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THE TWELFTHM IN A SERIES OF 17 VOLUMES, THIS VOLUME
PROVIDES THE SEVENTH GRADE TEACHER WITH A GUIDE TO THE
REORGANIZED SCIENCE CURRICULUM OF THE MINNEAPOLIS PUBLIC
SCHOOLS. THE MATERJIALS ARE INTENDED TO BE AUGMENTED AND
REVISED AS THE NEED ARISES. THE SEVENTH GRADE SUPPLEMENT IS
IN TWO VOLUMES. VOLUME 7A CONTAINS INTRODUCTORY MATERIAL, A
BRIEF SUMMARY OF SUBJECT MATTER CONTENT FOR GRADE 7, AND A
CHART WHICH SHOWS THE GRADE CONTENT FOR THE ENTIRE K-12
PROGRAM, FOR EACH OF THE FOLLOWING MAJOR AREAS AROUNC WHICH
THE CURRICULUM WAS DEVELOPED-~-(1) THE EARTH, (2) LIVING
THINGS, (3) ENERGYs AND (4) THE UNIVERSE. THIS TEACHER'S
SUPPLEMENT ALSO CONTAINS THE SECTIONS (1) CONCEPTS, AND (2)
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CIENTIFIC APPROACH TO PROBL

V. AP 4 o O vl e O

| SOLVIN

40 ERORA: i e

Observation--first=hand experiences and observation,

Definition of PROBLEM-~ask guestions, choose one for
investigation.

Results of other investigators--read about problem,
discuss it with interested friends and resource
pecple, examine the written material.

Possible solutions--iist o]l possible guesses.

Choosing the best solution

(HYPOTHES1S)-~pick the
"best guess'’,

Testing the hypothesis-~planning and carrying out
EXPERIMENTS to determine its truth.

CONCLUSION of accepting or rejecting hypothesis-=-
draw conclusion from experiments to determine
acceptance or rejection of !'best guess'',

More extensive testing of hypothesis--experiment
further to determine if hypothesis always holds true.

Stating the THEQORY and publishing results--restate

the hypothesis in light of the above expetrimentation,
publish in professional journal,

Finding mathematicai

proof-~do any measuring and
mathematical calculat

ions to develop proof of theory.

Statement of LAW or PRINCIPLE--if no one can find a
mistake in the mathematical proof or develop a
contrary proof, the theory becomes a law or principle.
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FOREWCRD

Iong before that famous October fourth, 1957, when Sputnik I
rocketed into orbit, the science teachers of the Minneapolis P,}blic
Schools eagerly began work on the reorganization of the science cur-
riculum from kindergarten through grade twelve. This reorganized
science curriculum was requested by our jnstructional staff and de-
veloped by representative members of that staff.

The citizen of today must be science literate in order to exer-
cise adequately his duties of citizenship. The contribution of the
scientist to our way of life is the methods which he uses to attack
a problem and seek its solution. These methods are unique, but more
importent, they are very useful; they can be applied in the solution
of the everyday problem by knowledgeable children at all ages and
grade levels, and by adults in all walks of life. If these methods
of science are to be learned by the youth of Minneapolis, they must
be learned by attacking realistic problems inside and outside the
classroom. This practice in the golving of work-a-day problems trains
our young citlzens to think for themselves in seeking new solutions
to age-o0ld problems of our civilization.

Tn the Minneapolis Public Schools we recognize that science
is a very important part of the 1iberal arts general education which
should be studied by all students., We are aware of our responsi-
bility for instruection which must be well grounded in the fundamental
laws and principles in all the fields of the basic sciences and
therefore propose this reorganized curriculum for teaching the ever-
expanding knowledge of science,

This reorganized science curriculum does not teach itself.,
Tt is a2 plenned developmental approach in which the teacher is the
expeditor and not the limiter of learning. The curriculum has been
developed to aid the student in acquiring new breadths and new depths
of understanding of his enviromment; and with it a teacher who is
well trained in science may lead the student in an ever-expanding
jnvestigation of his surroundings in this world and universe. If the
curriculum is used cooperatively by teacher and students, it is an
jnstrument which can mold a pupil of the Minneapolis Public Schools
into a science-literate citizen who, if he continues advanced science
training, may become a scientist of the future.
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| SUMMARY OF GRADE-CONIZNT /SSIGIMENTS .

) . Grade Level -
Area and Major Topics T ITT 2T 3L TS 16 F TS0 T2
Introduction to 'Science (Gray) se bose ] s2 o+ W3 Ve 1 Y+ +1 +1F+ 1+ |
A, Attitudes (Including N RN EE FE +
history)
B. Tools ' . F B B + + -;g- " +
C., Methods + + | b+ 1+ |+ %
I. The Barth (Red) i o+ |+l fwfle |+ 4]+
r{]; . L . 0 - ‘jT' !
i A, History of the earth = | | : + +
B, Physical features * |+ PR | +
C. Rocks and minlerals‘ o + | s 1 4 1 1 +
D. SOiiS '»‘ : ". | ;. ; <+ +“ 1+
E. Water ¥ 1+ || % 3%
F. Air S BN T el e 3%
G. Weather and climate - | + * * |
b

ley to 'symbols -= ¥ major | emphasis
| -+ content to be taught

.

4




%or discussion purposes only
Area and Major Topics ’ Ii . Grade level
- K JT ]2 13 L1516 7
II}-Livinnghings (Green) - |+ |+ ;+f‘ + I+ | + RE 3¢
A. Life and lifefprocesses~ 1+ 1+ [+ |+ 3% +
;1.‘Life in generalf 1+ 1 : F + + ‘”
. 2., Food taking M P IR . .

or nutrition

- v .g—Ff SRS | SR T

e 3

'3, Digestion : S - +
_ L. Absorption : : g I +
% ciromtatzon - | F | 1+ +«] [+
: 6,' ‘_Respirat‘ion e ' ¥ - . | .o +,-' +
_'7. Assimilation _ +
'8. Oxidétion + +
'9:'Excretion'j | . - 43“
10. Reproduction - N N
" and growth _ NS +
11.,Responsivenéss . +','*. + +
B. Classification | 1 ¥+ #* +
C. Ecélogy o e 1. .
D, Plant énd'énimal | .
economics : _ ,f + +
" E. Hwﬁan body‘ T ¥V 3 bt
F. Aesthetic values R 4

(continued) . .°
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Grade-contert assignments (co.atinued)

Area and Hajor Topics: : .if*’

wol

:II. Energy (Yellow) + |+

A, Propertiesrof'matter '
related to energy

e
s
b4

P

B. Sources and conservation
of energy

s
xR

C. Mechanical energy and
simple machines

ale
o

s
”~
e
i~

" D. Gravihational energy 1+

E. Magnetic energy - -

e
b

s
.

F. Sound

‘.

o
-

G. Electrical energy

e
3

1. static

e 2. Current 3%

ots
g

H. Communication bands and
electronics

I. Heat and infrared
radiation

ale
o~

als
o

Jo Light and ultraviolet
radiation

ale
*

K., High energy waves

‘L. Chemical energy

ats
L

M. Atomic energy

S AN
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For discussion purposes only
‘ . " : . | Grade Level - :
Area and Major Topics : -
_ RTITT 2 37 L 5611081 9y 1 12
: - P ' P ! | ' i
V. The Universe (Blue) + +ball iow] o4+ %
A, Earth w g w,ow | wll 2 T (S
' ] -
i X - Y ‘!
. 1 | ]
B, NMoon ¥ #* . +‘ } % [ 1
| - | i r
C. Sun % % 7% B T |
IR ! f SN , i
' ? : | ST |
D. Solar system : | +:
E, Stars and galaxies | o* I . .
F. Space travel ! T i * | P !
1 b Y -

Key to symbols - ma;}or empha.sis

ot content to be taught

H

Note: COhservé.tiofn and safety must pémea‘,te science teaching at'.al'.l. grade levels.

“opied by 1a

10-14-65"
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A SUMMARY OF THE SUBJECT MATIER CONTENT

GRADE SEVEN

Introduction to science-=branches of scisncay some
kinds of vessarch projects currently belng
invegtigated

Living things--classification and economic valusg
physical and blological factors of an environ-
wonty congervation; rehabilitation of injurad
or diseased parts of the hunan bodyy rates of
maturation; factors uffecting ease of learning

Water--physiceal characteristlcs, hardness, and puyl.
fieationy water cycls

fir-scompoeition, indestrial usges and characterigtics
of the layers; nitrogen cyeles valve of aly con-
ditloning

CBsjew
12-20-62
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For discussion purposes only

_Major Topic ard/or Unit

ALLOCATICIS OF CONCEPTS BY MAJCR TOFICS AND/CR. UNITS

TABLE OF CONTENTS

Introduction to Science

1I.

A, Definition of seience and scientists .
 B. Brencres of seience reerereerancannnes
| Living Thiings

A, Iife processes of living things
Food :aking or nutrition sseesecssscss
Diges;iion seesesecitsesestsnsncersnccs
EBSOIPELON wuvercrrnnssnassenanssasene
Circul.atlion sececececscoscccoccccccses
Respiration and assimilation ..'.'.'.,..._
(xidatiion and'excretion '.".........’....-
Reproduction and growth cecececcececes
Respolgiveness ceccecsccescsccccsccnsne

B. Histology--minyte structure and organ-
ization of tiSMU6 seceececcccscoiecnen

C. Taxonomy (differences and similarities)

D. Eecoloyy

| Adaptation to environment ceecevcecenn
Plant and animal communities eceeccncee

E. Economie value of living things seesee

F. Man's protection of wildlife scececesce

ERIC

Full Tt Provided by ERIC.

Page Number

~ 00w EEWw W

<o

10
33
1k

15,

Grade Seven

polor

Cray
Gray

Green
Green
Green
Creen
Green
Green
Green

Green

Green

Green

Green
Creen
Green

Green




Grade Seven For discussion purposes only

ITLBLE OF CONIENIS
Major Topic and/or Unit Page Number Color

II. Iiving Things (continued)
G. Hmnanbo@ OO0 0000000000000 0CONNOSODOIDBDOEIIYS 17 Green

H., Aesthetic values eccososcvocccccennse 19 Green

I. The Barth--water
A, States of water .eeecceccovcsccccsnsso 21 Red
B:e The water cycle eceececcecccsvonnsose 21 Red

C. liconomics of the study of water eeeee 22 Red

I. The Barth--Air

N
ot

A, Definition and/or description of air, 23 Red

B. Lconomic importance of air eecoeecees 2L Red

ii
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" Note. Th:.s report presents a 1ist of unit titles or ma:jor S
: . topies within which the order of the concepts found SRS :

Among the fn.rst scientiésts who. app;Lied metl}ods of controlled
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ALLOOATIQN oF coNcgpms BY MAJOR TOPICS_AM)/G! UNITS
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‘in the Handbook ‘has been changed and grouped under

experimentatxon were. Archim&des 5 Arn.s'l;otle ’ and Ptolemy,

\—’

Most scientists aeek truth i‘or truth!s sakb. B ,, \ : -
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Branhes of scientif:l.c study have n.nterrelated awess. -

Basic scientifn.c ihvestigation :.ncludes the study of natm'al farces¢ o
Basic gc:.enbn.ﬁc studi&h include bo’oamr, zoology, chémis’ory, physics,

gedl.ogy, meteorology,g and ashronmw.

: \/ ,/».‘. . x)\" A \,..;.

Continuous bas:.c résearch in sczence reveals new informatvion regard-'

LI
v

ingour env:.réonment. R T e

K \'

Basic research is bea.ng ihoreasingly emphaé:l.zed. L e

Medical science research teams usually wprk on problems oi‘ disease

prevex}tion or disease 'brea.tment. S S

g“ ' i ; C o

Research teams \may wark in applipd science (teéhnoloy) B

Progress in sc:.entif‘ic lmowledge and applica\‘zion in recerxt years -
has been aecelera.ted rapidly. e 1

1% -
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R Defixﬂ;'ﬁion !b:f: science and. sciantistsb ) - , L e
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For discussion purposes only .3 o . Grade 4 :

”‘“ II. ‘Li'ir:l.ng Things
A, Life processes of Mving things
Food taking or rmtri’oion
1, Some minerals are necessary for normally functioning 1ife processes.
| 2 . The carbol'wdrs.tes and fats supply energy for he body.
3. Proteins are necec'sary for growth and replacemsnt. |

S - 4.  Only plants are able to obtain carbon from the earbon d:.oxide
- . ~of the air. |

g, A1l chlorophyll-containing psrts of a plant may carry on
» phetosynthes:.s.

6, All animals are dependent cl:rec'oly or 1nd1rect1y on green plants
for food, .

7, Vitamins help regulate some body activities.

8, Foods are usually clessif:.ed upon the basis of chemieal conteﬁb
and upon their use by the orgam.sm.

Digest:.on ,

.
1. In order to be used by the body, foods must be ehanged into a
‘ simple, soluble ferm,

2. To prepare foods for digestion they must be broken into smsll
particles and mixed with cerbain body fluids. :

3, If food is thoroughly chewed, the stomach 1is able to perform its
function more effectively.

L. Some fluids formed in the body take part in the process of
| digestion.

g, Inthe stomach, foods are emulsified and mixed with some
diges'bive fluids. ;

6., The process of dzgest:.on requires energy.

7. Some of the energy obtained from food may be used immedis,te]y
| to supply the energy required for digestion and absorption.
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Grade 7 b For discussion purposes only

II. Living Things
A, VL'ii'e processes of living things

Absdrpt.ion

1. Water in the soil dissolves essential minerals which may be
absorbed into plants. | |

2, Through the root system of a plant, water and some dissolved -
minerals are absorbed from the soil, .

3. ‘Mbst‘fbods must be digested before they can be absorbed into
the organism.

L. ~Digested foods and wastes move in and out of living cells through
the cell membrane, ,

v

Cireulation

1. The circulatory system of all living things cafries nutrients
and oxygen to the cells and waste materials away'from,the cell.

2, The transportation system of higher plants carries the food,
water and minerals to all parts of the plant,

3. The closed civoulatory system of the higher animals includes
the heart, arteries, capillaries, and veins,

i, The blood is usually composed of liquid (plasma) and solids
(red and white corpuscles, and platelets).

Respiration and sssimilation

1. ReSpiration is ‘the proéess of getting oxygen info.all living
tissues of an organism and removing carbon dioxide from

then.

2, Living organisms have ‘the ability to change simple foods into
living materials.

3. Carbbn, hydfogen, and oxygen obtained from food, air and water by
. living things may be built into protoplasm (assimilation).

N
I
&

T -




For discussion purposes only 5 - . Grade T

“ R & | Living Things |
A, Life processes of Yiving ﬁhings
Oxidation ard Excretion
1. The enerey which makes possible the activity of 1iving things
is stored in focd and is made available through the oxidation
of food within the orgenism. : |

‘2. Chemical reactions are necessary for obtaining energy from
fOOd. / i

3. Simple foods are oxidized in all living cells of an organism
| to secure energy for life. : ~ |

/

L. Oxygen absorbed into the body fram the lurigs is the oxidizing
_agent which converts food into heat ard ,mechgnical energy.

