bladder against an
; identical basketball bladder on a double pan balance. Then in-
‘% flate one of the bladders with a bicycle pump and return the in-
: flated bladder to its side of the balance. The unbalancing of the
! scale is due to the addition of the air. '

Nortk: Inflatable, plastic balls similar in size to that of the basket-
} ball bladder may be substituted.

2. Gases fill the entire container in which they are held.

a. To prepare nitrogen dioxide, place some copper foil or turn-

- ings into a gas-collecting bottle. Add about 5 drops of concen-
trated HNO; and cover the bottle with a glass plate. Direct the
attention of the class to the brown fumes of NO,. Then stop
reaction by filling the bottle with water.

Materials required
Copper foil or turnings HNO; conc. Glass plate

RESEL St e .

b. Exhibft_ and démonstrate a small tank of gas such as oxygen or
CO: to illustrate how gases are contained and shipped.
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Student Activitics

1. Gases take up space.
a. Distribute to each two students the following:
2 flat plastic bags small, toy horn
-2 balloons of different shapes (elongated, spherical, or spiral)
“b. Recall the experiences of the class with solids and liquids. When
something is in the bag, the bag bulges because matter occupies
space (Lesson 1, Lesson 2). '

«. Have pupils “scoop” air into a plastic bag and pincl off the

open end. Elicit the fact that the bag bulges because something
within the bag occupies space. Insert the mouthpiece of a toy
horn into the open end of the bag. Hold the plastic bag firmly
around the mouthpiece, making an air-tight seal around the
mouthpiece. Squeeze the bag to get a “bagpipe effect.”

‘d. Direct the pupils’ attention to the second “flat” bag and explain
its use as a control.

c. Have pupils empty the bag of air and refill by blowing into it.
Elicit the fact that we breathe out gases.

2. Gases take the shape of the container in which they are held.
a. Have pupils inflate an elongated balloon and a spherical (or
spiral) balloon.
b. Elicit the fact that gases do not have a definite shape.

3. Gases fill the entire container in which they are held.

a. Ask pupils to squeeze the inflated balloon slightly to determine
whether any part of the balloon is empty of air.

b. Elicit from the pupils that gases fill the entire container in
which they are held.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 3

(May be duplicated to be used for homework activity)

Purpose: Does air (a mixture of gases) occupy space?

Materials: Water glass Basin or pan Sheet of paper

Procedure

1. Crumple a piece of paper. Place it into a dry water glass. Make sure all of
the paper is inside the water glass. :

— T3




2. Fill a basin or pan 3; full of water.

3. Turn the water glass upside down: Submerge the water glass in the water
with the open end down. Submerge the water glass straight down. Do not
tilt the water glass (see diagram).

4. Remove the water glass, holding it upside down. Wipe off the lip of the
water glass with a towel.

5.- Remove the paper inside of the water glass to see whether it is wet.

6. Repeat the experiment. This time, after submerging the water glass, tilt it
slightly to allow some air bubbles to escape.

5 Questions \
? 1. What two things were in the water glass before it was placed (submerged)
| under the water? and

| 2. What was in the water glass after it was piaced under the water?

| 3. Is there any air in the water glass when it is submerged?
How much?

4. Did the paper inside the water glass get wet? ———————. Explain your
answer.

|
% 5. When the water glass is tilted to allow some air bubbles to escape, does
|
!

the paper get wet? —————. Explain your answer.
6. Does air (a mixture of gases) occupy space?

4. IN WHAT FORMS MAY MATTER EXIST?

Outcomes

e To be considered matter, a substance must occupy space and have
weight. _

o The same basic substance can exist in more than one form or state. | g

"® The form of matter in which a substance exists is not permanent.
It may be changed from one state into another.

b e v ot e«
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Teacher Activities

1. Distribute a laboratory worksheet to each pupil. Pupils will work
in pairs.

2. Discuss the properties of solids, liquids, and gases developed in
Lessons 1, 2, and 3.
a. Place the chart on the chalkboard.

b. Use check marks on the board chart to help the pupils com-
plete their charts.

PROPERTY SoLp Liouip Gas

Has weight

Takes up space

Has its own
definite shape

Takes the shape
of its container

Fills the
container

c. Elicit the conclusions that:
1) Matter may exist in three forms (states): solid, liquid, or

gas.
2) Matter is anything that has weight and occupies space.

Student Activities

1. Have pupils read directions on the laboratory sheet silently as you
read them aloud.

2. When the pupils have arranged the apparatus, distribute an ice |
cube to each station.

Note: Care should be taken that the pupils understand that the gase-
ous form of water is water vapor.

Note: To avoid the steam, where necessary, adjust pupils’ setup to
get only water vapor. This may be done by raising the iron ring.

Conclusion

1. It is relatively simple for a substance to change its state.

8
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2.

3.

The same basic substance can, and often does, exist in more tharn
one state.

Changes in form observed with water can also be seen in many

other substances. Melting, freezing, evaporating represent changes
from one state of matter to another.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 4
(May be duplicated for distributior (o the pupils)

Purpose: To find out how matter can change form

Materials
Ring stand Beaker, 250 ml Ice cube
Iron ring and clamp Glass plate Wire gauze
Alcohol burner
Procedure
1. Place the wire gauze on the iron ring of the ringstand.
2. Place the alcohol burner underneath the wire gauze. Do NOT LIGHT THE
BURNER.
3. Adjust the hexght of ring so that the gauze is one inch above the wick
of the burner.
4. Place the beaker on top of the gauze.
5. After your teacher has inspected your setup and given you an ice cube,
place this ice cube in your beaker, and light your burner.
6. Heat the contents of your beaker for five to ten minutes or until the ice
melts completely.
7. Answer 1 and 2, below, based on what you observed.
8. Continue heating the beaker.
9. Hold the glass plate over the beaker.
10. Remove the glass plate and inspect it.
11. Answer 3, 4, and 5, below, based on what you observed
Questions
1. The ice cube is an example of the form of matter called a
2. After the ice cube was heated, began to zppear in the beaker.
3. When I continued heating the water, it changed to ———— which is a gas.
4. When I held a glass plate over the beaker, I saw ———— form on the

glass plate.
On the glass plate the water vapor was changing to

The following may be answered at home:
Matter has three states a)—————  b)————  ¢)
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7. Read the following list of substances:
Put S next to a solid; L next to a liquid; G next to a gas.
Milk —— String ———— Vinegar
Air —— Pencil ——— Sugar
Alcohol —— Orange Oxygen
juice
8. Definition: Matter is anything which has and takes up

5. WHAT ARE THE BUILDING BLOCKS OF MATTER?

Outcomes
e All matter is composed of one or more simple substances.

o These substances cannot be separated into simpler substances by
ordinary chemical means.

& These simple or “elementary” substances may exist as solids, liquids,
or gases.

e These “elementary” substances are called elements.

Teacher Activities

1. Prior to the entrance of the class, start the Hoffman apparatus for
the electrolysis of water as follows: Fill it with a solution contain-
ing one part of concentrated sulfuric acid to twenty parts water by
volume and apply 9-12 volts direct current from a power supply or
from at least four #6 size 114 volt dry cells connected in series.

a. Call the attention of the class to the Hoffman apparatus. Guide
the pupils to an understanding that an electric current is being
passed through the water. Explain that this is being done in an
effort to discover the makeup of water.

Point out that gases are forming in the tubes. Elicit the fact
that the level of the water in the tubes of the Hoffman apparatus
drops as more and more gas is formed. One tube contains twice
as much gas as the other. Guide the pupils to an understanding
that the electric current is breaking the water up into two gases
which they can observe.

c. Tap off each gas into a small test tube. Test the gas of greater
volume with a burning splint. Have the pupils observe the




“pop” or burning that occurs. Identify the gas as hydrogen and
write the word and symbol, H, on the chalkboard.

d. Test the other gas with a glowing splint. Call the attention of
the class to the fact that the splint bursts into flame and iden-
tify the gas as oxygen. Write the word and symbol, O, on the
chalkboard.

e. Stress the fact that water is thus seen to be composed of two
simpler substances, hydrogen and oxygen.

f. Hydrogen and oxygen are examples of elements which are
simple substances which cannot be broken down into simpler
substances by ordinary means.

2. Separating the element carbon from sugar.

a. Inform pupils that in this experiment they will separate sugar
(sucrose) into the substances which make up sugar. Sugar is
made of carbon (C), oxygen (0), and hydrogen (H). Show the
class a sample of powdered carbon.

b. Distribute to every two pupils the materials listed on the lab-
oratory workshest.

c. Distribute laboratory worksheet for each pupil.

Note: The italicized words and symbols should be written on i

the board during the lesson.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 5
(May be duplicated for distribution to the pupils)

Purpose: To study the substances which make up sugar

Materials

Pyrex test tube with 5 gm. of sugar Ring stand

Test tube clamp Test tube rack
Alcohol burner . Glass plate (2" x2")
Procedure

Before you start: Do not touch the equipment until you have read the instruc-
tions with your teacher.

1. Place the test tube, containing sugar, in the clamp and tighten the clamp
just enough to hold the test tube.
DO NOT MAKE THE CLAMP TOO TIGHT.

2. Place the alcohol burner underneath the test tube.
Do NOT LIGHT THE BURNER.

11
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3. Adjust the heipht of the test tube so that the bottom is one inch above the
wick of the burner.

4. After your teacher has inspected your set-up, light your burner.

5. Heat the contents of the test tube until it begins to turn black or your

1} teacher tells you to stop.

1 6. When you begin to observe a change, hold the glass plate over the mouth

1K of the test tube.

7. Complete the following, based upon what you have observed.
a. The color of the sugar at the beginning is .
b. The color of the soutd substance remaining at the end is ———M8 —,

1 , c. When I held the glass plate over the mouth of the test tube I saw

f form on the glass plate.

3 d. The substance ‘which remained is known as .

i e. This substance is in the state.

‘B f. The sugar is changed to and .

j y , g. is used to break up the sugar.

| h. This can be written as follows: Sugar > o
: and .

Suggested Homework
The following questions are based upon the teacher’s demonstration

ARt DAL 5 Sl TN A LAY € i e Sk b ek S AT e bk
- o _ - .

and your classwork: | ;

1. The liquid (water) is changed into two .

, 2. An is used to break up the
] water into two gases.

f ‘ 3. Water is made up of and .
j ' 4. The reaction can be written as
! Water > and .
| 5. Chemists (have, have not) succeeded in breaking ’
carbon, oxygen, and hydrogen into simpler substances. j
i 6. Chemists call these simplest substances .
] | 7. Sugar, then, is made up of three elements. ]
) Sugar = + + . :

8. All matter is made up of elements.
cannot be separated into simpler substances ' s

by ordinary chemical means.
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6. WHAT ARE SOME OF THE PROPERTIES OF METALS?

Outcomes

o Elements can be classified as metals and nonmetals,
® Those features of a substance that enable us to identify it are called

properties of that substance.

® Metals can be identified by certain properties, some of which are:

silver-grey color (except copper, gold)
solid state (except mercury) ability to conduct heat
luster ability to conduct electricity

e Copper, aluminum, iron, tin, lead, magnesium, and mercury are all

examples of metals,

Teacher Activities

1.

Distribute to every 2 pupils a tray containing the materials listed
on the laboratory worksheet,

2. Recall previous lesson on elements. Tell pupils that elements can

TR P ST P

be divided into two main categories—metals and nonmetals. In-
struct the class to separate the items on their trays into metals and
nonmetals. Question pupils as to why they divided the items as
they did. Clarify errors in classification. Challenge the class to
determine what all of these metals have in common, Develop with
pupils the idea that any substance has certain features which en-
able us to describe that substance. The scientist refers to these
features as properties.

The properties which identify a substance as a meta] are: color,
state, luster, heat conductivity, and electrical conductivity.

a. Coror—~Call attention to the color of the metal strips, after
stating that copper is one of two exceptions to the ordinary
color of metals. Challenge class to describe the color of metals
as silver-grey. (Also challenge pupils to name gold as the other
exception.)

b. State—Elicit from pupils that all of the metal strips are solids.
Tell them that, with one exception (mercury), all metals are
solids at room temperature,

¢. Luster—Introduce this property by focusing pupil attention
on the “shininess” or “brightness” or “gloss” (it is suggested
that the teacher use these descriptive words) of the metal strips.

13
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d. Hear CoNbuctiviry—Recall pupils’ personal experiences with
conduction of heat.

e. ELEcTRicAL ConpucTiviTy—Demonstrate by means of the fol-
lowing electrical circuit that metals conduct an electrical cur-
rent.

— >

Alliqa‘for c\ips

@ 3V lamp

Switch

Insert metal strips between alligator clips and close switch. Repeat
with wood and rubber to show that nonmetals will not conduct
electricity. Pupils should record data in Column #6 of laboratory
worksheet.

Student Activities

Have the pupils do one step of the procedure at a time. As they com-
plete the study of each property (state, luster, color, etc.), encourage
the comparison of the nonmetallic substances with the metallic ele-
ments on the tray.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 6
(May be duplicated and distributed to pupils)

Purpose: To examine various metals and learn about some of their properties

Materials
3-inch strips of: A
Copper Wooden splint Sulfur
Aluminum Glass plate Alcohol lamp
Soft Iron Rubber tubing Chalk
Tin Zinc Sandpaper
Lead

14
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Procedure

1. On the table below, write the name of each metal in the first column.

2. Look carefully at all the metals on your list of materials and state in the i
second column whether each is a solid, liquid, or a gas. '

3. Find out whether each one has a shine (luster) or whether it is dull. In
case of doubt sandpaper the metal strips. Record your observation in
column 3. '

4. Observe and record the color of each metal in column 4.

5. Light alcohol burners. Hold one end of one of the metal strips and insert
the other end into the flame. Note which metal feels warmer soonest.
Record your observations in column 5. Caution: remove the strip from
the flame as soon as you feel the heat.

6. Recall from your teacher’s demonstration whether the metals were good
or poor conductors of electricity. Record your answers in column 6.

TABLE OF OBSERVATIONS |
; Metal Properties
1 2 3 4 5 6
é Name of State Luster Color Conducts Conducts
f Metal Heat Electricity
|
Questions
‘ 1. Elements can be arranged in two groups, and — .
2. Features which help us to describe a substance are called the
of the substance. . i
j ' 3. The five properties of metals which we studied are: | b
1 2 3— 4 5 ‘

4 15 , I
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Suggested Homework

1. List 5 objects found at home which are made of metal.
2. State the main metallic element found in eacli object you listed.

DIFFERENT FROM THE METALLIC ELEMENTS?

Outcomes ? t

i 7. HOW ARE THE NONMETALLIC ELEMENTS
|

e Nonmetals may be identified generally by a lack of the metallic
properties of luster and electrical conductivity. 1
e Color, odor, and state of matter are the more readily identifiable z
features of an element. ’“

e Sulfur and red phosphorus are examples of solid nonmetallic ele-
ments. ;

® Oxygen is an example of a gaseous nonmetallic element.

Teacher Activities E

1. Have the pupils recall the properties of metals. Point out to the
pupils that nonmetals are identified by their not having some of
the metallic properties, e.g., silver-gray color, luster, conductivity. :

2. Tell the pupils that you are going to demonstrate an element which
was studied previously and that they are to identify it from its
properties. Without divulging the name of the gas, prepare and
show the properties.

3. Prepare oxygen as follows:
Fill the bottom of a large test tube with manganese dioxide or po-
tassium permanganate, and add about three times as much fresh
3% hydrogen peroxide. Caution: Handle potassium permanganate
with care. Potassium permanganate will stain hands or clothing.

Collect 2 bottles of the gas by the water displacement method. Have
the pupils:
| a. Observe the bubbles to realize that a gas is being generated.
| b. See that a glowing splint bursts into flame when in contact with
the gas.
c. Identify the gas as oxygen.
Question to show that oxygen must be a nonmetal because it :
has none of the metallic properties of solid state, luster, silver- b
gray color, etc. | 3

e 2
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d. State the properties of oxygen as a colorless, odorless gas.
Have sc.cral students make a sniff test. Instruct them how to
do this safely, by wafting the gas with the open palm from the
mouth of the bottle toward the nose.

Note: For the demonstration above, the teacher may prefer to
use a cylinder of oxygen from the S-1 list.

Student Activities

1. Distribute to every two pupils a tray containing the materials listed
on the laboratory worksheet.

9. Focus pupils’ attention on the two samples of nonmetals on their

" trays. Identify the sulfur and the red phosphorus and write the
names on the board. Identify the aluminum and the copper strips.

8. Have pupils recall that electrical conductivity is a property of
metals. Point out that the setup which was used in teacher demon-

stration in Lesson 6 on metals is now available for them to use.

4. Read aloud instructions on laboratory worksheet while the pupils
read silently. Have pupils complete the chart.

1L ABORATORY WORKSHEET — CHEMISTRY: LESSON 7
(May be duplicated and distributed to pupils)

Purpose: To study the difference between metals and nonmetals in conduct-
ing an electric current

Materials

Conductometer

Sulfur sample

Red phosphorus

Zinc copper strip

Zinc aluminum strip

2 slips of paper (3" x5")

Bare wire ends

=) 3V lamp
-

Switch

1.1,
1]+
Dry cells

Procedure
Read the instructions silently while your teacher reads them aloud.
1. List each of the elements in column 1 of the chart (following page).

9. Examine the sulfur, red phosphorus, the aluminum strip, and the copper
strip, noting the state, odor, and color.

8. Record your observation on columns 2, 3, and 4.

17
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4. Test each substance as to whether it can conduct an electric current. One
pupil should touch the two ends of the wire to the copper strip. The other
pupil should then close the switch. Record your answer in column 5.

5. Place your samples of sulfur and red Pphosphorus on separate slips of paper.

Do the conductivity test for sulfur and then for the red phosphorus. Record
your results in column 5.

6. Using the information you have obtained (2, 3, 4 of your chart), decide
whether the element is a metal or nonmetal. Put your answer in column 6.

CHART OF PROPERTIES

ConNbucTs METAL
1 ELEMENT | 2 STATE 3 CoLor 4 Opor |5 ErLectrICITY | 6 Nonmetal

Questions

1. Nonmetallic elements are recognized by (having, not having)
properties of metals.

2. Nonmetals are different from metals by not having the properties of ——

and

3. List 2 nonmetallic elements which are gases.
List 2 nonmetallic elements which are solids.

8. IN WHAT QUICK AND EASY WAY CAN WE WRITE
THE NAMES OF THE ELEMENTS? ’

Outcomes

® There are, at present, 92 elements found in nature and 11 man-
made elements.

® Every element has a corresponding symbol.
® The symbols for the elements are the same all over the world.

18




Teacher Demonstration

1. Display on demonstration table samples of the following elements:

Aluminum JIodine (tightly closed Nickel Sulfur :
Nitrogen Lead bottle)  Oxygen Tin "
Copper Magnesium Phosphorus (red)  Zinc *
: Hydrogen  Mercury Silver (dime) Iron
Note: The gases should be displayed in glass-stoppered, labeled

bottles; the solids on labeled watch glasses. Mercury should
be displayed in a tightly closed bottle.

2. Call attention to the everyday uses of these elemeats. The chemists,
who have to use these names more often than others, have devised

a shorthand by using symbols. You may call upon several pupils
using initials rather than names or have pupils volunteer informa-
¢ tion about a family member who uses some kind of shorthand.
: 3. Distribute the alphabetical list of elements to pupils. Use these lists

to point out that:

a. There are now 103 known elements. (92 natural and 11 man-
: made) .

‘ b. The same symbols are used in every country in the world. Stu-
dents from classes all over the world are studying these symbols.

: c. Knowledge of these international symbols will greatly facilitate
% our study of chemistry.

Norte: A rigorous memorization of this list is not the purpose for
: which it is being distributed. Rather, the list is intended to:

] 1) Serve as reference material for the pupil

2) Impress upon the pupil the fact that there are many elements
that he has not yet investigated

3) Point out the elements with which the pupil is more likely to

; come into contact in his study of chemistry. ] ]
5 4. Ask the pupils to underline the elements which they have used at
?”' some time. :

5. Briefly explain that usually symbols are determined in one of the }
following ways:
a. Capital first letter of element’s name—C, I, S, P, O, N.

b. Capital first letter—small second letter of element’s name—Al, 5
Ni. ‘ *

19
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name—Mg, Zn.

| d. Latin name of the element—Cu (Cuprum), Fe (Ferrum),
i Pb(Plumbum), Hg (Hydragyrum), Na (Natrium) .

] 6. Have pupils recall experiments of Lesson 5 and write word and
1 symbol equations for the electrolysis of water and the elements
] | which make up sugar. A
water produces oxygen - hydrogen :
gl watr ————»> O 4 H
1 ' carbon - oxygen 4 hydrogen ——> sugar ;

, c. Capital first letter plus some other small letter in the element’s
il

ﬁ

%

i

!

) - C 4+ O 4+ H —> sugar
Student Activities /
| 2 1. Distribute to each two pupils a set of 30 cards, fifteen bearing the

| names of the elements on display and fifteen bearing the symbols of
| these elements. Have the pupils match the names and symbols.
Notk: It should not be necessary for pupils to refer to their list of
elements except for a final check.

f,"v' 2. After the pupils have matched the two sets of cards, call on various ;

i Pupils to recite their pairings orally. "

' ALPHABETICAL LiIST OF THE MORE IMPORTANT ELEMENTS

} | Aluminum — Al Helium — He Platinum — Pt

) Arsenic — As Hydrogen — H Potassium — K

- : Barium — Ba Iodine -1 Radium — Ra

\ Boron = _ B Iron — Fe Selenium  — Se

i | Bromine — Br Lead — Pb Silicon — Si
Calcium — Ca Lithium — Li Silver — Ag

Carbon — C
Chlorine — Cl1

Magnesium — Mg Sodium — Na
Manganese — Mn Strontium — Sr

Chromium — Cr Mercury — Hg Sulfur — S

g Cobalt — Co Neon — Ne Tin — Sn

| Copper — Cu Nickel — Ni Tungsten

% Fluorine — F Nitrogen — N (Wolfram) — W

f Germanium — Ge Oxygen — 0 Uranium — U
Gold — Au Phosphorus — P Zinc — Zn

O C
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i Suggested Homework
¥
; 1. Using your list of the more important elenents as a guide, find 10 j
lli ¢ samples or pictures of objects, each of which contains a different 5
i EL element. |
18 g . .
i 2. On the chart below, list the name of the object found, the name of
1 P one element found in the object and its chemical symbol.
5 ' 1{
L g: (
i ¢ OBjJECT ELEMENT CHEMICAL SYMBOL
» k ?
B
H ¥ % :
1 e i
i B '
11 ?
1! L
g ¥ ;
i ! |
. I
3 : A
% |
ifl ‘_ f
138 ‘
- |
i ;
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! A
! 4
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| i
| 5 : .;.
':;
I 1 “ : '.
\’{, ;*
? 4
i b ] :
; 3
3




s T TN

COMPOUNDS
AND MIXTURES

Suggested Lessons and Procedures

9. BUILDING WITH OUR BUILDING BLOCKS

Outcomes

¢ Elements combine to form new substances.

® These substances are “new” because they have new properties differ-
ent from their elements.

® These “new” substances are called compounds.

® 'The names of the compounds can be written in the same shorthand
which we use to write the names of elements.

® The name of a compound written in symbols is called the formula.

R e P S o AT - r oo

Teacher Activities
Elements combine to form new substances with new properties:

1. Recall the experiment in which sugar was decomposed to C and
H,O and the H,O electrolytically decomposed to O and H. Elicit
that C, H, and O are the building blocks of sugar and are called
elements.

‘: Review briefly the properties of H, O, C, and sugar. Elicit the un-

derstanding that sugar has properties different from its elements.

i o R IE Fm eyres o

; 2. Draw the analogy between the elements and the letters of the alpha-
i bet. Elicit from the pupils that just as the letters can be combined
| in various ways to produce a countless number of words, so may the
103 elements combine in various ways to make up countless sub-

stances.
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a. Have pupils examine separate samples of iron filings and sulfur.
Challenge the class to identify each element by its properties.
Lead the class into the discussion of the magnetic property of
iron.

b. Test each sample with a magnet to show iron is attracted while
sulfur is not.

c. Mix a small portion of iron filings with twice that amount (by
volume) of sulfur. Call on pupils to test a part of the mixture
with a magnet. Class should discover that iron filings may be
separated from the sulphur with the magnet. Elicit: simple mix-
ing of the two elements does not result in any basic change in
the properties of these elements.

d. Fill 14 of a pyrex test tube with the iron sulfur mixture. Hold
the test tube with a test tube holder and heat the mixture gently
at first and then strongly.

(Keep the test tube in motion in order to heat the tube uniformly.)
When the contents of the tube begin to glow, remove the heat and
call attention to this glow as an indication that some chemical
activity is taking place. Immerse the tube in a beaker of cold water.
This should crack the tube and release the contents. If it does not,
wrap the tube in a piece of cloth and break it with a hammer. Call
attention to the physical appearance of the mass. Test the mass
with a magnet to show that a new nonmagnetic substance, iron
sulfide, has been formed. Guide the class in a comparison of the
properties of the elements and the new substance. Elicit: the new
substance is different because it has different properties.

What is a compound?

Introduce the word compound to describe a substance which has
properties different from the elements which make it up. Refer
again to sugar and water as examples.

Ask pupils to name household items which might be compcunds.
Teacher points out which substances are compounds and which are
elements (ammonia, starch, vinegar, aluminum foil, salt, copper
wire) .

What is a formula?

Tell the pupils that chemists write the names of compounds by
using the same symbols which are used for the elements. Write on
the chalkboard the symbols for iron, sulfur, and iron sulfide.

23
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Note: Although the name iron sulfide may be mentioned, do not

at this point go into a discussion on how compounds are
named.

‘Tell the pupils that this name written in symbols is called
a formula.

Elicit: the formula indicates which elements make up the
compound.

Note: The teacher should place italicized words on the board.

Summary

1. Elements combine to form

2. Compounds have (different, the same) properties
when compared to their elements.

3. (A few, most)
compounds.

of the substances which we use are

4. The name of the compound in symbols is called the

5. The formula of a compound tells which are in the
compound.

Suggested Homework
Distribute the worksheet.
Distribute to each pupil the necessary materials listed on the worksheet.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 9
(May be duplicated for distribution to pupils)

Purpose: Does the simple mixing of iron and sand change the properties of
these elements?

Materials
Iron filings Sand Magnet Toothpicks
Magnifying glass (hand lens) (may be purchased at a 5¢ or 10¢ store)

Procedure

1. Place the sand on a small piece of paper.

2. Test the sand with a magnet.

3. Place the iron filings on a second sheet of paper.

4. Test the iron filings with the magnet.

5.” Mix the sand and the iron filings together with a tcothpick.
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6. Examine the mixture with a magnifying glass (hand lens).
7. Attempt to separate the iron filings with the magnet.

Questions

1. When the sand was tested with a magnet it (was, was not) attracted by
the magnet.

2. When the iron filings were tested with a magnet, they (were, were not)

attracted by the magnet.

3. When the mixture «f sand and iron filings was examined with a hand
lens, the particles of sand and iron (could, could not) be
seen.