5. Carbon dioxide is a product formed dwing oxidation.

6. ‘Gxidation of organic nutrients is a complex vprocess involving
many chemical reactions, : '

7. 4As living cells carry on life procesées s they 'produce many
chemical compounds, some of which may be toxic to the
organism ard which must be eliminated. '

e s,

iy

- | 8. Removal of cellular wastes is essential to all living things.
9, The excretory system in an animal removes waste.

10. Swéat glands in the skin o human beings are organs of excretion
which aid in the control of body temperature. -

s

~
— "y A . .
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II. Living Things

A. Life processes of Living things

Reproduction and Growth

1.

2.

s,

6.

T,

9.

10.

12,

13,

15,

Only living things ean produce living things.

In sexual reproduction, a male cell from oné parent or structure |

unites with a female cell from anotler parent or structure to
produce the new offspring.

The outer structures of a bud may protect the reproductive

st.ructurns of the flower.

Some fruit ard seed crops requ:.re insect polln.nation for hn.gh
production.

The color of the showy parts of a flower very often attracts
pollinating insects.

A, true seed comtains an embryonic plant and its food supply.

Durlng germination most seeds require warmth, oxygen ard mo:.sture.

Because the covering of some seeds is extremely hard,
germination cannot occur until the seed ccat is worn thin,

Scarification (seratching) of a seed cover makes it more
permeable,

Segments of underground stems may be used to propagate sone
plarrbs.

The amount of care and protect:.on given to eggs usually varies
inversely with the number of young produced.

Some species of fish, amphibia and reptlles reproduce by 1ay1ng
eggs while.others give birth to living young.

Different stages in the life cycle of some am.mals take place
in radically dif ferent environments.

The energy‘ ard raw materials for growth and repair are secured
from digested focd.

Disease germs may be. controlled by removing conditions which are
necessary for their reproduction and growth.

R



For dis-cussion purposes only

I,

Living Things "

A, I.d.fe processes of living things

Responsiveness
l.\ ALl living things are sensitive to forces outside themselves.
.2; If an organism is sensitive to a stimulus, it usually responds
- ‘to the stimulus. ,
" 3. All normal living things respond to sudden changes or stimuli
~ in their environment, .
lL. An organism is sensitive to many internal stimuli,
5e¢ Movement of an organism often is preceded by sensing outs:.de |
- 6, The degree of sensitivity and response to a stimulus may very |
- 'within a species, ‘ ,
7. Plants do not have organized. nervous systems.
| B. The sense crgans of higher animals are deslgned to efficiently
- receive only certain types of stimull,
9, - The sense crgans of higher animals receive many qualitative and
: quantitative stimuli and change them into electrical impulses
which are transmitted as nerve impulses to. the brain i'or the .
interpretation and/or other responses.
10. DNerve impulses are electrical pulsat:.ons transmitted by a
' nsuron, _ o _ , C
11. Scme nerves carry impulses vwhich result in sensation or feeling
(sensory nerves).
12, When sensory impulses have been interpreted, motor nerves may
cause the muscles to move, o
| 13. Muscles which can be controlled consciously are oalled volunta.zy
‘ muscles, -
1k, Exercise stimulates responses from respiratory, circulatory,
‘ excretory, and nervous systems of the body.
15, The learning process involves instincts, reflexes s habits and
intelligence, ; '
16, Iearning varies with the learner and the materials to be learned-

7 L  Grade T
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" 1I. Iiving Things
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1.

2,

7.
8.

10.

1,

12.
13.
1.
15.

. All living things are ma'de ‘up of cells.v "

8  Fer duscussion purposes only

o«

B. Histology--minute structure and organi zat:l.on of tissue

A1l living things (organic subst.ames) oontain the elemnt carbon.

The most s:.mple part of a living thing which carr:l.es on ln.fe

processes is the cell. ;

Similar cells of an organism working together to perforn &

function constitute a tissue.

. Many ’on.ssues working together’ﬁo perform a i‘unct:.on const:.uute an

organ,

Organs wcrking together to perform a spec:.fn,c funct:.on are g

Sys tem, (
One complete :LndJ.vidual is an organism,
Organisms are composed of single cells or many cells.

One-celled organisms perform all of the life processes within
the single cell.

- Complex organisms have developed s pec:.al:.zed systems wh:.ch perform :

certain life processes.

Many-celled organisms may be composed of groups of systems

working together.

The outer covering of an orgamsm helps protect 11'. from injury
and from the entrance of dig ease-produo:.ng agen’os.

Each organism carries on life processes.
A1l living things carry on metabol:.sm. ’
Water, carbon dioxide, and light energy are combined chemi cally

(photosynthesis) to produce nmnerous compounds essential to
all plants ard animals . S ,

P N -
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2,

3.
- b

6.

7.

8.

9.
10,
11,
12,

13,

15,

16,

17.

18,

For discussion purposes only e - o | Grade 7

Living Things
C. Taxonomy (gifferences and s:.m:.lar:.t:.es)

'The outer covering of an organism protects the organism from -

d:.sease and in;jury. ‘

Most plant cells sre surrounded by a rigid wall of cellulose
which is outside of the cell membrane, :

The color of an organ:.sm may attract other orgam.sms to it.
In nature, the color of an organism may conceal or d:i.sgu:.se it,

Many of the simpler one-celled plants and ammals have similar
characterzstlcs. .

Protozoans are one-celled animals.

Protozoans, are jelly-like protoplasm s'urrounded by thin
protoplasmic membranes. |

Skeletons of animals may be | either internal or exterual.«

In a vertebrate animal the skeleb al system heips support the
body, gives it shape and protects vital organs. |

Fn.sh, amphibia, reptlles s birds and mammals are animals with
~ backbones. .

Some species of fish, amph:.bia, and rept:.les reproduce by laying
eggs, while others give birth to living young.

The amount of care which animals give their young tends to vary
inversely with the number of young produced.

Carnivores, herbivores, and ominovores have certain structural
adaptat:.ons suited to their methods of food~getting.

- Fish, amphibia, reptiles, birds and mammals include spec:.es which

are herbivorous, carn:.vorous s or omnivorouss
Warm-blooded animals are usually act:.ve during all seasons,

Some warm-blooded animals may cool themselves by formation of
perspiration on the body surface or tongue which evaporates
and cools the animal, |

Cold-blooded animals must hibernate or estivate during periods
--of extreme temperat.uresu

Birds and mammals contain mechanisms which enable them to keep
a.relatively constant body temperature, |

1



ﬂ Grade 7

10 For discussion purposes only

II. Living things

C. Taxpnopy (differences and similarities), (continued)

19 »

20,

21,

22,

Plants are very often classified into five main groups: the
algae, fungi, liverworte and mosses and ferns, and the seed

plants.,
Algae are simple green plants without roots, stems or leaves.
A true seed contains an embryonic plant and its foodvsupply;

The bites or stings of some animals are poisonous in varying
degrees to some human beings.

T 2y
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8.
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7.
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10 .
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11,

12,

3.

- Adaptation to environment

I.iving things usually react. to changes in their physioal
envrronment. - .

D:.ﬁ‘erent living things have different temperature requirements.

Iiving things are limited in the temperature range and
temperature extremes which they can t.olerate.

’ The temperature of warm-blooded am.mals is eontrolled by the f

organism, not by its surroundings. o

‘Many plants in the temperate zone make seasonable adjustments

0 their environment,

In the fall in the temperat.e zone deciduous plants lose their
leaves and store mogt of their sap in roots h;elow ground.

kDifferent living things have different pressure requirements.

Living things are lirru.ted in t.he pressure range and pressure
- extremes they can tolerate. : .

Man is more able 'bo adjust to changes a.n h:l.s emriromuent 'bhan

most other organisms.

The 1ife gpan of living thinge differs ‘with spec,ies and between o

members of. ths same spec:n.es.

Usu.ally animals producing few offspring tend ‘bo provide o
reteetion and care,

Animals whioh are the prey of other an:.mals often have external
body structures and keen sense organs for early detection of
approashing enemies. , ' . :

Most herbivorous animals have epeeial adaptations for: masticat:.on
and digestions ‘ -

( .

‘In nature the color of an organism may conceal or disguise it. .
‘The color of an orgenism may attract other organisms to it. |
‘The ouber covering of an- organ:.sm helps protect. it from in:)ury

and from the entranee of disease-producing agents.

~ Lack of cleanliness usually provides a favorable env:.ronment

for disease germs.

Living things are d:.rectly involved in the water eycle. .

e T ‘ - B : ‘
X ) : . o ~
: N . g ;
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| D; Ecology

Adaptation to environment (continued)

| l9..

| 20.

21,

22,
‘23,
2l

26,

4

Plants absorb water through their roots and glve 1t off
through their leaves;

Tremendous quantities of water are transpired by plents.

Organisms are sensxtive to. the amount of moisture in their

enviromnents. .
The optimum water content of all living things is not’ the same' :
Energy for lii‘e is furnished by the rad:l.ant energy of the sun,

Manv :l.iving things are sensitive to light and w;l.ll move to
~ secure an optimum amount of 1ight. | |

A1 living things have an important ei‘fect on the dynamic |

equilibrium in nature, -

All organisms in a community compete for the available food
' S\IPPIYO . .

Food, oxygen, carbon dioxide, and certain optimal conditions
- of temperature, moisture and light are essential to the
life of most liv:.ng things. o

A species usually survz.ves even though an environment varies |
from year to year, .

* There is a maximum. number and/ or smount of game and fish

which can be supported on a given areas

Excessive fishing has removed relatn.Vely large numbers of the N
big game £ish which normally eat smaller fish causing -
~ over-population, starving conditions and stunted growth
in the remaining game fish. | SR v

' To enable an area to annually produce its maximmn of wild

game, laws controlling the yearly hsrvest are published
in each state. 4 . .

Some orgam.sms ilive together i‘or mutual benefit.
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D, Ecology

)

Plarrb and animal o:mnmnnii:ise

1; .

2.

3.

Groups of plants and am.mals which furm.sh food for each o'hher in
- a consecutive order are known as a food chain,

. Plants and animals wh:.ch have similar envaronmental needs tend .

to 1:|.ve toget}*er in commumties, |

Man may accelerate the dispersal of hv:.ng th:x.ngs,

- Many herbivorous animals are usually necessary to i‘urnish the

food for on:. carm.vore.

/

carnivorous ana.mals are 1ndirect1y depe ndent on the plant life
“of an area. - : o

, Most’ animals wh::.ch are carnivorous have specz.al adaptations for -

“food get’olrg .

- Some gregarious animals live in 1arge oolon:.es as a highly

organized so oa.al community

Some plant and animal diseases are cormnunica’ole.

- /
. Plants or am.mals cause some diseases.

Optimum oond:.ti ons for disease germs incl ude warmth, food supply R
mo:.sture 5 and lack of sunsh:.re. \

. Antiseptics and disinfectants are usua.lly used to inhib:.t the
- existence of disease germs. o | ,

i

Some paras:.t:l.c orgam.sms require two hosts for the comple tion of
their life cyoles. N (R

-‘ Many paras:.tic plan*b and an:.mal d:l.seases are caused by i‘ung:l..

A parasite is usually harmful to :Lts hosb. :
Some organisms build and enrich the soil.
The decay and disintegration of dead organisms enr:.ch the soil.

. Some’ land masses are formed from the skeletal remains of 1arge

‘quantities of certain animals., =~

" Paleontology is usually studied as a part of geology and/or

biol ogv .
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Economic value of liv:trg thlngs

1.

3

.

-

7.

8.

10. |
1.
22!
.

1k,

16, 8

17.

There are chemical color tests for prdte:.ns of which most common

is the Anthroprota:l.c Test (n:.tr:.c ac:l.d).

2. A number of chemical tests ‘have been dev:.sed to ..dentify

carbohydre tes.

‘The class:mficat::.on oi‘ orgam.c nutr:n.ente as carbohydrates,

prote;ns ard fats is a chenu.cal class:l.flcat:.on.

Some processed plant products used in owr da:.ly livang often are
classified as chem::.cals. .

vSplces are processed from the various parts of certam planbs.

L:va.ng thn.ngs ard t"he:.r products are man's naturel resources for
food, clothlng and shelter. . o

Some synthet:n.c flbers have qual:uties wh:tch are supern.or to those

of natural fibvers.

Men's comfort and economic status 1s largely determined by the

beneficial and harmful effects of the ln.vn.ng thn.no's in his
environment. e , V :

-

COnsumer educatn.on infarmation & .hould help peOple to secure value
~ received from purchases. :

Man protects useful Jiving th:.ngs hy provid:mg them mth favorable
emr:n.ronments and by destroy:.ng the:Lr enemies.

Domesticated an:.mals are under cons tarb attack "from predators »

d:.sease causers and ca:rr:.ers ) an:l annoylng insects and erachnids..‘

Man must control pathogemc orgamsms wh:.ch are enemies of
domest:.c ard economa.c plants and aninals. |

| Desirable hybrn.d plants and an:.mals often are very suscept:.ble

to d:l.sease.

Man furnishes protectn.on for many econom:.cally important ‘species.

Cnly a few species of insects do most of ‘the ser:.ous damage to

crops,

| Some mammals and certain species of insects may destroy valuable

' crops and forests. -

Mary animal disease carr:.ers affect the health and econom:.c well
be:a.ng of man. : o

}

. P
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II.

Iiving Things

F. Man's protection of wlldlife

1.

2.

3.

9.

10.
11,
12.
13.
k.

15,

State and private game farms pi'ovide sheltered reproduction
areas for wild game. - | ' ..

The taking of fish and game should be regarded as a "harvest" in
which the mature are removed so that ths young may have more
favorable corditions for growth.

In conservation debisibns, sembimentalism must be replaced with
economic and social judgments. - , o

The finds of valid research must be spplied £o currert problems
in conservation. | ' ,

Good conservation practices have been in use for a long time in
some old-world countries.

The people of the- United States have( been dilatory in practicing
good conservation, | ,, |

Societies terd %0 practice conservation oniy {when natural rescurces

. approach depletion,

‘There is a maximum nunber ard/or amount of game ard fish which
can be supported on a given area. |

Excessive fishing has removed relatively large numbers of the
big game fish, which normally eat smaller fish thus causing
overpopulation, starving corditions ard stunted growth in ihe
remaining game fish. | |

| Unregulated hunting has diminished the supply‘bf some species of

- wild game to the poinb of possible extinction.

The expansion of human settlements steallily encroaches upon
wildlife habitatn. .

To guarantee crop-producing land for the future, soil utilization
and improvement practices must be employed.

Whén water is removed more rapidly from the ground than it is
replaced by precipitation, tle water table is lowered. -

The plosing of semi-arid, flat, wind-swept grasslands tends to
create "dust bowls". |

Minerals required for plant growth must be replaced to maintain
soil fertility. ‘ | '

Althowgh nitrogen is very abundant in the air and exists in all
livirg tisswes, plants can obtain it only from soil minerals,

Living things help to form and change the soil,
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Living Things

F, Man's protection of wildlife (continued)

18,
19.