4. Testing the mixture with a magnet caused the
by the magnet.

5. This experiment shows that simple mixing of the sand and the iron filings
(does, does not) produce a compound.

to be attracted

10. HOW DO WE WRITE FORMULAS FOR
COMPOUNDS?

Outcomes

® A compound is made up of at least 2 different elements.

® The smallest bit of a compound is called a molecule,

® Each molecule of a compound always has the same formula.

Teacher Activities

NotE: Before the lesson begins set up the Hoffman apparatus and start
the electrolysis of water.

1. Mark two beakers, one A and the other B. Fill beaker A with water,
leaving beaker B empty. Pour half the amount of water from beaker
A into beaker B. Now pour half of the remaining water from beaker
A into beaker B. Repeat until perhaps a drop of water is left in
beaker A. Ask pupils to imagine the continuation of the process.
Elicit: there must be a limit. The final bit of water is called a mole-
cule. Pupils should be led to understand that molecules exist for
other compounds as well as for water.

2. Refer to the Hoffman apparatus and recall the decomposition of
water into hydrogen and oxygen. Call attention to the relative
amounts of the gases. Read the volumes to the pupils. Elicit: for
each amount (volume) of oxygen there is twice as much hydrogen.

25
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3. Write on the chalkboard two symbols of hydrogen and one of
oxygen. (H H O.) Explain that you have written two symbols for
hydrogen and only one for oxygen because twice as much hydrogen
as oxygen was produced. Ask the pupils for suggestions to combine
these symbols into a formula. Suggestions such as 2H O, H (2) O, O
2H should be encouraged. Inform pupils that chemists throughout
.the world have agreed on a certain way of writing such formulas,
i.e, H,O for water, NaCl for pure table salt. Have pupils note that
the number 1 does not appear in any of the formulas but is under-
stood to be there, i.e., HCl, KCI, CO..

NortE: Have pupils understand that a formula stands for the for-
mula of one molecule of the compound.

4. Explain that just as all cake recipes have their ingredients in
definite amounts, each molecule of a compound has its elements in
definite amounts, i.e.,

RECIPE OR
SUBSTANCE Formura INGREDIENTS AMOUNT
Plain Cake Recipe for Sugar, 1 Cup of sugar
plain cake Eggs, 2 Eggs
Flour, etc. 2 Cups of flour
Carbon 1 Unit of carbon
Carbon Dioxide CoO, Oxygen 2 Units of oxygen

5. Illustrate with the following examples the relationship of the for-
mula and its elements.

HCI H one unit, Cl one unit
SiO, Si one unit, O two units
Na,CO, Na two units, C one unit, O three units

Note: It is not necessary to introduce the word atom for unit at
this time.

Student Activities

1. Have the pupils write the formula of the following compounds:
A molecule of the compound has the following elements:

ferric chloride 1 unit of iron, 3 units of chlorine
zinc sulfide 1 unit of zinc, 1 unit of sulfur
iron oxide 2 units of iron, 3 units of oxygen
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aluminum chloride 1 unit of aluminum, 3 units of chlorine——

copper sulfate 1 unit of copper, 1 unit of sulfur,
4 units of oxygen

2. Distribute vials of these compounds with the name and formula on
the label.

3. Have the pupils check their formulas.

Suggested Homework
1. Look through your textbook and list the names of 10 compounds
and their formulas.

2. Next to the formula of each of the compounds you have listed,
write the number of units of each elements.

I1l. WHY DOES A COMPOUND HAVE A CERTAIN
FORMULA?

Outcomes

e A compound is made up of at least 2 different elements.

e All compounds are made up of metallic elements (or elements
which act as metals) in chemical combination with nonmetallic
elements.

e Each element has its own combining ability to unite with other
elements.

Teacher Activities
1. Demonstrate how to use the element cards to form representations
of the molecules. Be certain the pupils understand that the element
cards represent only the elements.
NortE: See preparation of element cards at the end of this lesson.
The element cards for the teacher demonstrations should be
larger than the cards the pupils use.

2. Represent the HC] molecule by:
a. Inserting the tab of the hydrogen card into the slot of the
chlorine card.
b. Point out that all the tabs and the slots of each element of the
compound must be “used up.”

c. Point out the number of tabs or the number of slots on one of
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the element cards will tell us the combining ability of the ele-
ment. [For example, the combining ability for hydrogen (1 tab)
= 1; chlorine (1 slot) = 1]

3. Distribute to every 2 pupils the element cards listed on the labora-
tory worksheet. Hold back one Cl element card. The pupils should
become aware that they will need this additional card when they
try to construct the models for ZnCl, and CuCl,. When this diffi-

~ culty arises, elicit the fact that knowing the combining power of an
element helps us to write the formula.

Student Activities
Preparation of the element cards

I. The cards can be made of stiff construction paper. Use two different
colors, one color for the metals and the other for the nonmetals.

2. The cards for sulfur, oxygen, copper, and zinc should be twice the
size of the cards for hydrogen and chlorine.

3. Make the slots large enough to fit the tabs.

Norte: If preferred, discs, hooks, and eyes may replace the element card
with the tabs and slots.

Cu S

H | |ICl

Tab S}of

In 0
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LABORATORY WORKSHEET — CHEMISTRY: LESSON |1
(May be duplicated and distributed to the pupils)

Purpose

L.

2.

What is the least number of different kinds of elements which make up
a compound?

row does knowing the combining ability of an element help us to write
the formula of a compound? '

Materials

1 Blue card labeled Cu
2 Blue cards labelled H
1 Blue card labelled Zn

1 Yellow card labelled O
1 Yellow card labelled Cl
1 Yellow card labelled S

Procedure
1.

Represent a molecule of HCI by taking one hydrogen card and one
chlorine card; now fit them together. Your teacher will show you how this
is done.

In column 1 of the table below write the formula of your model, HCI.
In the second column draw a small diagram of your model.

. In column 3 list the element with the tab. In column 4 write in the com-

bining ability (the number of tabs).

In column 5 list the element with slots. In column 6 indicate the com-
bining ability (number of slots).

Make up models of the molecules of the following compounds: CuO, H,0,
ZnO, CusS, H,S, ZnS, CuCl,, ZnCl,.

Fill in the table for these compounds.

ForMmuLAa MOLECULE WITH TAB ABILITY WITH SLOT ABILITY

1 2 MobEL oF |3 ELEMENT |4 CoMmsiNING |5 ELEMENT |6 ComsINING]

2.

Note: The actual elements do not have tabs or slots nor does the size of the
card indicate the size of the atom. The combining ability of a metallic element
may be determined by finding out how units combine with one unit of
chlorine. The combining ability of nonmetallic elements may be determined
by finding out how units combine with one unit of hydrogen.

Questions
1.

The yellow cards represent the (metallic, nonmetallic)
€lements. The blue cards present the elements.

The element which is a gas and is included with the metals is

29
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3. Find the combining ability of the nonmetals S. O. and Cl in the following
manner:

a. How many uints of hydrogen can combine with 1 unit of sulfur?

The combining ability of sulfur is

b. How many units of hydrogen can combine with 1 unit of oxygen?——
The combining ability of oxygen is

¢. How many units of hydrogen can combine with 1 unit of chlorine
. The combining ability of chlorine is

* 4. Find the combining ability of the “metals” Cu, Zn, and H.

a. How many units of chlorine combine with 1 unit of copper?
The combining ability of copper is

b. How many units of chlorine can combine with 1 unit of zincp

The combining ability of zinc is
c. How many units of chlorine can combine with 1 unit of hydrogen?
‘The combining ability of hydrogen is

5. The formula of a compound depends on the —————_ of its elements.

12. HOW CAN WE SORT OUT THE BUILDING
BLOCKS?

Outcomes

® The elements can be arranged in a definite sequence.

® The sequential arrangement is based on an important property of
the elements—its atomic weight.

® The order of elements results in a grouping by families and periods.

® Elements in the same family exhibit many properties in common.

® The Periodic Table was used to predict the existence of unknown
elements.

Teacher Activities

1. Ask the pupils where in a supermarket they would find milk,
oranges, steak, and carrots. Elicit from the pupils that there is a
need to classify the elements just as there is a need to classify items
into departments in a store.

Tell the pupils that up to the second half of the 18th century there
was no known order for the elements. In 1864, john Newlands ar-
ranged the elements in the order of their increasing atomic weights,
Later, in 1869 Dimitri Mendeleef improved the arrangement by
inserting the properties and combining abilities of the elements.

30




Distribute to every two pupils the following:
a. A randomly arranged pack of 19 insert cards bearing:
1) Symbols of elements from hydrogen to calcium (omit Mg)
2) Atomic weight
3) Metal or nonmetal
4) Combining ability (valence) number
The element insert cards should be made of stiff cardboard. (De-
laney cards may be substituted.)

. Magnesium, Mg
Each element insert card Atomic wt. . 24

should have such infor- Metal
mation as: Combining ability
number (2)

b. A slotted work cardboard
For the slotted work cardboard, manila folders with horizontal
paper strips fastened with staples or cellulose tape may be used.
The manila folder should have 8 vertical rows of slots and at
least 5 horizontal rows of slots. Each slot should be of sufficient
width to accommodate the insert card. (e.g., Delaney books)

Direct the pupils’ attention to the information on each card. The
Mg element card is omitted from the students’ pack of cards in
order that the pupils may see how the Periodic Table was used to
predict the existence of unknown elements.

Note: De not introduce the word valence to the pupils; use combining
ability number.

Student Activities

1.

Have the pupils attempt to arrange the cards in some kind of order.
After a minute or two discuss with the class the possible classifica-
tions.

a. Alphabetical

b. Metals, nonmetals

c. Atomic weights
d. Properties

Elicit from the pupils that an arrangemerit. using the properties of
the element is the most workable, i.e., atomic weight and combin-
ing ability.

Suggest.that they might start by separating metals from nonmetals.

Challenge pupils to study the compounds on the cards and to ar-

range the cards by their properties of combining abilities.
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5. Move about the room to help individual groups. Successful insights
on the part of a group should be reported to the class periodically ;
y to help other groups. Record these on a chalkboard chart. ' '

i 6. When the class has arranged the groups, they may not have the
‘ elements arranged in increasing atomic weights. Help the pupils
| realize that if groups 2 to 7 are moved down one row leaving
! hydrogen and helium alone on the first horizontal row, the ele-
: ments will be arranged in increasing atomic weights.

! 7. Discuss the Periodic Table and elicit: .
1 ‘ a. ‘There is an element missing after Na. : 4
b. The element is a metal.

c. It has a combining ability of two. | ;
d. Its atomic weight is greater than 23 and less than 27. :

8. Point out that although we may not have the element we can pre-
dict the existence of an element and in advance tell what are some
of its important properties.

9. Distribute the card for magnesium and tell the pupils that although

the existence of magnesium was not predicted by Mendeleef, other
elements were predicted and subsequently discovered in this man- ,
ner. ' | !

e

NotE: If questions are raised concerning the order of atomic :

weights of Ar and K, tell the pupils that later research /

3 proved that this is the correct order. Pupils should be told ,
that they may raise these questions again when the atomic | !
energy unit is completed.

Point out that Mendeleef accepted this arrangement because
the horizontal rows (periods) showed a definite order from
metals to nonmetals for sets of elements. The table also
grouped “families” of elements in vertical columns

(groups).

i pti

Summary

Now call on pupils to describe their arrangements of the elements, ;
first horizontally, then vertically. When this has been done, compare | 4
their tables to a calendar month. Compare the weeks tc periods (hori- 4
zontal) and the days of the week to groups (vertical). Describe the : ik
“Sunday” and “Monday” groups as most metallic in their properties, 13
the “Friday” and “Saturday” (extreme right) groups as least metallic 3
in their properties. Stress the fact that the groups only align them- ‘ 1
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selves properly when the correct periods are chosen, and name the
calendar-like arrangement of the elements as the Periodic Table of
the Elements.

I ; Note: Classroom discussion will be facilitated by ordering copies of ; |
| ‘ the Periodic Table from the State Board of Regents, Albany, : 4
1 | New York. | |

: | Suqgested Homework

1 1. Expiain how it is possible to use the Pericdic Table to predict
the properties of any element.

2. Using your Periodic Table, name the elements that you would {
expect to react similarly to: a. Magnesium, b. Chlorine, c. Argon,
d. Potassium, e. Aluminum, f. Phosphorus, g. Oxygen.

The left to right (horizontal) order is called a : : '§

The top to bottom (vertical) order is calied a

. In each period, the metals are on the side, and the
;’ are on the right side.

13. HOW CAN WE USE SYMBOLS AND FORMULAS 70
TELL A STORY?

S N A B A M ns

s

Qutcomes

e When two or more substances act together to form a new sub-
stance with new properties, we call the action a chemical reaction. f

e We describe the reaction by a statement telling us the substances
with which we begin and the substances with which we finish.

e This statement is written in chemical shorthand called an equation.

e In a chemical reaction we neither gain nor lose elements. The ele-

: ments are only rearranged.

e Scientists all over the world write chemical equations using the 3

same symbols. ' | |

o g s e 1 e e ot
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Teacher Activities

3 { 1. Into an Erlenmeyer flask place 10 ml of silver nitrate and a small
; 1 : test tube containing 10 ml sodium chloride solution. Have the
| : pupils observe that the two solutions are not in contact with each
I : other. Stopper the flask and weigh it.

- e
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2. Invert the flask so that the NaCl in the test tube reacts with the
AgNOs; in the flask. Call to the attention of the class the precipitate 1
as a new product. Point out that when two substances react to .

. form a new substance with new properties the reaction is called a |
}i chemical reaction.

| } 3. Write a word statement on the board to describe the reaction,
; Silver nitrate added to sodium chloride yields (produces) sodium ;
nitrate plus silver chloride. Identify sodium chloride (NaCl) as .
: table salt.

Recall the shorthand by which we write formulas and elicit the
» understanding that this shorthand can be used to write the state-
i 1 ment above. This is called an equation.
' | L Ag (NO;) 4 Na Cl ———— Na (NO,) 4+ Ag Cl
NotE: Do not discuss the unit NO, at this time.

H, Note: Tell the pupils that the arrow stands for “yields.”
{ | ; Point out to pupils that scientists all over the world write chemical
4 | § equations using the same symbols.

j

3

i

|

j 4. Weigh the flask again with its contents, Elicit: since there was no
ﬁ , gain or loss in weight and all the substances were in a closed flask,
1

: the new substances formed came from the original substances. Stress
i that in a chemical reaction we neither gain nor lose elements. The
I elements are rearranged to form new compounds.

Student Activities

1 1. The following activities should lead the pupils to understand that
{ ‘ | the formation of a precipitate or the production of a gas is evidence
i

o

b , of a chemical reaction.

. 2. Distribute to every two pupils a tray with the materials listed on
3 f the laboratory sheet.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 13
(May be duplicated and distributed to pupils)

Bl e

Purpose: How can we tell whether a chemical reaction has taken place?

Materials

1 - ‘ Test tube rack
b Test tube with 10 ml dilute HCl
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Small strips of zinc sheet
Test tube with 10 ml of IN MgSO, (Epsom Salt)
Test tube with 10 ml of IN BaCl,

Procedure
Note: To prepare a IN solution of MgSO,, add to 60 gms of solid MgSO,
enough water to make 1 liter of solution.

To prepare a IN solution of BaCl,, add to 104 gms of solid BaCl,
enough water to make 1 liter of solution.

1. Add the barium chloride solution (BaCl,) to the test tube containing the
magnesium sulfate solution (MgSO,).

2. Based on your observation, answer questions 1 - 5.

8. Add the zinc strips to the test tube containing the dilute hydrochloric
acid (HCI).

4. Based on your observation, answer questions 6 - 8.

Questions
1. When BaCl, was added to the MgSO, a new was formed.
2. This shows that a —————— reaction took place.
3. In this chemical reaction a (color) solid was formed.
4. The statement of what happened can be written in words:
plus ——— yields ———— plus
5. Complete the chemical equation of what happened.
> BaSO, + MgCl,
6. When the zinc was placed in hydrochloric acid, a
(state) was formed.
7. This shows that a ———— reaction took place.
8. In the chemical equation Zn + 2HCl —— > ZnCl, + H,

The > means

The symbol Zn stands for

The symbol H, stands for .

The symbol ClI stands for ——— .

Place a circle around the new substances formed.

oo T

14, HOW DO WE COMBINE SUBSTANCES WITH
OXYGEN?

Outcomes

@ When a substance combines with oxygen to form a new compound,
the process is called oxidation.

35
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@ When a substance burns, it combines with oxygen. This is also
ralled oxidation.

® The oxygen is present in the air around us. {
® At times the oxygen is derived from other compounds.

Teacher Activities

1. Prepare two 8 oz. bottles of oxygen, using hydrogen peroxide and
manganese dioxide. Elicit the identification of the gas by using a
glowing splint in one bottle. Explain that the oxygen is derived
from the hydrogen peroxide and that the other material is present
merely to speed the reaction.

Explain that hydrogen peroxide is used to bleach hair because it

gives off oxygen which combines with the coloring in the hair to
produce a different color.

2. Exhibit some steel wool, and point out to pupils that the steel wool

represents the element iron. Using forceps, heat this steel wool in a
bunsen flame. Remove the heated steel wool and blow on it. Chal-
lenge the class to explain what is taking place. Write the word and
formula equations for the reaction on the chalkhoard.

~Iron 4~ Oxygen —> Iron Oxide
4 Fe 4 30, —> 2 Fe, O,

NortE: Although the equation should be balanced, no detailed ex-
planation need be given at this time.

Again, heat some steel wool to glowing, but this time plunge it
into a bottle of oxygen. Challenge the pupils to explain that the
presence of the pure oxygen allowed the reaction to take place
more rapidly and intensely. Examine the appearance of the ash to
reinforce the fact that a new substance has been formed. Question
to determine that this new substance is a compound. Introduce the
term oxidation as indicating the combining of a substance with
oxygen. )

3. Challenge the pupils to explain why it was possible for the steel

wool to burn in air. Elicit the understanding that the air must
contain oxygen.

Note: The teacher may prefer to purchase from the S-1 list cylin-

ders of oxygen. Bottles of the gas may be drawn from the
cylinders by water displacement.

4. Ignite a short length of magnesium partially screened from the
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pupils. Challenge the pupils to explain what chemical reaction
took place. Caution pupils not to look directly at the burning mag-

nesium. Write the equation on the chalkboard.
2Mg + O,——> 2 Mg O

Student Activities

1. The following pupil activity should lead the pupils to understand
that the paraffin candle (a substance made of hydrogen and car-
bon) reacts with the oxygen found in the air to form water and
carbon dioxide.

2. Distribute to every two pupils a tray containing the materials listed
on the laboratory sheet.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 14
(May be duplicated and distributed to pupils)

Purpose: What substances are produced when a paraffin candle (a fuel) burns

in air?
Materials
Wide-mouthed bottle Alcohol burner
Paraffin candle Glass plate
Procedure

1. Using the alcohol burner, melt the bottom of the candle and fasten it to
the bottom of the bottle.

2. Light the candle.

8. Hold the glass about an inch over the mouth of the bottle.

4. Cover bottle with glass ;plate and observe that the candle “goes out.”

Questions

1. When the candle burned formed on the glass plate.

2. Water, compared to the candle, is a new .

8. This new substance meant that a ————— took place.

4. When the bottle was covered with the glass plate the ———— went
out.

5. The candle went out because ali the of the air was used up.

6. A candle needs —————— in order to burn.

7. A chemical reaction in which a substance combines with oxygen is called

37
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Suggested Homework
Pupils prepare for Lesson 15 by doing the following at home.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 14a |
(May be duplicated and distributed to pupils) |

Purpose: Can we “burn” (oxidize) iron?

Materials

2 empty soda bottles (8 oz. size) Pan (at least 6” width)

Fine steel wool (soapless) :

Procedure .
} 1. Place the steel wool into one of the soda bottles. ,
2. Using a pencil push the steel wool toward the bottom of the soda bottle. ’ ;
: 8. Wet the steel wool by filling the bottle with water. : f
4. Pour the water out of the bottle. 3
5. Place the soda bottle upside down in a pan half filled with water. }

Soda bottle

Water

Place a second soda bottle not containing any iron filing in the pan.

Set your experiment where it will not be disturbed for at least 4 hours.
Mark the water levels on each of the bottles.

Report your observations in class the following day.

e

I15. WHAT IS THE DIFFERENCE BETWEEN A CHEMICAL
AND PHYSICAL CHANGE?

Outcomes

e Any change in which a new substance is produced with new prop-
erties is called a chemical change. y
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@ When a new gas is produced in a reaction, it is evidence that a
chemical change has occurred.

e When a new solid is formed in a reaction, it is evidence that a
chemical change has occurred. |

Teacher Activities
1. Physical Change—A change in which no new substance is formed,
although the size, shape, or state of the original substance may be 1 :
changed. |
a. Heat an ice cube in a beaker. Pour the water into a plastic con-
tainer for making individual ice cubes and place this container s
in a beaker of “dry ice.” The pupils should see that the cube
is reformed. '
Elicit from the pupils that the composition of the water is not
changed when it is ia1 the solid state. The formula remains H,O.
This kind of change is therefore a physical change.

b. Illustrate other physical changes such as the stretching of a
rubber band, cutting of paper, breaking of a wood splint in
half. Elicit: the original properties of the substances are not
changed, regardless of the new shape of the object.

i 2. Chemical Change—A change in which a new substance is formed
having properties of its own.

’ a. Place about 10 ml of lead nitrate solution in a large test tube,
In a second test tube place about 10 ml of potassium iodide
/K solution. Have the pupils notice that both solutions are clear.
il . | Now add the potassium iodide solution to the lead nitrate solu-
i i tion. The pupils should notice the formation of a bright yellow
precipitate (lead iodide) .
il potassium iodide 4 lead nitrate —————>

lead iodide 4 potassium nitrate
1l b. Pupils should be led to conclude that the formation of the
: bright yellow precipitate (a new substance) was the result of a
) | chemical change.

Note: The concentration of each solution is not critical for this
3 demonstration. The more concentrated the solutions, the heavier
| 1 _ the precipitate formed. Lead pupils to understand that the forma-
| | tion of a new solid (a precipitate) or the production of a gas as a
" result of a chemical reaction are evidences of a chemical change.
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Student Activities |
Introduction to laboratory activities

Have pupils discuss their previous home activity where they oxidized
iron (rusting of steel wool). Have the pupils arrive at the conclusion
that since a new substance, rust (Fe,O;), was formed, the reaction is
an example of a chemical change. Recall the activities of the past few
weeks in which matter underwent change. Some examples of chemical

; changes are the oxidation of Mg to Mg O, decomposition of water to !
! oxygen and hydrogen, and the formation of the precipitates of AgCl
and BaSO,.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 15
: (May be duplicated for pupil distribution)

Purpose: How does a chemical change differ from a physical change?

S VT
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Materials

Wood splints Test tube rack ;
Small pieces of chalkboard chalk Mortar and pestle
Test tube Dilute hydrockloric acid ;
Alcohol burner Test tube—10 ml MgSO, i
Forceps , Test tube—10 ml BaCl, i
Procedure x

1. Grind up a piece of chalk using a mortar and pestle. Are the small particles
still chalkp —M 'r
Is this an example of a chemical or a physical change?
Place two small pieces of chalk into a test tube and add dilute hydrochloric
acid. Look for signs of a chemical change. What do you observe?
Is this an example of a chemical or a physical change? -
3. Add the barium chloride solution to the magnesium sulfate solution. What
do you observe?
Is this an example of a chemical or a physical change?
4. Hold a wood splint with a forceps. Now burn the wood splint. Compare
the ash to the wood. Did it change?
Is this change chemical or physical?.

1o

Suggested Homewcrk

Next to each of the following changes place a letter “P” if it is an
example of a physical change or “C” if it is a chemical change.
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Burning of coal to produce an ash
Breaking a large rock to small pebbles
Melting a piece of lead
‘The formation of a precipitate due to chemical reaction
Making carbon dioxide from chalk

A i A

i 16. WHAT ARE THE PROPERTIES OF
. CARBON DIOXIDE?

Outcomes

e Carbon dioxide is a colorless, odorless gas.

e Carbon dioxide does not support combustion.

e Carbon dioxide is produced in burning of carbon fuel.
e Carbon dioxide is produced by the body and exhaled.
e Carbon dioxide is heavier than air.

Teacher Activities

] NortEe: For the demonstrations following, the teacher may either pre-
' pare carbon dioxide by the reaction of dilute HCl acid and
K CaCO; or he may use a cylinder of carbon dioxide (S-1 List).
| Before the start of the class period, collect 2 bottles of the gas
~ ‘ by either displacement of water or air. Cover each bottle with
; I[ : a glass plate.

(’ , 1. Have the pupils examine one of the gas boitles, noting the gas is
| colorless and odorless. Identify the gas as carbon dioxide or CO,.

Y 2. Add to the second bottle of CO, gas some fresh, clean limewater.
Cover with the palm of your hand and shake until the Lias
becomes cloudy. Inform the class that this is a test for +
though other gases may be colorless and cdorless, no other

i react this way.

CRAC s oD ot e gy

3. Now pour the remaining limewater into one of the dry Loftles.
Crumple a small piece of paper and place it into the bottle so chat
most of it is still dry. Light the paper with a match. Place a glass

] plate over the mouth of the bottle. After the flame is extinguished,

| shake the bottle to cause the CO, to react with the limewater.

l Elicit: the gas produced when the .paper (a carbon product)

i burned was CO,: -

| 41
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4." Distribute a copy of the worksheet to each student. Read the direc-
tions aloud as they read silently. Circulate among pupils to aid
and encourage them as they work.

Note: Have at hand a supply of dilute hydrochloric acid to re-
activate any reactions that have stopped before the pupil could
collect samples of the gas.

5. Distribute a tray of materials to every two students,

LABORATORY WORKSHEET — CHEMISTRY: LESSON 16
(May be duplicated and distributed to pupils) ‘

Purpose: To prepare a gas and to identify it by its properties

Materials

Limewater (freshly prepared)

Three collecting bottles, 6 oz.

Three glass plates

Length of wire (1 ft.)

Dilute hydrochloric acid .

8 oz. bottle with one-hole stopper fitted with delivery tube
Marble chips—enough to cover bottom of bottle

Procedure

1. Place marble chips into ithe large bottle. Place the stopper with the de-
livery tube in the bottle. Line up the three bottles that you will use to
collect the gas. Your setup should look like this: 3

Marble
chfp

2. When the teacher has inspected your setup, remove the stopper and pour
in the acid. Immediately replace the stopper.

3. After about ten seconds have passed, fill 2 bottles with gas as follows:
a.” Keep the collecting bottle upright.
b. Place the delivery tube in the bottom of the collecting bottle.

c. Allow the tube to remain in the collecting bottle for about 10-15
seconds.
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d. Remove the delivery tube and cover the collecting bottle with a glass
plate.

4. You now have two bottles of a certain substance.

5. Wind a few turns of the wire around the candle. Light the candle. While
holding the free end of the wire, lower the candle into one bottle of the
substance.

a. Did the candle burn more brightly?
b. Does this gas allow the candle to burn?
c. Could this gas be used to put out fires?