20,
21,

22,
23.
2L,
25.
26.
21.

28,

Mosses and lichens aid in changing rock into soil.'

Reforestation and 1mproper plowing of sloping fields help to
create floods, .

The rate and amount of erosion is increased by deforestation.,

A deforested region ceases to act as a ground reservoir for the
storage of water,

In many places the water tables are lowered by heavy demands for
-water.

Man must control pathogen1c organisms which are enemies of
domestic and economic plants and animals,

Desirable hybrid plants and an:mals often are very susceptible
to disease, /

Many of man’s'efforts to control his environment have produced
undesirable results. '

'Nhn can control some pests by 1ncrea81ng the number of their

enenies.

The use of chemical po1sons are seldom speclflc and'when used
may destroy other organlsms.

The indiscriminate use of poisons may destroy birds, insects;
and soil organisms which are beneficial to man.
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G. Human body
1. Individuals have re spbnsibilitiés for self-imposed isolation
. when contact with other people would spread an infectionm.

2., Many animal disease carriers affect the health and economi.c well
being of man. |

3. Excrement from sick people very offen contains the causative agent
faor the disease. : , ‘

h. Biological materials harmful to man include disease causitives
‘ard carriers, and annoying ard polsonous plants and enimals.

g, Physical therapy is recognized as an impcertant factor inthe

. rehabilitation of muscular impairment. »

6. Rehabilitation of some disabled individuals may be accomplished
if adequate facilities for research and treatment are
availabls. ) : |

7. Modern medical and surgical advancements are inereasing the
success in romoving and/ar replacing body structures.

8. The human body is ¢omposed of several majér Systems adapted for
carrying on specific 1life processes. . - .

9. FEach individual matures at a dif ferent rate.

10, Physical, emotional and mert al maturation do not necessarily

- pregress at'the same rate in an ind;‘!.vidual.

11, Among the most common chemical activities of tke human bogy are
digestion of food, oxidation of simple foods, and assimilation
(synthesis of living materials). -

12. Some fluids formed inthe body take part in the prodess of
digestion.

13+ People are both carnivorous and herbivorous.

1L, ' Althowh it is possible for a variety of plant foods to furnish
man with the essential amino acids, arimal foods can supply
them much more efficiemt Iy .

15. The essential amino acids needed by tle body can be acquired

- nore efficiertly from animal protein than from plant protein,

16. In order for the body to btuild human proteins, certain essential

| amino acids must all be present at the sam time,

17. When the human body is healthy its temperature tends to vary
within a restrict_ed renge. | |

18.‘ Man has vesy little ability to control certain body functions.
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II.. Living Things |
G, Human bHodv (continued) | | . | 4~

19, The human body must be able to constantly readjust to a wide
variety ard a changing amount of activity.

20. Dwirg resﬁ, the body is able to continue self-repair.
21, Usually during sleep the rate of ma.ny body activities decresases.

22. In the clotting of blood a metwork of fibers fams a barrisr
preventing further bleeding.

23. In order to expedite bloocd transfusions a system of blood“
typing has been developed. , - . |

2h. Mary fé.‘ctors are involved in blood typing, and thereforé,' the
‘blood of two individuals must be carefully matched befare a
_transfu’sion is begun. o 4 ’

29, . Ultraviolet light in intense or prcl_ohgéd doses on human skin
causes sunburn, '

26. A1l human beings are born with the same in_stincts.'
27, Bach part of tle brain appears to have a specific function.
28, Habits are developed by repeated acts. | o by

29. Learning is the acquiring of the sbility to act ina definite
way to a definite stimulus. - B

. TIn addition to good mobivation amd learming methods, a

favorable enviromment is required fcr the ready acquisition
of knowvledge and skills. -

31, Learning tends to be more rapid when environmental conditions
are favorable. | ‘ | _

32, A high degree of motivation speeds learnirg.
33. Pe_rsonal gatisfaction is a strong motivator ‘for - learning.
3., Learning varies with the learner and the materials to be learned.

35, Maximun use of individual potentialities may be more fully: |
attained by effective education,’ training and counseling.

36. In ow civilization we need to make use of all human potentialities.’

. Knowledge amd self-discipline are important factors in accident
/ prevention, -

-

PN N
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II. living Things
:H. Aeathetic values

1, As leisure time inereases, methods of rélaxing and “changing
pace! become increasingly importarb. ' .

2. Some varieties of plants may be used to beautify stfeets, parks

ard public places as well as to landscape homes and private
buildirgs. \

ut-of ~doore require &ll citizens to

3. Good manners in the o
preserve the natural plant and animal habitats of desirable

species.
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I. The Earth
Water

A, States of water
15 Physicél ﬁroperties of water change as it changes state.
2. Water in a measurable amount is contained in plarts ard animals,
3, Water exerts pressure in all directions on submerged objects,
k. Water (all liquids) is mearly incompressible .4
5. Water is an important solvent.

6., Water occurs in many materials in either .a free or combined form,

B. The water cycle

| 1. Water is continuously moving in a eycle from the earth's surface
. - to the atmosphlere and back to the earth!s surface
(hydrologic cycle).

2, Distillation is the process vhereby water is evaporated and
condensed,

3, The upper level of the ground water is known as the water table.

L. The ground water which is absorbed into the soil during a rain
is a reservcir of water between rains.

5. The ground may serve as a reservoir for water.

6. Various soils absorb water at different rates.

. ERIC

Aruitoxt provided by Eic:
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I. The Earth
Water
C. Economies of the study of Water

1.. Man depends on scientific knowledge and practice to control the
contamination of ouwr water supply.

2., Water used for human con'sumpti‘on is purified by nature and/or
through special filtration ard chemical treatments by man.

-3, Sewage and waste water from a community shculd be returred to
their sowrce in an unpolluted form.

L. The hardness of water is determined by its mineral content.

\
5. The cleansing action of soaps in hard water is reduced by the
chemical action of soap ard dissolved minerals.

6. Water is made soft by reducing the mineral content of the water,

7. Tte cleansing action of detergents is not reduced by the
dissolved minerals in the water.

8. The washing of clothes involves a physical action of removirg the
' dirt from the clothes,

‘ EKC

Aruitoxt provided by Eic:
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I. The Earth

Air

A. Definition and/or Bescription of &ir

1.
2.
3.

Te

8.
9.

10.

Nitrogen is the most plermbiful gas in the atmosphere.
Nitrogen dilutes the oxygen of the air so that life is possible.
The nitrogen cycle depends on ths action of bacteria.

Nitrogen from the air is changed to soluble nitrates by the action
of certain bacteria. : .

Mitrogen is given off to tle air through the decomposing of
dead organisms by bacteria. :

Carbon dioxide is found in small amounts evenly distributed over
the earth.

The changes in temperature in air account for the evaporation
and condensation of water which is impartant for living
thinga.

The stré.tosphere is a layer of the atmosphere above the
troposphere which is usually considered to be unchangirg.

The chemisphere is that layer of the atmosphere where solar
radiation effects are most evident.

The inosphere protects life on the earth by absorbing ultra-
violet rays. .
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I. The Earth
Air

B. PEconomic importance of air
1. The air which mary living things breathe is a mixture of gases,

2, An increased smount of oxygen over the normal percentage found
in the air aids breathing ard combustion.

3. Pure oxygen causes too much chemical activity in living things.

L. The oxygen of the air combines readily with most of the
substances on the earth's surface farming oxides..

8., The oxidation of metals is caused by the chemical reaction of
the oxygen in the air with the metal.

6. Aip acts as a modifier to extreme changes in temperature,

7. Alr conditioning jinvolves the control of temperatﬁ're, humi.dity,
© and the amount of undesirable materials in the air.

8. Human efficiency inwork o taations is improved with air
conditioning. ~

9. The spr‘ead of many communicable diseases -apparently is controlled

by the use of ar conditl oning equipment.

10. In certain industries air conditioning is necessary for the
manufacture of precision products.

11, Many of our industriél ard commercial operations -or devices
deperd on air in motion. : :

12. Continued cooling of &r causes the various sases to Liquify.

13, ‘Marv industrial ar domestic tools and devices depend on the use
of compressed air.

1}, Explosions involve the proportional mixture of fuel and air,

JHS:de
T-2-63
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In The Lab

Conducted by Kenneth Y. Perkins
THE CARE OF THE MICROSCOPE

The microscope is an important research and instructional tool in
most phases of biology. For this reason, the beginning student will
find that time given to learning the proper use and care of the
instrument will be well spent,

1. Always keep the microscope clean. When the instrument is not
in use it should be covered with a plastic dust cover and stored in
a closed cabinet, The entire microscope should be cleaned before
and after each use,

The lenses should be wiped clean with lens paper. This is a soft
absorbent paper made especially for use on lenses; any other material,
regardless of how soft it feels, may contain abrasives which will
scratch optical surfaces. Never try to work with dirty lenses.

The body of the microscope should be wiped clean with a soft cloth,
An occasional wiping with a touch of good grade oil will help
preserve the metal surfaces.

2, The microscope is a precision instrument which must be carefully
aligned to function properly. Anysevere shock will destroy this
alignment. Whenever you are using the instrument give it the care
and respect it deserves. When moving the microscope from place

to place always hold it securely in both hands. Grasp the arm of

the instrument in one hand and rest the base in the other,

3. Never take the microscope apart. The eyepiece should be left

in place except when it is exchanged for one of different magnification,
Keeping the microscope together prevents dust from getting on the
inside lenses and reduces the possibility of getting the lenses

out of line,

b. Keep both eyes open when you are using the microscope. This
will seem difficult at first, but with a little practice it will
become easy. it will also help if you learn to use either eye,

If light coming into the unused eye is distracting, try placing

a piece of black construction paper on the table under the
microscope. Another trick which helps is to lTook into the
microscope out of the corner of your eye until the image is clearly
in view; then slowly turn your head intc 8 more comfortable
position while concentrating on the image.

5. Always use adequate lighting. The quality of the image you
obtain with the microscope depends a great deal on the quality of
the light source, Microscopists often use a blue filter for a more
comfortable light color.
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Mr. Spencer . .. and the microscope

Charles A. Spencer of Canastota, New York,
made the first American microscope in 1846. It
won for kim instant recognition as one of the
world’s greatest microscope makers. Eurgpean
manufacturers were amazed that a “backwoods
American” could make such a precise instru-
ment, and Professor J. W. Bailey of West Point,
a world-famous microscopist of that day, called
it “a proud triumph for American art”.

Charles Spencer died in 1881, but his son, Her-
bert, remained to carry on the business. In 1890
he moved to Buffalo, N. Y., to establish the
Spencer and Smith Optical Company. The name
was changed in 1893 to Spencer Lens Company
and remained so until 1935 when it became the
Instrument Division of the American Optical
Company.

The parent American Optical Con.pany, itself,
has a continuous history dating back to 1833 and
is the world’s largest manufacturer of optical
products.

The Instrument Division has been outstanding
in the progressive development and production
of microscopes for over 100 years . . . was the
first in America to produce apochromatic ob-
jectives, side fine adjustments, attachable mechan-
ical stages, fork-type substages, converging tube
binocular microscopes, divisible substage con-
densers, dark field illuminators and AUTO-
FOCUS. International recognition has also been
gained for pioneering such outstanding aids to
the Sciences and Industry as the Phase and Inter-
ference Microscopes.

Charles A. Spencer, 1813-1881,
rst American microscope builder.

OVER 125 YEARS
OF LEADERSHIP

IN OPTICS

P




. In 1958, American Optical began a series
of advertisements called “AO Reports on
Teaching With the Microscope!” This book
contains the first thirteen of these “Reports.”

We have printed them in a single volume

in response to requests from hundreds of biology
teachers. Their fine comments concerning

the value of these experiments have

been very gratifying.

We offer this book in the same spirit that
prompted us to produce the original ads, hoping
that these practical experiments may provide
fresh ideas and added incentive for creative
teaching with the microscope.
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AO Reports on Teaching with the Microscope

Exposing the Embryo . . . or if not the answer, at ieast an insight
into the old question of which came first, the chicken or the egg

Our experiment won't give your students the
answer to which came first, the chicken or
the egg, but it may give you some idea as to
the unique potential the stereoscopic micro-
scope provides for truly creative science
teaching. You can use it to stretch your stu-
dents’ minds to 3-dimensional microscopic
worlds beyond the ken of their every day
experiences.

It's no coincidence, of course, that AO has
an excellent stereoscopic microscope to offer.
Perhaps you already know about our new
line of Series Forty stereoscopic microscopes.
More and more of them are going into High
Schools, and Junior Colleges. Science teachers
like their dependable performance and almost
indestructible ruggedness. School adminis-
trators like their low cost.

If you have Series Forty Micrescopes we invite
you to try this classroom tested experiment.
If not, you may want information about the
instrument. We'll be glad to send you our
color brochure. Just write to American Optical
Company, Instrument Division, Buffalo 15,
New York and ask for Brochure SB40.

EXPERIMENT

Studying th» growth of a living chick embryo

MATERIALS AND PREPARATIONS

1. Supply of fertilized chicken eggs — pre-
ferably 24 hour chick embryos. These can be
obtained inexpensively from any hatchery.

Tusn(aomnzn é 150 W/ATT suLB

EGGS IN |
PAFIIR'N\/ACNE CARTON l

I < CUT-A'WAY VIEW OF CARDBOARD CARTON
ABOUT 20 INCHES LONG BY /£ INCHES WIDE

A

2. Incubator: (See diagram). Optimal tem-
peratures are 90° - 110° F. Place small pan of
water in incubator for proper humidity
(about 60%).

3. Egg Candler: (See diagram B). To candle
simply place egg over hole. (Candle in dark-
ened room).

4. Set up Series Forty Microscope. Melt par-
affin and keep hot. Cut “nest’ from papier

mache’ egg carton. Have sharpened steel
needle, tweezers, wide mouth medicine
dropper, sharp manicure scissors, small brush
and clean cover glass ready at hand.

o CUT HOLE
@ 2" IN OIAMETER

QUART
JUICE CAN
A
.
o A 100OWATT BULS
'— "'\\
Vi A Y
] 3=
PORCELAIN . g
RECEPTACLE *., _.'
\ =~

B8LOCK OF
WOOD FOR BASE

PROCEDURE

1. Select 2 - 4 day old egg. Candle egg to
locate position of embryo. This will appear
as a shadowy network of blood vessels (area
vasculosa) radiating from an indistinct dark
spot, which is the embryo.

2. Mark position of embryo on shell with
grease pencil . . . do not rotate or roll egg
since embryo may shift. Place egg in nest with
embryo up.

3. Cut window about size of dime over em-
bryro. Start by carefully picking with needle
until small hole is raade. Then insert point of
manicure scissors into hole and cut (see pho-
to C). Use tweezers to remove pieces of shell.
Very carefully puncture egg membrane (im-
mediately under shell) and remove with
tweezers. Embryo should now be exposed
on top of yolk. Remove excess albumen, if
necessary, with medicine dropper.

camel hair brush apply melted paraffin to the

edges of the window. Gently place cover

glass over the window. Seal edges with par-
affin. (See photo D).

5. Place egg under microscope for study. (See
photo E). Chick embryo will remain alive
for many days and its nervous and circulatory
systems can be observed and wing and leg
buds can be detected in various stages of em-
bryonic development. Keep cgg incubated be-
tween observations. Use of sterile technique
(wash instruments in 709, alcohol, rinse in
sterile .9% saline solution) will keep the em-
bryo alive for a longer period.

! , o \
N Al i v o o
:
A a
,

OBJECTIVES: This experiment, of course
does not attempt to impart a fund of know-
ledge concerning embryology. However, it
lends itselfideally to the achievement of many
basic science teaching objectives; i. e., the
principles of reproduction and heredity; in-
strumental and manipulatory skill; appreci-
ations of the work of scientists and the scien-
tific method. And finally, because this
experiment has been actually used in class-
rooms, we know it creates an interest in the
broad field of science.

. AO Model

No. 42
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AO Reports on Teaching with the Microscope

Sanguinary explorations among the monocytes and neutrophiles... or uarcism in the classroom.

Someone of sublime wisdom (Schopenhauer,
we think) once said that, “’things in general
become absorbingly interesting when related
specifically to ourselves’’. With this in mind
we herein offer a teaching experiment on the
observation of red and white blood cells
which provides an clementary excursion into
the mysteries of the human blood stream.

The basic technique given here for obtaining
blood and making stained smears is used by
trained clinical laboratory technicians and
physicians seeking vital diagnostic informa-
tion. Used in your s
classroom, it can bring '
real drama as your stu-
dents study their own
blood.

You'll need good mi-
croscopes for this ex-
periment. . .scopes
with the qualities of a
professional clinical
laboratory instrument. |
Series Sixty microscope,
with excellent image
quality, precise finc ad-
justment and rugged-
ness, is ideal. )

If your lab is equipped with these microscopes
(as countless school labs are) you're all set.
If not, and if you want information about
them, just write to Dept. 72, American Optical
Company, Instrument Division, Buffalo 15,
New York and ask for Brochure SB60.

EXPERIMENT
Observation of Red and White Biood Cells

MATERIALS AND PREPARATIONS

Blood lancet or sharp needle; 2" x 2” gauze
squares ; 70 % alcohol; microscope slides and
cover glasses; vaseline; Wright's Stain (in-
expensively obtainable as a ready-to-use solu-
tion from any laboratory supply house);
distilled water; normal saline; medicine
dropper; AO Spencer No. 66 compound
microscope equipped with 10X, 43X ob-
jectives and 10X eyepiece (oil immersion
97X objective would be ideal).

Set up microscope; clean several slides with
acetone and polish dry with clean cloth; rim
a cover glass with vaseline; sterilize lancet or
needle over flame and place in 70% alcohol.

PROCEDURE

1. Scrub middle finger of willing student
“patient” with gauze soakedin 70% alcohol.
Wipe dry. Grasp finger between thumb and
index finger and squeeze down toward tip;
a slight prick with a needle or lancet will
yield abundant blood which should form in
firm drops if finger is absolutely dry. (Fig. A)

2, Place drop of blood on end of one slide
and touch end of second slide to it (see Fig. B)
at an acute angle ... push second slide over
first to make thin blood smear. Make several
slides and allow to dry.

19

Fig. B

a. Observation of whole red blood cells: While
smears are drying, place another drop of
blood on clean slide . . .add drop of normal
saline and place vaseline rimmed cover glass
over mixture. P ‘ess until thin film forms and
vaseline makes air-tight seal. Observe under
10X and then 43X. .. whole red blood cells
can be seen suspended in the plasma-saiine
solution. (Fig. C)

Fig C A z ”
Red blood cells

b. Differential staining of white blood cells:
Place dry smear on rubber stopper (stain in
sink or disposable catch pan, i.e. made of
aluminum foil). With dropper, cover slide
with 30 drops of Wright's stain, allow to fix
for 1 minute...add 30 drops of distilled
water. Blow gently on mixture until metallic
film forms. Let stand 4-5 minutes, then flood
stain off with tap water. Blot dry and observe
under microscope. Locate thin edge of smear
with 10X and then switch to 43X (oil im-

mersion, 97X is preferable). Red blood cells
will appear a faded pink or orange color. The
different kinds of white blood cells will be
stained in varying shades of purplish-blue
and eosin, a yellowish-orange color; pebbly
clumps of platelets (necessary factor in blood-
clotting) will be stained a pale blue. (Fig. D)
Under oil immersion, and even under 43X,
the various white blood cells can be easily
differentiated as polymorphonuclears, seg-
mented neutrophiles, monocytes, etc., by
differences in nucleii, cell sizes and staining
characteristics. (See Kracke and Garver: Dis-
eases of the Blood and Atlas of Hematology for
color plates of actual white blood cells differ-
entially stained).

Fig. D
White blood cells from stained smear

c. Importance of differential white blood counts:
During the course of a disease, the total white
blood cell count increases or decreases. How-
ever, the doctor must also know the #ype of
cell involved. For example, a high white
blood cell count with a preponderance of
lymphocytes indicates the possibility of
mumps, whooping cough, German measles
or leukemia. A large number of neutrophilic
cells indicates possible rheumatic fever,
localized acute infection, or scarlet fever.

OBJECTIVES: This elementary hematolo-
gical experiment achieves these science ob-
jectives: a fund of knowledge about the hu-
man body and the physiology of blood; skill
in the use of the compound microscope and
an appreciation of its application tommedicine;
clinical laboratory techniques and their diag-
nostic importance.

AO Model
No. L615A-U1
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AO Reports on Teaching with the Microscope

An old box camera, some cardboard and model airplane cement ... or do-it-yourself photomicrography.

Without question the microscope and
the camera have a certain natural affinity
for one another. Everyone, it seems,
who has ever looked through a micro-
scope and used a camera has had the
destre to apply the one to the other and
photograph the invisible detail revealed
to his eye.

American Optical profits in a small way
from this affinity, manufacturing a truly
excellent photomicrographic camera at
a most reasonable price. Your request
for the $300.00 plus required for one
of these precise research instruments
would get shore shrift, however, from
your school administrators. So, without
fear of losing business, we can proceed
to outline our lictle plan for a very rudi-
mentary, do-it-yourself photomicro-
graphic camera set-up that would be en-
tiely adequate for preliminary student
excursions into the art of photomicro-

graphy.

TAKE ANY OLD BOX CAMERA

Our photomicrographicset-up will con-
sist of an ordinary box camera for hold-
ing the film and acardboard boxarrange-
ment for focusing. Any old clunker of
a box camera will do ... just make sure it
has a setting for time exposure.

CONSTRUCTING ADAPTERS:

Construct two cardboard adapters, one
inch high out of stiff cardboard (1/16"
approx.) and model airplane cement
(see fig. 1). Holes should be cut to fit
snugly over microscope eyepiece.

PROCEDURE FOR
ADAPTING CAMERA:

Remove lens from camera, (reflecting

surfaces of the camera lens will produce

glare, ot “hot spots” on film). Tape one

adapter to camera, (see fig. 1). Load cam-

gra with standard panchromatic roll
Im.

PROCEDURE FOR CONSTRUCTING
FOCUSING DEVICE:

Construct eight inch high cardboard
viewer by cementing three sides around
second adapter (see fig. 2). After three
sides are cemented, mount ground glass
(ground side down) to cardboard shelf
and then cement on fourth side.

NOTE: Ground glass must be same dis-
tance from face of adapter on viewer as
film plane of camera is from face of its
adapter (see fig. 2).

S1DE OF VIEWER
SIDE VIEW OF CAMERA
WITH BACK REMOVED
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PROCEDURE FOR TAKING
PHOTOMICROGRAPHS:

1. Focus specimen under microscope.
Be certain that the field is brightly and
evenly illuminated. Then place focusing
device over the eyepiece and focus mi-
croscope until image is as sharply de-
fined as possible on the ground glass.

2. Turn off substage illuminator, or in-
terpose black, opacLue paper between
light source and substage. Replace fo-
cusing device with camera. Set camera
to time exposure and open shutter.

3. Turn on substage illuminator or tre-
move black opaque paper . . . this will
expose the film. Kfter proper exposure,
turn oéf substage illuminator or reintro-
duce black paper. Close shutter before
removing camera. The camera shutter
is used only to make the camera light-
proof when it is not in use. Do not use
shutter to expose film. The tripping of
the shutter would create a tremor re-
sulting in a blurred photograph. Also,
be careful not to set up any otEer vibra-
tions that will shake camera during ex-

osure.

his do-it-yourself photomicrographic
set-up is very convenient and very ade-
quate. It’s always ready and no elaborate
adjustments are necessary.

NOTE: The following notes on micro-
scopes, illumination and exposure are
offered as guides.

N5

A. MICROSCOPE: The microscope
should be equipped with achromatic
objectives and preferably, though not
essential, an iris diaphragm and con-
denser. The AO Spencer 66 series student
microscope provides just the ticket...
its rugged, dependable and has the same
mechanical and optical precision found
in laboratory microscopes. If your lab
already has number 6G’s you're all set to
go ahead with your camera set-up. If not,
you may want some information. Just
writc to American Optical Company,
Instrument Division, Dept. 72, Buffalo
15, N. Y.

B. ILLUMINATION: A substage at-
tached illuminator will guarantee the
evenly illuminated field necessary for
good photographs...the negative will
show up uneveness even where the eye
will fail to notice it. Here, we are using
the AO Spencer 66B Microscope equiT-
ped with the low-cost 616 attachab
substage illuminator.

C. EXPOSURE: Exposure is 2 matter of
experience. If you use the microscope-
illuminator set described above, you can
useche following information as a guide.
The Photomicrograph (see fig. Si was
taken at 100X magnification (10X eye-
piece, 10X objective) with three second
exposure using Kodak Verichrome Pan
film. Our trials showed that one to three
second exposures yielded good results.
For other magnifications you can use
the following rule of thumb as a guide.

1. 430X magnification(i0X eyepiece,
43X objcctive). Expose 4 times as
long as 100X.

2. 970X magnification (10X eyepiece,
97X oil immersion objective). Ex-
pose 2 times as long as 430X.
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AO Reports on Teaching with the Microscope

Measurements through the microscope...or how to clock a speeding protozoan

We don’t know who he was or when it hap-
pened, but the man who made the first meas-
urement and recorded it, probably became
the world's first true scientist. Man has been
gathering and recording measurement data
ever since ... virtually nothing escapes his
tape measure. The astronomer uses light-
years to measure the infinite reaches of the
universe; the microscopist uses microns to
measure a universe that recedes into infinite
smallness; in between lies a vast army of
scientists measuring everything on or be-
neath the earth . .. indeed, the earth itself ...
using every conceivable unit of measurement.

The scientific method requires, essentially,
the gathering and recording of data... this
can be, in itself, an exciting thing. Students
can find this to be particularly true as they
use the microscope to measure the “unsee-
able”. We hope the following tips on makin
measurements through the microscope wiﬁ
give your students a new appreciation of this
aspect of the scientific method.

MEASUREMENTS THROUGH THE
MICROSCOPE

1. ESTIMATE SPECIMEN SIZE

If the field size provided by the objective—
eyepiece combination is known, the size of
comparatively large specimens can be esti-
mated simply by determining how much of
the field the specimen covers. Approximate
fiei ' sizes provided by the three standard
maguifications are as follows:

IOOXQIOX obj.,10X eyepiece)=1500 microns
430X (43X obj.,10X eyepiece; = 350micions
970X (97X obj.,10X eyepiece)= 150microns

To determine field sizes of other low power
objective/eyepiece combinations, simply fo-
cus on a millimeter scale using oblique illu-
mination (light directed onto surface of scale
to reflect off and up into optical system of
microscope). You can convert millimeter
readings into the microscopists’ standard
unit of measurement, the micron. One mi-
cron is equal to 1/1000 of a millimeter.

2, CROSS-HAIR EYEPIECE

A cross-hair in the eyepiece will mark off the
field of view into approximately equal quad-

rants, thus making it easier to estimate speci-
men size, particularly if specimen covers less
than half the field. Here’s how to make a
cross-hair disc and insert in eyepiece.

A. Select a thin washer of proper diameter
(approximately %") to fit inside eyepiece.
Use human hair (preferably blonde because
it is finest) and model airplane cement to
fashion a cross-hair over thewasher, see fig. 1.

B. Unscrew top lens element from eyepiece.
Place washer with cross-hair in eyepiece di-
rectly on diaphragm . . . replace top lens
element.

3. ESTIMATING SPEED OR MOVEMENTS
OF LIVE PROTOZOA, ETC.

Interesting exercises into the realms of rela-
tivity and mathematics can be worked out
using live protozoa. Observe protozoa under
low power and use stop watch to calculate
time required for one specimen to traverse
entire field or portions of field divided by
cross-hair. Microscope magnifies size only,
not time. Converting microns per second to
the familiar miles per hour results in in-
creased student understanding of the various
units of measurement.

4, EYEPIECE MICROMETER

Exact measurements can be made by means
of a scale, or micrometer disc, placed in the
eyepiece. The divisions in the eyepiece mi-
crometer disc have arbitrary length. The ap-
parent length depends upon the total mag-
nification used. Therefore, before the disc
can be used to measure a specimen, it must
be calibrated for use with each combination
of objective and eyepiece against a stage mi-
crometer. A stage micrometer has divisions
of true length. The AO Spencer stage mi-
crometer, Catalog Number 400, has a 2mm
scale divided into 200 parts. .. each part
measuring .01 mm. Every tenth_part on the
scale is numbered, see fig. 2. If you want
complete information about eyepicce mi-
crometers and stage micrometers just write
to: Dept. 72, American Optical Company,
Instrument Division, Buffalo 15, New York.

WWWWWWMWWWWW

A. Unscrew top lens of the eyepiece. . . in-
sert eyepiece micrometer, ruled side down on
the diaphragm within the eyepiece. Replace
top lens.

B. Place stage micrometer on microscope
stage...focus sharply with 10X objective.
Rotate eyepiece and move stage micrometer
until both scales are in juxtaposition along
the same axis and both scales are even at
one end, see fig. 3. Now count the number
of arbitrary divisions of the eyepiece mi-
crometer that fall within a specific true dis-
tance on the stage micrometer. In fig. 3,

for example, the first 21 divisions of the

eyepiece micrometer (Y) fall within 7 di-

visions of the stage micrometer (X). We

can find the calibration constant (C) simply

by dividing the true distance (X) by the num-

?;; of divisions of the eyepiece micrometer
s i.ee

C = .003 mm; or 3 microns

Now, using this as an example, if aspecimen
is measured against the eyepiece micrometer
scale and found to span, let us say, 10 divi-
sions, we can determine its size by multiply-
ing the number of divisions it spans by 3
microns, i. €. 30 microns.

NOTE: The eyepiece micrometer must be
calibrated at each magnification. Once cali-
brated, the constant should be noted and then
the eyepiece micrometer need not be recali-
brated if those same magnifications (and tube
length) are used.
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AO Reports on Teaching with the Miecroscope

Tranquilizers for Paramecium . . . or the care, feeding and observation of infusoria.