6. Now pour about 15 of your limewater into the second bottle of gas. Cover
the mouth of the bottle with the palm of your hand and shake.
a. The clear limewater became — 8 ——

b. This is a test for

Summary

1. List 5 properties of carbon dioxide.

2. When a fuel (which is made of carbon) burns, ————— is produced.
3. State the test for carbon dioxide.

PR R SR TN ke SAL IV R
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Suggested Homework

Perform an experiment to determine whether the air you exhale
(breathe out) contains carbon dioxide. Limewater may be obtained
from the drug store. Take a drinking straw, and carefully bubble
your breath through the straw.

NotE: Do not blow the limewater out of the test tube.

17. WHAT IS THE DIFFERENCE BETWEEN A COMPOUND
AND A MIXTURE?

Outcomes

e The elements in a compound are in a definite fixed ratio.

e In a mixture of elements there is no definite relationship between
the amounts of each element.

e A formula can be written for a compound but cannot be written
for a mixture.

#® A mixture can be made with substances in any combination of the
three states of matter.

e In a mixture, each substance that makes up the mixture retains its
own original chemical properties.
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Teacher Activities

1. Recall from Lesson 9 the formula of iron sulfide as FeS. Elicit: an
: important difference between a mixture and a compound is that
in a mixture the parts do not have a definite relationship to each
‘ other. Therefore, a formula cannof be written for it.

| | 2. Use slot and tab cards (see Lesson 11) representing iron and sulfur

‘ to demonstrate a lack of definite proportions of a mixture. Point
il ? out that any number of “iron” cards could be placed with any
I | number of “sulfur” cards. This arrangement would correspond to a
mixture of these elements. However, in the case of the compound,
the tabs must interlock with the slots, thus definitely fixing the
proportion of iron to sulfur (in this case 1:1). The heating of the
mixture caused the tabs to interlock with the slots in the only man-
ner it could; i.e., one “iron” card to one “sulfur” card.

e haeTeron . 208

3. Point out that a mixture of sulfur and iron filings is a mixture i
of a solid and a solid.

4. Open a bottle of club soda; elicit: this is a mixture of a gas and a
liquid.

5. Explain to the paplls that floating soap is made by beating air into
the soap when it is still soft. Elicit: this represents a mixture of a
gas and a solid.

6. Pour alcohol into water; elicit: this represents a mixture of a
liquid and a liquid.

7. In a battery jar half full of water, float a short candle on a cork, 4
light the candle, and cover with an 8 oz bottle. Challenge the
pupils to explain why the water rises in the bottle but doesn’t fill |
the bottle. (Other gases must be present.) Elicit: air is a mixture
of gases.

|
Student Activities !
] Introduction to the experiment |

1. Class should be made aware:
’ a. That in a mixture each substance that makes up the mixture
retains its own original properties.

k| b. That in a compound each substance that makes up the com-
| : pound loses its original properties. |
l | 2. Distribute laboratory sheets and a tray of materials to every 2 T
] pupils. |
| |
‘ 3 44

kI




A o Ay P AR T IOy T A 8 7 T T

.

P TR T T e T

LABORATORY WORKSHEET — CHEMISTRY: LESSON 17
(May be duplicated and distributed to pupils)

Purpose: Has the addition of NaCl to iron filings produced a mixture or a
compound?

Materials
Magnet Test tube rack Iron filings Slips of paper
NaCl Beaker 150 ml Test tubes (2) Stirring rod

AgNO, test solution in a dropper bottle :

Procedure
1. Place about 1 inch of water into a beaker.

" 2. Add a portion of the NaCl to the water, and dissolve by stirring with a

glass rod.

8. Add 5 drops of AgNO, solution (silver nitrate) . Record your observation
in space #1 below.

4. Place a portion of iron filings on a slip of paper and test with a magnet.
Record the result in space #2.

5. Mix a portion of the NaCl (pure table silt) with a like portion of iron
filings. .

6. Take your iron filing—salt (NaCl) sample, and test it with a magnet.
Record your result in space #3.

7. Using the magnet, remove as much of the iron filings as possible from the
sample.

8. Place this remaining portion of your sample (with the iron filings re-
moved) into a test tube.

9. Add twice as much water as sample to the test tube and dissolve the
sample.

10. Add 5 drops of AgN()'3 sol. Record observation in space #4.

Observations
Original property
NaCl 4 AgNO, > (1)
Fe + magnet —— > (2}
Property aftsr mixing

sample -+ magnet > (3)
sample - AgNO, > 4)
Questions

1. Each substance of the sample had the (same, different)
chemical properties as it had before mixing.

2. The sample was a (mixture, compound)
3. A solution is a kind of (mixture, compound)
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Suggested Homework

1. List three basic differences between a compound and a mixture.
2. Explain why air is considered a mixture.
3. Explain why a cup of instant coffee is a mixture.

18. HOW DO WE SEPARATE PARTS OF A M!XTURE?

Outcomes

e Mixtures are made up of parts which have their own individual
properties.

® In order to separate a mixture, we make physical changes which do
not alter the properties of the parts,

e The physical changes to be made depend on the nature of the
mixture,

NortE: This lesson is designed to stimulate pupil growth in problem-
solving. The teacher should stress the scientific method in
solving this problem.

Student Activities

1. Distribute to every two pupils a tray containing the materials on
the laboratory sheet. Distribute a mixture of sand, salt, and iron
filings in a stoppered test tube as the unknown.

2. Have the pupils pour a little of the mixture on a watch glass and
examine it with the hand lens. Question them as to whether the
material is a compound or a mixture. Elicit reasons for their opin-
ions. Guide them to see that the variations in_the colors of the
crystals are an indication that the material is a mixture. Challenge
them to propose a method of separating the mixture into its parts.
Lead them to understand that the analysis must be done with
physical changes which do not change the properties of the parts.

3. Challenge the pupils to use their knowledge of materials and prop-
erties to separate the components of the mixture. If methods are
ot proposed, review briefly the procedures for effecting a physical
change. Elicit: a magnet would separate iron from any mixture.
Have the pupils use the magnet to remove the iron filings and set
them aside on a watch glass. (For simplicity, the end of the magnet
with the filings may be set on the watch glass.)
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1. Challenge the pupils to determine by examination whether the
remaining substance is a mixture or a compound. Again elicit:
color is evidence.

- 5. Repeat the procedurc of step 3 and clicit: dissolving may separate
i the components of the mixture.

6. Direct the pupils to place the sand-salt mixture into a test tube
containing 1-2 inches of water and shake. Have them observe that
the white crystals are no longer visible. Elicit: the white crystals
of salt dissolved. Challenge them to determine how the visible
crystals of sand may be separated from the solution. Hint that a

1 mother has the same problem when she wishes to separate vege-

! tables or spaghetti from the cooking water. Elicit: straining would

be the method. Introduce the terms filtering and filtration.

s
-

Have the pupils perform the filtration after demonstrating and
explaining proper filtering technique. The sand should be set
aside on the filter paper.

~J

8. Repeat the procedure of step 3 and elicit that evaporation will
remove the water and the crystals will remain.

st e e b o e by e

9. Now have the pupils pour the liquid remaining from filtration
into an evaporating dish on a tripod, and heat the solution to
complete evaporation with an alcohol burner.

AR s VY S i T

‘ Nortk: If in step 3 the pupils suggest dissolving and straining as a
first procedure, the order of the lesson should be changed.

i 10. The components of the mixture should now be identified and the
i ‘ pupils complimented.

S A et MECma e,

1@ Suggested Homework

il 1. Explain why you could or could not describe your separation of
iron, sand, and salt by a chemical equation.

11 2. A boy at the beach spills a cup of sugar into the sand. Describe
§ how he could recover the sugar from the sand.

A G R THAR E TR

LABORATORY WORKSHEET — CHEMISTRY: LESSON 18

(May be duplicated for distribution to pupils)

Purpose: To identify an unknown substance

2
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Materials
Unknown substance Funnel Evaporating dish
Magnet Filter paper Wire gauze
Beaker 2 watch glasses Tripod
Alcohol burner Tongs
Test tubes in a rack . Hand lens
Procedure

1. The first step was to find out whether the substance was a
ora ———,

2. To do this I

Continue to write, step by step, what you did.
At each step write what you observed.

Summary
1. The unknown substance was a .
2. It was made up of (number) substances. These
substances were .

3. I used the following techniques

19. HOW MAY CHEMISTRY BE USED IN "DETECTIVE"
WORK? -

Outcomes

e Chemistry is used in many different ways both inside and outside
the laboratory.

® Review several reactions which were studied during the unit.

NortE:
This lesson is designed as a problem-solving experience. The inves-
tigation of an unknown compound follows the investigation of an
unknown mixture. It is also hoped that by utilizing the pupil’s
interests his enthusiasm for chemistry will be stimulated.

Teacher Activities

Teacher reads letter A (following) to the class and exhibits the
unknown dust. He then proceeds to analyze the material. The
teacher should explain the procedure which he is following and
elicit pupils’ suggestions.




ATt g

e S

LETTER /A

Dear Mr. (teacher’s name)

The police in Hashville, Kentucky, picked up one Fritz
Rockenbottom who was wanted for staging a bank robbery in
Memphis, Tennessee. When the police arrested him, he had
$100 although the robbery involved a great sum of money.
We are interested in the case because he crossed state lines
and we are anxious to recover the money.

We had Fritz change clothing and examined his clothes for
clues. The shoes had much white dust on them.

I am enclosing this powder and would appreciate your ana-
lyzing the powder and giving us some hint of where he may
have been.

Sincerely yours,
Sam Fried, Chief
Forensic Chemistry Division
Federal Bureau of Investigation

Procedure

a.

Examine the unknown (ammonium chloride, NH,Cl) with a hand
lens. Report that it is uniform. Elicit: it is not obviously a mixture.

Proceed on the assumption that it is a compound. Elicit: com-
pounds are usually made up of metals and nonmetals.

Tell the pupils that a simple test for copper in the compound
would be to put a nail in the solution of the unknown and see
whether the nail becomes -plated with copper.

. Use part of the unknown to make a solution and divide this solu-

tion into 3 test tubes.

Place a clean ‘nail in the first test tube and give the test tube to a
pupil to observe while you proceed with the investigation.

Add dry calcium hydroxide (Ca(OH),) to a sample of the dry
unknown and heat the mixture. The odor of the escaping ammonia
indicates that the unknown is an ammonium compound. Therefore,
the formula for the unknown compound is NH,
The pupils should report the negative reaction of the copper test

Notes: 1. Explain the meanings of negative and positive in tests.

2. Explain difficult words in the letters.
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Recall the reaction of barium chloride with sodium sulfate, and _
explain that it can be used to test for sulfates because it forms a 13

18 white solid. Add a solution of parium chloride to the second test L 3
! tube of the unknown solution. E

a2

‘ i h. Recall the reaction of silver nitrate with sodium chloride, and ;
il explain that it can be used to test for chloride because it forms a
" white solid of silver chloride. Add a few drops of silver nitrate to
i) the third test tube of the unknown solution. Explain that the posi- i 3
tive reaction indicates that chloride is present. Write the word and ' '
chemical equations on the chalkboard.

i. Elicit the name of the compound after recalling the parts which
were found to be present. Ammonium and chloride — ammonium
chloride.

Norte: If the question is raised, explain that although ammonium
is not a metal, in this compound it acis as a metal.

j- Read letter B to the class as the letter which was sent to the FBI. . ;

LETTER B
Dear Mr. Fried,

The material which you sent me for analysis is ammoniun
chloride. This compound is found in the area of Gray’s Cave,
Kentucky.

I hope that this information will be of some help to you.

Cordially,
Teacher’s name

o faad At

k. Read letter C to the class and tell the pupils that you will permit i
them to analyze the unknown substance.

LETTER C
Dear (Teacher’s Name)

The information which you forwarded to me has indeed
been helpful. We went down te Gray’s Cave and found the
stolen money.

Please accept the thanks of the department for your help. 3

I am sending you another sample for analysis. 4

. | Cordially, . ' 5
. Sam ¥ried, Chief

' | Forensic Chemistry Division
Federal Bureau of Investigation 4
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Student Activities
1. Distribute a tray of materials for every 2 pupils.

9. The copper sulfate used as the unknown should be a uniform

powder.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 19
(May be duplicated and distributed to pupils)

Purpose: To perform tests on an unknown solution.in order to identify it

Materials

Test tube rack
Test tubes (3)
Clean iron nail
Hand lens

Silver nitrate solution (with a dropper)
Barium chloride solution (with dropper)
Unknown sample to be tested (analyzed)
Flask (100 ml) with water

Procedure
NoTE: As you proceed with the analysis,
. Examine the powder with a hand lens.

Place the unknown sample into a test tube and dissolve it by adding water.

1.
2.
3. Divide the solution intc 3 test tubes.
4,
5,

answer the questions below:

Test the solution of the first tube to determine whether it contains copper.
mine whether it contains a
Caution: Do not
your skin.

Test the solution of the second tube to deter
chloride. Add three drops of the silver nitrate solution.
allow the silver nitrate solution to come in contact with

6. Test the third tube for a sulfate by adding 3 drops of a barium chloride
solution.
Note: The blue color of the unknown solution may lead you to think the
white precipitate is bluisi.

Questions
Examine the unknown powder to see whether it might be mixture or 2

compound.
1. In order to observe the unknown for different kinds of crystals, you used

the

9. There (was, wasn’t any)
3. You assumed that the unknown was a (compound, mixture) ——-
Test the unknown solution to see whether it was a copper compound.

4. This test was (negative, positive) .

5. This showed that (was, wasn’t) present.
Test the unknown solution to see whether it was a chloride.

6. This test was (negative, positive)

difference in the color of the crystals.




7. This showed that (was, wasn't) present.

Test the unknown solution to see v.” ~ther it was a sulfate.
8. 'This test was (negative,’ positive)

9. This showed that (was, wasn'’t) present.
Therefore your test showed that the name of the compound is

Suggested Homework

Write up a procedure for the analysis of a compound you suspect is ;
ammonium sulfate.

20. DOES SIZE MAKE A DIFFERENCE IN THE
PROPERTIES OF MATTER?

Outcomes

'To THE TEACHER: This lesson is designed to review basic concepts of

the molecule as well as to condition the pupils to think in terms of

fundamental units of matter.

e The individual molecules of a substance are the units which possess
the physical and chemical properties of that substance.

e The amount or size of a substance does not ordinarily affect its
properties.

Teacher Activities
1. What is a molecule?

a. Call upon a pupil to break a piece of chalk into small pieces.
Question the pupils as to the smallest piece of chalk that could
exist.  Have the pupils recall that a molecule is the smallest
particle of a substance that possesses all the properties of that
substance.

b. Recall pupil experiences with several compounds they have en-
countered, such as carbon dioxide, vinegar, and sugar. Again
elicit that the molecule of these compounds is the smallest par-
ticle that would exhibit all of their properties (see Lesson 10,
Chemistry) .

2. Breaking a crystal into molecules
a. Recall that copper sulfate is a compound, and a small crystal of
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it is really made up of many millions of molecules packed closely
together.

b. Make a solution of a teaspoonful of copper sulfate crystals in
about 200 ml of water in a beaker. Place a cardboard cover over
the beaker. Insert 4 clean iron nails through the cardboard.
Place the nails so that they are about 114" apart and have at
least half their length immersed in the solution. After a few
minutes examine the nails for copper.

c. Lead the class to conclude that the crystals were subdivided into
molecules, its smallest possible state. The iron nails coated with
copper serve to demonstrate that the copper sulfate molecules
had spread throughout the solution and were able to affect all
of the iron nails.

NotEe: It is not necessary to mention the ionization of CuSO, at
this time.

Student Activities

1. Distribute to every 2 pupils a tray of materials listed on the labora-
tory worksheet.

2. Instruct pupils that pure rock salt and pure granulated table salt
are different forms of the same compound, sodium chloride.

LABORATORY WORKSHEET -—— CHEMISTRY: LESSON 20
(May be duplicated and distributed to pupils)

Purpose: Does size make a difference in properties of a material?

Materials

Rock salt (pure)
Granulated table salt (pure)

Two beakers (125 ml), with
50 ml of water

Hand lens Two sanitary straws
Glass stirring rod Glass plate
Procedure

1. Examine the rock salt and the granulated salt with a hand lens.

2. Place a pinch of granulated salt in the first beaker. Dissolve it by stirring
with a glass rod.

3. Place a drop of the solution on a glass plate and examine with a hand lens.
Taste the solution, using the sanitary straw. (Use your own straw.)
5. Repeat steps 2, 3, and 4, using a few crystals of rock salt.

L

53




Questions

1. Did you notice any difference in appearance between the rock salt crystals
and the granulated salt?

2. When you examined a drop of each of the solutions with a hand lens,
did you see any salt particles? i
3. Even though you did not see the salt pparticles in solution, how did you
know that salt is present?

4. The smallest possible salt particles in solution are the — —

5. When granulated salt and rock salt Are in solution, they both have the
(same, different) properties.

Suggested Homework

Place a tablespoon of baking soda into one saucer and a pinch (a few
grains) of baking soda into another. Add 2 tablespoons of vinegar to
both. Compare the results. Did the amount of baking soda used make
a difference in the kind of reaction that took place? Explain your
answer by writing down exactly what happened.

2l. WHAT ARE MOLECULES MADE OF?

Outcomes

® The molecule is not the smallest unit of matter.

® Molecules of a compound consist of atoms of the elements which
make up the compound.

® The atom is thus the basic unit of all matter.

® The exceedingly small size of the atom presents a challenge to the
scientists’ ability to investigate atoms.

Teacher Activities

1. Recall that the molecule is the sm.allest particle of a compound. The
formula of water is H,O and may be expressed as HHO (Lesson 10).

2. Display a large clay model of a molecule of water composed of 2
balls representing hydrogen and one ball of different colored clay
representing oxygen. Using this model, point out that although the
modecule is the smallest particle of water that can exist, it can
actually be broken down further; hence it is not the smallest pos-
sible particle of matter.
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Note: 1. The pupils should be made aware that the clay model only

represents the molecule.

2. Small sponge balls or styrofoam balls may be substituted
for the clay. These items should be connected with tooth-
picks and wrapped in a transparent plastic to maintain the
unity of the molecule.

Student Activities

1.

[£14

Circulate a brass weight of 1 gram among the pupils. Have the
pupils lift the weight and make a mental note of its weight. Inform
the students that scientists have determined the weight of the hydro-
gen atom to be .000, 000, 000, 000, 000, 000, 000, 001, 667 of the
weight they have just picked up.

Question the pupils to determine that this tremendously small size
and weight of the atom creates problems for the scientist attempting
to investigate the atom. Use the following activity to indicate, in a
general way, the kind of reasoning that is followed in such investi-
gations.

Distribute to every 2 pupils a numbered cardboard box such as a
shoe box or milk container. The box may be painted biack and
tightly sealed with masking tape.

Each box should contain one of the combinations of materials listed
below:

a. steel bearing, square wooden block

b. steel bearing, round wooden ball

c. steel bearings (2)

d. square wood block, round wooden ball

Before handling their boxes, have the pupils make suggestions as
to how they could proceed in attempting to determine the contents
of the boxes. Encourage suggestions such as shaking, rattling, and
tipping the box. Elicit that the use of a magnet might furnish
further information.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 21
(May be duplicated for distribution to pupils)

Purpose: Do we have to see an object in order to gather information con-

cerning it?

b5
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Materials

Sealed, numbered box containing one or more items

Bar magnet

PROCEDURE:

1. Record the number of your box. .
2. Shake the box gently up, down, 92,
and sideways.
3. Tilt the box slowly until the ob- 3
jects either roll or slide.

4. Place a magnet near each of the
items after separating them by
shaking the box gently. 4.

5. Near the end of lesson your
teacher will open the boxes. 5.
Check off your correct answers.

QUESTIONS:

Box number:

How many items are there in the
hox?

. What are their shapes?

How big are they?

How was the magnet affected by
the item in the box?

How many correct answers do
have?

Summary
1. Use this activity to elicit that:

a. By planning carefully, we were able to think of things that we

could do that would give us information as to what was in the

box.

~

b. With more instruments (x-ray and fluoroscope) we would have

been able to determine even more

about the contents of the box.

: c. We do not have to see an object in order to gather information

about that object.

R

(414

Explain
Suggested Homework

Is the molecule the smallest unit of matter?

Molecules are made up of particles called

Is it necessary to see a2n object in order to learn about it?

Therefore the- is the basic unit of all matter.

1. Using clay of different colors, make up molecules of the following
compounds. (Be prepared te tell what each ball represents.)

a. Water (Hydrogen Oxide, H,O)
b. Salt (Sodium Chloride, NaCl)
c. Sand (Silicon Dioxide, S,0,)
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22. THE STORY THAT DID NOT TELL "WHY."

Outcomes

e The English scientist John Dalton declared that each element was
composed of its own kind of atoms.

e The atoms of any element are different from the atoms of any other
element.

e John Dalton’s theory did not explain why elements combined as
they did.

e Failure of Dalton’s theory to explain why atoms behaved as they
did as well as certain other observations of matter caused scientists
to investigate even further the nature of the atom.

Teacher Activities
1. What was the first significant Atomic Theory?

a.

b.

Display the clay model of a water molecule used in the preced-

ing lesson. Have the pupils identify the hydrogen and oxygen

atoms. Tell the pupils that this model of the atom stemmed from

the work of John Daltcn in the early 1800’s. Summarize Dalton’s

theory as follows:

1. All elements are made up of small particles called atoms.

9. Atoms of the same element are alike but are different from
atoms of all other elements.

3. Atoms are solid, indivisible particles.

Display clay balls of the same size and color, and identify eaclr

color as atoms of a particular element, i.e., red clay balls for

sodium, blue clay balls for chlorine, green clay for hydrogen..

Using the clay balls, demonstrate to the pupils how Dalton’s.

atoms could be put together to form molecules. Make molecules.

of compounds such as sodium chloride, NaCl.

9. Did Dalton’s theory explain the nature of matter?
Elicit from pupils that, although Dalton’s theory enabled us to
understand what took place during chemical reactions, it did not
explain why certain elements combined with some elements but not
with others. (Give examples: sodium combines with chlorine but

not with aluminum.)

3. Other observations of matter for which Dalton’s theory couldn’t

supply a satisfactory explanation:
a. Using a Geiger counter, demonstrate its reaction to a radioactive
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substance such as a radium-dialed watch or a sample of uranium
ore. Explain this by telling the pupils that the Geiger counter
is indicating that the substance is giving off rays of some kind.
Briefly tell of the discovery of radium by Monsieur and Madame
Curie. Point out that these observations of the disintegration of
the radium atom indicated that the atoms were not indivisible
as Dalton had stated.

b. Have the pupils recall incidents involving static electricity, such
as pulling a woolen sweater over their heads. Elicit: lightning
is an example of static electricity. Lead the pupils to an under-
standing that the origin of such a common- occurrence as static
electricity is left totally unexplained by Dalion’s theory of solid,
indivisible atoms as the fundamental units of matter.

Student Activities
1. Distribute the laboratory worksheet.

2. Distribute to every 2 pupils a tray of materials listed on the work-
sheet.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 22
(May be duplicated for distribution to the pupils)

Purpose: To demonstrate one of the observations that could not be explained
by Dalton’s Theory

Materials

Strip of thin cardboard 1” x 5" Piece of wool or fur
An index card 3" x 5" Hard rubber rod
Pencil Piece of saran wrap
Procedure

Preparation of a static electricity detector

1. Find the center of the strip of cardboard by first folding the card in half

vertically (up and down) and then folding the card in half again length-
wise.

2. Place a pencil through the center of the larger card (3" x 5").

3. Use the card as a base. Stand the pencil with point straight up.

4. Balance the folded strip of cardboard on the pencil point. This folded
strip should be free to turn easily.

» Directions for use of the static electricity detector

5. Change a rubber rod by rubbing it on the wool or fur.

6. Bring the rod close to the tip of the movable part of your detector. What
do you observe?
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7. Charge a piece of saran wrap by rubbing it with the fur or wool.
8. Bring the saran close to the tip of the movable part of your detector. What

do you observe?
9. Static electricity may be formed when the atoms of matter are

Sunmary

Summarize by reviewing Dalton’s atomic theory of solid, indivisible atoms.
Then cite the series of observed phenomena that could not be explained with-
in the framework of this theory. Point out that these observations, along with
several others, caused scientists to continue to investigate the nature of the
atom.

Suggested Homework

Describe three reasons why scientists were not satisfied with John Dal-
ton’s atomic theory.

23. HOW SOLID ARE ATOMS?

Outcomes

e The atoms of the element radium give off three different kinds of
rays: alpha, beta, and gamma rays.

e These rays can be used to investigate (probe) the atoms of matter.
In this way we are able to gather information concerning the atom.

e Evidence indicates that the atom is not entirely a solid structure but
has a great deal of space as well.

e Our present ideas concerning the structure of the atom is based
‘upon the observations and contributions of many scientists through
the years.

Teacher Activities

1. Tell the pupils that after 1885 scientists working with radium dis-
covered that the rays given off by this element were actually of
three different kinds. Name these rays as alpha, beta, and gamma
rays. Demonstrate the presence of beta-like rays by using a cathode
ray tube (Crookes tube, S-1 $#14-1358, 1965-66) connected to the
secondary of an induction coil. (Use this simply to demonstrate the
“real” nature of these rays. Do not demonstrate magnetic deflection
at this point. This will be done in a succeeding lesson.)

2. Mention that Ernest Rutherford recognized the ability of some of
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the radium rays (alpha rays) to penetrate the atoms of matter.
The experiments of Rutherford with these rays as probes on gold
leaf indicated the atoms seemed to contain a “solid” portion as well
as a good amount of empty space.

Stress the fact that this “picture” of the atom that we are putting
together is based upon the observations and contributions of many
scientists through the years.

Student Activities

To develop the understanding how the use of bombarding rays may
help us learn about the structure of atoms, guide the pupils through
the following activity:

Distribute to each two pupils a pegboard, such as the one illustrated,
and a marble. (Illustraiton opposite page)

Prepare the pupils for the activity by telling them that they are about
to “bombard” the peghoard with the marble, just as the scientists of
the late nineteenth and early twentieth century bombarded the atom
with the newly discovered rays.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 23
(May be duplicated and distributed to the pupils)

Purpose: The atom—brick wall or wire fence?

Materials _
Pegboard with a marble

Precedure
1. Try to roll the marble from one side of the board to the other. What pre-
vents the marble from rolling freely across the pegboard?
2. Remove about half of the pegs from different places on the board. Now
try to roll the marble across the peghoard. Why is it now easier to roll the
marble across?

3. Aim the marble at a peg and allow the rolling marble to strike the peg.
‘The marble now (was, was not) ———————— deflected.

Questions
1. 1f the peghoard was completely solid then the marble would (go across the
board, bounce offf ———— the pegs.

2. If the pegboard represents an atom and the marble represents the probing
rays, then an atom is more like a (brick.wall, wire fence).

-
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Suggested Homework

1. Read pages 59-63 in the booklet “Chemistry of Matter” very care-
fully. Write a brief report, in your own words, entitled “The His-
tory of the Atom.” Base the report on answers to these questions:
a. What did Democritus believe about matter?
b. What were the two main ideas of John Dalton’s atomic theory?
c. Why was J. J. Thomson’s picture of the atom called the “plum

pudding” model of the atom?