Generations of microscopists from Leeuwen-
hoek and Hooke down to present day biolo-
gists and medical workers have spent endless
hours studying the ameba. You would think
it had no further secrets left to fascinate pres-
ent-day scientists. But not so! The ameba
and its companion denizens of the primeval
slime have come tc us in unbroken geneal-
ogy from a period eons before the age of
dinosauers . . . from the very beginning of
creation itself. As a basic uni-cellular living
organism, the ameba is more intensely stud-
ied today than ever before by scientists seek-
ing the final elucidation of the life processes.
Protozoa remuin fascinating subject matter
for student microscopists in the Biology
classroom. With all this in mind, we offer
the following generally well-known tips on
the care, feeding and observation of the wee
beasties.

MATERIALS:

Glass dish, approximately 8” in diameter, 4”
deep (ordinary casserole pyrex dish); piece
of plate glass; several petri dishes; timothy
hay; pondweed; Methylene Blue; carmine or
indigo powder; iodine; microscope slides;
cover glasses; compound microscope; ster-
eoscopic microscope.

HAY INFUSION:

Half fill 8” dish with loosely packed timothy
Idy. Boil about two quarts of tap water for
5 minutes. Allow to cool and pour enough
into dish to just cover hay. Add a 1 inch
layer of the pondweed, Ceritophyllum. If out
of season, or otherwise unobtainable, use un-
washed lettuce leaves. Add more water to
bring to within half-inch of top of dish.
Cover with plate glass (see fig. 1). Keep in
warm (normal room temperature), well
lighted room ...avoid strong, direct sunlight.
Prepare several such cultures over a two-week
interval. A brown, slightly odoriferous scum
should appear. If scum disappears, or if
whitish mold appears, discard culcure. In a
favorable culture, ameba will appear in 6 to
8 weeks. Additional protozoa will also be
present, including Paramecium, Stentor, Eu-
glena, and rotifers. Culture should thrive for
6 months or longer. Several such cultures
will assure a plentiful supply of protozoa at
all times during the school year. Occasion-
ally add a malt tablet or few grains (pulver-
ized) of rice as nutrient.

OBSERVATION THROUGH
STEREOSCOFIC MICROSCOPE:

Use a pipette to transfer some culcure to
petri dish...search the bottom of the culture
dish for ameba, look along the sides where
light is strongest for Euglena and look be-
neath decaying vegetable matter for Parame-
cium. Place petri dish on microscope stage.
The stereoscopic microscope provides the
unique advantages of three-dimensional mag-
nification, long depth of focus and wide field
of view to reveal, in toto, a teeming aquatic
jungle of ameba, scooting paramecium, tur-
gid rotifers and spinning ciliates (see fig. 2).
If your school does not have a stereoscopic
microscope, you maywant information about
the AO Spencer Cycloptic Microscope, Series
56F-1. Write to American Optical Company,
Instrument Division, Dept. 72, Buffalo 15,
N. Y. We'll be happy to send complete in-
formation at no obligation tc you.

The stereoscopic microscope can also be used
to establish “pedigree stock”, or pure cul-
tures. Simply hunt down the desired speci-
mens with a wide mouth medicine dropper
and innoculate a favorable culture medium
such as Chalkley’s fluid. Prepare Chalkley’s
fluid as follows:

NaCl .. ........ 0.1gm
KCl.......... 0.004gm
CClz......... 0.006gm
Water (distilled) . . . 1000cc

(actual size)
Fig. 3: Star diaphragm for dark field

OBSERVATIONS WITH TKE

COMPOUND MICROSCOPE:

DARK FIELD. It is difficult to see detail in
live, unstained protozoa. Cutting down light
intensity helps. If your microscopes have
substage filter holders you can use star dia-
phragms to achieve dark field effect for bet-
ter observation of general morphology. Make
a star Jiaphragm out of stiff, black opaque

cardboard. Use illustration (actual size) as
pattern (fig. 3). Star diaphragm is slipped in-
to filter holder and adjusted until best dark
field effect is obtained.

STAINING. To see cilia, flagella and tricho-
cysts, irrigate slide with very dilute iodine
solution as follows: place drop of iodine at
edge of cover glass on one side and place
filter paper at edge of cover glass on opposite
side. This will pull iodine under cover glass.
To stain entire organism, proceed as follows:
pipette some culture into Petri dish. Add
Methylene Blue (not to be confused with
Methyl Blue) until cultute takes on definite
blue tint. Observe drop of tinted culture un-
der 10X and then 43X. Organisms will be
stained blue for a short while and then gradu-
ally will return to normal.

FEEDING. To distinguish between food
vacuole and macronucleus of ameba, add a
pinch of finely pulverized Carmine or indigo
powder to culture specimen on slide. Use
cover glass and observe under 10X and 43X.
Colored powder is rapidly ingested by ameba
and accumulates in food vacuole. Powder
grains can also|be seen swirling into gullet
of paramecium as they get caught in current
set up by cilia.

Fig. 4, Photomicrograph of an ameba

SLOWING DOWN PROTOZOA. If theameba
is the tortoise of their aquatic jungle, the
paramecium is the hare. .. they literally flash
in and out of field of view. Adding a drop
of water soluble methyl cellulose (or egg
albumen) will slow paramecium and other
ciliates and flagellates considerably. You can
narcotize them motionless with a small drop
of very dilute methyl alcohol. Once anesthe-
tized, your students can attempt photomi-
crography with their do-it-yourself photo-
micrographic camera set-up described in an
eatlier AO Report on teaching with the mi-
croscope. If you are using stains, you might
want them to experiment with color film.

11
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Husbandry of Molds or Gentleman Farming in the Classroom

By: Mr. William Altfeld
New York School = Printing
New York, New York

This unique experiment is reproduced ex-
actly as submitted by Mr. Aldfeld. He has
used it, with much success, in his general
science classes at the New York School of
Printing. We submit it to you as a fine way
to introduce students to the study of micro-
scopic common, non-green plant life, as well
as to the importance and use of the micro-
scope in biology. In a very simple way, it
extends the field of microscopic creativity by
utilizing ordinary, "‘everyday” materials...in-
deed, the dust from the very air that sur-
rounds us.

Mr. Alefeld suggests using the AO Spencer
Series Sixty Microscope. He didn’t have to
say that . . . but we arc not unhappy that he
did. You see, we know the AO Series Sixty
combines superb optical performance with
rugged construction . . . is designed to service
even the most active class. Full facts on the
Series Sixty are yours for the asking. Just
write American Optical Company, Instrument
Division, Dept. 72, Buffalo 15, N. Y. Complete
information will reach you by return mail.

EXPERIMENT

Growth and microscope study of our com-
mon molds.

MATERIALS AND PREPARATIONS

1. AO Spencer No. 66 Compound Micro-
scope with 10X eyepiece and 10X and 43X
objectives.

2. A microscope lamp is also a worthy ac-
cessory.

3. Box of clean slides and cover slips.

4., Tweezers and teasing needles.

FOR THE MOLD CULTURES THEMSELVES

1. Thoroughly cleaned food jars with twist
off caps e. g. those used for jam, peanut but-
ter, mayonnaise etc:

2. Squares of stale bread (cut down to 1"x1%);
3. Newspaper;
4. Water;

5. Normal dust from the air.

PROCEDURE
1. Crumple a small handful of newspaper.

2. Sprinkle (do nos soak) the newspaper with
water until it is damp, but not limp.

3. Place the ball of damp paper into the bot-
tom of a cleaned food jar (Fig. 1). With the
cover on, this will provide a moisture cham-
ber essential to the germination of mold
spores.

4. Take a 1" x 1”7 square of stale dry bread
and rub one side of it along a dusty surface
of a table.

S. Carefully insert the square of bread into
the prepared jar with the dusty side up (see
Fig. 1).

TWIST
OFF
Fooo\ COVER
JAR

LBREAD

FiG. 1

6. With the cover of the jar replaced, the
culture is now placed in a dark, warm, past
of the room for several days.

7. A variety of colorful molds may be the
reward for the careful mold gardener. How-
ever, the most common bread mold, Rhizo-
pus nigricans ...a black mold with cottony
mycelia will tend to steal the show.

8. After the molds have made their appear-
ance, we can open our jars, and prepare to
delve into the tiny world with the micro-
scope.

9, With tweezers we snip off a sample of
our common black mold. Place the sample
on a clean slide into a drop of water. With
teasing needles we separate the mass of hy-

phae. Then we prepare a temporary mount
with a cover slip.

FiG.e

10. Place slide under microscope and ex-
amine at 100X for an over-all view of the
hyphae with their spore cases. Under higher
power, 430X, we can observe the myriad
spores which will have escaped their spore
cases( see Fig. 2).

OBJECTIVES

The beginning students of biology will be
able to appreciate the following facts:

1. Instructive experiments may be done with
simple materials found in the home.

2. Molds do not originate from decaying
matter, but rather from tiny “seed-like”
spores, which themselves, germinate on de-
caying matter, and aid in that decay.

3. Mold plants are of many varieties just as
our higher green plants.

4. The microscope is an essential tool in the
understanding of the reproduction and
growth of tiny plants.

Success with simple experiments may arouse
students to try many others and so maintain
an active interest in the science of life.

AO Model
No. 60PD-51
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AO Reports on Teaching with the Mieroscope

Chemoreception in Protozoa...and what makes Daphnia’s heart beat faster

Two Biology teachers, one from Middle-
town, Connecticut and the other from right
here in Buffalo, N. Y. submitted teaching
experiments that reached us on the same day.
In some respects, these two experiments are
so much alike as to suggest a sort of peda-
gogical telepathy. However, they aredefinitely
different and we were happy to get both.
Each has a certain classic simplicity, show-
ing the straight line between cause and effect
with a neatness that’s sure to delight your
young student scientists. Since both are rela-
tively short we offer them together with the
thought that you may be able to combine
them in a single 45-50 minute period.

EXPERIMENT

Effects of Drugs Upon the Heart

By: Ted Stopyra
Middletown High Schoo!
Middletown, Connecticut

MATERIALS AND EQUIPMENT
1. AO Spencer Series Sixty Microscope.

2. Daphnia (water fleas) obtainable from any
aquarium supply store where they are sold as
food for tropical fish; or from biological
supply house.

3. Concave microscope slides (or plain
slides).

4. Medicine droppers.

5. Different types of drugs (pill or liquid
form) which may be diluted to strengths, as
desired. The following drugs may be obtained
from a co-operative physician.

A. Tranquilizers—Compazine.

B. Barbitol—Aberate

C. Depressants—Altarax

D. Stimulants—Dexedrine Sulfate, Wya-

mine Sulfate.
E. Alcohol—40%, 50%, 60%, 95%.

HEART CAUDAL SPINE

APPENDAGES

EGGS

Fig. 1
PROCEDURE:
1. Select one or two of the Daphnias from a
culture with medicine drcpper and deposit
on concave slide. With same dropper, with-
draw as much water as possible from slide,
leaving just enough to keep Daphnia alive,

DAPHNIA

2. Place slide under microscope and observe
under 10X objective. One observes the trans-
parent animal immediately with the heart
beating very rapidly.

3. Place a drop of one of the diluted drugs
on the slide; the heart will react immediately.
By repeating the experiment with remaining
drugs one can observe the relative effects of
tranquilizers, depressants and stimulants on
the heart.

EXPERIMENT

Tane Reactions of Protozoans to Nutrients
and /or Dissolved Substances

By: D. S. Po-Chedley
D’*Youville College
Buffalo, New York

MATERIALS AND PREPARATIONS

1. Culture of Paramecia or Euglena(obtained
from biological supply houses and easily sub-
cultured in finger or stacking bowls).

2. Capillary pipettes: prepared by drawing
out medicine dropper so that thebore is about
1mm diameter.

Capillary tubes—about ¥ in. long—pre-
pared the same way, or, Lmm diameter capil-
lary tubes can be purchased from scientific
supply house.

3. AO Series Forty Microscope.

4. Syracuse dishes, or watchglasses or Petri
dishes.

PROCEDURE: Fig.2

The plan is to keep the fluid additive in a
restricted region long enough to permit the
cells to differentiate between it and their nor-
mal environment.

1. Fill Syracuse dish half full with water.
Fill capillary tube with a test solution, viz:

sugar, salt, glacial acetic acid, formic acid,

alcohol, calcium carbonate, etc. (the tube fills

easily via capillary attraction).

2. Use the stereoscopic microscope and
capillary pipette to gather a quantity of the
organisms.

3. Place the Syracuse dish in focus under the
stereoscopic microscope, carefully lay in the
nutrient tube with forceps, (Fig. 2) add the
microorganisms (Fig. 3j—observe results.

<‘

?

b ! .

OBJECTIVES: Fig. 3

This experiment illustrates a protoplasmic
property called chemoreception. The cells
either respond positively, by clustering
around the open regions of the capillary tdbes
where Jiffusion of the test fluid occurs or they
may respond negatively, by contacting the
material and rapidly moving away. It may kill
instantly so that a ring or arc of dead cells
form at the periphery of the diffusing sub-
strate. This principle, of chemoreception,
here associated with the single cell reactions
of protozoa may be projected to study the
behavior of more complex organisms.

AO Model
No. 41
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From Oblique Prisms to Rhombic-based Octahedrons. . .or Cubism on the Scope Stage

Perhaps more than any single other form,
the crystal never ceases to awe and impress.
The formation of its distinctive geometric
shape, which differs a thousand times over is
a fascinating process to watch. Possibly this
interesting experiment sent us by Mr. Breslau
and Mr. Payenson will help you create suf-
ficient student interest in the Microscopic
world of Chemical Crystallography to en-
courage them to further study.

Of course, the criterion that determines what
the student sees is the quality of the micro-
scope’s optical system. The AO Series Sixty
Student Microscopes have an excellent opti-
cal system coupled with a low price tag that
makes it a very attractive buy for many schools.
The easy-to-use focusing adjustments make
it ideal for classes where acquisition of sub-
ject matter is the primary concern. Rugged
construction invites hard classroom usage . . .
they are built to service the most active class
for years.

EXPERIMENT

By: Abrabam Breslau and Irving Payenson
Bushwick High School
Brooklyn, New York

“The recent 1957 Chemistry syllabus issued
by the Bureau of Secondary Curriculum
Development of the New York State Educa-
tion Department includes a unit on ‘Solu-
tions and Near Solutions’. Topic III of this
unit is on crystals, and includes such under-
standings as the geometric shape of crystals
and the formation of ctystals from solutions.
A common procedure to illustrate these un-
derstandings is to demonstrate crystallization
by cooling a hot saturated solution of a salt
such as potassium nitratein a test tube so that
precipitation results. Crystal form may be
shown by using nodels or a few specially
grown crystal samples. The demonstrations
have their limitations in their impression on
the student. We believe that the following
experiment overcomes some of these limita-
tions”.

OBSERVING THE FORMATION OF
CRYSTALS FROM SOLUTION

MATERIALS AND PREPARATION

Copper sulphate, alum, sulphur, sodium chlo-
ride, carbon disulphide, small erlenmeyer
flasks, stirring rods, slides, AO Spencer Series
Sixty Student Microscopes.

Each student will have a microscope and a
single slide. The class is instructed to set up
the microscopes to focus at low power of
100x (10x objective and 10x eyepiece) at any
specks on the slide. The instructor can pre-
pare the following materials at the demon-
stration table while the students are thus
engaged.

Place a small erlenmeyer flask containing
approximately 80ml. of a saturated copper
sulphate solution and 5 grams excess solid
on a tripod with gauze over a bunsen burner.
Prepare similar fiasks of alum and sodium
chloride solutions. A clear solution of roll
sulphur in 5 ml. of carbon disulphide is pre-
pared in a stoppered test tube.

(CAUTION: Carbon disulphide is extremely
inflammable. Do not heat the solution or place
near open flome).

PROCEDURE:

1. The students are directed to keep slide
clamps off the stage and move the slide to the
edge of stage. The microscope should not
be tilted.

2. As soon as the copper sulphate solution
starts to boil, the instructor picks up the flask
with suitable means (pot holder or forceps)
and, walks through the class placing a single
drop of solution on each students’ slide with
a strring rod.

’

Sr

) 4’4, 5 ‘?’:

X

3. The student immediately moves the slide
under the objective and watches the drop,
preferably at an edge, as it cools. Meanwhile,
the instructor heats the second flask.

4, The procedure is repeated for the next salt
solution, using a different spot on the same
slide for comparison purposes.

5. After all burners have been extinguished,
the instructor opens the sealed test tube and
places a drop of cold carbon disulphide solu-
tion on each students’ slide. From this, the
student will observe sulphur crystals develop
by evaporation.

Photomicrograph of sodium chloride crystal

OBJECTIVES:

1. The student is more impressed and usu-
ally more understanding of the basic concept
of crystal formation and development, “He
was there when it happened”.

2. It demonstrates the process of crystal for-
mation from solution by cooling,.

3. It demonstrates the process of crystal for-
mation from solution by evaporation.

4. Some idea of the many geometric crystals
forms possible are graphically presented.

5. The student is exposed to a new and inter-
esting field of study.

6. The term “precipitation” is meaningful
and realistic,

This experiment can be performed with three
substances in about twenty minutes with a
class of thirty-five students. There is no diffi-
culty in explaining the subject, performing
the experiment, cleaning up for the next class
and discussing the results in a forty minute

eriod. Cleaning the slides is easily fgcilitated

y passing a single facial tissue to each
student.

AO Model
No. L62FA-VW
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A Short Course on Carassius auratus Hematal or who slipped Fin the Mickey

One of the most fascinating sights a student
can observe in a biology course is the com-
plex network of the blood circulatory system
in action. Although the system may not be
viewed in its entirety, the student is able to
see a large enough portion, with the help of
a microscope, to identify arteries, veins and
capillaries . . . visually establish the particular
function of each.

Subject for the experiment is a goldfish,
picked for reasons which our author, Mr. Ted
Stopyra, cxplains below. Observation medi-
um for the experiment is the AO Spencer Series
Sixty_Microscope which we have picked for
what®night at first secem selfish reasons . .
but realistically not so, when you consider
that this is «n instrument ideally suited for
student microscopists.

With construction that's foolproof and
rugged, the Series Sixty Microscope defies
wear. Incorporating the finest optical ele-
ments, vou have an instrument that will pro-
vide precise, long term service even under
constant use by the most active class.

EXPERIMENT

Circulation of Blood

By: Ted Stopyra
Middletown High School
Middletown, Connecticut

To demonstrate blood in action a goldfish
was selected over the frog for many reasons.
Frogs pose a problem inieeping them alive
for any length of time. The ;oldfish o tue
other hand can be kept alive indefinitely.
The problem of keeping and feeding the
oldfish is a minor chore as compared to the
rog. In addition, the anesthetizing, the man-
euverability and transparency of the fish’s fin
far surpasses the web of the frog for this ex-
periment.

MATERIALS AND PREPARATION

1. AOSpencer Series Sixty Student Microscope
9. Lantern glass slide 314" x 414"

3. Living goldfish (the Fantail or Common
Comet sgecies). Preferably two inches or
more in body length.

4., Absorbant Cotton

5. Chloretone Crystals (Chlorobutanol-hy-
drous) 1 oz.

6. Pipette
7. Beaker of water
8. Cover slip

Chloretone is mixed by adding one ounce of
Chloretone crystals to eight ounces or 236¢.c.
of water in an amber glass bottle. Shake the
contents and let the solution stand. The
chloretone solution keeps well even though
the crystals are slightly soluble.

PROCEDURE:

1. To anesthetize the goldfish you place four
ounces, or 118 c.c., of water in a eaker or
wide rim container such as a mason jar. Then
add one_ or two teaspoons of Chloretone so-
lution to the water, stit and place goldfish
into solution. In a tew minutes the goldfish
slows down and rolls over on its side. (Fig. 1)
The fish will remain anesthetized for an hour
or two.

2. When the fish obtains the side position,
remove the fish from the Chloretone solution
and wrap a layer of dripping wet absorbent
cotton around its body and place on a lantern
slide. It is best to saturate the cotton with
water from the tank or cor tainer the goldfish
came from originally. When covering the
body with cotton, place it in such a way that
the mouth is not covered and the posterior
tail is exposed.
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Fig. 2

3. Place the prepared slide under the micro-
scope (Fig. 2) and focus under low power.

OBJECTIVE:
To provide a visual demonstration of blood
citculation in a living animal containing a

backbone.

1. Once the specimen is focused, one readily
notices the movement of blood through
the blood vessels. Arteries are identified %y
the flow of blood toward the fin. Veins
on the other hand are recognized by the
flow of blood toward the head. Connecting
these vessels are hair-like structures called
capillaries. Blood cells flow through these
capillaries one at a time,

2. By changing the objective to43x and add-
inga cover slip, the lymph vessels and capilla-
ries become very cfear. Lymph vessels are
recognized by the slow rate ot movement of
corpuscles through them in comparison to
the blood vessels.

2. To observe coagulation one just has to
pierce the fin with a pin, thereby rupturing
many capillaries.

Ve
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Fig. 3
RECOVERY:

1. One method of reviving the fish is to put
itin a pail of fresh water. Ordinarily it would
swim off at once. However, this does not
always happen. The preferred method is to
subject the fish to artificial respiration. This
is administered by holding the fish between
two fingers and pushing it through the water
rapidly. (Fig. 3)

Seldom does a fish fail to revive because the
water is forced through the mouth and out
the gills. A rapid motion introduces more
oxygen to the gills, and the more oxygen
absorbed the speedier the recovery.

The length of artificial respiration depends
upon how long the fish was under the micro-
scope. It is best to continue the use of arti-
ficial respiration until the fish swims out of
one's fingers.

AO Model
No. L60PE-S1
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AG Reporis on Teaching with the Mieroscope

Oral Bacteriological Jungles or A Poem for Young Lovers

Here is an experiment that usually develops
some mighty thoughtful discussion on the part
of participating students. It will give every
red-blooded American boy and girl reason to
pause, temporarily at least, and consider the
“*dangers of a kiss"".

We don't take a stand on the issue . . . our
prime purpose for pursuing the subject is
solely in the interest of science. But, if we can
sell some of the finest microscopes on the
market, ar the same time . . so much the better.
It vou desire more information on the AO
Spencer Series Sixty Microscope which we
recommend in this experiment just write Amer-
ican Optical Company, Instrument Division,
Buffalo 15, New York. Ask for SB60.

EXPERIMENT

Examination of cells found in the mouth.

By: Professor Walter Lener
State University Teachers College
Geneseo, New York

MATERIALS AND PREPARATION:

AO Spencer Scries Sixty Microscope, glass
slides, methylene blue dyve or India ink, con-
tainer of water (if faucet is not handy), blot-
ting paper or soft cloth, toothpicks, bunsen
burner éjoptional).

Wash microscope slides with soap and water.
Wipe dry. (The teacher may have a supply of
cleaned and dried slides on hand, if this is
more feasible). Student(s) performing the
experiment should wash hands withsoap and
water and dry them thoroughly.

1. The student places one finger in mouth
to gather an accumulation of saliva.

2, Rub this wet finger against the micro-
scope slide.

3. Scrape inside of cheek and along gum
with toothpick. Deposit accumulated saliva
and matter on wet portion of slide.

4. Allow the film of moistute to dry on the
slide.

5. (ﬁuickly ass the slide three times throngh
the flame of a bunsen burner. (This is help-
ful, but not absolutely essential. Flaming fixes
the cells more firmly to the siide.)

6. Cover that portion of the microscopz slide
that has the dried saliva (i. e., where the moist
finger touched it) with the methylene blue
and allow the methylene blue dye to remain
on the slide for two minutes.

7. Place the slide under a gentle stream of
water and wash off the excess dye (Figure 1).
(If a water tap is not available the excess dye
may b washed off the slide with water forced
from the glass tubing of a medicine dropper.)

8. Blot the slide dril. (If the slide is rubbed
dry, many of the cells may be rubbed off it.)
Some difficulty may be experienced by the
student in determining which side of the
slide they rubbed with their moist fingers
after blotting it dry. If slides are first marked
on one surface with a glass marking pencil,
or if a tiny piece of cellophane tape is fixed
to one surface,and the finger is rubbed onthe
marked surface, this problera will not occur.

9. Examine under the microscope (Figure 2),
first with the 10x, then with the 43x objec-
tive. (The 97x objective would be ideal be-
cause of the small size of the bacterial cells).

OBJECTIVES:

1. Observe the epithelial cells (Figure 3).
Cempare the relative sizes of the total cell
and the nucleus.

2. Observe the bacterial cells. Compare the
bacteria to the epithelial cells. Notice the
configurations of the bacteria. (The terms
diplococcus, streptococcus and staphlococcus

take on new meanings as the students see the
bacieria from their own mouths.)

A closely related exercise which will show
the bacterial cells to even better advantage
can be accomplished by:

1. Placing a drop of saliva on a cleaned
microscope slide.

2. Adding one drop of India ink to the
drop of saliva.

Fig. 3

3. Mix the two drops thoroughly with a
tooth pick and spread the mixture as thinly
as possible across the surface of the slide.

4. Permit the mixture to dry.

5. After the mixture has dried, examine
the slide under che microscope, first using
the 10x, then the 43x, and then the 97x objec-
tive, if available.

(The background will be black ot dark gray,
the bacterial cells will be colorless).

After examining the slides the students might

be in a mood to appreciate the following

Eoem which, I believe, appeared in the Yale
umor magazine:

Before I heard the doctors tell the
dangers of a kiss,

I had considered kissing you the
nearest thing to bliss,

But now I know biology and sit
and sigh and moan,

Six million mad bacteria and I
thought we were alone.

AO Model
No. L61PE-T1
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The ABC’s of Blood Typing...or for every agglutinogen there’s an agglutinin.

Using the internationally accepted Land-
steiner classification system, human blood
can be classified into one of four types; A, B,
AB or O, according to the presence and type
of agglutinogen in the red blood cells. Agglu-
tinogen A =type A; agglutinogen B =type B;
agglutinogens A and B=type AB; no agglu-
tinogens in red blood cells=type O. In
addition, there is an agglutinin factor in the
serum of each individual which is, necessa-
rily, compatible to his agglutinogen factor:

Agglutinogen | Blood Type | Agglutiniu
A A Anti B
- B B Anti A
Aand B AB None

' Anti A and
None o Anti B

Blood can be typed by mixing unknown
whole Blood (or red blood cells in suspen-
sion) with agglutinins (anti sera) of known
factors. If the two are incompatible, agglu-
tination, or clumping of red cells will occur.

There are many clinical tests for blood
typing...some very complicated and some
relatively simple.

The experiment below by Dr. Frank E.
Wolf is simple enough for the classroom but
accurate, and will serve to acquaint the
student with the basic clinical laboratory
methods used in blood typing and cross
checking preparatory to making blood trans-
fusions. Also, much to our delight, it empha-
sizes the important role the microscope plays
in the clinical laboratory.

Using the AO Series Sixty Microscope the
student also gains the adcf::d experience of
working with a low-cost model of the more
expensive laboratory scopes . . . featuring the
same high-quality optics plus coarse and fine
focusing adjustments. If you have not already
done so . . . why not let us show you how little
it costs to equip your classes with this excep-
tionally fine instrument. Write American Op-
tical Company, Instrument Division, Dept. 72,
Buffalo 15, New York. Ask for SB60.

EXPERIMENT

Determining Individual Blood Types.
By: Dr. Frank E. Wolf

Professor of Biology

State Teachers College

Fitchburg, Mass.

MATERIALS AND PREPARATION:

Sterile, disposable blood lancet (obtained
from any biological supply house), glass slides;
wax marking crayon; anti A and anti B typing
sera (obtainable from medical supply house);
wooden applicator sticks or tootﬁpicks; ab-
sorbent cotton; flask of 709, alcohol; AO
Spencer Series Sixty compound microscope.

PROCEDURE:

1. Prepare slide (Fig. 1).
a. Draw vertical line near mid-point
with wax marking crayon.
b. Mark A in upper left corner, and B
in upper right.

A B

Fig. 1

2. Prep ure to draw blood.
a. Scrub finger with alcohol and cotton
sponge.
b. Wipe dry.
¢. Shake bottle of alcohol with lancet

through cork, remove cork and make
small puncture with lancet.

d. Wipe of first drop of blood with dry
cotton.

e. Place z small drop of blood on both
sides of slide.

f. Place alcohol sponge over punctured
finger.
3. Apply anti sera.
a. Break an applicator stick in half.

b. Place a small drop of anti A sera on
the A side and a small drop of anti
B sera on the B side, over the blood.

c. Mix blood and sera on A side with
one stick and immediately discard; re-
repeat on B side with different stick.

4. Read.
a. Tap slide with finger.

b. Read under low power of microscope
(Fig. 2) within 15-20 seconds.

PRECAUTIONS:

1. Mix each side of slide with a different stick.

2. Agitate by tapping slide to overcome rou-
leaux-formation or dilute serum with a
salt solution.

3. Do not run drops of blood and sera into
marking crayon; red wax may be mis-
taken for clumped cells.

INTERPRETATIONS:

1. Determining blood types: Observe for
agglutination on both sides of slide. Use
illustrations below to help determine
blood types.

P IR

Type O
2. Importance of blood typing.

The prime purpose of blood grouping is to
provide definite information necessary for im-
mediate or future selection of a suitable donor
for a blood transfusion. A cross-match of
Jonor’s red blood cells with recipient’s serum
and recipient’s red blood cells with donor’s
serum should precede any transfusion to pre-
vent the possibility of fatality. (More ad-
vanced classes can carry grouping a step fur-
ther to include the Rh Factor).