2. Explain why Rutherford decided that atoms must contain a large
amount of empty space.

oW ¥ o

ocﬁ

S O O
» =4 o
% ~<~——Direction in which marble is ro\lgd

1. Select a marble too large to pass between 2 pegs, set side by side.
2. Place pegs, initially, so that there is at least one in each column.

24, WHAT DO WE FIND WHEN WE "LOOK" INSIDE
THE ATOM?

T e T R YR

Outcomes

o BA TR R

e Atoms are made up of smaller particles including protons, neutrons,
and electrons.

e The center of the atom is called the nucleus; it contains protons
and neutrons.

e Electrons are outside the nucleus and orbit the nucleus.

e Atoms differ one from the other in the number of particles they
contain.

e AR 1T 7 RAOAT RN A TS TN RIS

f; Teacher Activities
; 1. What do we think the atom looks like?

a. Recall from the previous two lessons that investigations by scien-
tists in the early twentieth century had indicated very strongly

e
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that Dalton’s concept of the atom was incorrect in the following
two respects:

1. The atom was not a solid particle.

2. The atoms of the different elements were not completely
different; these atoms did have something in common.

Tell the pupils that these and subsequent investigatioris have
led us to a picture of the atom that is consistent with the results
of these new investigations. Using a demonstration magnetic
atomic model, demonstrate to pupils the structure of the Ruther-
ford-Bohr atom. Use the model to stress that the atom, for the
most part, consists of empty space. (This can be emphasized by
asking the pupils to imagine an atom the size of Yankee Stadium,
and then telling them that the nucleus of this atom would be
the size of a flea standing in the center of the stadium!)

c. Call the attention of the pupils to the little particles that make

up the atom model. Elicit from the pupils that most of the
particles are located in the center, and that the other particles
not actually in the center are in motion around the center. Sup-
ply the names of the particles as protons, neutrons, and elec-
trons. Tell pupils that the center of the atom is referred to as
the nucleus of the atom. Lead the pupils to understand that the
atom consists of: 1) a nucleus containing particles called pro-
tens and neutrons, and 2) particles called electrons which are
in constant motion around this nucleus. Draw the analogy be-
tween the structure of the atom and our solar system. Have the
pupils liken the atom nucleus to the sun and the electrons to
the planets in orbit about the sun.

Construct a model of a hydrogen atom.

‘Tell the pupils that hydrogen atoms are exceptional in that they
contain no neutrons, but merely a proton and an electron.

Student Activities
l. Tell the pupils that the simplest atom other than hydrogen is that
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of the gas helium. Tell them that this atom consists of 2 protons,
2 neutrons, and 2 electrons. Have the pupils construct the nucleus
of the helium atom.

Distribute to each 2 students a tray containing the materials on
the worksheet.
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LABORATORY WORKSHEET — CHEMISTRY: LESSON 24
(May be duplicated and distributed to pupils,

' Purpose: To construct a model of an atom of helium ik

Materials
Styrofoam bail—1 white — nucleus
Thumbtacks—2 — protons
Paper fasteners—2 — neutrons
Ball of modeling clay — electrons
Wire, #22, about 9 inches long — shell
. Toothpicks—2 — shell support
Procedure

1. Place the neutrons and proton on the nucleus.
2. Place the toothpick in the styrofoam ball and attach the shell.
3. Place the electrons on the wire.

Questions

Compare your model of the helium atom with the model of the hydrogen
model constructed by your teacher.

1. What two particles are found in the nucleus? and . | ' :
2. What particles are found in the shell? ! :

3. How is the model of the hydrogen atom similar to the helmm atom?
and

4. How is the model of the hydrogen atom different from the helium atom?

The following method is suggested for pupil models of the various atoms:

Wire (Shell

Th>u mbtack Toothpick
(Proton)
Paper
fasteners
N -t
Styrofoam ball (N -idrons)
(Nucleus) Clay ball
(Elcc‘fron)
| 63
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Summary

Summarize the day’s activities by eliciting from the pupils a picture of
the atom as a nucleus consisting of protons and neutrons surrounded
by fast-moving electrons in orbit around the nucleus. Stress the similari-
ties in the two atoms investigated. Emphasize that the different amounts

of particles make for completely different chemical properties in the
two elements.

Suggested Homework

1. Using Tinker Toy parts, see whether you can build models to rep-
resent the following atoms: (Be prepared to tell what each part of

: your model represents.)

| a. hydrogen

b. helium

2. Hydrogen and helium are the lightest elements know’. Based on

what you know about the atoms of these elements, which element
would you expect to be lighter? Explain your answer.

R T W

25. WHAT IS AN ELECTRON?

Outcomes

® The electron was identified by J. J. Thomson in 1897,
® Electrons are very, very light electrical particles.
® Each electron has a negative electrical charge.

® Electrons are electrically different fiom protons. Protons have posi-
tive electrical charges.
@ Atoms are ordinarily electrically neutral; i.e., they contain the same

number of positively chiarged protons as negatively charged elec-
trons. '

® Rubbing an object often adds or removes electrons, thus giving that

! object an electrical charge.

Teacher Activities
1. What is an electron?

a. Demonstrate the rays produced when a Crookes tube is con-
nected to the secondary of a direct current induction coil. In-

form the pupils that this ray has electrical characteristics, As a
result it produces a magnetic field.
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b. Demonstrate the upward or downward deflection of the ray by

placing 2 alnico magnets, one on either side of the Crookes tube
with their opposite poles facing each other on a horizontal
plane.
Recall pupil experiences with magnetic attraction and repul-
sion. Elicit the understanding that if the magnets are placed
properly there should be a deflection (change) of the paih of
the rays. Have pupils conclude that the rays have electrical
characteristics.

¢. The work of Sir Joseph J. Thomson with these rays led him to
conclude that:

1) The rays were made np of many particles which he called
electrons.

2) These electrons were very, very light in weight.

3) These electrons are parts of all atoms. 4

4) Electrons have a negative electrical charge while protons
have an opposite or a positive electric charge.

Student Activities

1. Before the pupils start this activity, the teacher should be sure that
the pupils understand that matter usually does not have an electri-
cal charge. This is so because the atoms of matter have the same
number of negative electrical charges (electrons) as positive elec-
trical charges (protons). We therefore say that matter has a zero
charge or is electrically neutral.

2. We can change the electrical characteristics of matter by either add-
ing electrons or remeving electrons from the matter. This can be
done to certain kinds of matter by friction (rubbing) .

3. Distribute to every 2 pupils a iray of materials listed on the labora-
tory worksheet.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 25
(May be duplicated and distributed to the pupils)

Purpose: What causes static electricity?

Materials

Balloons (2)
Wool cloth
‘Two-foot lengths of string (2)
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Procedure

Inflate the balloons and tie each with a separate piece of string.

Now gently rub one of the balloons.

Place the balloon on the back of your chair.

Now try to place the second balloon (unrubbed) on the back of the chair.
Hang each balloon by its string so that the balloons just touch.

Separate the bzlloons and rub each with the wool.

While the balloons are still suspended by the string, try to bring the two
balloons together.

Questions

1. The balloon that was rubbed with the wool (did, did not)
stick to the back of the chair.

2. The unrubbed balloon (did. did not) stick 1o the back
of the chair.

3. When the two balloons were rubbed with the wool they (attracted, re-
pelled} = each other.

4. The unrubbed balloon is electrically (neutral, charged) .
5. If a substance is electrically neutral, its atoms have (the same, not the
same) — number of protons as electrons.

6. The balloon that was rubbed was electrically (neutial, charged) ~——

7. If the balloon was negatively charged, it means that it (gained, lost)
electrons.

8. We can prove that two balloons are charged alike if they (repel, attract)
each other.

Suggested Homework

1. Rub a comb on hair or wool. Compare it with an unrubbed comb
in its ability to pick up small bits of paper. Describe your results.

2. Using a piece of wool or a piece of silk, rub different objects, ie.,
pen, peacil. See whether any of these objects will pick up small biis
of paper. Report your results.

26. HOW CAN THE PERIODIC TABLE OF ELEMENTS HELP
X%ﬁ?eﬂ MORE INFORMATION ABOUT THE

Outcomes

® The Periodic Table is arranged according to increasing atomic
numbers.
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® The atomic number of an element tells us the number of protons
present in the nucleus of that atom.

e Knowledge of the atomic number tells us indirectly the number of
electrons in the atom.

Teacher Activities

1. Display a large chart of the Periodic Table modified to contain the
symbols, atomic number, and atomic weight (to the nearest whole
number) of the first 20 elements.

2. Have the pupils recall that in Rutherford’s gold leaf experiment
the “solid” portion of the atom was the nucleus. Our present-day
concept indicates that the nucleus is not solid at all but consists of

particles (proton and neutrons).
Norte: It is not necessary to mention the other subatomic particles.

3. a. Have the pupils recall the fact that the properties of argon and

potassium are such that they are out of place when arranged by
increasing weights of the atoms. The pupils should be made
aware that this situation occurs at other points when all 103
elements are arranged according to their weights.
Inform the pupils that in 1914 after the existence of the proton
had been discovered, the young English scientist Henry Macseley,
using X-rays, devised a method of determining just how many
protons the atom of each element contained. He found that
when he arranged the elements, by increasing the number of
protons, this arrangement generally confirmed the previous ar-
rangement by weight and also cleared up the mystery of argon
and potassium. Since argon has one less proton than potassium,
argon should come before potassium.

b. Define the atomic number as the number of protons in the
nucleus of an atom, and elicit that our present Periodic Table
is arranged according to increasing atomic numbers.

c. Recall the pupils’ activities with static electricity during the
previous lesson in which it was elicited that the electrically
neutral nature of the atom indicates exactly as many protons as
electrons. Elicit the understanding that atomic number of an
atom tells us not only the number of protons in the nucleus, but
also the number of electrons in the shells around the nucleus.

d. Distribute to every 2 pupils the materials listed on the labora-
tory worksheet.
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Norte: See the pupil worksheet for model of the insert card. The
slotted work cardboard is the same one used in Lesson 12,

Student Activities

LABORATORY WORKSHEET — CHEMISTRY: LESSON 26
(May be duplicated and distributed to the pupils)

Purpose: To prepare a Periodic Table of Elements according to their atomic
number

Materials

A pack of insert cards for the first 20 elements
Slotted, work cardboard

PREPARATION OF ELEMENT INSERT CARD

FRONT AC K
_} -Atomic weight INo. of prdtons
*_o” -
Chemical
H e// symbol
) /A:"omicg _No.of clectrons
"~ umber -

1. Should be the size of a Delaney card.

2. Each pack of insert cards is made up of one such
insert for each of the first 20 elements.

Procedure

l. On the side that has the chemical symbol for the element, fill in the
atomic number. This information may be obtained from the chart your
teacher has displayed.

2. Turn the cards over. In the spaces provided, fill in the number of Pprotons
and the number of electrons for that element.

3. Now check your chart. Each period should have its elements in order of
increasing atomic number.

4. Arrange the element insert card for these first twenty elements according
to atomic number.
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5. Place the element cards in the proper place in your slotted, work card-
board. (Remember the special places for hydrogen and helium).

Questions

1. When you arrange the elements in increasing atomic (number, weight)
all of the elements are in their correct order.

2. The atomic number tells us how many (electrons, protons)
are in the nucleus of the atom.

3. List 4 facts concerning the atom which the Periodic Table can supply us.

4. The atom is electrically neutrai because it contains the same number of

as

5. An element with an atomic number of 27 has

shells.

.- 2lectrons in its

Suggested Homework

(Duplicate the following chart and distribute to pupils. Actual chart
has all 20 elements and their symbols.) :

Complete the chart, using the “Alphabetical List of the More Impor-
tant Elements” you were given earlier. (Lesson 8)

SyMBoOL oF NaMe or NUMBER oF NUMBER oF
Atowmic No. ELEMENT ELEMENT PrROTONS ELECTRONS
1 H |
2 He |
3 Li |

27. WHAT GIVES THE ATOM ITS WEIGHT?

Outcomes

o Neutrons and protons are practicaily identical in weight.

e Since the weight of an electron is almost negligible, the weight of
the atom is concentrated in the nucleus.

® The atomic weight of an atom can be calculated by adding the num-
bers of protons and neutrons.

® The number of neutrons in an atom can be calculated by subtract- |
ing the atomic number from the atomic weight.
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e The neutron has a neutral electrical charge.

‘@ The Periodic Table supplies us with the number of protons, neu-

trons, and electrons in the atom of each element.

"Teacher Activities

1. Recall the almost negligible weight of the electron (1/1840 of a pro-

ton) . Elicit from the pupils that the weight of the atom must there-
fore be concentrated in the nucleus and that the protons or neu-
trons or both must be the particles that give the atom its weight.

Inform the pupils that the neutron was discovered in 1930 by the
English scientist James Chadwick. His experiments showed that this
particle had almost the identical weight as the proton but had no
electrical charge. Elicit: the weight of the atom is the combined
weight of the protons and neutrons in the nucleus of the atom.

Instruct the class how to determine the number of neutrons of an
atom, using the atomic weight and atomic number; i.e., helium,
atomic weight — 4, atomic number = 2. Have the class recall from
the previous lesson that the atomic number tells how many protons

are present. Therefore helium with an atomic number of 2 has 2
protons.

If the atomic weight — the number of protons + the number of
neutrons, then for helium:

atomic weight of 4 = 2 protons 4 2 neutrons

Help the class to determine the number of neutrons for lithium
(atomic weight of 7, atomic number of 3).

Atomic weight of 7 = 3 protons 4 4 neutrons. The pupils should
be led to understand that the numbered protons subtracted from
the atomic weight — the number of neutrons. Show that hydrogen
with an atomic number of one and atomic weight of one cannot
have any neutrons. This is the only element without neutrons.

Tell the pupils that it is often desirable to draw picture representa-
tions of the atoms. Using atomic number 11 as a model, elicit from
the pupils the number of protons and neutrons in the nucleus of
this atom. Draw the nuclear diagram as shown on page 71, on the
chalkboard. Use the following abbreviations for the particles:

proton = p*, neutron = n% and electron = e—




sodium atomic number 11, atomic weight 23 ' - -

Nucleus

5. Distribute the pack of 20 element cards used in the previous lesson.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 27
(May be duplicated and distributed to the pupils)

Sar e ST o R T e, it ErR

Purpose: To draw a picture that represents the nucleus of the atom |

Materials

Pack of 20 element cards used in the previous lesson
Alphabetical list of common elements

Procedure
1. Using the alphabetical list of common elements and the pack of element
' cards as sources of information, fill in the table below:
ELEMENT NAME OF ATOoMIC AtoMic NUMBER OF
SyMBoOL ELEMENT WEIGHT NUMBER NEUTRONS
i
; Be
§
B
i
| C
f N z
| |
o ;
i
F |
Ne !

2. Draw a picture to represent the nucleus of each element listed in the chart.

Questions
1. Most of the atom's weight is due to the particles found in the (nucleus,
shell) .
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2. The protons are located in the (nucleus, shell)
3. The neutrons of an atom (do, do not) ’

have an electrical

charge.

4. The (protons, neutrons) may be determined by
subtracting the atomic number from the atomic weight.

28. HOW ARE THE ELECTRONS ARRANGED
AROUND THE ATOM'S NUCLEUS?

Outcomes

o Electrons in atoms are arranged in shells which are designated K,
L, M, and so forth.

o Each shell contains enough energy to hold a maximum number of
electrons. These maxima are:

K shell — 2 electrons
L shell — 8 electrons
M shell — 8 electrons

@ In the atom the electrons tend to fill one shell before beginning to
fill the next.

Teacher Activities

1. Recall the atomic diagrams drawn by the pupils during the previ-
ous lesson. Point out that these diagrams did not indicate the loca-
tion of ihe electrons, other than by indicating that they were some-
where outside of the nucleus. Ask the question, “Where are
electrons found in the atom?”

2. Display the models of the hydrogen and helium atoms constructed
in a previous lesson. Elicit from the pupils that in these atoms the
electrons are moving in a somewhat circular path some distance
away from the nucleus. Provide the name shell for this circular
path.

3. a. Using the magnetic atomic model: Build the nucleus of the
lithium atom. Elicit from the pupils that this atom contains
three electrons. Ask for suggestions where these electrons should
be placed. '

b. Explain to the pupils that erergy is required to hold the fast-
moving electrons in their path about the nucleus. The pupils
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should be told that there is sufficient energy in the first shell to
hold only two electrons. Elicit: the third electron of the lithium
atom will therefore have to go into another shell. Set the three
L : electrons in place on the magnetic model. Inform the pupils
I} that scientists designate the shells as K and L shells. The second
11 : shell, the “L” shell, contains only enough energy to hold 8 elec-
N trons. Question the pupils as to how the electrons should be
: arranged for the element with an atomic number of 11.
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| 4. Using the magnetic model, illustrate the electron arrangement of |
| the atoms with the atomic numbers 11 and 16. Demonstrate to pu-
i’ pils one method of picturing these electron arrangements as follows:

i &‘1
1 2e- 8¢ le- e p* 2e- 8¢ 6e-
, 16 n®

| f L L

| SODIUM SULFUR
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B 5. Introduce the short way of expressing the atomic weight and the
') atomic number of an element; e.g., for sulfur ,;S%2. The subscript .
(‘f’ - : is the atomic number and the superscript is the atomic weight. ;

| | Student Activities

1 : 1. Display models of hydrogen and helium atoms. Divide the class

| into six groups, and assign to each group the construction of a
r _ model atom of one of the following elements; atomic number 5, 6, 3

| 7, 8,9, or 10. Circulate among the pupils to encourage them in their 3

| construction. See lesson 24 for a description of these models. ’

i 2. When the pupils have finished, have each group display and de-
| scribe its atom.

; : 3. Distribute the materials listed on the laboratory worksheet to each | :
I i of the six groups. The teacher should display the modified Periodic "
; ‘Table chart and distribute copies to the pupils.
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LABORATORY WORKSHEET — CHEMISTRY: LESSON 28
(May be duplicated and distributed to the pupils)

Purpose: To construct a model of the atom of an element

Materials

Thumb tacks (10)
Paper fasteners (10)
Styrofoam ball
Wire, approx. 9”

Wire, approx. 15”

Ball of modeling clay
Toothpicks (4)

Periodic Table (modified)

Name of the atom assigned to you

PROCEDURE

QUESTIONS

1. Look up the atomic number and
the atomic weight of your ele-
ment.

2. Using your styrofoam ball as your
nucleus, tack in the proper num-
ber of thumbtacks to represent
the protons.

3. Using the fasteners as neutrons,
place the proper number into the
styrofoam ball (nucleus).

4. Take the shorter length of wire
and make it into a ring. Insert
2 toothpicks into the nucleus so
as to hold up the ring (see the
teacher’s model) .

5. Make the proper number of clay
balls, one for each electron.

6. Place the proper number of clay
balls (electrons) on this first
shell.

7. Make the longer piece of wire

into a ring and hold it in its

proper place by the use of 2 or
more toothpicks.

6.

The atomic number is
The atomic weight is
The number of protons is

The number of thumbtacks used
as protons.

. The number of fasteners used

The wire represents the
shell of the atom.

. The total number of clay balls

representing the electrons in
your model is

The number of electrons in the
first shell is

This wire represents the
shell. The maximum number of
electrons for this shell is
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Suggested Homework

1. Draw the diagram of the atom for each of the following elements:
J Be? 1P3?

2. Indicate for each-atom:
a. the number of protons and neutrons in the nucleus
b. number and arrangement of the electrons in the shells
¢. name of the atom

29. "BORROWERS" OR "LENDERS"?

Outcomes

e Atoms whose outermost shells are complete do not ordinarily com-
bine with other atoms.

e Atoms whose outermost shells are not complete tend to “lend” or
“borrow” electrons to make these outermost shells complete.

@ The atoms of elements in the same vertical column of the Periodic
Table all have the same number of electrons in the outermost shell.

® Metals lend electrons to attain complete outermost shells; nonmetals
borrow electrons to attain complete outermost shells.

Teacher Activities

1. Display a Periodic Table of Elements. Mention the use of gases in
advertising signs. Tell the pupils that the gases used are often the
elemencs helium, neon, and argon. Explain that each of these ele-
ments is a gas which does not ordinarily react or combine with any
other elements. Introduce the word inert. Call upon some pupils to
draw a diagram of the atom of zach of these elements on the chalk-
board. Challenge the pupils to discover what all of these atoms have
in common. Lead them to an understanding that in each case the
outermost electron shell holds all of the electrons that it possibly
can. Encourage the pupils to make the generalization that when
the outermost electron shell is filled, the atom will not enter into
chemical combination with other atoms.

2. Using the magnetic atomic model, build the fluorine atom. Elicit
from the pupils that this atom is one electron short of having its
outermost shell filled. Lead them to a realization that, were this
atom to receive an electron from somewhere, then, like the inert gas
neon, its outermost shell would be filled. Tell the pupils that atoms
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tend to act so that they will always have their outermost shells filled
with all the electrons that shell can hold.

Distribute to each pupil a copy of the worksheet. Lead the pupils
through the steps for the fluorine exercise.

Repeat the above presentation with the building of the oxygen
atom. Elicit: this atom would tend to try to receive two electrons
from somewhere in order to fill its outermost shell. As before, lead
the pupils through the oxygen exercise on their worksheets.

Now have the pupils work out the electron arrangements and de-
termine the number of electrons that will be borrowed by the ele-
ments in Part I of their worksheets. Circulate to help and encourage
the pupils.

LABORATORY WORKSHEET — CHEMISTRY: LESSON 29
(May be duplicated for pupil distribution)

PART 1

. Draw a diagram representing the following atoms:
oF18 17CI35 gO16 16932 15P3 N4

. Indicate for each atom how many electrons must be “borrowed” in order
to complete the outermost shell.

PART I1I

. Draw a diagram representing the following atoms:
3Li"( 4BeQ 5B11 11]Na23 12Mg24 13A127

. Indicate for each atom how many electrons it must “lend” in order to
have its outermost shell complete.

How does the Periodic Table identify “lenders” and “borrowers’?

Recall the fact that the vertical columns of the Periodic Table
identify ““families” of elements having similar properties. By having
the pupils refer to their worksheets, elicit from them that lithium
and sodium each have one electron in their outermost shell, and




B

thus will “lend” one electron. Elicit from the pupils that hydrogen,
too, has one electron to “lend.”

Note: Hydrogen was not mentioned on the worksheet to preclude
the pupils from concluding that, having one electron in its
K shell, it will tend to borrow another electron to fill this
shell.

Lead the pupils to an understanding that all members of the verti-
cal groups have the same number of electrons in their outermost
shell and that this number is different for each vertical group.

Elicit: in moving from left to the right, we pass from the “lenders”
to the “borrowers” and end up with the inert elements. (Tell the
pupils that the two elements with 4 electrons in the outermost shell
can either lend or borrow their 4 electrons.) Lead the pupils to a
realization that the atoms which lend electrons are all metal, and
that the atoms which borrow electrons are all nonmetals.

Summary

1. When the outermost shell of an atom is complete, it ordinarily
{does, does not) react with other atoms.

2. Metallic atoms (borrow, lend) electrons.

3. Nonmetallic atoms (borrow, lend) electrons.

4. The number of electrons that an atom “borrows” will complete
its ——— shell.

5. The atoms of elements in the same vertical column of the Periodic

Table all have the (same, different) number of electrons

in the outermost shell.

30. THE STORY THAT DOES TELL "WHY"

Outcomes

e During chemical changes, electrons move from one atom to another

to complete their outermost shells.

e Atoms that lend electrons readily combine with atoms that borrow

electrons.

e Usually, atoms of metallic elements (electron lenders) combine with

atoms of nonmetallic elements (electron borrowers) to form mole-
cules of compounds. ‘
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e The chemical formula of a compound represents the number and
kinds of atoms that combine to form a molecule of the compound.

Teacher Activities

Have the pupils recall Lesson 11 and display some of the element
cards with tabs and others with slots. The pupils should be aware
that element cards had varying numbers of tabs and slots, which
determined the formula of the compounds they formed. Recall that
the number of tabs or slots waz an indication of the combining
power of the element. Work of the previous lesson indicated that
atoms form compounds by “lending” or “borrowing” electrons to
make their outermost shell complete.

Distribute to every 2 pupils a tray of material listed on the labora-
tory worksheet. Pupils are to construct the electron arrangement of
the lithium and fluorine atoms. Do not have the pupils construct
the nucleus, since there will be too many particles for the pupils to
handle at one time.

1.
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LABORATORY WORKSHEET — CHEMISTRY: LESSON 30
(May be duplicated and distributed to the pupils)

Purpose: To show how a lithium atom combines with a fluorine atom to

form a compound

Materials :
Wire, 9 inches (2) Round wood splints Styrofoam balls (2)
Wire, 15 inches (2) Ball of modeling clay Toothpicks (4)
Procedure

One member of your table will construct the electron arrangement of the
lithium atom while the other member of your team will construct the
electron arrangement of the fluorine atom.

As before, use a styrofoam ball as the nucleus and the wire and toothpick
arrangement as the shells.

Make two electron shells for each of the atoms.

Using balls of clay as electrons, form the electron arrangement for lithium,
atomic number 3.

The other member of the table will form the electron arrangement for
fluorine atomic number of 9.

Complete the outermost shell of both atoms by transferring (borrowing
or lending) electrons from your completed atoms.
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7. Connect the two nuclei by means of a wood splint to form a molecule
of LiF.

Questions

I. In a chemical reaction —————— may be transferred from one atom
| to another.
! 2. Lithium is considered a metal becar<e when it reacts with other elements
it (lends, borrows) ———— electrons.

The formula LiF tells us that ————— — atom of Li combined with
atom of fluorine to form a molecule of lithium fluoride.

e
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Teacher Activities (continued) !

3. After the pupils have completed the laboratory worksheet, reinforce
the learning by means of the following chalkboard diagram.

LITHIUM FLUORINE

4. a. By means of chalkboard diagrams, charts, or transparency of the
atoms, show what happens when magnesium combines with
oxygen. Challenge the pupil to show with arrows the transfer
of electrons from one atom to the other to form MgO.

MAGNES | UM OXYGEN
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b. Demonstrate and explain combinations involving the transfer
of more than orie electron, as in the formation of MgCl, from a
reaction of magnesium and chlorine. Elicit the understanding
that it will require two ‘atoms of chlorine for each atom of mag-

nesium,
MAGNES I UM CHLORINE CHLORINE

— T —

Suggested Homework

1. Practice drawing the union of th~ following atom to form mole-
cules:
(a) Hydrogen and chlorine
(b) Calcium and oxygen

2. Using the drawings you have completed for question 1 as a source
of information, write the formula for the molecule formed.
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ELECTRICITY

| Suggested Lessons and Procedures

. ST

. HOW DO WE PRODUCE AN ELECTRIC CURRENT?

i 5 Outcomes
; ® An electric circuit must contain a source of electrons (dry cell)
and a conducting path.

® An electromotive force is the result of the mutual repulsion of
electrons (a push or pull).

§ ﬂ ® A measurable flow of electrons is called an electric current,
‘e !

e e dEr D et

i \ Teacher Activities

| Note: New vocabulary words =re italicized.

-,e; - 1. Review concept from Science: Grades K-6 (page 17) that electricity
t travels in a closed circuit. Remind the pupils of the function of a
3 i : switch in a circuit. Show one or more of the circuits (diagram op-

posite) mounted on perforated masonite and suspended from the
chart hooks above the chalkboard. Name the parts of an ordinary
electric circuit—source of electrons (dry cell), conducting wires, ;
and load (or resistance). Place these names on chalkboard as they
are given. Elicit the fact that a switch may “open” or “close” a :
circuit. NoTE: Time limit 5-10 minutes.

ATe s R

Ask class, “What things do you see that are the same in these
mounted circuits?” 3

Remind class that in chemi‘stry we used symbols to save time, e.g.,
: Al for aluminum, etc. We use electrical symbols to save time, too:

, '@Lamp _/’-Swi‘l'c\?\ —1 l—Dr\( cell

PSS




TR N ONTRERT VR AR AT N

AT £ s S b s T3 St 2 v -
T a—

PRy

_,__._

il 1 2. Demonstrate that to make things move, a “push” or “pull” is
| j needed. Another word for a “push” or “pull” is force. Tell the

: i pupils that in electricity this force is called the electromotive force
‘ ‘ | and is abbreviated as emf. Write this on the chalkboard and have
1 the pupils copy it into their notebooks,

' 3. Tell the pupils that electric current from a cell depends upon this
|k electromotive force. Demonstrate this by having the first row stand
1. and face the class. Direct the pupils to extend their arms to the
‘; side. Each pupil represents an atom and the “hand tap” may be an
‘ electron. Tap the first pupil on his outstretched hand saying ‘Pass
I it.” This is the way emf is transmitted. Another analogy: The
H ; emptying of a crowded subway car has a “push” which forces out
many people.

i _Aa-Switch | La:np

Dr\' cell

; / Bell E

| / Motor

|

4. “Let’s find out whether we can show that this happens in elec- }
tricity.” At this point introduce the following terms and have |
pupils find them on the laboratory worksheet. (1 setup for 4 pupils)

voltmeter — measures emf metal strips — electrodes
HCI — electrolyte Al, Cu, Zn, Fe

|
Note: Time allowance 20 minutes for laboratory work ’
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LABORATORY WORKSHEET — PHYSICS: LESSON |
(May be duplicated and distributed to pupils)

Purpose: To show the formation of an electromotive force

Materials

250 ml beaker containing an electrolite (either 1:10 HCI or vinegar)

4 metal strips (electrodes)—1 each of copper (Cu), iron (Fe), aluminum
(Al), zinc (Zn)

500 ml beaker containing water

3-inch square of 00 sandpaper, emery cloth, or steel wool

Voltmeter—use the 3-volt scale

2 12" lengths of bell wire with alligator clips at one end

Paper towels

Procedure
Connect the two wires to the voltmeter, using the 3-volt scale.

Connect the wire attached to the (+) terminal of the voltmeter to the copper
strip, after sanding the strip.

Pupil 1. After sanding one of the other strips, attach it to the negative terminal
of the voltmeter. Slowly lower both strips into the electrolyte.

Pupil 2. Read the number on the meter to which the voltmeter needle moves.
Pupil 3. Check the reading on the voltmeter and record it on the chart below.

Pupil 4. Take the metal strip out of the electrolyte (not the copper one) and
rinse it.

MEeTAL PalRs Zn-Cu : AL-Cu Fe - Cu
VOLTMETER
READING = | o VOLTS |  ccermmmrension VOLTS | ccmmnnmmrsssenen VOLTS

Repeat each step using a different metal strip, but at all times keep the copper
strip attached to the (+) terminal of the meter.

Summary

Is there a flow of electrons in each case?

How might you explain the difference in your results?

What is an electric current? .

Draw a diagram of today’s experiment. Label the parts by using the words:
acid, terminal, electrolyte, electrode, metal strip, beaker.

90—

Toacher Activities (continued)

NotE: If magnesium ribbon is substituted for aluminum strip, greater
voltage will be developed than between copper and aluminum.
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5. Optional Activity
After the materials have been collected, have the recorder for each
group place his data on the master chart on the chalkboard. Ex-
plain that all scientific investigations must be repeated many times
before we accept the results. This serves to reinforce the self-confi-
dence of the pupils in scientific investigation, collecting data, and
in recording data. Discuss results.

6. Summarize by placing a cut-away dry cell (see diagram) on the

demonstration table alongside a wet cell similar to that which was

made.

Terminals—
)A r%/W-E lectrodies

Je——Container

_Elec‘l‘roquc

7. Recall from chemistry that when a metal becomes an ion it gives up

electrons. Discuss the similarities and differences between the wet
cell and the dry cell. Record the discussion on the chalkboard and
have pupils copy it into their notebooks.

AT THE SAME TIME?

Outcomes

and back to the

R I I Ty (T~ P Ty s T o SR P e ST IR A K e T

@ Series circuits provide a single path for electrons.
o Electrons flow from the negative terminal of a source along a circuit

positive terminal.

8. Show terminals on various cells and batteries. Add the word ter-
minal to the list of new words on the chalkboard.

2, WHY DO MANY BULBS IN A SUBWAY CAR GO OUT.
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Teacher Activities

1. Demonstrate how to connect dry cells for this experiment. Point out
that the terminal in the middle is called the positive terminal and
is marked (4), and that the terminal on the rim is called the nega-
tive terminal and is marked (—). Write these terms and symbols on
the chalkboard. Have the students connect the positive terminal of
one dry cell to the negative terminal of the second.

LABORATORY WORKSHEET — PHYSICS: LESSON 2
(May be duplicated and distributed to pupils)

Purpose: To make a series circuit

Materials

2 #6, 115 volt dry cells Pushbutton or snap switch
Small screwdriver 2 3.olt lamps in miniature sockets
Bell wire, ends bared of 3 12” lengths

insulation for 14” } 2 6” lengths

Procedure

Let teacher check all circuits before you close the switch.

1. Connect the 2 dry cells as shown before. Use one lamp in socket, the dry
cells, the switch, and wires to make a simple circuit. Notice the brightness
of the lamp.

2. Open the circuit by removing a wire from one side of the socket. Place
another socket in series with the first one and make a circuit which follows

the diagram below.
N /_\( 3-Volit lomps

Switch v

N
—~— Wires : >
+ ‘i/""\!:“f
[

3. Compare the brightness of the lamps, when two are in the circuit, with
the brightness when only one bulb is in the circuit. What happens when
one bulb is unscrewed?

4. Take apart your circuit and replace the parts in the box. (reassemble)
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Summary
What are the advantages and disadvantages of series circuits?
DISADVANTAGES ADVANTAGES
1. Electricity must be shared by 1. Easy to connect devices in series.
each device in a series circuit. 2. Fuses can be used to protect cir-
2. All devices stop when one fails to cuits.
operate. 3. Switches in series are used to

open and close circuit.

Teacher Activities (continued)

2.

“Why were the wires bared at the ends?”
Elicit from the class that this is necessary because electrons will flow
more easily through certain substances.

Explain the flow of electrons from the negative terminal of the dry
cell around the circuit and back to the positive terminal. ‘This
single path for electrons is called a series circuit. Write this term
and definition on the chalkboard. Project a transparency of this
circuit diagram, if available; otherwise use chalkboard. A pupil is
called upon to trace this flow of electrons. Indicate electron flow
by adding arrows to the diagram. Pupils likewise indicate direction
of electron flow on the diagrams on their laboratory worksheets;

they may also label the terminals.
3-Volt lomps
o—

Switch
N

X

Optional Activity

Remove a miniature socket and lamp assembly and replace with a
standard socket containing a household fuse (six amperes or fewer) in
good condition. Supply burned-out screw-type fuses, too. This socket
should be mounted on a three-inch square wood block (15" - 34" stock)
with terminals exposed. Elicit the fact that no current will flow when
a fuse is “burned-out” or removed.
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Suggested Homework

1. Speak to your building superintendent or hardware store salesman
to find out: “Why do we use a fuse?”

et 5 3 ARGk b seni iy P de

2. Where are the fuses used in your house?

3. For possible extra credit: Connect 2 cells in series with a buzzer and
a pushbutton.

3. HOW CAN YOU EXPLAIN WHY ONE HEADLAMP OF
A CAR IS LIGHTED WHILE THE OTHER IS NOT?

Outcomes

e Parallel circuits provide more than one path for electrons.
i | e Parallel circuits permit independent operation of electrical devices.

Teacher Activities

15 1. Have the pupils recall from the previous lesson that the second lamp
went out when the first was removed. Challenge the pupils to
act as electrical engineers (designers of electrical equipment, such
as wiring in a building or of electronic devices such as a transistor
radio) to design a circuit which would permit the second lamp to
remain lighted when the first lamp is removed. Permit pupils to
make suggestions before moving on to laboratory exercise.

LABORATORY WORKSHEET — PHYSICS: LESSON 3
(May be duplicated and distributed to pupils)

Purpose: To construct a parallel circuit

Materials
2 #6, 115-volt dry cells Pushbutton or snap switch
Small screwdriver 2 3-volt lamps in miniature sockets

Bell wire, ends bared of) 3 12” lengths

insulation for 14" 4 6” lengths ¥
Procedure ;
1. Connect the two dry cells in series.

2. Connect the cells, two sockets, wires, and switch as shown on the diagram.
i i} Do not close switches until the teacher checks your circuit.
W
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1 { 3. When your circuit is approved, close the switch and answer these questions: ! o, &
5 a. How does the brightness of the lamps in a parallel circuit compare with: o ’
N their brightness in the series circuit? :
in b. What happens when one lamp is unscrewed?
i 4. Take all connections apart and return parts to kit.
‘ ‘ 5. Summary: (This may be completed at home.) !
,‘ a. Define series circuit.
' ! b. Use pencil and ruler to complete the series circuit. Label all parts.
| z;
:
j ' /
1 :
“ .
i :
4 kb :
{
H 1
EEEtei—
§ c. Define parallel circuit.
d. Use pencil and ruler to complete a parallel circuit. Label all parts.
i
z |
j | 1
’ |
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e. Compare series and parallel circuits.

SERIES PARALLEL

ADVANTAGES

DiISADVANTAGES

Uses

f. How are dry cells in a fiashlight connected? Why?

Teacher Activities (continued)

2. Draw circuit diagram below on chalkboard or project a transpar-
ency. A pupil is called upon to trace flow of electrons by using ar-
rows next to the wires. Others place arrows on diagrams on work-
sheets. Elicit term parallel circuit, if possible, or define it for the
class as a circuit which permits more than one path for the electrons.

Sdiifdh closed -

o g

}

| +

1 -

I |

| |

& —

3. Summarize by having pupils discuss the advantages and disadvan-
tages of parallel circuits; for example:

ADVANTAGES DISADVANTAGES
At home, electric irons, refrig-  As more electrical appliances are
erators, TV’s, etc. may operate connected, more electric current
independently of each other. is used and fuses may blow or
wiring may be overloaded.
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4. wrllié; INTERFERES WITH ELECTRON FLOW IN A

Outcomes
e The longer the wire, the greater its resistance to electron flow.
e The thinner the wire, the greater its resistance to electron flow.

Teacher Activities

1. Have pupils compare traffic on a wide avenue with that on a narrow
street, e.g., St. Nicholas Avenue and Edgecombe Avenue, Prospect
Avenue and Beck Street, Nostrand Avenue and Christopher Street,
etc. Elicit the concept that a narrow path restricts movement. In
electricity this is called resistance.

LABORATORY WORKSHEET — PHYSICS: LESSON 4
(May be duplicated and distributed to pupils)

Purpose: To see whether length and thickness of a conductor affects its re-

sistance
Materials
Resistance board (Resistance wires should be at least 2 feet long.)
2 dry cells 3 pieces of bell wire 12 inches long
2 alligator clips Piece of bell wire 6 inches long

3-volt lamp in socket

Procedure

Connect the dry cells in series; attach the lamp to one terminal of the dry
cells and a piece of bell wire to the other side of the lamp. Connect alligator
clips to the free ends of the wires. See diagram.

p

# 22 NICHROME
o

Alliqafo] clip

-0 _O_K
# 28 NICHROME

o 0

Alliqafor/cll'P

(Welch—Resistance Comparison Board, No. 2816)
(Cenco—Law of Resistance Kit, No. 83115)
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Summary

1.
2.
3.

Connect one alligator clip to one end of the top wire and slide the other
alligator clip along the wire.

Note the change in lamp brightness. (An ammeter may be substituted for
the lamp or added to the circuit for conformation.) Introduce the am-
meter as a tool to measure current. Use a large demonstration meter.
Connect the full lengths of each wire in turn, comparing the lamp bright-
ness (or ammeter reading) for the thinner wire with that for the thicker
wire,

Record your observations.

How does the length and thickness of a wire affect its resistance?

Why is plastic (as on a wire) used to protect us from electric shock?

Make ‘a list of materials that have such a high resistance that they allow
Practically no electric current to pass through them.

Teacher Activities (continued)

2.

—AVWMAMWY T

On the chalkboard draw a labeled diagram of the circuit shown be-
low. Elicit resistance as opposition to the flow of electrons; explain
that the ohm is the unit of resistance, (The ohm is defined by scien-

tists as the resistance of a column of mercury of a particular length
and cross-section.)

- KA\(Amme‘l‘er

Variable resistance

Dry cel\s\l-l-

%

— F—=

Pupils should record the above diagram in their notebooks.

Elicit why current may have to be regulated. Refer to dimmer
switches affecting auditorium lights, picture tube brightness in TV
sets, volume control in radio, etc.

Have, on the demonstration table, a display of laboratory slidewire

rheostats and wire-wound volunie controls to show how. the laws of
resistance are applied.

[
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Summary

Discuss what pupils have observed by having two or three write their
recorded observations on the chalkboard. The concept should be de-
veloped that as electrons pass through a wire, their motion is interfered
with. Certain materials offer more interference than others.

Long wires offer more resistance in view of the greater amount of inter-
ference; i.e., the path is longer.

Thicker wire has less resistance since it provides a wider path for elec-
trons to flow. Compare with current in parallel circuits.

5. WHAT PROPERTIES OF A WIRE MAY AFFECT ITS
RESISTANCE?

Outcomes
e Wires of different metals differ in resistance.
@ The resistance of a wire increases as its temperature increases.

Teacher Activities

1. Review, eliciting the fact that current flows in a wire; heat results
from the opposition to the flow of current in the wire itself.

LABORATORY WORKSHEET — PHYSICS: LESSON 5
(May be duplicated and distributed to pupils)

Purpose: To see if resistance depends upon the material making up a wire

Materials
resistance board with 2 ft. lengths of #28 copper wire, #28 iron wire, and
#28 nichrome wire
2 dry cells 3 pieces of bell wire 12 inches long
3-volt lamp in socket Bell wire 6 inches long
2 alligator clips

Procedure

Connect the dry cells in series; attach the lamp to one terminal of the dry
cells and a piece of bell wire to the other side of the lamp. Attach a piece of
wire to the other side of the dry cells. Connect alligator clips to the free ends
of the wires. (Refer to the diagram used in Lesson 4.)

Note that each wire on your resistance board is the same length and thickness;
only the material is different.
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Connect one alligator clip to each wire in turn, while sliding the other alli-
gator clip along the length of the same wire. How does the resistance of each
wire compare with the next? Record your observations.

Summary (may be completed at home)

How do different metals compare as to resistance?

If a six-inch wire has a resistance of 10 ohms, what would the resistance of
a similar wire of 12 inches in length be?

Suppose a similar six-inch length of wire were placed in a circuit alongside
the first six-inch length. What do you think would happen to the resistance
of the dircuit? Why?

ﬂh . m——

— ®
YV

2.
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Teacher Activities (continued)

Demonstrate the effect of temperature on resistance by one or more
of the following:

a. Wrap a 3-foot length of iron (or nichrome) wire into a compact
coil by wrapping it around a length of glass tubing. Suspend the
coil of bare wire horizontally so that it can be heated by a bun-
sen burner or alcohol lamp. Connect the coil to a pair of dry
cells and a demonstration ammeter. The class should observe
that the current decreases as the temperature increases.

NotE: This is an inverse relationship.

b. Demonstrate the “Temperature Coefficient of Resistance” ap-

paratus . (Cenco No. 83064 or Welch #:2835).

Summarize the lesson by having pupils write their observations on

the chalkboard to serve as a springboard for the discussion.

Have the pupils generalize that: .

a. Wires of different metals differ in resistance.

b. The resistance of most wires increases as their temperature in-
creases.

Resume the discussion of possible causes for wire resistance:

a. Variations in resistance of different metals may be explained in
terms of the freedom of electrons to move in a definite direction
in the metal.
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b. Higher temperature causes increased movement of the electrons.
in wire. This increases the opposition to the flow of electrons..

Analogy: Person walking across street encounters less resistance
if traffic is still. Autos represent molecules of the wire.

6. HOW IS ELECTRICITY MEASURED?

Outcomes

o Current (electron flow) is measured in units called amperes with

@ Electromotive force is measured in units called volts with an instru--
ment called a voltmeter.

an instrument called an ammeter.

Teacher Activities

1.

Motivate by a discussion such as follows:

“If you stand on a street corner and watch the traffic go by, would’
you see as many cars pass you between 8:00 and 8:05 A.M. Sunday

as between 8:00 and 8:05 on any weekdays? Why?”

Elicit the fact that fewer people are in a hurry to get to work on
Sunday. So it is with electrons. Sometimes there is a greater driving
force which causes electrons to move. In electricity this is the elec-
tromotive force or voltage.

Develop the term “rate of traffic” as the number of cars passing the
corner every minute; set up the analogy with the number of elec-

trons passing any point in a circuit every second. This rate is electric

current or amperage.

Measuring amperage (Time limit—15 min.)

a) Demonstrate the use of the ammeter to measure electron flow by
preparing a circuit {see 3d and diagram) in which a demon-
stration ammeter may be inserted easily by means of leads with
attached alligator slips. Stress the delicacy of instrumentation
and need for careful handling. Emphasize the reason for attach-
ing the negative terminal to the “negative side of the line” and
the positive terminal to the “positive side of the line.”

b) Call on pupils to place the ammeter into the circuit to measure
the current at different points. (Take two or more independent
readings at each point to emphasize accuracy in reading and re-
cording scientific measurements.) Pupils copy into notebooks
as pupil secretary records on board as follows:
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PosITION OF AMMETER AMPERES

3. Measuring voltage (Time limit—10 min.)

a) Explain that a voltmeter is an instrument used to measure the
difference between the force pushing electrons at one point in
the circuit with the force pushing electrons at another point
(voltage drop) . This instrument, therefore, should be connected
in parallel with the path connecting these two points.

(NotE: Use demonstration size voltmeter. In position 5 [dia-
gram] there is no load, therefore voltage drop = 0.)
b) Use pupil aides as in 2b.
c) Use one color chalk for circuit and another for meters and con-
nections.

d) In this circuit the loads are sharing the voltage.

— a0
|\-/
T
I,T\ /M\ /3\! ,‘5\\
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\  )=Ammeter placement Q'Volfme'l'cr placement
-
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4. Summary questions (may be completed at home)
What did we discover about the current in a circuit?

How did this differ from what we found out about the voltage?

Compare how a voltmeter is placed in a circuit with how an am-
meter is used.

R

Suggested Homework

1. What is electric current? What are its units of measurement? How
is it measured?

i 2. What is voltage? What are its units of measurement? How is it
: measured?

7. HOW MAY WE MAKE A LIGHT BULB GLOW
BRIGHTER?

: Outcomes
@ As the voltage increases, the current increases.
@ As the voltage decreases, the current decreases.

Teacher Activities

f I. a. Display a flashlight with fresh dry cells. Pose this problem:

’ “Can we design a flashlight that will give a brighter light?”
When an increase in the number of dry cells is suggested, tell
the pupils that this theory could be tested in today’s experiment.

b. Optional motivation: Suppose water is being taken from a hy-
: drant to fight a fire. How can the flow be increased when the
blaze jumps from the second floor to the fifth floor?

1 Elicit the need for more pressure. Is there an analogy with elec-
tricity?

)
2. What would happen to current if we increase pressure (voltage)?

Note: This lesson and the following lesson are problem-solving
exercises designed for the development of manipulatory
skills, the taking of measurements, and the gathering and
interpreting of data.

Stress the fact that each of the problems may be solved by means of

a series circuit. Remind the students that ammeters are always con-

: nected in series with the negative binding post connected to the side

nearest the negative terminal of the dry cell.
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LABORATORY WORKSHEET — PHYSICS: LESSON 7
(May be duplicated and distributed to pupils)

Purpose: To see whether the amount of voltage in a circuit will affect the
amount of current

‘ Materials
i 3 dry cells, each 114 volts Bell wire with clips
| 3 3-volt lamps in miniature sockets 2 2-foot lengths
DC ammeter 2 lfoot lengths
Pushbutton or snap switch 8 6-inch lengths

Small screwdriver

Procedures

Connect 1 dry cell, 2 lamps, a switch, and the ammeter in series as shown in
the diagram below.

o

+ —

G

e

| -
|

Do Not CLose SwitcH UNTIL THE TEACHER Has APPRCVED THE CIRCUIT.

Use the highest scale on the meter first. If you get too low a reading, then use
the next lower scale. Try to get a reading near the middle of the meter.

Make a record of the current in column 4 on the chart.

Connect another dry cell to the first in series. Remember that we add the
voltage of each to find the total voltage. Take another reading and record it
in the table.

Now connect the third dry cell, and record your reading in. the table. :
CauTioN: Leave the switch closed only long enough to get a reading.

I
TABLE OoF OBSERVATIONS '
‘ ]
1. No.or 2. VOLTAGE | 3. No.OF LAMPS | 4. AMPERES 5. cLAss 5
DRY CELLS USED IN SERIES MEASURED AVERAGE : 4
i -
1 1% 2 | ]
, A
2 3 : 2 |
— I
| ¢
3 4%2 2 ‘

100 i ]
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Summary (May be completed at home)

Why did we use an ammeter in this experiment?

How is current affected by voltage?

If the voltage of a circuit is decreased, what would happen to the current?
Why did we use the class average rather than one student’s resultsp
What else may affect the brightness of a bulb, other than voltage?

Su 00—

Teacher Activities (continued)

3. a. Summarize by reviewing the class average on the chalkboard.
Have the students generalize, “As we decrease the voltage, the
current decreases.”

b. Display a variety of flashlights, i.e., penlite, firemen’s flashlight,
etc. Have the pupils conclude that one of the factors determin-
ing current is voltage.

8. WHY DOESN'T A FLASHLIGHT HAVE MORE THAN
ONE BULB?

Outcomes
@ As the resistance increases, the current decreases.

Have pupils recall their experiences in series circuits (Lesson 3) in
which they observed dimming of lamps as the number of lamps in the
circuit was increased.

LABORATORY WORKSHEET — PHYSICS: LESSON 8
(May be duplicated and distributed to pupils)

Purpose: To see what happens to the current when the resistance of a circuit
is increased '

Materials

2 dry cells, No. 6, 114 volts Bell wires—alligator clips at each end
3 3-volt lamps in miniature sockets 2 2-foot lengths

DC ammeter 2 1-foot lengths

Pushbution or snap switch 3 6-inch lengths

Small screwdriver

Procedure
Make a circuit consisting of 2 dry cells, one lamp, a switch, and an ammeter
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connected in series as shown in the diagram below. (Let the teacher check
your circuit before closing the switch.)

(8
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! i Caution: Keep switch closed only long enough to read the meter. Record the
: } ammeter reading in Column 4 on the chart below. Place the second lamp ;
| in the circuit in series with the first. Again take a reading and record it on ;
{ % the chart. Place the third lamp in the circuit in the same way and take a ‘
it ; reading. Record your results on the chart. )
1 g TABLE OF OBSERVATIONS
i ; 1. No.oF 2. VOLTAGE | 3. NO.OF LAMPS | 4. AMPERES 5. cLAss
1 ! DRY CELLS USED IN SERIES MEASURED AVERAGE
il (RESISTORS)
| 3 2 3 1
I {
2 3 2
! 2 3 3
iy ‘
1 ( . : t - Summary |
i (may be completed at home) 1
i ! . . . PR . 3
{ ; 1. What did you find about the current as resistance in the circuit was in- _,
§ creased? q
s * 2. If the resistance in a circuit is decreased, what would happen to the cur- ;
1 : rent?
4 3. Find out what happens when the resistance (number of lamps in series)
] } is increased. Consider that each lamp has the same resistance.
! 4. Why are our bulbs at home usually connected in parallel? i
3 ‘ . ; :
: 5. Which bulb has more resistance, a 100 watt lamp or a 15 watt lamp? Why ,
did you choose the one you did? ¥
‘, | ¥
1 Teacher Activities (continued) ' ;
i
g ; 1. Summarize by having the pupils discuss their results. Elicit the gen- ’
% eralization that, as resistance increases, current decreases. Tie this
f I in with the aim of the lesson. i
i |
il 102 3
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2. Show pupils the mathematical statement of Ohm’s law, I = E, and

how this formula is used by electrical workers to check, or pﬁdict,
one factor of a circuit if they know the other two.
Remind them that in Lesson 5 they saw an inverse ratio hetween
temperature and current in a conductor. Elicit from them, if pos-
sible, that current and resistance are inversely related and, there-
fore, one appears in the numerator of the formula, while the other
appears in the denominator.

9. HOW MAY WE USE ELECTRICITY SAFELY?

Outcomes

e Electricity may be dangerous if it is not used properly.

e Frayed insulation en wires may lead to short circuits.

e Using extension cords improperly may lead to fires.

e Appliances should be turned off before removing plugs.

e Plugs should be held tightly as they are removed; do not tug at wire.

e Do not touch any electrical switch or appliance while in tub or
shower.

@ Fuses must be of proper size to protect wires and prevent fires.

Teacher Activities -

1.

Review parallel circuits; as more resistors are added, current in-
creases.

1 Amp Alligator Porcela
fuse wire clps Orc;a::\ :::i:')t
\

e ﬁ; ‘
/]
/

Heater coil

Lamps Electric iron
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If wires are made to carry too much current, they get warm or hot.

“Octopus” circuits add parallel resistors, and extension cords get
warm.

a.

Hiding cords under rugs may be dangerous as kindling tempera-
ture of rug or dust may be reached.

b. Proper fusing is essential.
c. Extension cords must be of thick enough wire,
A circuit without resistance is known as a short circuit.
a. ‘These may produce so much heat that they can cause a fire.
Lamp recepiacle
1 Strand,damp fuse wire
|
/2 Dry cells :
— !
I
|
7’l(
Short -between X--~3X
b. Frayed insulation should be a reason to change the whole cord,
not to cover the frayed area with tape.
Teacher should bring in samples of frayed cords showing how
insulation around the conductor may be frayed. Taping outside
merely hides this.
c. Pulling plugs by their attached wires may cause a short circuit

between wires attached to plug.

3. More current will flow through the lesser resistance,

104

a.

b.