AO Model
No. X62UA-VW
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Osmotic Action and Reaction or Social Life Among the Molecules

Here are two very short experiments that
could be incorporated in a single class ses-
sion. Both provide a brief, though enlighten-
ing introduction to the study ogosmosis.
The first experiment by Dr. Frank E. Wolf
presents the subject in its “growing phase”,
Mr. John A. Burns contributed the second
experiment which is concérned with the “net
movement” of osmosis. Both give an excal-
lent visual demonstration of circulation and
activity that takes place when a solventand a
solution tend toequalize their concentrations.

EXPERIMENT

Simulated Life Processes

By: Dr. Frank E. Wolf
Professor of Brology
State Teachers College
Fitchburgh, Mass.

Early in some biology coutses, it is customary
tomake comparisons betweenliving and non-
living things. Sometimes a chemical garden
demonstration is used to motivate an explo-
ration into these differences. The garden
meets some of the criteria of both categories:
the “plants” apparently grow, reproduce,
move, etc. All of these life processes are in
some way dependent upon osmosis,for which
the chemical garden is also an excellent dem-
onstration. The following Jemonstration
goes one step further. With the aid of the hO
Spencer Cycloptic Stereoscopic Microscope,
the process of circulation may be observed in
achemical garden *plant”.

MATERIALS AND PREPARATION:

AO Spencer Cycloptic Stereoscopic Micro-
scope, small containers such as one dram
screw top vials or microtechnique test tubes,
water glass (sodium silicate), ferric chloride
and/or nitrates of cobalt, nickel, manganese,
iron, lead, and copper; sulfates of copper,
aluminum, iron, and nickel; chlorides of co-
balt, manganese, and copper.

Fig. 1

Dilute the water glass one
parts of water for a relatively slow reaction;

art to three

or one to vne for a faster reaction; forty per-
cent is probably the most convenient, all-
around strength.

PROCEDURE:

Fill a small container with the diluted water
glass and add a small lump of ferric chloride
or other compound listed. Observe under the
stereoscopic microscope (Figure 1).

OBJECTIVES:

1. Observe the membrane-like sacs “grow-
ing” from the ferric chloride. Note that as
the sac forms a tube, “cells” appear.

2. Focus on the inside of a growing tube and
note the process of “circulation” taking
place (Figure 2).

Fig. 2

NOTE: The stronget watez glass solutions
cause faster reactions with better views of
circulation, but less well-defined cells. The
weaker solutions are recommended for less
experienced viewers because the reaction is
slower and easier to follow. In either case,
the demonstration proves exciting and quite
interesting.

EXPERIMENT

To observe effects of molecular action in-
cluded in study of osmosis.

By: John A. Burns
Vestal Central School
Vestal, N. Y.

MATERIALS AND PREPARATION:

Two AO Spencer Serics Sixty Microscopes,
two microscope slides with cover slips, water,
molasses, carmine red dye, and two probes or
needles.

PROCEDURE:

Prepare two slides; the first a temporaty
mount of carmine dye in water, the second a
temporary mount of the dye in molasses.
Both may be easily made by dropping 2-3
drops of water (or molasses) on slide, then
transferring a few grains of the carmine dye
on the end of a needle into the water (or
molasses) and stirring. Add cover slip, place
each slide under high power (43X) of micro-
scope (Figure 3), and focus until vibration of
tiny dye particles is observed.

OBJECTIVES:

1. Look for vibrating movement of dye par-
ticles in water slide. This “jiggling” of
minute particles is called Brownian Move-
ment,and is caused by rapid-moving water
molecules hitting against vi..ble dye pat-
ticles in random fashion. Even though
the water molecules can’t be seen, their
presence is revealed by their effect on the
dancing dye particles.

2. Now look for slower, more sluggish vi-
bration of dye particles in molasses slide.
Large, slow-moving sugar molecules
bounce the dye particles far less vigor-
ously.

APPLICATIONS:

Students can visualize relative size of water
and sugar molecu.2s by observing their ac-
tivity on dye particles. The small water mole-
cules are active, move rapidly and theréfore
czn be imagined as minute. By comparison
the sugar molecules can be visualized as huge,
due to their sluggi~h effect on the dye pat-
ticles.

By combining the ideas of molecular sizes
and activities with the concept of membrane
permeability, an understandin of osmosis
evolves. Students can then understand basic
reasons why the standard carrot, potato, of
beef bladder osmometer operate as they do,
and thus can see how absorption can occur
in plants, animals, and in the human body.

AO Model
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AO Reports on Teaching with the Microscope

A tax-free anti-pollution program...or nature’s answer to man’s profligacy!

Poliution is the sad legacy man leaves behind
in his headlong rush to inherit the earth. A
provident nature works hard to restore bal-
ance and order.

Mr.Verne Gowe sends this fine experiment
which illustrates nicely how nature uses bio-
logical action to belp purify streams and lakes.

You'll need microscopes and a colony
counter for this experiment. American Opti-
cal makes a very excellent,inexpensive colon
counter we would like to sell you. It is uni-
versally used by school, clinical and industrial
laboratories. However, in a spirit of complete
unselfishness, we pass along Mr. Gowe’s in-
structions for a do-it-yourself counter that
should prove adequate. This same generous
spirit moves us to tell you about the excel-
lent microscopes you can buy from American
Optical (you really wouldn't want to try to
make your own). If you need microscopes
for your school and refuse to compromise
quality and performance for price, then write

to us at Dept. 72. Ask for brochure SB6O.

There’s no obligation, of course.

EXPERIMENT

The Effect of Biological Action on Follution

By: Verne Gowe
Warren Township High School
Gurnee, Il

MATERIALS AND PREFARATION:

1. AO Spencer Series Sixty Microscope with
10x eyepiece and 10x and 43x objectives.
2. Bacrerial colony counter. 3. A 4x hand
lens. 4. Clean slides and cover slips. ~.
Screw top collection jars. 6. Nutrient agar.
7. Petri dishes. 8. Pipettes—1 ml.

PROCEDURE:
A. Collect water samples

1. Choose a stream that has pollution
entering from storm tiles or other

sources. In most areas this is not too
difficult to find.

2. With sterile screw-top jar, collect a
water sample at the source of pollu-
tion. Take three additional samples
at different stations down stream
from the source of pollution. Make
all sample collections at the surface
of the water.

3. Make careful observations along
stream for other sources of pollution
and factors that might have an effect
on results.

B. Microscopic Examination

1. Observe a few drops from each sam-
ple under 100x (10x objective and
10x eyepiece) of the microscope for
an over-all view of what might be

resent (Fig. 1). Check for algae, roti-
ers, protozoa s (Fig. 2).

2. Under nigh power, 430x (43x objec-
tive and 10x eyepiece) identify as
many of the microscopic forms as
you can.

ALGAE (Spirogyra)

Fig. 2
C. Make pour plates

1. Melt a bottle of sterile nutrient agar
by heating it in a pan of water. After
the agar is completely melted, cool
to 42°-45° C,

2. Place 1 ml of water from source of
pollution in a sterile petri dish using
a sterile 1 ml pipette. Pour enough
agar in to just cover the entire bot-
tom. Mix by swirling gently. Let the
agar-bacteria mixture stand until it
hardens. Invert the dish and store in
a dark place to incubate for two days
at room temperature.

3. Follow this same procedure for each
of the other samples. Label each for
identification.

4, After incubation, pour plates of the
samples should be observed for bac-
terial colony growth. Colony counts
should be made with a bacterial col-
ony counter (Fig. 3). Note the differ-
ence in counts according to the dis-
tance from the source of pollution.
Make a graph or charts of the quan-
tities and types of colonies found at
different stations.

5. Compare the kinds and numbers of
organisms seen under the microscope
with the bacterial colonies. Make
charts to show comparison.

YRR Iy
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Fig. 3

D. How to make a Colony Counter

A simple bacterial colony counter can be
made as follows:

1. Build awooden light box witha hole
the size of a petri dish in the slant
side (Fig. 4). Place a glass plate over
the opening and rule vertical and
horizontal guide lines about %" apart
on this plate. With a 4x hand lens ycu
will be able to connt the colonies
within each guide-line square.

A. Light Bulb—25 watt.

B. Opening, size of petri dish,
covered by lined glass.

C. Wood block to hold petri dish.

Fig. 4
OBJECTIVES:

This experiment not only awakens
an interest in conservation of our
streams through better sanitation
controls but also illustrates:

1. A basic bacteriological method used
in Public Health Laboratories.

2. The effect of microscopic organisms
on pollution.

3. Nature’s method of stream purifica-
tion.

4. Interdependence among living or-
ganisms.
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THE MICROSCOPE
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Terms Used in Microscopy

IMumination: The full capabilities of a microscope can-
not be realized unless the illuminator is efficient. Micro-
scopes may be illuminated in several ways. Daylight, but
not direct sunlight, can be used with a mirror tilted and
adjusted to reflect the light uniformly into the condenser
and through the specimen. Daylight 1s of variable quality
and not always available. Consequently, artificial light is
more reliable than daylight.

The In-base illuminator is ideally suited for good results
because it is an integral part of the instrument . . . assures
correct alignment and fully illuminates the field of view . . .
also satisfies the numerical aperture requirements of all
available objectives 4X, 10X, 43X and 97X. If multiple
clectrical outlets are not conveniently available, a table
globe type microscope illuminator is also suitable and, if
centrally located, can be used for four microscopes simul-
taneous{y

Virtual Image: The apparent size and position of the
object specimen. See Cchart on opposite page. This image
(not a real or retinal image) seen through the microscope
appears to be about 10’” away from the eye . . . approximate-
ly the same distance at which average print is read.

Magnification: The ratio of the apparent size of an
object as seen through the microscope (virtual image) co
the size of the same object as it appears to the unaided eye
at a distance of 10”. The ratio is linearly expressed in terms
of ‘‘diameters,”” ‘‘power,”” *‘X,”" or “‘times.”’

The total resultant magnification of an eyepiece-objective
combination equals the product of the initial magnifications
of the two. For example—the 10X eyepiece used in combina-
tion with a 10X objective produces a linear resultant magni-
fication of 100X. .

Magnification alone is not the aim of the finest nicro-
scope. The amplified or enlarged image isn’t helpful unless
more detail . . . resolution . . . becomes apparent. There-
fore, always use the lowest practical power objective which
effectively reveals the detail in which you are interested.

L)
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The three photomicrographs show the relutrmship of
numerical aperture to resolving power, and the faslure
of magnification to provide increased detasl. All three
specimens are magnified 650X. The onc at the left was
taken with a 10X,"N.A. 0.25 objective and enlarged
photographically. The center picture was taken with a
43X, N.A. 0066 objictive and also enlarged photo-
grapbically. The one at the right was taken with a 90X,
N.A. 1.30 objective. Note the superiority of contrast and
sharpness of image in the right hand picture.

Numerical Aperture (N. A.): A designation, usual-
ly engraved on objectives and condensers, expressing math-
ematically the solid cone of light delivered to the specimen
by the condenser and gathered by the objective. It is a
criterion of resolving power. The higher the numerical
aperture of an objective, the greater irs resolving power,
provided the N.A. of the congenser is equal to or greater
than the N.A. of the objective. For example, a stained
preparation of bacteria can be most effectively resolved if
viewed with a2 97X N.A. 1.25 oil immersion objective used
in combination with an Abbe condenser having a corres-
ponding N.A. of 1.25.

Resolving Power (Resolution): The ability of a
microscope to reveal fine detail. It is stated as the least dis-
tance between two points or lines at which they are seen as
two, rather than as a single blurred object. Resolving power
is a function of numerical aperture and serves as an indica-
tion of which objective should be used to depict any degree
of detail.

Definition: The faithfulness with which the instrument
magnifies and reproduces specimen detail. The brilliance,
clarity, distinctness and sharpness of the microscope image.

Working Distance: The distance between the front
mount of the objective, when the microscope is focused on a
thin specimen preparation, and the top of the cover glass.
The greater the initial magnification of the objective . . .
the shorter the working distance. Most objectives are cor-
rected for use with a cover glass thickness of 0.18mm. For
this reason, as well as to prevent specimen liquids from
touching the objective, such cover glasses should always be
applied to the specimen preparation.

Depth of Focus: The thickness of the specimen which
may be seen in focus at one time. The lower powered ob-
jectives, because of their longer focal lengths and greater
depth of focus, are usually more suitable for the study of
the general arrangement of the specimen . . . also, the field
of view is larger and the image brighter.
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Questions on the Microscope
1. Microscopes may be illuminated with ... O
S 4
(direct s;mlight, daylight, artificial light)
2. Artificial light ds. ... ... reliable than daylight.
(more, less)
3. The image seen with the microscope, which appears to be about as far away as a book is held
when rcading, is called the ... image.
(real, virtual, retinal)
4. “‘Magnification 100X’ FEfErs L0, oo o e magnification.
(linear, area)

5. The total magnification of a microscope is the product of the magnifications of the ...

______________________________________________________________________________ AN e
(body tube, condenser, cyepicce, objective)

6. Magnification is the ... of the apparent size of
the object as seen through the MiCroSCOPE. ..o the
size of the object as it appears to the unaided eye at a distance of approximately 10 inches.

(ratio......e....-. to, product............... and, sum............ and)

7. NLA. MeEans . . e

(normal angle, normal aperture, numerical aperture)

8. N A e e is a number commonly seen: N.A..____.
.................................................................................. and N.A. e
................ are not. (0.25, 500, 60°) ©

9. The greater the N.A., the .o the resolving power. ¥

(greater, lesser)

0 OO is the ability of the microscope to separate
small details. (definiiion, magnification, resolution)

5 OO is the faithfulness with which the optical
system produces, with magnification, the specimen and its details.

(definition, magnification, resolution)

12. Working distance is the distance between the front of the objective when it is focused on a thin

preparation, and the ...
(top of the cover glass, bottom of the slide, specimen)

13. Greater depth of a specimen can be seen at one time with objectives Of ..o
........................................ focal length than with objectives of ... . .. . .
............................ focal len gth (long, short)

14. CbJECtives Of o oo e e focal length are generally more
satisfactory for studying the general arrangement of a specimen.

(long, short)

15. Objectives Of oo e focal length usually have greater
resolving power, magnification, and N.A. than objectives Of ...
................................ focal length. (long, short)

16. A cover glass ... be applied to specimen preparations. P

(should, should not) o

17. Magnification is expressed in units KNOWR as ..o

(millimeters, diameters, angles)

Additional copies supplicd gratis on request. PRINTED IN U. S. A,
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PROPER CARE OF SERIES SIXTY MICROSCOPE

Series SIXTY Microscope is a precision instru-
ment made from valuable materials by expert
craftsmen and should be treated accordingly. Ii
properly used and cared for, it will literally last a
lifetime without appreciable wear or change in ap-
agarance and performance.