Touching an electrical appliance while a person is wet may
cause electrons to go through the person rather than through
the regular load. More curzent can go through a low resistance.
Never handle electrical devices while bathing. Keep electrical
appliances away from kitchen sink. o

Many appliances use a three-wire cord.- The third wire is a
“ground” (define “ground” for Pupils as'a return to source) and
carries any leakage current from appliance to ground. Always
use this plug properly. Teachers should show special grounding

it
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i‘ receptacle and PROPER use of a 3 to 2 wire adapter, with the : 1
~ little green wire properly grounded.
F . . .
1 : 4. Emphasis should be placed upon the fact that electricity can be
I | used safely to help us in our daily lives. ~ |
| f :
fi Suggested Homework :
I ') 1. List as many UNSAFE electrical conditions as you can find around
’ the house. i
b
9
2. Describe a way in which you might correct these conditions.
' 3. Why is it important to have the proper size fuse at home? '
i 4, Why do most electric drills and air conditioners have a 3-wire cord? |
: :
|
i 1
. ; ;
' ': E
1 é ! :
: } X T
. y
{
i%
‘ ; = v
,*:i i
g :
:
t ;
: ! 3
| » '
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MAGNETISM w

Suggested Lessons and Procedures

10. WHAT DO WE KNOW ABOUT MAGNETS?

| Outcomes
A : @ Magnetic materials include iron, nickel, and cobalt.
® Magnets are strongest at their poles.

® Like poles of a magnet repel each other; unlike poles attract. This
is known as “The Law of Magnetic Poles.”

i Teacher Activities

Allow some time after distributing worksheets to develop reading skills
j such as reading for information. Make sure pupils understand un-
n - familiar words so that directions will be more easily followed.

LABCRATORY WORKSHEET — PHYSICS: LESSON 10
(May be duplicated and distributed to pupils)

Purpose: To discover what materials are attracted to a magnet

Materials (for 2 pupils)

Magnetic compass

North-seeking pole (lacquered with red) and stand
Bar magnets (Cenco #78260)

Box of 15" brads

Specimen kit containing wood, chalk, nickel (S-1 #10-7728), cobalt, tin, paper
| clips, brads, lodestone, aluminum foil, alloys such as steel and alnico, each
‘ in labeled compartment
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Procedure
1. Try to pick up each specimen with a magnet. Complete the table below.

ATTRACTED BY MAGNET Not ATTRACTED BY MAGNET

- Line up 15 brads in a row (end to end). Place a bar magnet on top of

this row; then raise it gently. Draw a diagram showing the position of these
brads on the magnet. Question: Where is a magnet strongest?

- Will your compass needle pick up any brads? How many?
- Permit the compass needle to turn freely by placing it carefully on its

stand. The red tip should point to the north.

a. In what direction of the room is the teacher’s desk?

b. What happens when the north-seeking pole of a magnet is brought
close to the red tip of the compass needle?

¢. What happens when you do this with the south-seeking pole?

d. Can you now state the Law of Magnetic Poles which you have tested?

- Summary (may be completed at home)

What kinds of materials will 2 magnet attract?

What are some examples of magnetic material?

How could you find out of a piece of iron is, or is not, a magnet?
What are the poles of a magnet?

How could you find out if a piece of iron is, or is not, a magnet?
other?

Using a magnet, test 10 materials at home that you did not test in class.
Add them to the list you made.

Dap T

gl

Il. WHAT CAN WE DISCOVER ABOUT THE RULES OF

MAGNETISM?

Outcomes
o Different magnets exert forces of varying strengths.
® The force between two magnets depends upon their relative

strengths and the distance between them,

Teacher Activities
1. Have each pupil push a book from one end of the desk to the other.

Develop the concept that the pupils used a “force” to start the books
moving. How is this related to the “Law of Magnetic Poles?”
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LABORATORY WORKSHEET — PHYSICS: LESSON |1
(May be duplicated and distributed to pupils)

Purpose: To discover on what the force exerted by a magnet depends
Materials

4 bar magnets of varying strengths 4 washers, 14” diameter

20 one-half inch brads
4 sheets of graph paper ruled 4 boxes per inch

Procedure
1. In turn, hold each magnet over
the pile of brads. MAGNET # | No. OF BRADS
a. Count the number of brads
each magnet was able to pick 1
up. :
b. Why does the magnet attract the bradsp 2
¢. Which is the strongest magnet? 3
d. Which is the weakest magnet?
4

2. Place the strongest magnet in the middle of the graph paper. Trace its
outline so that you may see that it always stays in the same place.
a. Place one washer one square away from the pole of the magnet. Then

try two squares away, three squares away, four squares, etc. until the
magnet no longer attracts the washer.

b. Repeat with two washers, one on top of another.
¢. Repeat with three washers. d. Repeat with four washers.
Check the boxes to indicate when the magnet attracted the washers.

TABLE OF OBSERVATIONS

SQUARES
WASHERS 1 2 3 4 5 6 7 8
1
2
. 3
. :

Summary (may be completed at home)
1. What 2 things determine how strong a force a magnet will exert?
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2. Try to explain in words how we discovered this.

3. Construct a bar graph showing how the number of washers attracted by

the strong magnet depended upon the number of squares the washers were
away from the magnet.

Teacher Activities (continued)

2. Try to elicit that
a. Magnetic force depends upon the strength of a magnet.
b. Magnetic force between the magnet and a magnetic material
decreases as the distance increases. (inversely related)

3. Optional
Instead of the laboratory exercise which illustrates the measuring

of magnetic forces (the inverse square law), the teacher might
demonstrate the following:

Brass screws or

) . Nylon atfached to
alfammum nail qibbet and the
depressor
Copper
sT'rrup
. \Maqnc'l' }
Nylon f
T;n que |
epressor
glued into slof = = =

holds protractor)
P

Indicator

Force fit Jom‘l'
(movtise & Tenon)

P
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Adapted from 4 Sourcebook for the Physical Sciences, Joseph, A. et al,, p. 513.
Suspend a magnet in a copper stirrup from a nylon string. Attach
the string with rubber bands to the top and bottom of a wooden

frame. Before affixing the bottom connection, slip the nylon string
transversely through a five-inch soda straw. Place a 360° plastic pro-
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tractor horizontally so that the straw may serve as an indicator for
this angular deflection scale (see diagram) .

Have pupil hold another magnet at varying distances to show de-
flection. Holding magnets of different strengths the same distance
from the suspended magnet may show different deflections.

Place data on the chalkboard for pupils to copy into notebooks and
to serve as a springboard for discussing the inverse square law.

12. HOW MAY MAGNETS BE CREATED AND
DESTROYED?

Outcomes

® We can make magnets by induction and by rubbing (in the same
direction) a substance that can be magnetized with a magnet.

® A magnet may be demagnetized by heating, by hammering, or by »
rubbing it (in both directions) with another magnet. ' ;

Teacher Activities

1. Display items containing magnets: toys, recording tape, etc.

a. “How did these obtain the magnetic force they seem to have?”

b. “Can ordinary magnetic metals be made into magnets?” Demon- !
strate that a substance can act as a magnet when held in a mag-
netic field. Hold a strong magnet close to but not touching the |
head of a soft iron nail. Use the nail in this position to pick up
brads. Remove the magnet to permit the brads to drop. The nail
was not permanently magnetized. Explain this effect of produc-
ing magnetism at a distance as induction.

2. Introduce the pupils to another way of making a magnet as well as
ways for destroying magnetism by use of the following exercise.

LABORATORY WORKSHEET — PHYSICS: LESSON 12
(May be duplicated and distributed to pupils)

Purpose: To discover how we can make and destroy magnets

Materials

3 pieces of steel wire (4” length) Pliers

Strong alnico magnets Block of wood—5” sq.
Alcobol lamp Hammer Brads or pins
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Procedure

1. Rub the three pieces of steel wire about thirty times with one end of the
magnet. Try to pick up brads/pins with each wire. Record your results.
Make sure you rub in only one direction!

Magnet

- — — — —>Direction

Ta .

9. Take one wire and rub it vigorously in both directions with the magnet.
Try to pick up brads or pins with it. Record your results.

3. Heat second wire about three minutes holding it securely with pliers.
After wire cools, try to pick up brads/pins with it. Record results.

4. Strike the third wire with the hammer repeatedly. (To protect the desk,
do this on the wood block.) Try to pick up brads or pins with this wire.
Record your results.

Wire

r———=-
[T |

Summary

1. What is meant by “induction”?

2. (Recall Lesson 10.) What would a pair of scissors have to be made of in
order to magnetize it?

3. How would you make the pair of scissors magnetic?

4. Give three ways in which you were able to destroy magnetism.

Teacher Activities (continued)

3. The following activities may be used as student projects:
a. What effect would cooling have on a magnet? (Test a magnet
before and after refrigeration.)
b. Would the magnetic strength ~.' 2 subcance being magnetized
be increased by increasing t™ of strokes?
c. Is the north pole of a magner ¢ than the south pole?

13. HOW MAY WE EXPLAIN MAGNETISM?

Outcomes

e Magnets are believed to consist of small parts or domains, each of
which has magnetic properties.

@ A magnet is produced when the domains are properly arranged.
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e Disarranging the molecules destroys the magnet.
NotEe: A domain is made up of a group of molecules.

Procedure

L.

112

Challenge the pupil by asking, “Can a magnet be demagneuzed by
cutting it into small pieces?”

Demonstrate that the cutting process merely creates additional mag-
nets. Magnetize a four-inch length of steel wire. Use a compass
needle to show it has a north pole and a south pole. Cut the wire
into two equal parts, and show by using a compass needle that each
piece has a north and south pole similar to the original. Cut each
half and repeat.

NotEe: Make this demonstration more visible by mounting the com-
’ pass needle and its stand on the stage of an overhead pro-
jector and by approaching it with each end of the cut wire.
Steel strap material from wrapping heavy appliances may

also be used to advantage.

Elicit the fact that if we were to continue cutting the wire into
smaller and smaller pieces, each tiny piece would still be a magnet.
The smallest part that would be a magnet is called a domain. Write
domain and its definition on the chalkboard for pupils to record in
the glossary section of their science notebooks.

a. Fill a small test tube halfway with iron filings, and cover with a
stopper or Cenco 78375. “Let’s imagine each of these iron fil-
ings to be a domain!” Demonstrate that the test tube of filings
is not magnetized since it will attract both ends of a compass
needle.

b. Now stroke the test tube from top to bottom with the north
pole of a strong magnet about thirty times. Show that it has
polarity in that it will now repel one end of the compass needle.
Try picking up brads with it.

c. Shake the test tube of filings thoroughly; test to see if it behaves
like a magnet.

d. Develop, through questioning, the concept that iron filings
when lined up in an orderly manner act together to produce a
magnetic force. When they are arranged in a random manner,
they appear unable to act together to manifest a magnetic force.
Use analogy of the health education period when the childrer:
are engaged in “free” activities such as three-man basketball,
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chinning, or practicing tumbling skills on the mats. This is a
random arrangement. When they line up at attention on their
spots, each in his own squad, and each facing the front of the

gym, they are in an orderly arrangement.

3. Illustrate the following by means of a chart or transparency:

Nonmaqne'h'}ed \\‘T\ YYY Méqne‘l‘fjed
— M4
'é/”\ 7YY
/A\

(Arrows indicate domains)

Pupils to copy this chart into their notebooks and to write an ex-
planation of this phenomenon. Call on some volunteers to read

what they have written.

Summary and Assignment (may be completed at home)

1. Redisplay the test tube of iron filings. Use magnet model (S-1 $14-

1668) to show alignment of domains.

2. From what you learned today, explain:
a. How did you make a magnet in the last lesson?
b. Why were you successful? (Describe the material.)
c¢. How did you destroy the magnetism? - .

3. Fill in the blark spaces in the story following by using the word (s)

from the list below only once:

both directions induction one direction
domains jarred soft iron nail
experiment magnetic stroke

heat nonmagnetic

OUR EXPERIENCES IN SCIENCE

My science teacher, Mr. , performed

an interesting in class today. He was

pick up some brads by

able to make a
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4. HOW CAN WE MAKE P

holding it near the pole of a strong magnet. When Mr.
removed the magnet, the brads fell away. This method of
making a magnet is called

When I came home, I made a pair of scissors magnetic by
rubbing them with another magnet in

My mother uses these scissors to pick up small pins.
In our laboratory exercise we tried to destroy magnetism.

One method we used was the magnetic needle

we had made in

with another stronger
magnet. Another method was to

the magnet until
it was red hot in the flame. We were careful to hold the wire

with a pair of pliers so we didn’t burn our hands. Finally, we

the wire repeatedly with a hammer.
It was interesting to discuss “The ‘Theory of Magnetismn”

which states that when the are properly lined
up, substances are ; and that when they are not
properly lined up, the substances are .

FIELDS?

Outcomes
® Magnetic fields may be detected with iron filirgs.

® Lines of force are concentrated at the poles, giving horseshoe mag-
nets advantages over bar magnets.

Teacher Activities

L

114

Motivate the pupils by announcing that each laboratory group is
to act as a unit of detectives. They are to try to discover that invisi-
ble area near a magnet in which magnetic substances are influenced.

Use an overhead projector to demonstrate how to make a magnetic
field pattern. Place a bar magnet on the stage of the projector, frame
this with 4 pieces of 14" plywood sticks 14" wide, 2 of 10" length,

ICTURES OF MAGNETIC
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and 2 of 7" length so that when a clear acetate sheet is placed over ;
this magnet, it will approximate a horizontal plane. Sprinkle iron '
filings gently over this plastic and tap lightly to align filings. Spray l‘
for two seconds at a six-inch distance with lacquer from aerosol con- | 1
tainer after shutting off the light from the projector. ’

LABORATORY WORKSHEET — PHYSICS: LESSON 14
(May be duplicated and distributed to pupils)

Purpose: To see how we can show the presence of a magnetic field

Materials :

2 bar magnets : Salt shaker containing iron filings ",

Horseshoe magnet 8 checkers or wood blocks 1” sq. x

Five 5x8 cards 14" high as platform for cards :

Procedure
f Using the technique you have just observed, locate the magnetic field pattern ;
% about: ’

a. One horseshoe magnet (please replace keeper after use)

b. One bar magnet

¢. Two bar magnets with north and south poles facing each other—15"
apart

d. Two bar magnets with north and north pole facing one another—156"
apart

e. Two bar magnets with south and south poles facing one another—154" ! ‘
apart ; | ;
Label each card before sprinkling. Draw the pattern you get for each
step above (a-€).

Summary

1. How does the magnetic field about two bar magnets with opposite poles
jL facing each other differ from the field about one bar magnet?

2. What are lines of force? ;
What advantage does a horseshoe magnet have over a bar magnet? ;

" .; 4. Bring in the picture of the magnetic field pattern about the single bar
f j magnet for tomorrcw’s lesson.

wo

Teacher Activities (continued) ;
| 3. Summarize by having pupils display their “pictures” of magnetic 4
f field patterns. Reinforce the concept that a scientific generalization |
' may be made only after sufficient evidence has been presented. .
“Does each detective squad agree with the findings of every other i
squad?” Where was the greatest concentration of lines of force? |
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4. Discuss the reasons for storing magnets either with opposite poles
in contact as with bar magnets, or with a keeper as on horseshoe
magnets.

5. Important demonstration: (as time permits)
Dip the ends of two cylindrical alnico magnets into iron filings.
Bring like poles within 114" and then unlike poles to the same dis-
tance. The pupils will see a three-dimensional representation of the
magnetic fields. They will unify their concepts of lines of force,
magnetic fields, and laws of poles.

I5. HOW CAN WE SHOW THE PRESENCE OF
MAGNETIC LINES OF FORCE AROUND US?

Outcomes

® Magnetic lines of force represent the path a compass would take
going from the south magnetic pole to the north magnetic pole.

® The earth acts as a huge magnet with magnetic poles and lines of
force between them.

® A magnetic field may be affected by magnetic material.

Teacher Activities

1. Distribute a magnet and encased compass needle to every two pu-
pils. ®lace magnet on magnetic field pattern (done in the previous
lesson) so that the field surrounds it. Using the small compass,
follow the path made by the iron filings from pole to pole. Describe
the movements of the compass needle as you do this.

2. Elicit: lines of force may also be detected by means of a compass
needle. These lines of force are really the paths a compass needle
would take going from the south magnetic pole to the north mag-
netic pole. Remind pupils that magnetic materials held in a mag-
netic field become magnets by induction, (Lesson 12)

3. To communicate the concept of the three-dimensional magnetic
field, suspend, with a thread, a small cylindrical magnet in a cool-
ing beaker of lemon jello after having stirred in iron filings very
thoroughly. (Have lab technician prepare several of these displays
well in advance of this lesson.) Demonstrate a large dip needle
(Welch 1876) . Why does the needle indicate 709
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4. Develop the following:
a. The constant orientation of the magnetic rieedles indicates that
the lines of force are present in the classroom.

b. The direction of the iines of force appears to be northward
(compass) and towards the earth (dip needle) .

c. The magnetic lines of force affecting our compasses constitute a
large magnetic field. Since compasses are used by land surveyors,
by navigators of submarines, and by airplane pilots, such a field :
must stem from a very large magnet—our earth. v

5. Challenge the pupils by asking, “Is it possible for magnetic lines of |
force to penetrate the earth?” Demonstrate, with pupil aides, the ¢
following:

a. Suspend a strong alnico bar (or cylindrical) magnet from a
slotted rubber stopper held in a clamp. ‘Tape the end of a cotton
thread to the base of the ring stand, tying the other end to a
paper clip.

b. Adjust the clamp so that the clip is attracted to the magnet but
leave a substantial air gap in which assorted materials may be
inserted by pupil assistants. These should include:

Slate lass Aluminum plate
Paper Plastic Copper "
Cardboard Clay Lead ?
Wood Soil sample Iron "

Qt+na ”

Lwoo

c. Have pupil secretary chart the results on the chalkboard. How
do materials affect magnetic lines of force?

N Alnico
Lines maqneT

DO NoOT b::::"_—_‘
GO THROUGH GO THROUGH

™
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. Pupils may copy the problem, the diagram, and the data into
their notebooks,

Lead the pupils to conclude that magnetic lines of force are affected
by magnetic materials; since soil is nonmagnetic, it is possible for
lines of force to penetrate the earth. The earth’s magnetic force is
probably produced below earth’s crust.

Summarize by means of a diagram (on chart or transparency), il-
lustrating why the north-seeking pole of a compass often may not
point to the geographic north pole.

“  NYC.

\
A/

Earth acts like a huge magnet. Dipping needle points to mag-
Use a globe to show approximate netic poles.
locations of the magnetic poles.

Suggested Homework

L.

16.

118

Does a magnetic compass really point to the geographic north pole
of the earth?

How could a pilot or ship’s navigator make use of a compass?

What conditions would we need to find on Mars in order to be able
to use a magnetic compass?

HOW MAY WE USE ELECTRICITY TO MAKE A
MAGNET?

"This is the 1nitial lesson of a sequence which attempts to develop
concepts of electrorhagnets (16-18) , means of inducing currents
mechanically (19-20), and of combining the two to produce elec-
tricity (21-22).
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Outcomes

® A wire carrying a current is surrounded by a magnetic field.
e The Zirection of the magnetic field (lines of force) depends upon

the direction of the current.

Teacher Activities

1. Prepare an electric circuit consisting of a large coil of wire, a dry
cell, a switch, and a compass needle suspended in line with the
plane of the coil. (N.Y.S. General Science Handbook, Part III,
#3220.)

a. Ixplain to the class that in 1819 a Danish Professor, Dr. Hans
Oersted, was teaching his class about circuits when he happened
to close the switch. Close the switch and ask pupils.

What did you observe? Why did it happen?

b. Elicit the fact that the compass needle moved and that it must
have been caused by the introduction of a magnetic field.

LABORATORY WORKSHEET — PHYSICS: LESSON 16
(May be duplicated and distributed to pupils)

Purpose: To discover what happens around a wire-carrying current

Materials

#6, 114-volt dry cell Magnetic compass
31 feet of #18 copper wire, insulated 2 wood blocks (2” x 2" x 1”)
Pushbutton or snap switch

Procedure
1. Wire the dry cell and switch as shown below.

<

Wood blocks

Switeh~_ N

Dry cells\'
4L
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Place the wooden blocks far enough apart so that the copper wire rests
across the space between the blocks.

Place the compass between the blocks of wood (under the wire).

Rotate the wire (and the blocks of wood) until the wire is parallel to the
compass needle. (Recall enough of magnetism to the class to assure their
understanding that the compass needle has two poles and it points north.
Also, caution the class to keep the area frce of iron.)

Close the switch momentarily (only long enough to observe the effect)
and observe the compass needle. Record your observation.

Hold the compass above the wire and again close the switch long enough
to observe the effect. Record your observation.

Reverse the direction of the current (by reversing the connections to the
dry cell) and repeat steps 5 and 6. Record your observations.

Summary (may be completed at home)

1.
2,
3.

What happened to the compass needle when you closed the switch?
What happened when you opened the switch?

What is the effect on a compass needle when it is held near a wire-carrying
electric current?

How did Hans Oersted make this discovery?

Teacher Activities (continued)

2. Summarize to elicit the following generalizations:

There is a magnetic field around a wire when (and only when) a
current is flowing.

The direction of this magnetic field depends upon the direction of
the current.

Some questioning might be:
a. Why do we use a magnetic compass in this experiment?
b. How did the results differ when you reversed the current?

Optional activity: show magnetic field around a conductor. How
can we show that a magnetic field (lines of force) exists around a
current-carrying wire?

Demonstrate the magnetic field about a straight wire (held verti-
cally and passing through a piece of white cardboard) with the aid
of iron filings as well as a compass needle. Hold switch for a few
seconds. Sprinkle iron filings on cardboard. Tap the cardboard
gently to get circular patterns. Open switch.
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From “A Sourcebook for the Physical
Sciences.” Joseph, et al., page 517.

7. HOW DOES THE CORE OF AN ELECTROMAGNET
AFFECT ITS STRENGTH?

Outcome

e The nature and size of its core affects the strength of an electro-
magnet.

Teacher Activities

1. a. Review the homework: A magnetic field is created about a wire
through which a current flows:

b. Have pupils recall their experiences with electromagnets in
grade 5. (Science, Grades K-6, Book 1, pp. 21-24.)

¢. Demonstrate the construction of such a magnet by coiling bell
wire around a ten-penny nail of soft iron, and connect it, in
series, with a switch and Ary cell. Emphasize that each “loop”
is a “turn” and the “turns” comprise a “coil.”
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d. Elicit the components of an electromagnet as a coil of wire, a
source of current, and a core. i

! 2. Read, with the class, the instructions on the laboratory worksheet.
| , Caution the class to await approval of each circuit before beginning.
Warn ; ~pils not to keep the current flowing longer than necessary |
in order to prolong the life of the cell. ;
i

2o e e TR S e e

N * f
| LABORATORY WORKSHEET — PHYSICS: LESSON 17 1
‘ (May be duplicated and distributed to pupils) ;
s i
1 ’ Purpose: To test the effect of a core on an electromagnet
‘ Materials
3 #6, 11/5-volt dry cell 2 soft iron nails about 84 inches long
: 3 2-ft. lengths of bell wire Rods (34 inches long) of glass, chalk,
Smaller pieces (1 ft.) of bell wire wood
Pushbutton or knife switch Magnetic compass -
Small iron brads 3” test tube
Procedure

1. Make an electromagnet of 15 turns by winding the wire around the small
test tube and then removing the test tube. The turns should be wound
close together.

. 2. Connect the switch and the wires (with the clips) to the cell as shown in
the diagram. Do not make final connections or close the switch until the

G ) st ST e At S Ak

e Va sy

S

s ) circuit has been approved by your teacher.
il

i

Clips

b |
) £
ik —t l}
3. Connect the clips to the coil and test each end with the compass needle
and the brads. Then insert, in turn, as a core, each of the cores provided,
q then one nail, and then two nails. In each case close the switch only long
iR enough to see whether the magnet will:

a. affect a compass needle
b. pick up brads—use the END of the core.

e i o

122




AN e

b8 e e

oo a5 AT St o P

e o

P R 2 Y

S gt gr T

LB et

4t i St 2y

P e B R 12 g e

AL TS

LAl

i et B fE TR

A RO s S D

AR e

F e ma VM G s

4. Record your results in the table below and in the space provided on the

chalkboard.
TABLE OF OBSERVATIONS
DID COIL AFFECT NUMBER OF BRADS
CORE COMPASS NEEDLE? PICKED UP
(YEs oR NO) MY RESULTS | GLASS AVERAGE
No core
Glass rod
Chalk
14" wood dowel
1 nail |
2 nails |
Summary

Which cores produced the strongest magnet?
Why do you think this happened?
Did two nails work better than one nail?

St o=

Why did you make that choice?

What type of core would you use to make a strong electromagnet?

Teacher Activities (continued)

5. Conduct a discussion and elicit the conclusions:
a. Nonmagnetic materials (chalk, glass, etc) do not make good

cores.
b. Soft iron cores produce strong magnets.

c. Two nails are better than one; i.e., the size of the core is im-

portant.

d. Cores of magnetic materials bring together the lines of force
around a current-carrying wire, thereby increasing the magnetic
strength of the coil. Emphasize this concentrating function of

the iron core.
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8. HOW DO THE NUMBER OF TURNS AND THE
CURRENT IN AN ELECTROMAGNET AFFECT.
ITS STRENGTH?

Outcomes

e Increasing the nmber of turns in the coil increases the electro-
magnet’s strength.

e Increasing the current in the coil increases the electromagnet’s
strength.

e ELlectromagnets are useful in various devices such as communication
devices, motors, lifting devices, instruments.

Procedure

1. Review the assignment on “cores.”” Ask pupils whether other vari-
ables might affect the strength of the electromagnet.

LABORATORY WORKSHEET — PHYSICS: LESSON 18
(May be duplicated and distributed to pupils)

Purpose: To discover whether changing the number of turns of the coil and
changing the current in the coil changes the strength of the electromagnet

Materials (for 2 pupils)

#6, 114 volt dry cells 5 2-ft. length of bell wire — 2 with clips at ends
Pushbutton snap-switch Smaller pieces (1 ft.) of bell wire
Small iron brads 2 soft iron nails about 34 inches long

Small test tube

Procedure

Review all safety procedures such as closing the switch only during the brief

period of conducting each test.

1. Make two electromagnets, one of fifteen turns and one of thirty turns,
by winding the wire around the small test tube and then removing this
tube. Wind these turns very close together.

o i

o

Connect the switch, wires, and cell into a circuit, making sure not to close
the switch until your teacher has checked your connections.

3. Using two nails as a core, compare the 15-turn coil with the 30-turn coil.

124




“
g o e

L g Tt e

2t

A R

_smted g

kg

4. Place the second dry cell into the circuit in series with the first. Compare

the fifteen turn coil with the 30-turn ccil, recording your results in the
space provided on the chalkboard as well as in the table below.

NuMBER OF Braps Pickep Up | NUMBER oF Braps Pickep Up
wiTH 1 Dry CELL witH 2 Dry CELLS

TURNS My ResuLTs | CLAsS AVERAGE | My REsULTs | CLASS AVERAGE

15

30

Summary (may be completed at home)

1.

2,
3

What are three ways in which we increased the strength of an electro-
magnet?

Why are electromagnets sometimes more useful than permanent magnets?
List as many things as you can which use electromagnets. You may ask the
owner of an electric fix-it shop or a radio repair shop to help you.

Teacher Activities (continued)

2.

Summarize by having pupils discuss the results of their observa-
tions and by calling on some to read the answers they recorded.
Utilize the class average on the chalkboard to impart the idea thai
individual measurements may have errors, This may be reduced by
taking into account many measurements and taking the average.

Display dismantled bells, buzzers, chimes, etc. Have pupils identify

the function of the electromagnet in each case. (Joseph et al. Source-
book for the Physical Sciences, p- 520; O.K. Kit EM 400)

Optional Activities (may be assigned as projects)

L.

2.

Use discarded loudspeaker magnets, solenoids, radio speaker, and
electromagnets, if available, describing their specific functions.
Issue rexographed plans (obtainable from electric wiring shop
teacher) for making telegraph sounders and receivers. (Joseph et
al., op. cit., pp. 534-535)

Dismantle a telephone receiver (S-1 #14-3038) to point out the
electromagnet.

Show picture of an electromagnet lifting an automobile. Demon-
strate “lifting effect” of an electromagnet. (S-1 #14-1638, #14-1648,
or p. 520 Sourcebook for the Physical Sciences, Joseph et al.)
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5. Make a demonstration galvanometer (Part III, N.Y.S. General
Science Handbook, #3220). Additional Sources:
a. S-1 14-2058
b. O.K. Magnetism Kit— (Reference-Unit EM 521, 550.)

Wood\ ] /S‘\"rmq
5upporT _ #22 Wire
(20turns or more)
/ Wood poirﬂ?r
qlued Yo blade
Ra3or blade
( aed) T
maqnetiae J *——'I |
A
Ce”ulose/
Tope ~—
L Rubber band
|/ (under slight tension)

Have students recall their experiences using ammeters and voltmeters
and have them locate electromagnets in dismantled meters, if available.

19. CAN YOU MAKE ELECTRICITY USING ONLY A
COIL OF WIRE AND A MAGNET?

Outcome

® An electric current may be created (induced) in a wire by the rela-
tive motion between a wire and a magnet.

Teacher Activities

1. Demonstrate a coil of wire connected to a large galvanometer
(centered needle) and a strong alnico magnet. Have the pupils
observe that no dry cells are about. Recall what Oersted did
(Lesson 16) and ask: “If electricity can produce magnetism, can
magnetism produce electricity?” (Faraday)

This discussion should be followed by moving the magnet inside
the coil.
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LABORATORY WORKSHEET — PHYSICS: LESSON 19
(May be duplicated and distributed to pupils)

Purpose: To discover how we can make electric current, using wire and a
magnet

Materials (for 2 pupils)
Alnico rod-shaped magnet Galvanometer (center needle type)
Wire coil (4”-6” dia.), 50 turns, ends bared
(Use electrical — friction — tape to keep shape of coil.)

Procedure

1. Connect the bared ends of the coil to the terminal. of the galvanometer.
Remember: The galvanometer is a sensitive, cdelicate instrument and
should be handled with great care!

2. Hold the coil stationary and vary the speed of moving the magnet into
and out of the coil.

3. Hold the magnet stationary and vary the speed of moving the coil on the
magnet and off again.

4. Record your results in the table below:

TABLE oF OBSERVATION

GALVANOMETER DIRECTION OF
MOTION READING DEFLECTION

N — pole in rapidly

N — pole in slowly

Magnct at rest in coil

N — pole out rapidly

N — pole outside of magnct

S — pole in rapidly

S — pole out rapidly

Coil on magnet rapidly

Coil off magnet rapidly

Summary (may be complcted at home)

1. In addition to the coil and magnet, what else was needed to create (in-
duce) an electric current?

Does a current have a direction? How can you show this?

How does the speed of a moving magnet (or coil) affect the current?
What is an “induced” current?

What is an “alternating” current?

Gt 90 19
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Teacher Activities (continued)

2. Summarize by discussing answers to worksheet questions. Elicit:
“The direction of the current depends on the relative motion be-

tween the magnet and the coil.” (Such a current is an “induced
current.”)

“A current may flow in both directions; this is known as alternat-
ing current when it occurs.”
O

20. HOW MAY WE USE A SMALL INDUCED CURRENT
TO LIGHT A BULB?

Outcomes

® Induced current depends on the strength of the magnetic field.
e Induced current depends on the number of turns of the coil.

o Induced current depends on the relative speed of motion between a
magnet and a coil.

Procedures

1. Utilize homework definition to have pupils recall that they induced
a current to flow in a wire by moving either a coil or a magnet
in the other’s presence. Ask how the current was increased, and
how else we might have increased the current.

LABORATORY WORKSHEET — PHYSICS: LESSON 20
(May be duplicated and distributed to pupils)

Purpose: To discover how we can increase the induced current in a coil

Materials (for 2 pupils)

2 Wire coils (4”-6" dia., 25 turns & 50 turns). See Lesson 19.
(Differently colored insulating material may help in identification.)

Weak magnet (so labelled) Galvanometer (center needle)
Strong magnet (so labelled)

Procedure

1. Connect the bared ends of the 25-turn coil to the terminals of the gal-
vanometer. Move the north-seeking pole of the weak magnet into and
out of the coil slowly. Then do it quickly. Record your observations on
the chart. Repeat with the south-seeking pole. Record your observations.

2. Repeat the above experiment with the strong magnet. Record your obser-
vations with care on the chart.
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3. Repeat experiments, using procedure one and two above with the 50-turn
coil attached to the galvanometer. Record your observations on the chart.

i g ST B2

SR BT LE R 34 458 B2 Ak o LR e Y

OBSERVATIONS: INDUCED CURRENT

25-TurN CoiL

50-Turn CoiL

GALVAN- DIREGCTION
OMETER OF
TYPE OF MOTION READING DEFLECTION RDG. DEFL.

Weak N in slowly

Weak N out slowly

Weak N in quickly

Weak N out quickly

Weak S in slowly

Weak S out slowly

Weak S in quickly

Weak S out quickly

Strong N in slowly

Strong N out slowly

Strong N in quickly

Strong N out quickly

Strong S in slowly

Strong S out slowly

Strong S in quickly

Strong S out quickly

Strong Magnet at rest

Weak Magnet at rest

Summary

1. What are three factors which determine the strength of an induced current?
9. How would you use the magnets to increase the induced current? (Hini:

How would you hold the poles?)

3. Compare the ways in which we increased the strength of an electromagnet

with those ways in which we increased the induced current.

s

Teacher Activities (continued)

9. Summarize by demonstrating a magneto (S-1 #14-1808) . Have the
students identify the large wound core and the permanent magnetic
field. Have a pupil operate the magneto, first slowly, then rapidly.
Use a neon lamp (S-1 #14-1718) to show the alternate glowing of
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each plate. Relate this to the observed deflection of the galvanome-
ter needle in both directions. Refer to the homework question on
alternating current to reinforce the definition. :
8. Have pupils read their answers to summary question (1) of their |
laboratory lesson to ascertain that they understand that an induced
current may be increased by strengthening the magnetic field,

increasing the number of turns in the coil, increasing the relative ]
motion between the two.

T A

2]. HOW CAN ELECTROMAGNETISM BE USED TO
CREATE INDUCED ELECTRICITY?

Outcomes ;

WO o ke, e m
"

0% o 32y

® When an electric circuit is closed, lines of force (magnetic field)
spread out (move) as the wire (a coil) becomes an eiectromagnet.

® When a magnetic field is created in a coil, this magnetic field may
induce a voltage in another nearby coil.

® When a circuit is opened, the magnetic field collapses and, in doing
so, may induce a voltage in a nearby coil.

gz

Teacher Activities

A

1. Have students recall their experiences in producing alternating ‘
current by moving a magnet in the presence of a wire. Lead the

i students to generalize that this is not a very satisfactory method
‘)& for generating A.C.

T WO

Ay

] : 2. a. Record the following on the chalkboard:
i Moving Magnets Produce an Electric Current
1 ' Electric Currents Produce Magnetic Fields

Pt o

Ex

i b. Challenge the pupils: “Can you combine these two phenomena
(natural occurrences) to get an electric current?” | :

Explain to the class that a great scientist, Michael Faraday,

was faced with this very problem. “Together, can we devise an
experiment to help solve this problem?”

IR 3 b T Lo

LABORATORY WORKSHEET — PHYSICS: LESSON 21
(May be duplicated and distributed to pupils)

R

Purpose: To see whether turning current off and on in one coil can induce
current in another coil
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i Materials (for 2 pupils)
i Soft iron bar (6”"—8” long nail) Bell wire, 2 ends bared 14 inch
| 2 #6 114-volt dry cells 4" length
N Pushbutton or snap switch 11/, foct length
' Galvanometer - 1-foot length

Procedure

Wind 10 turns of wire around one half of the iron bar and connect it in
series with a switch and two dry cells as shown below; wind 20 turns on the
other half and connect this wire to a galvanometer.

A A ran aTLeET

Soft iron core

AT -

N
N

- +
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1. Observe the galvanometer needle’s deflection, recording your observation
under Trial #1 in the table:

a. the instant the switch is closed
b. a very short time after the current is established
c. the instant the switch is opened

(Caution: To prolong the life of cells, permit the switch to remain closed
; no longer than needed to obtain observation.)
4 2. Repeat the experiment, again recording your results in the table under
i " Trial #2.
" GALVANOMETER DIRECTION OF
READING DEFLECTION
AcTiviTY TriaL #1 | TriaL #2 | TriAL #1 | TriaL #2

QO A LOn Doy At i, Y Toa L VB 1D M e kY i A e s st & Bkt T

Before switch is closed

The instant switch
is closed

e TR T SRR

Shortly later
The instant the switch

is opened
i |
‘ Summary (may be completed at home)
1 . . .
b 1. Define primary coil and secondary coil.
!
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was opened or closed?

coil?

2. What forms around the primary coil when the switch is closed?
3. Why was the galvanometer needle deflected only at the instant the switch

4. How can you tell that an alternating current was caused in the secondary

Teacher Activities (continued)

3. Conclude this lesson by having the pupils compare the creation
of induced current by moving a magnet with induced current
created by the alternating current in an electromagnet. Record this
data in chart form, eliciting statements from pupils, as follows:

MOTION OF A MAGNET
CAUSING AN INDUCED CURRENT

ALTERNATION OF CURRENT
IN AN ELECTROMAGNET

CAUSING AN INDUCED CURRENT

a. The magnet has a permanent
magnetic field with lines of force
around it.

b. When a magnet is moved into a
coil of wire, the galvanometer
needle deflects in one direction.

c¢. When the magnet is at rest inside
the coil, there is no deflection of
the galvanometer needle.

d. At the instant the magnet is re-
moved, a current is induced in
the coil in the other direction.

e. Continued movement of the mag-
net induces an alternating cur-
rent in the ¢~°] of wire.

When he primary circuit is
closed, an electromagnet is pro-
duced with magnetic lines of
force around it.

When the switch is closed, a
magnetic field is set up around
the core; because the core is in
the secondary coil, a current is
induced in the secondary circuit.

When the current flows in the
primary coil, there is no induced
current in the secondary coil.

At the instant the switch is
opened, a current is induced in
the secondary coil in the other
direction.

By repeatedly opening and clos-
ing a primary circuit, an alternat-
ing current can be induced in the
secondary circuit.

Suggested Homework

132

Ask an automobile repairman, or find out at an automobile parts shop,
how induction coils are used in automobiles.
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22. HOW CAN AN INDUCED CURRENT HELP AN
AUTOMOBILE TO OPERATE?

Qutcomes

e The induced voltage depends upon the number of turns in the
coils, the type of core, and the distance between the coils.

e An induction coil consists of 2 coils—a primary coil (of few turns)
in which the circuit is alternately opened and closed and a second-
ary coil in which a high voltage is induced.

Teacher Activities

1. Review the previous lesson to elicit that the induced current pro-
duced was rather weak. Ask the pupils to recall (a) the methods
used to increase the strength of an electromagnet (Lessons 17 and
18) ; (b) how the induced current, caused by moving a magnet,
was increased (Lesson 20).

2. Plan, with the students, an experiment to test their suggestions for
increasing the strength of a current caused by electromagnetic in-
duction.

LABORATCRY WORKSHEET — PHYSICS: LESSON 22

(May be duplicated and distributed to pupils)

Purpose: To see whether the induced current formed by an electromagnet
can be increased

Materials (for 2 pupils)

Long, soft iron nail or rod Galvanometer

Knife switch or pushbutton switch 1. foot length of bell wire
2 #6 1.5 volt dry cells 215-foot length of bell wire

Procedure (See diagram on Worksheet—Lesson 21)

1. Wind ten turns of wire tightly around one end of one long nail and
connect it in serics with a switch and two dry cells. At the other end wind
twenty turns of wire and connect it to the galvanometer.

2. Close the switch just for a second and record your observation in the table.

3. Increase the number of turns in the secondary coil from twenty to forty.
Attach ends to the galvanometer.

4. Close the switch for a st 1 and record your observation in the table.

Slide the ten-turn coil very close to the forty-turn coil. Close the switch
for a second. Record your observation in the table.
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6. Remove the nail core from the coils of wire.
Place the 10-turn coil alongside the 40-turn coil of wire.
Close the switch for a second and record your observation in the table.

GALVANOMETER READINGS
EXPERIMENT READING

20-turn secondary

40-turn secondary

40-turn coil near 10-turn
(on nail core)

40-turn coil alongside
10-turn coil (no core)

Summary (may be completed at home)

1. What three factors may affect a current induced electromagnetically?
2. What purpose did the core serve in this experiment?
3. What does an automobile ignition coil consist of?

4. How does it produce a spark hot enough to ignite a gasoline vapor-air
mixture?

Teacher Activities (continued)

1. a.

134

b.

C.

Summarize by having the students explain how an induced
current of varying strength may be produced.

Operate an induction coil (S-1 #14-1398) . Show that the spark
produces a large amount of heat by setting a small piece of paper
on fire by holding it in the spark gap. Call attention to the
interrupted spark on the side of the induction coil’s housing;
this corresponds to the opening and closing of a switch, a requi-
site to inducing current electromagnetically (Lesson 20) .

Display a dissected automobile ignition coil to show the wind-
ings. Develop the understanding that the heat produced by the
spark due to this high voltage (at the gap in the spark plug)
can explode the gasoline-air mixture in a cylinder of the auto-
mobile engine,
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Suggested Lessons and Procedures

23. WHY IS THE RADIATOR WARM?

Outcomes

e Heat is a form of energy.

e The amount of heat a substance has is due to the motion of all
of its molecules.

Teacher Activities

1. Recall from the Chemistry Unit that matter exists in different

states (Lesson 4) and that a molecule is “the smallest bit of a com-

pound” (Lesson 10).

2. a. Place a wad of cotton soaked in ammonia in a covered Petri
dish on the demonstration table. (Prepare in advance of lesson
and keep sealed.)

b. Ignite touchpaper (S-1 #14-0968) or a cigarette. Uncover Petri
dish of “a” above, surreptitiously. Ask pupils to explain why
turbulence occurs four to five inches away from the lighted end.

c. Ask pupils to raise their hands if they notice an unusual odor.
Indicate the source of the ammonia and question how the pupils
in the rear might smell this.

d. Elicit the facts that: gas molecules travel; molecules may collide
as evidenced by random movement;

3. Boil water in an open beaker. (Utilize a dark background so pupils
may sec steam more easily.)
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Elicit the fact that molecular activity increases as heat is added,
sometimes to the extent of changing the state of the substance.

Demonstrate Stoekle's Tube (S-1 #14-0188) to show how mercury
molecules increase their velocities when heated (to reinforce the
concept) . This is also called a “‘molecular demonstration appara-
tus.” Heating the mercury causes its molecules to gain so much
energy and move so fast that these molecules, in hitting the small
pieces of blue glass, cause them to jump around quite vigorously.

CautioN: Remove heat when glass beads start to jump around. The
bottom of the tube remains hot for quite a while.

LABORATORY WORKSHEET — PHYSICS: LESSON 23
(May be duplicated and distributed to pupils)

Purpose: To discover some of the ways of making a metal warm

Materials (for 2 pupils)

3" nail 4” length of steel wire

Claw hammer (" block cut from 2” x 4” board
2" square of lead

Procedure

Caurion: Read this entire sheet, includiug questions to be answered at the
cnd, before you begin any activity!

1.

Bend the wire back and forth until it breaks. Touch the metal near the
break.

Hammer the nail hallway into the board. Use the claw end of, the hammer
to withdraw the nail. Touch the shaft of the nail.

Pound hard several times on the piece of lead, keeping it on the block.
Touch it immediately after hammering.

Summary (may be completed at home)

1.

2.
3.
4

In what way did the metal feel different after bending it many times?
How did the nail feel different right after pulling it out of the wood?
Did the lead feel different after hitiing it

List two other ways in which heat may affect different materials.
Exanmrre: Heated wax gets soft.
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Teacher Activities (continued)

5. Summarize by having pupils discuss their observations. Explain

that it was the physical energy added to the metal by motion
(hechanical energy) which caused the molecules in the nail, the
steel wire, and the lead block to move faster. This is the way we
define heat: HEAT IS THE TOTAL ENERGY OF ALL THE MOLECULES
IN A MATERIAL.

The radiator in the room then feels warm because its molecules
are moving faster than the molecules in other objects in the room.
Why is the radiator warm, even though there is no bending, bang-
ing, or stretching? Elicit the fact that there is steam or hot water
in the radiator which causes its molecules to move faster.

24. WHY DO SIDEWALKS HAVE REGULAR SPACES?

Outcomes

e Heat generally causes matter to expand.

e Liquids expand more than solids.

e Expansion is the result of increased molecular motion.

Teacher Activities

1.

Recall to the class that the flow of electricity through resistors or
wires is generally accompanied by the production of heat (Lesson
5), providing the basis for electrical heaters, cookers, etc. Explain
that during this process electrical energy is converted to heat energy.
Review homework on how heat affects matter.

Suspend a 1-foot length of copper wire (#28 or thinner) horizon-
tally between two supports. Demonstrate that when a dry cell is
connected (momentarily) to the wire, the wire becomes hot (a
paper rider on the wire will show this) and will sag. Elicit: the
sagging is due to the increase in length (expansion) of the wire.

Heat the same wire with a bunsen burner to show that it will ex-
pand. Elicit: the expansion is due to the heat regardless of the
source of heat. Call attention to the fact that the wire, upon cool-

ing, contracts to its original length.
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LABORATORY WORKSHEET — PHYSICS: LESSON 24
(May be duplicated and distributed to pupils)

Purpose: To see whether heating a material changes its size

Materials (for 2 pupils)

‘Test tube and holder Container of water
6” long glass tube, fitted into 1-hole Alcohol burner
rubber stopper (to fit test tube)

Procedure

L. Fill the test tube with colored water and insert the stopper so that the
water rises about 15 inch into the glass tube.

2. Heat the test tube gently.

3. Record observations.

Summary (may be completed at home)

1. Why did the water rise in the tube?

2. Explain what you saw by describing:
a. The change in disiances among the molecules
b. The change in movement of the molecules

3. How are problems of expansion in the summertime solved when workmen:
a. Lay railroad tracks b. Build bridges c. Build a concrete highway?

Teacher Activities (continued)

4. Discuss observations with pupils, eliciting that:

a. The water rises in the tube because its rate of expansion is
greater than that of the glass (a solid).

b. The rise of the water could be used to measure how hot the
water is.

5. Demonstrate the ball and ring apparatus (§-1 #14-0888) to show
further the expansion and contraction of solids.
Show the great forces involved in expansion and contraction by
demonstrating the Tyndall apparatus (S-1 #14-1158) .

6. Encourage the pupils, in summary, to use their knowledge of mole-
cules to explain:
a. Heat can cause solids and liquids to expand.
b. The forces involved are large.
c. Why must there be spaces in sidewalks?
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d. How do we know liquids seem to have a greater rate of expan- i
sion than solids?

Nore: It is suggested that Biology Lesson 1 be read since prepara-
tion for this lesson should begin two weeks in advance.

25, DO ALL SUBSTANCES EXPAND AT THE SAME RATE?

g Outcomes ]
l e Gases expand when heated. '
e Solids differ in rates of expansion.

e Liquids differ in rates of expansion.

LABORATORY WORKSHEET — PHYSICS: LESSON 25

(May be duplicated and distributed to pupils)

Purpose: To discover the effects of heat on air

Materials (for 2 pupils)

Air thermometer bulb (S-I #15-0678) Rubber balloon
Gas-collecting bottle (4-6 oz.) Rubber band ]
: Colored water (24 bottle) Alcohol burner
| Test tube and holder
a ; Procedure
: 1. Use the rubber band to secure the balloon to the upper end of the test

tube. (Stretch balloon before attaching.)

2, Heat the test tube until the balloon inflates; then let the test tube cool.
Record what you have done and observed.

Optional procedure

1. Insert the open end of the air thermometer bulb into the bottle which is
24 full of colored water, as shown below:

AR Y s
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2. Gently heat the bulb until about a dozen bubbles of air are forced out
of the bulb. Let the bulb cool and observe the liquid rise into the bulb.
Why did the liquid rise? Record your answer, Grasp the bulb with the
hand and observe how the warmth of the hand causes the air to expand
and force the liquid down. Why did the liquid g: down?

Summary (may be completed at home)

1. Why does the balloon inflate?

2. Using your knowledge of molecules tell what happens above:
a. What happens to the distance between molecules after heating?
b. What happens to the speed of the molecules after heating?

3. What is the effect of heat on gases?

4. Why was the water pushed out of the air thermometer?

Teacher Activities

1. Review homework on expansion problems of subway tracks, con-
crete highways, etc.

2. With a bunsen burner, heat a straight bimetallic compound bar
and challenge the pupils to explain the bending that occurs. Im-
merse the device in cold water to observe the bar's return to its
former shape. From a discussion of the phenomena the pupils
should realize that two different metals are joined together (pos-
sibly iron and brass) and that they expand at different rates. Alter-
nate demonstration: Thermostat (5-1 #14-2018)

3. Do liquids expand at the same rate

To demonstrate the unequal expansion of liquids, immerse four
test tubes containing different liquids (water, alcohol, glycerine,
and mercury) in a battery jar of hot water and observe the expan-
sion (in glass tubes inserted into rubber stoppers and then into
the test tubes; the liquid may be colored for better observation) ,
‘The test tubes may be supported in a wooden slat from a test tube
rack. (See diagram opposite.)

4. Summarize by having pupils discuss the comparisons they recorded.
a. Different solids have different rates of expansion,
b. Different liquids have different rates of expansion.

Suggested Homework
1. What kinds of thermometers do we use?
2. How do they differ?
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3. How can you apply your knowledge of expansion of metals and
electric circuits to create a fire alarm system?

26. HOW MAY WE MEASURE TEMPERATURE?

Outcomes

e The property of expansion may be used to measure temperature.
e Temperature is measured in degrees according to a scale.

e Fahrenheit and Celsius (centigrade) are two thermometer scales
in general use.

Teacher Activities

1. Review homework with emphasis on the expansion properties of
substances.

2. Have pupils demonstrate the unreliability of the sense of touch
as a measure of temperature,

a.

k.

Prepare three battery jars of water, “A” of temperature of about
130° Fahrenheit, “B” of room temperature, and “C” which had

been on the outside windowsill for a while.

Have one pupil place one hand in “A,” the other hand in “B,”
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and indicate which is the warmer. Have a second pupil simul-
tanecusly place one hand in “B,” the other hand in “C,” and
ask her to indicate which is the warmer. Call on two other

pupils to repeat this.

LABORATORY WORKSHEET — PHYSICS: LESSON 26
(May be duplicated and distributed to pupils)

Purpose: To find an accurate way to measure temperature

Material (for 2 pupils)

Sheet of graph paper, 4 boxes to the inch

Container of cracked ice

Metric ruler

Thermometer (double scale, F&G, S-1 #14-1048.01)

Ungraduated thermometer (Welch #1621, or Cenco 77320)

Norte: If this is unavailable, the apparatus similar to that used to show water
expansion, (Worksheet, Lesson 24, Procedure 1) may be substituted. Be
certain to roughen one side with sandpaper so that pencil marks may register.

Procedure
1. Read the procedure through before going to work.

2. Examine the doublescale thermometer and abserve:
a. The thin glass mercury reservoir (bulb).

Caution: Handle the thermometer gently and do not permit it to strike
the surface of a container. The bulb is very thin and can easily
be broken.

. The thin uniform “bore” (passageway) running the length of the tube.

c. The F (Fahrenheit) scale, especially the freezing point (fp) of water

(32°) and the boiling point (bp) of water (212°). How many “de-
grees” (lines) are there between the fp and the bp?

d. The C (Celsius or centigrade) side. What number on this scale corre-

sponds to 32° on the F scale? to 212° on the F scale? How many degrees
are there between the fp and bp on the C scale?

8. Place the bulb of the ungraduated thermometer in the cracked ice. (Be
sure the bulb is surrounded by ice.) With a pencil, mark the lowest point
rcached by the mercury. This point will be marked 32°F by half the class
and 0°C by the others (as instructed by your teacher).

4. Bring your thermometer to the front of the room and place the bulb in
the container of boiling water. With a pencil mark the highest point
recached by the mercury. This point will be numbered either 212°T or
100°C (as instructed by your teacher).

Optional
1. With your ruler measure the distance between the two pencil marks and
then, on i1+ glass, mark off convenient numbers (as instructed by your
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3.

teacher) by placing the tube diagonally on the graph paper so that
eighteen 10-squares lie between the two penci! marks you inscribed.

)

= N k3 e jon Jor |4 [n |}

How many degrees are represented between any two lines?

Take several temperature readings (room temperature, tap water, etc.)
with both thermometers and record pencil line on thermometer.

Summary (may be completed at home)

1.
2.
3.
4.

5.

Did you make a Fahrenheit or a Celsius thermometer?

What are the differences between a Fahrenheit and a Celsius thermometer?
What liquids are used in thermometers?

Can body temperature be accurately determined by placing a hand on
your forehead? Why?

Use the graph paper to draw side-by-side drawings of the Fahrenheit and

Centigrade Scales. Indicate freezing and boiling points of water, normal

room temperature (68°F, 20°C), and normal body temperature
(98.6°F, 37°C).

Teacher Activities (continued)

3.

o o

Summarize by having pupils discuss their answers to worksheet
questions. Distinguish between the precision of measurement of
the instrument compared to the accuracy of the person using the
instrument and recording the data.
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Lead the discussion to the following conclusions:

a. Thermometer scales are derived from arbitrary fixed points
(the freezing point (fp) and boiling point (bp) of water) .

b. On the Fahrenheit scale, the fp is 32° and the bp is 212°, The
intervening space is divided evenly into 180 parts ~r degrees.

c. On the Celsius (centigrade) scale, the fp is 0 degrees and the

bp 100 degrees. The intervening space is divided evenly into
100 parts or degrees.

27. WHAT IS THE DIFFERENCE BETWEEN HEAT AND
TEMPERATURE?

Outcomes

® Heat is the total motion energy of all the molecules in a material.

® Temperature is the average motion energy of the molecules in the
material.

e Temperature tells us which way heat will travel between two bodies,
or a body and its surroundings.
® Heat may be transferred by convection.

Teacher Activities

1. Review homework and explain the advantages and disadvantages
of mercury and alcohol as used in thermometers.
a. Mercury
Adv. — uniform expansion
— high bp
~— visible
b. Alcohol
Adv.—Low fp

Disadv. — fp not low enough

Disadv. — bp too low

2. a. Demonstrate the difference between heat and temperature by

measuring equal quantities of water of the same temperature
into two beakers. Have two pupil aides take the temperatures
of each. Ask pupils: “What do you think may happen if we add
boiling water to each beaker?”

b. “Suppose we add more boiling water to one beaker than to the

other, what will happen to the temperature of the first beaker
compared to the second?”
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¢, Elicit:

“The larger amount of water transferred more heat although
the added water in both cases was at the same temperature.”
“The larger amount of water had more heat (energy) although
its temperature (speed of motion of molecules) was the same as
that of the smaller amount.”

. An analogy between heat and temperature might be:

Two classes take a test. Class I, with 20 pupils, gets a total score
of 2000 points; Class 11, with 30 pupils, gets a total score of 2400
points. Class 1I has a higher total score (heat), but the average
score of Class 1 pupils is 100 as compared with 80 for Class II
(temperature) .

e. A radiator has a temperature (average energy) of 180°F. A
match has a temperature (average energy) of 500°F. Elicit from
the class that a radiator is used to warm a room because even
though its average energy is lower, there is more total heat avail-
able to give to the room. Also, a spark from a grindstone has a
temperature of over 1000° but doesn’t even feel warm because
its total energy (heat) is quite low.

LABORATORY WORKSHEET — PHYSICS: LESSON 27
(May be duplicated and distributed to pupils)

Purpose: To show how heat may travel in gases and liquids

Materials (for 2 pupils)

Alcohol lamp Large beaker or small battery jar

3 or 4 salety matches Tripod end wire gauze

Erlenmeyer flask, 125 ml

Two-holed stopper with one glass tube fitted to the base of flask and one
short glass tube rising 114" above opening of glass tube

Small bottle, half filled with red or blue ink and capped with eye dropper

Procedure
1. Light the alcohol lamp.
a. Bring a match toward the flame, slowly, from the side, and observe
how close to the flame a match can be brought before it receives enough
heat to cause it to ignite. A
b. Bring another match to the flame, this time [rom about 6 inches above
the flame, moving it slowly downward.

c. Record your answers to the following:
Which match lit first?
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How far did the heat travel in “a” compared with “b"?
What carried or “conveyed” the Leat to the match?

2. Fill beaker halfway with cold water.

Place warm water (from demonstration table faucet) almost to top of
flask; add several drops of ink gently to the water. Record what hap-
pens to the particles of ink. Explain why this happens.

Stopper the flask, heat gently until water rises in tube; set it into the
beaker (or battery jar) so that the higher glass tube remains an inch
or so below the surface of water in the beaker.

c. Label the diagram.

Summary (may be completed at home)

. Why did the water in the little flask rise up the tube when you heated
the flask?

2. What happened to the inky water in the flask?
Why do you think this happened?

3. Define convection.
4. Why are radiators and other room heaters kept close to the floor?

Teacher Activities (continued)

3. Pupils discuss the observations they recorded in their notebooks.
Elicit:
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a.

Heat is a form of energy caused by the motion of molecules.
According to this theory hot objects expand because they con-
sist of rapidly moving molecules which require more space the
faster they move.

One process by which heat is carried or “conveyed” from one
place to another by molecules is called convection.

By knowing the temperature of two bodies, or of one body and
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the temperature of its surroundings, we can tell in which direc-
tion the heat will flow. Heat always goes from higher energy to

lower energy, from hot to cold.
Flicit from class that heat is taken out of the food in the re-

frigerator and transferred to the outside. The insulation of the
box keeps more heat from coming in.

28. HOW CAN WE MOVE HEAT?

Outcomes

e Heat energy may be transferred as a form of light, i.e., radiant
energy. This process is called radiation.

e Heat travels through a substance by molecular collision, a process
called conduction.

e Metals are better heat conductors than nonmetals.

@ Solids are better conductors than liquids.

Teacher Activities

1. Review the assignment of previous lesson, eliciting that the proc-
ess by which heat is transferred by the motion of molecules in gases
and liquids is called convection. You may wish to recall this concept
by igniting a candle, setting a glass chimney over it on blocks of
wood, and by holding the smoking stick, rope, punk, or incense
beneath the chimney. (Convection of gases apparatus #14-0578—
S-1 list; or, as shown below, S-1 #14-0588, Welch #1729 and H 1729
—convection of liquids apparatus)

| B N .
:.: Coloringq|:
Water > agent
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2. Posc this question:
“II you place your hand below a lighted lamp, do you feel heat?
Could this heat have travelled by convection?”
Elicit: since warm air rises, convection was not the method of heat
transfer. Explain radiation, demonstrating a radiometer (S-1 !-
0088) near a candle, a gas flame, or sunlight, if available,

3. Have the students touch the wooden and metal parts of their desks

and observe that the metal fecls colder than the wood. If the wooden
A and metal parts of their desks and seats have the same temperature,
why should the metal feel colder than the wood?

for e v e 7

LABORATORY WORKSHEET — PHYSICS: LESSON 28 B

1 ‘ (May be duplicated and distributed to pupils)

Purposc: To show how heat travels through solids

} ‘ Materials (for 2 pupils)

Large test tube Water

5 Alcohol burner

hi* ; Several 8-10 inch rods (or strips) of diffcrent metals (including, preferably
il | : : iron and copper) and one of wood

Sheet of asbestos or plywood (to protect table surface)

Procedure
1. Hold, in one hand, a metal rod, and in the other hand, a wooden rod.

i Hold the free end of cach rod in the flame. Record the time it takes to
: sense the heat reaching either hand and remove both rods immediately. ,
? 2. Repeat, using two different metals. Record your impression of which rod ! 3
5 . . ’ 4
il ‘ “conducted” (carried) the heat to your hand faster. , 3
& 3. Pour water into a test tube to 14 inch from the top. Hold the bottom of 3
the test tube between thumb and forefinger while holding the top inch :
4 of the test tube in the flame. (Be careful not to spill the water.) Although )
the water boils, why does the bottom of the test tube remain cool? Record 3
; your explanation. 4
; E
- Summary (may be completed at home) ]
] . . i
1. Why is the glass bulb of a thermometer made very thin? 3
il 2. Why are cooking utensils made of aluminum or copper? %
- 3. How many different methods of heat transfer are used in your own heating 5
.
system at home? | 4
i
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Teacher Activities (continued)

4. Have the pupils discuss their answers to the worksheet questions.
Elicit the conclusions that:
a. The heat traveled from one end of the metal rod to the other
more rapidly for one metal (copper) than another (iron).

b. The heat traveled more rapidly through metal than through
wood (a nonmetal) because the molecules are closer together.

c. In liquids molecules are farther apart. Liquids, therefore, are
poorer conductors than solids.

m.“__,
e

5. Summarize by reviewing the operation of a vacuum or Thermos
bottle which is designed to maintain the temperature of its con-
tents; mirrored surfaces reflect radiant energy; the vacuum between
the walls precludes convection currents which require the presence
of gases or liquids; while the insulating cork, along with the vacuum
and the double-walled container, inhibits the transfer of heat by

‘ ' conduction. (The Thermos Insulation Demonstration unit, S-1

i #14-1108, Welch-1703A, consisting of 4 Dewar flasks in different

' stages of treatment, may be used as a summarizing demonstration.)

e g e

Optional Activities 11
i 1. Demonstrate the conductometer (S-1 #14-0908) to show a more |
ik . accurate comparison of rate of conduction through various metals. 3

o g B3 s TEULD o

? 2. Demonstrate the conductivity indicator (Welch #1649). ;

{ ’ 8. Demonstrate the poor conductivity of water as follows: Take a
: large pyrex test tube and place some chipped ice in the lower one- .
i | | third. Place a brass nut on the ice, and fill the test tube to within /
il | ‘ 114, inches of the top. Use a bunsen burner to heat the top 1" of
water to the boiling point. The ice is still very much intact.

e e A s T

3 gy

4. Demonstrate the poor conductivity of gases (e.g., air) as follows:
Hold a hand alongside and quite close to a bunsen flame (palm
toward the flame) to show that the air between ‘the flame and the ;
hand is a poor conductor. Place a sheet of Celotex, glass wool, or
asbestos on the palm of a hand and play the bunsen flame on the
sheet. Call attention to the porosity (air spaces) of the material.

i 5. Challenge the class to explain why “double-wall” protection (such
as storm windows, hollow cement blocks, “insulation batts,” etc.)
are effective; also the use of layers of newspapers under a light coat
on a cold night. '3
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29. HOW IS HEAT MEASURED?

Outcomes

- se

@ Heat is measured in units called calories.

- gron——

® A calorie is the amount of heat required to raise the temperature of
one gram of water one degree centigrade.

Teacher Activities

1. Have pupils recall how they measured temperature. Elicit: tempera-
ture is measured in degrees with an instrument called a ther-
mometer.

“How can we measure a change in the amount of heat a body has
after it absorbs or gives off heat?” Explain that a change in heat
would be indicated by a change of temperature. Tell the class that
the accepted unit of heat, the calorie, represents the amount of heat
that would produce a temperature change of one centigrade degree
in one gram of water. The heat, in calories, can be determined
by using the problem-solver below:

-

Heat

(calories)

Weight of H,0| Change of
(gms) temperature

(deqrces.C)

HEAT =— MAss X CHANGE IN TEMPERATURE

For example, if you were to raise the temperature of one gram of
water by 8°C., you would have added three calories of heat to the
water. In order to use the problem-solver to find heat, one covers
heat and finds that weight and change of temperature are multi-
plied. To solve for temperature, cover temperature, and note that
heat is divided by weight. It is desirable to make a game out of
using this device.
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LABORATORY WORKSHEET — PHYSICS: LESSON 29

(May be duplicated and distributed to pupils)

Purpose: To measure the amount of heat added to water

Materials (for 2 pupils)

500 ml beaker Wire gauze
Celsius thermometer Tripod

500 ml graduate cylinder Alcohol lamp

Note: We will use one ml as being equal to one gram.
Procedure

1. Pour 100 grams (100 milliliters) of tap water into a beaker. Measure its
temperature. Heat it for five minutes and measure its temperature again.
Record your observations on the table.

9

2. Repeat, using 250 grams (250 milliliters) of water. Record your observa-
tions carefully.

8. Use your problem-solver to find the heat gained in calories (Column 5).

TEMPERATURE | TEMP, AFTER | CHANGEIN | HEaT GAINED
QuanTiTY H,O AT START | Five MINUTES | TEMPERATURE| IN CALORIES

100 gms.

250 gms.

If time permits,
400 gms.

Summary

1. What is a calorie?

. Why didn’t we need to use a balance to weigh the water?

. How many calories of heat would be lost to the air when the temperature
of ten milliliters of water changes from 20°C to 18°C?

4. A tank for tropical fish contains two liters (2,000 grams) of water at
20°C. If 8,000 calories of heat are added, what is the new temperature
of the tank?

5. Bring “problem-solver” to class for next lesson.

<o 10

Teacher Activities (continued)

3. Summarize by reviewing the laboratory lesson with the pupils.
Verify that heat causes a change in temperature proportional to the
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amount of heat added. Relate the mass of one gram of water being
approximately equivalent to one milliliter of watcr.

30. HOW IS HEAT EXCHANGED?

Outcomes

® When heat is transferred from one body to another, the loss of heat
of the first body equals the gain in heat of the second body.

® A calorimeter is used to measure heat transfer.

Teacher Activities

. “Imagine that your bowl of hot soup is becoming cool. You add

more hot soup from the pot to your cold soup. How would the
temperature of the new mixture compare with that of the cold soup
and hot soup?”
(Elicit, through this motivating question, that the final tempera-
ture of the soup in the bowl would be somewhere between the
temperature of the hot soup you added and the temperature of the
soup that had cooled.)

Note: Read, with the class, the procedures on the worksheet. Empha-

size the construction of the calorimeter (insulation, prevention
of heat loss, etc.)

LABORATORY WORKSHEET — PHYSICS: LESSON 30
(May be duplicated and distributed to pupils)

Purpose: To compare the amount of heat given up by a hot liquid with the
amount of heat taken up by a cold liquid

Materials (for 2 pupils)

2 beakers, 250 ml Alcohol lamp
Celsius thermometer Tripod
Graduated cylinder, 250 ml] Wire gauze

Calorimeter (Cenco #77970) or homemade no. 1 can centered in no. 7 can,
held in place by newspapers and capped by plastic coffee can cover; stirrer
may be made of 14” dowel with acetate vanes.

Procedure

1. Prepare equal amounts (100 grams) of warm water and tap water in
separate beakers. Measure the temperature of each. Record these tem-
peratures.
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2. Pour both beakers of water into the inner can of the calorimeter. Stir the
mixture carcfully and gently with the stirrer and read the immersed
thermometer. Record this temperature.

3. On the chart below, indicate the temperature change. Use a plus sign (+)
for gain and a minus sign (—) for loss.

4. Repeat the above experiment, using 50 grams of tap water in one beaker
and 150 grams of warm water in the other.

5. Use “problem-solver” to determine the heat lost or gained. Use plus sign
(+), if gain, and minus sign (—), if loss.

CHART FOR DaTa
HEAT
WEIGHT OF TEMPERATURE GAINED OR
BEAKER WATER |TEMPERATURE | CHANGE LOST
warm
1 water 100 gms. | ———°C —°C calories
tap
2 water 100 gms. | ———°C —-C ——calories
mixture
X (14 2) 200 gms, | ———°C X X
warm
1 water 150 gms, | ——°C —-C ——calories
tap
2 water 50 gms. —-2C —°C ——calories
mixture
X (142) 200 gms. | ———°C X X

Summary (may be completed at home)

1. How did the heat gained by one quantity of water compare with the heat
lost by the quantity of water with which it was mixed?

2. What object gained or lost heat, in this experiment, that we did not
take into account?

3. In which direction did the heat travel, from warm to cool, or from cool
to warm?

Teacher Activity (continued)

2. Summarize by tabulating the results of each team of experimenters
on the chalkboard, calling attention to diversities based on heat
losses to the surrounding environment. Elicit: two objects of differ-
ent temperature, if placed together, would eventually have the same
temperature since heat would travel from the warmer to the cooler
object.
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SUGGESTED REFERENCES: PHYSICS

For the Teacher
BRANDWEIN, P. F. ET AL. Teaching High School Science: A Sourcebaok
in Physical Science. New York: Harcourt, Brace & World, 1959.

Burns, E. eT AL. Physics, A Basic Science. Princeton, N. J.: Van Nos-
trand, 1954,

HaLTON, G. aNp G. H. RoLLER. Foundations of Modern Physical Sci-
ence. Reading, Mass.: Addison-Wesley, 1958.

JosepH, A. ET AL. Sourcebook for the Physical Sciences. New York: Har-
court, Brace, 1961.

MiLLER. College Physics. New York: Harcourt, Brace & World, 1959.

SEARS-ZEMANSKY. College Physics. (3rd ed.) Reading, Mass.: Addison-
Wesley, 1960.

SHORTLEY, G. ANp D. WiLLIAMS. Principles of College Physics. Engle-
wood Cliffs, N.J.: Prentice-Hall, 1959,

SMITH, A. AND J. CoopER. The Elements of Physics. New York: Mc-
Graw-Hill, 1957.

VERWIEBE, ET AL. Physics, A Basic Science. Princeton, N. J.: Van Nos-
trand, 1962,

For the Pupil

ADLER AND DEwITT. The Wonders of Physics. New York: Golden Press,
1966.

BEELER, N. F. ANp F. M. BRANLEY, Experiments with Electricity. New
York: Crowell, 1956.

BEISLER, G. AND A. BEISER. Physics for Everyone. New York: E. P. Dut-
ton, 1956.

BENDICK, JEANNE. Electronics for Young People. New York: McGraw-
Hill, 1955.

Boyp, C. ANp M. VERE DE VAuLT. Physics. Austin, Texas: Steck-Vaughn,
1959.

BoyLan, P. J. Elements of Physics. Boston: Allyn & Bacon, 1962,

BRINCKERHOFF, R. F. ET AL. Exploring Physics. New York: Harcourt,
Brace & World, 1959.

Caverry, D. P. Primer of Electronics and Radiant Energy. (2nd ed.)
New York: McGraw-Hill, 1952.
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SkiLLING, H. H. Exploring Electricity. New York: Ronald, 1948.

TAFFEL, A. Visualized Physics. New York: Oxford Book, 1957.
Yates, R. F. Boy and a Battery. New York: Harper, 1959.
. Boys’ Book of Magnetism. New York: Harper, 1959,
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NEEDS OF LIVING THINGS -

Suggested Lessons and Procedures

I. HOW CAN LIVING THINGS BE GROWN AT HOME
FOR STUDY?

Outcomes

e There are many kinds of living things that can be grown at home
or in school.

e Living things have certain needs in order to live. All these needs
must be present at the same time.

e An experiment is used to test one or more of these needs at one time.

e A control serves as a basis for comparison with the experimental
condition. Change in the experimental condition is measured from

the control.
e The control and the experimental animals or plants must’ be
treated the same and kept under the same conditions except for

the one thing for which you are testing.

Teacher Activities
1. Elicit from the students the names of pets, flowers, vegetables,
other plants or animals which they have seen in their homes.

Ask: “How are these things taken care of?”

2. Exhibit to the pupils the growing organisms and the controls that
had been prepared previously. Each organism should be carefully

and clearly labelled.

3. Identify the “control” and the experimental organisms. Instruct
the pupils to make notes of any differences they observe. Make a
summary of the observed differences. Now ask, “Why do you think
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there are these differences? Is something present in one jar which
is not present in the other?” '

Guide the pupils to an understanding that a necessary factor was
missing in each “ccatrol.” Every other factor was similar.

Distribute the worksheet. Read aloud as pupils follow silently.

Explain to the pupils that they will now prepare specimens for use
at a later date.
a. Divide class into groups based upon number of microscopes
available.
Each group will prepare a culturc of protozoa and algae.
c. Distribute the following items to each group:
Label Beaker or jar
Hay or dry grass or dry leaves Water (pond)
d. Instruct pupils to prepare the specimen as follows:
Place hay or grass into the beaker of water.
Write your group number on the label and paste it on the jar.
e. Teacher collects jars and stores them away until Lesson 5.

In summarizing, elicit from the pupils the meaning and purpose
of a “control.” They should be guided to understand that many
conditions (air, light, temperature, moisture, water, or food) affect
the growth of a given plant. These conditions operate at the same
time. To discover the effect of each factor on the growth, it is neces-
sary to keep all conditions the same except for the one under
investigation.

Suggested Homework

1. Assign two or more selected pupils to prepare reports on Janssen

and Van Leeuwenhoek to be presented in Lesson 3. Cite references
for the pupils and explain how reports are to be made.

2. Select an item you would like to grow. Write your name and the

name of the organism on a slip of paper to be handed in during
the next lesson. Pupils will prepare specimens and record observa-
tions on the log sheet.

LABORATORY WORKSHEET — BIOLOGY: LESSON |
(May be duplicated for distribution to pupils)

Purpose: To learn how to grow living things
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Procedure
1. Simple Plants

Q.

Mold

Place a thick slice of boiled potato on the bottom of a wide-mouthed
jar. Place outside a window for fifteen minutes. Remove the jar from
the windowsill and cover it. Be sure the cover is not on tight. Put the
jar where the teacher tells you.

Mold
Put a piece of orange on the bottom of a wide-mouthed jar. Do the
same steps as stated above for the potaio.

No1E: See that bottles of moldy food remuin closed.

2. Leafy Plants

"

160

Seeds

Get a Dlotter or towelling paper {rom the teacher, if you do not have
any. Line the inside of the jar with the paper by rolling it and placing
it in the jar as shown in the diagram.

Place 5 to 10 seeds between the sides of the jar and the paper about
halfway between the top and bottom of the jar. Leave a little space
between the seeds.

Pour a little water into the jar, enough to cover the bottom of the jar
and touch the paper. Keep this level of water by adding a little each
day.

Write on your log sheet any changes you sce. If roots, leaves, and stems
develop rapidly, replant in flowerpot.

Jar

PaPzr
Seed
Weder

Cuttings

Cut a two-inch piece from a plant such as a geranium. Put it in a jar
or beaker which has been half filled with water. Put the jar on a win-
dowsill where it will get some sunlight. Keep the water at the same
level. Write any changes you see on the log sheet.

e gt Tk S s




c. Roots or Stems
1) Sweet Potato
Put a sweet potato, root end down, in a glass or jar. If the potato
is a lot smaller than the jar, push 8-4 toothpicks or wood splints
halfway into the side of the potato. The potato may be put into
the jar so that the toothpicks rest on the rim of the jar. Pour enough
water into the jar to cover the lower part of the potato. Keep this
level of water by adding a little each day.

Write any changes you see on the log sheet.

A

Sweet potato

S s g sty o P P Bk o2 0 T B

2) White Potato

Wet a piece of blotter or towelling paper. Put it into one part of a
] Petri dish. Place a piece of white potato which has at least one bud
or “eye” on top of the blotter. Put the dish on the windowsill or in

a light warm place. Keep the blotter wet. Write any changes you | 3
see on the log sheet. ‘

»

8. Animals: Earthworms
Look for earthworms after a heavy rain, before the water has had time to

drain away. At other times they may be found under rocks or piles of
i leaves near lakes or other wet places like drains in parks.

Fill a 6"—8” jar with leaves, dirt, and grass. Cover the sides of the jar
with black paper. Put the earthworms into the jar and put a tin pie pan
or heavy piece of cardboard with holes on top of the jar. Store it in a ' £
cool, dark place. :

Coffee grounds, lettuce, or mashed potatoes may be mixed with the dirt
to give the earthworms food. The dirt should be kept moist. Write on
your log sheet any changes you see.
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1 Lo SHEET
; 1. What is the name of your animal or plant? 3
2. What things did you need for your project? :
a. c.
b d. : 3

3. How did you set it up? |

& : 4. What did you do for your plant or animal? List, in order, everything , i
‘ you did and the things you gave it. : 3

Yoyzad
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5. What changes did you see in your plant or animal during the past two
weeks? List any change, no matter how small.

OBSERVATIONS

Day | MoNTH CHANGES SEEN

2. HOW CAN WE TELL THE DIFFERENCE BETWEEN A
LIVING AND NONLIVING OBJECT?

Outcomes

e Living things differ from nonliving things in that living things
carry on life activities such as taking in food, digestion, respiration,
circulation, excretion, response to stimuli, growth, and reproduction.

® Both plants and animals are living things and both carry on life
activities.

® We are animals. Our bodies carry on life activities.

Teacher Activities
1. Seat the pupils in groups.
2. Distribute to each group the following items or substitutes for them:

small growing plant plastic flower or leaf
small pebble rubber or plastic insect
small snail in a est tube with a sprig of Elodea

3. Ask the pupils to arrange their objects into two groups—Living and
Nonliving Objects.

4. Elicit from the pupils reasons why they placed an object in a par-
ticular group. Make a list of the reasons on the chalkboard.

5. Challenge the pupils with the question, “How do you know that
you are alive?” Develop the understanding that living things carry
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on certain basic activities—locomotion, ingestion, circulation, di- ;
gestion, respiration, excretion, response to stimuli, growth, and re- ‘
production.

6. List the life processes on the board and discuss each in simple terms.
(Pupils copy into notebooks.) Use common synonyms and exam- ;
ples of life processes as an aid to comprehension of the terms. ;
a. Respiration—DBreathing ;
b. Digestion—Changing food to a form the body can use
c. Ingestion—Getting food; eating
d. Response to stimuli—Use examples (body senses)

e. Reproduction—Use examples (seeds and plants)
f. Excretion—Getting rid of waste materials (refer to bathroom
routines)

Locomotion—Moving from place to place
h. Circulation—Carrying materials to all parts of the body
i. Growth—Forming new living material

7. Guide the pupils to understand that in order for the basic needs to
be met, the life processes are necessary.

8. Summarize by asking, “How will you know if a plant or animal is
alive?” “What must you do in order to keep it alive?”

Suggested Homework

Continue to work on Log Sheet.

3. HOW DOES A MICROSCOPE WORK?

Outcomes

o The microscope is a delicate instrument and must be handled
properly.

e The various parts of the microscope work together to enable us to
see objects more clearly and to see those which cannot be seen with
the naked eye.

e In a compound microscope the total magnification is determined by
the strength of the eyepiece times the strength of the objective used.

Teacher Activities

1. Call on selected pupils who were tc¢ make reports on Janssen and 4
Leeuwenhoek. Put summary of the findings on the chalkboard. }
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Distribute the following:
Two convex lenses
Diagram of a compound microscope

Have the pupils observe the size of a letter on a printed page
through a dcuble convex lens and describe the result. Add a second
convex lens to the first and have the pupils observe the increased
magnification.

Explain to the students that a compound microscope consists of 2

lenses, one called the eyepiece and the other the objective. Using
simple numbers, explain total magnification equals strength of eye-
piece times strength of objective.

Locating the parts of the microscope
With the aid of a wall chart and a microscope on the demonstration
table, point out the parts and discuss the functions of each. Pupils
should refer to their microscope diagrams.
Eyepiece — Lenses next to the eye which serve as a magnifier
Body Tube — Tube between the objective and eyepiece
Objectives — High- and low-power lenses next to the object to
be studied. Low-power objective is always the shorter of
the two
Nosepiece — Located at end of the body tube; used for attach-
ing 2 or more objectives
Stage — Platform upon which the slides are placed for examina-
tion
Diaphragm — Under stage; controls the amount of light re-
flected through the microscope
Mirror — Reflector used beneath the stage to direct light up
through the microscope
Clips — Metal pieces which hold down the slide
Coarse Adjustment — Turning mechanism (large knob) which
can quickly set the microscope in focus on the slide
Fine Adjustment — Turning mechanism (small knob) used

only after the field has been located with coarse adjust-
ment

Arm .— Provides a handle for carrying the instrument

Base — Feet or bottom that supports the microscope, usually
horseshoe-shaped.




Suggested Homework

Examples related to magnification:

4,

If the eyepiece of a microscope magnifies 10 times and an objective
magnifies 20 times, what is the total increase in size that is seen?

HOW DO WE USE A MICROSCOPE?

Outcomes

e Microscopes are expensive, delicate pieces of equipment.
o Proper handling of a microscope involves the correct use of each

part of the microscope.

e The responsibility for the care and operation of a microscope rests

with each individual.

® Microscopes help us to study by magnifying objects and structures

in living things.

Teacher Activities

1.
2,

Distribute worksheets and materials listed thereon.

Demonstrate the safe method of carrying the microscope and the
safe method of focusing. Be sure that the pupils understand the
reasons for all safety measures. The pupils will be more apt to re-
member if they know why they are taking such precautions.

Show pupils how to use the forceps, medicine dropper, water, slide,
and cover slip to prepare a slide from the cutout letter “e.” Do this
step by step as the pupils follow. Check .each group after each step.
Explain that this is how most slides are made.

Demonstrate how the slide is mounted on the miscroscope and
focused.

Have pupils mount their slides, make observations and drawings.
(Use low-power objective only.)

LABORATORY WORKSHEET — BIOLOGY: LESSON 4
(May be duplicated and distributed to pupils)

Purpose: To learn to use the microscope
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Materials
Compound microscope Forceps

Microscope slide
Cover slip

Lens paper
Cutout letter “e” from want ads
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