The following rules, cautions and maintenance
hints should be observed:

1. Microscope Stand and Mechanical Parts

a. Use both hands when carrying the instru-
ment. One, firmly grasping the arm of the
microscope; the other, beneath the base.
Avoid sudden jars.

b. The dove-gray finish is Epoxy . . . tough and
durable . . . resists chipping, staining and
corrosive action of common laboratory
chemicals. Clean with very mild soap or
detergent solution when required. Other
metal surfaces may be similarly cleaned.
Dampen, do not soak, your lint-free cloth
for this purpose. Finally, wipe off thor-
oughly and buff with dry lint-free cloth.

c. Since Series SIXTY Microscope has ob-
soleted the need for inclination joints, and
rack and pinion focusing adjustments, the
customer’s chore of cleaning and relubricat-
ing these non-essential parts has been re-
duced to nil. All moving parts are protected
within the microscope stand and lubricated
with permanent type special purpose lubri-
cant recently developed by the American
chemical industry. Consequently, disassem-
bly of parts and replacement of these “life-
time”’ lubricants is unnecessary under nor-
mal laboratory working conditions.

d. Store your microscope in a clean, dry place
and keep it covered with the supplied plastic
cover when the instrument is not in use.

2. Optical Parts

Eyepieces, objectives, condensers and reflect-
ing optical elements are locked-in to safeguard
against tampering, damage, loss and prevent
dust from entering into the internal optical
system.

Do not clean optical parts unnecessarily. If
the specimen image appears to have dete-
riorated and lacks definition—

a. Check the quality of the specimen prepara-
tion by using a better area of the slide or
insert a slide of known results or turn the
nosepiece turret to another objective.

If the image quality is improved by the
latter, but not the former—cleaning of the
bottom-most lens of the objective is in-
dicated.

b. Blurred specks appearing in the field of
view are generally caused by dust, lint or
smears contaminating the eyepiece or speci-
men cover glass. If the specks move upon
rotation of the eyepiece, clean the topmost
lens of the eyepiece. If the specks move upon
the slight displacement of the specimen
slide, clean the cover glass.

Glass surfaces should never be touched with
the fingers because they will leave a greasy
smear and, frequently, corrosive perspiration.
If a glass surface definitely requires cleaning—

c. Dust if off with a small, clear;, dry, warmed
camel hair brush. Or, blow it off with an
aspirator. An all rubber infant’s ear or
enema syringe is also ideal for this purpose.

d. Wipe off with a clean, lint-free soft linen
cloth or lens paper moistened slightly with
distilled water . . . and carefully wipe dry
with circular motion.

e. If a film persists, repeat step ‘‘c”’ using a
mild soap or detergent solution or xylene.
Never supersaturate your cloth or lens paper
. . . promptly wipe the surface dry before
allowing it to air dry.

f. If the specimen image still does not appear
clear, remove the locked-in objective from
its turret by means of a snap-type wrench
#K1423 available from AO Instrument
Division @ $5.00 net.

g. Then, carefully examine the objective with
a magnifier to determine the trouble. . .and
clean thoroughly. Recessed lenses can best
be cleaned at the outer periphery by using a
moistened cotton swab with a slight twirl-
ing motion. A soft lint-free cloth or lens
paper wrapped around the end of a rounded,
soft wooden stick can serve the same pur-

pose.

Objectives and eyepieces are carefully aligned at
the factory and must not be taken apart. Entrust
this type of work only to authorized AO-Spencer
service dealers or our factory CTustomer Service
Dept.

The Mirror, In-base Illuminator and Condenser
are not very sensitive to the presence of dirt. It
makes sense, nevertheless, that good housekeeping
be exercised on these parts and that they be kept
reasonably clean by following the above cleaning
methods.
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MAINTENANCE FOR ELEMENTARY TYPE MICROSCOPES

ike every precision mechanical product, mi-
L croscopes will last longer and provide better
performance if cleaned and lubricated at regular
intervals. The actual work involved is simple and
not too time-consuming. The cleaning and lubricat-
ing procedures described here are generally ap-

plicable to any make microscope. With a few easily
available tools and a fair amount of patience, your
efforts will be so rewarding that you will want to
give your microscopes such attention regularly. In
some instances students can do this work and gain
valuable experience for their efforts.

I. MATERIALS

The tools, accessories and lubrication material listed will simplify the task and help yield more satis-
fying results.

Small camel-hair brush %2 inch
(hardware store)

Infant ear syringe (drug store)

2 good quality screw drivers (1) ¥
inch wide and (1) jeweler’s type
medium

Lens paper

Dropper bottle distilled water
Dropper bottle xylene

Mild detergent solution

\

(8) Spanner wrench for inclination joint
(available from manufacturer)

(9) Good slides with detail for testing
all powers, etc,

(10) Can light oil (Pike Oil)

(11) Small can cup grease (any gasoline
station)
\ ~ (12) 1 1b. roll of cotton or clean lint-
/ free cloths
% (13) Box cotton swabs
ﬁ

=

(14) Selection of Allen wrenches
(15) Magnifying glass

N
0S

II. CLEANING and LUBRICATING

The microscope consists of two essential components . . . optical and mechanical. Each will require

separate attention.

A. Optical

1. Eyepieces: Tilt the eye-

piece toward a good light.

You can readily observe any
) upper  dirt and film that may be on
%\ Lens Outer surfaces. Loosen dirt
i | Elament with camel-hair brush, blow
off loosened particles with
syringe. If oil or other grease
film remains either breathe
on surface or sparingly apply
distilled water and wipe off
with lens paper or clean lint-
free cloth. If film persists ap-
ply xylene very sparingly to
lens paper or cloth and wipe
off promptly. Circular motion
should be used for cleaning and polishing. You can
determine the necessity for cleaning inner surfaces
by focusing the microscope on a specimen and
rotating the eyepiece. If dust and dirt spots rotate,
cleaning is indicated. Unscrew lower and upper
lens (Fig. 1) elements and clean as described for
outer surfaces.

2 Lower
: Lens

Element

FIGURE 1

2. Objectives: Never attempt to take objectives
apart. Clean the exposed front lens of all objec-
tives and the back lens only of the 16mm (10X)
objective. The eyepiece, or suitable plug (cork
or plastic) should be kept in the body tube at
all times to prevent the back lens elements of
the objectives from becoming dusty and dirty.

A magnifying glass (Fig. 2) should be used to
examine the front lens of the objectives for dirt

or oil film, or damaged lens. Clean the lens with
distilled water, or use xylene sparingly if nec:
essary . . . wipe clean promptly. Dried blood can
be removed easily with peroxide. Cotton swabs
are used to advantage because the froni lens is
recessed slightly.

The 4mm (43X) is more vulnerable to soiling
because of the short working distance. Take

FIGURE 2

special pains to keep this objective meticulously
clean because the slightest surface film causes
image quality to deteriorate.

3. Mirrors: Mirror surfaces should be cleaned with
distilled water or xylene. Use liquids sparingly
and always promptly wipe dry.
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B. Mechanical

1. Cleaning and lubricciing coarse adjust-

ment: The coarse adjustment is the most
vulnerable mechanical part of the microscope.
The exposed, lubricated surfaces collect dust
and grit deposits which, if not cleaned off regu-
larly, will cause abrasive wear to the slideways.

AO Spancer 66 FIGURE 3

a. AO Spencer 66 Series

Rack off body tube. Clean all slideway surfaces
and rack with xylene. Wipe off with clean lint-
free cloth and re-grease slideways sparingly. Rack
and pinion gear should not be lubricated. All
AO Spencer Microscopes with separate coarse
and fine adjustments, such as the 66 series, have
horizontal grooves cut into the slideway (see
Fig. 3). These grooves trap dust and grit to pre-
vent abrasive wear across the precisely milled
and lapped surfaces. Be sure these grooves are
cleaned thoroughly. After cleaning and lubricat-
ing, replace body as follows: fit rack into milled
slot and lower gently until stopped by pinion
gear; cautiously engage pinion gear into rack
and lower body tube by means of coarse adjust-
ment focus knobs to desired position. You should
ziotice a marked improvement . . . action will
be smoother and easier.

b. AO Spencer 73, 78 and 79 Series

The 73, 78 and 79 Microscopes have a single
focusing adjustment. Since very little of the rack
and slideways are exposed, cleaning of mechani-
cal parts is generally unnecessary. Only occa-
sional lubrication is required. To lubricate simply
rack up body to limit of excursion and sparingly
apply Pike Oil to exposed portion. Rack body
up and down several times to distribute oil.

¢. At times you may desire to remove the com-
plete bedy from the Student Microscope Series
73, 78 and 79 for re-lubrication. Removal can be
accomplished by the following procedure:

1. Remove focusing adjustment stop screw from the top
of slideway.

2. Remove screw, spring, and plunger from top of arm.
If plunger sticks, omit this step and continue below.

3.a) Series 73 — remove stage by removing the two
Allen-head screws which hold it to the arm.

b) Series 78 and 79 — remove base cover plate from
underside of base.

4, Series 78 and 79 - remove two Allen-head screws
(front and right) which hold base to arm. Turn base on
arm with third Allen-head screw left in place as pivot.

5.Take off gear box cover plate from underside of arm.

6. Push plurzer out from bottom (if not removed in
Step #2 above).

7. Turn focusing adjustment to bottom of excursion.

8. Slip off body tube from arm.

The old lubricant should be removed using naphtha or
lighter fluid. Relubricate and assemble the microscope
in the reverse order of the above steps.

Adjusting the tension on coarse focus:

On older instruments, especially those not serv-
iced for many years, cleaning and relubricating
may result in the body tube assembly coasting
down too easily, or even too freely to support
the weight of the body tube. There are simple
methods for properly adjusting this tension.

a. AO Spencer 78 Series: Grasp the two control

knobs in each hand and turn in opposite direc-
tions . . . to increase tension, turn down with
the right hand and up with the left hand (Fig.
4). To reduce tension, reverse the direction of
turning.

FIGURE 4

b. AO Spencer 73 Series: Loosen Allen screws (Fig.

5) at center of each focusing knob (do not
remove screws). Now adjust for tension as de-
scribed above for 78 Series. Tighten screws
securely.
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c. AD Spencer 66 Series: To increase tension,
simplv tighten down on screws (Fig. 6). This
will tighten the block against the pinion shaft,
increasing the tension. To reduce tensicn, back
off slightly on these screws.

d. Microscopes of other manufacture: Manufacturers
of quality student microscopes make provisions
for adjusting the tension of the coarse controls.
These will vary, but most employ the method
described above for the Series 66, although the
screws may be positioned differently (Fig. 7).
Consult manufacturers’ instruction manual

CAUTION: Never shim up the rack with foil or
paper to increase the friction on the slideway.
This will cause wear at the wrong points mak-
ing eventual major repair necessary. The fine
adjustment of most microscopes require no lub-
rication and no adjustments or repairs should
be attempted.

3. Adjusting tension of inciination joint:
Inclination joint can be adjusted easily to in-
crease or decrease friction. This requires a
special but inexpensive wrench which should be
ordered from the manufacturer (Fig. 8).

4. Cleaning microscope finish: The surface of
the microscope is finished with enamel and
metal plating and requires little care other
than keeping it clean. These finishes resist most
laboratory chemicals, and ordinarily a little
mild soap and water is all that is necessary
for cleaning.

FIGURE 8

Possible Problems

Parfocality: In classrooms where there may be mi-
croscopes of more than one manufacture, objectives
and eyepieces sometimes become interchanged.
Match where you can . .. it is better that objectives
and eyepieces on a given microscope be of the
same make, preferably of the same vintage. Mixing
may result in a decided lack of parfocality. A mi-
croscope is parfocal when it is possible to change
magnifications from higher to lower magnification
without losing the image and with only a slight
turn of the fine adjustment required to refocus
critically.

INSTRUMENT DIVISION

Microscopes that have adjustable graduated draw
tubes MUST be set at 160mm to assure parfocality.

Parcentricity: This is a term used to denote identical
optical centers. In other words, when you focus on
a specimen with a 10X objective and position the
specimen in the center of the field, you should be
able to change to the 43X with the specimen re-
maining approximately in the center of the smaller
field of view. If this does not apply on a specific
microscope, the objectivess can be centered by the
manufacturer or by a skilled repairman.

AMERICAN OPTICAL COMPANY

BUFFALO, N. VY. 14215
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MINNEAPOLIS PUBLIC SCHOOLS
Science Office

A SCIENTIFIC ATTITUDES CHECK LIST

Directions:

A11 of us have heard about the attitudes of scientists as
they go about their work of investigation. In our textbooks we have seen
1ists of these "Scientific Attitudes" and have had to memorize them to be
mentally regurgitated during an examination, but few, if any, of us can
put the meaning of these scientific attitudes into common everyday
language. What must a person do to give evidence of having acquired or
not having acquired these scientific attitudes? The purpose of the tabu-
lation which follows is to help you determine to what extent you have
acquirad these scientific attitudes.

Read carefully each scientific attitude, as well as the four
pieces of evidence in the second column, and choose that evidence which
best fits you, Place a check in the right hand column opposite the rating
for the evidence which best describes you. Now read the attitudes and
check.

Thg purpose of this rating blank is for your own self-
evaluation., After reading and checking as described above, you have some
jdea of how scientific you are in your attitudes. But let's make it
quantitative., For each check opposite each rating that you have given
yourself, write in the point values from the following table:

POOreeccccesssssesss 5 points
Faileovecesssesssasse 10 points
GOOGeesseeosnscsseee 15 points
ExcelleNteessssscess 25 points

Now add your points for each scientific attitude and

establish your total score.
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A Seientific Attitudes Check List - Page 2

L0 - 60 points.
65 - 105 points.

110 - 1L5 points.

150 - 200 points.

Don't plan for a career in sciencel
Your greatest contribution to science
will be the washing of flasks, test
tubes and animal pens.

You can with great effort perhaps
‘become a member of a staff research
team,

You can have a future in scientific

research!
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A SELF-RATiNG CHART OF SCIENTIFIC ATTITUDES

Seientific Attitudes Evidence

v
Rating Score

1, Desire to know a.

b,

Ce

d.

2., Willingness to a.
spend time

b.

Ce.

d.

e SRA e o ot e

Cannot think of one question you
would like to have answered.

Think of questions you would like
to have answered but never try to
£ind the answer,

Think of questions to which you
would like to know the answer but
depend on others to find the
answers.

Make lists of the questions you
would like to have answered and
then proceed to try to find the
answers to them.

Do not spend any time outside
of science class studying
science,

Do the assignments that are
required.

Do the required assignments

and volunteer for special reports.

Do the required assignments,
volunteer for special reports,
and work on an individual project
outside of class.,

Poor

Fair

Good

Excellent

Poor

Fair

Good

Excellent




A Self-Rating Chart of Scientific Attitudes - Page 2.

Scientific Attitudes Evidence Ratiqg_ Score

3. Willingness to
work a. Do not help with the work to be 4
done during class. Poor

b, Work if you are asked to help. Fair

c. Volunteer to help with some
class equirment and demon-
strations, Good

d. Take a personal interest and
responsibility in the appearance
of the classroom. Help to clean
up after class experimentation,
Help to get equirment ready for
class use, Excellent

[f 4. Curiosity a, Do not ask questions. Poor
| b. Ask questions if it is re-
quired of you. Fair

c. Ask questions about things
which you do not understand. Good

d. Ask questions about things
which you do understand and
ask additional personal interest
questions about other things
in the field of science, Excellent

ERIC

Full Tt Provided by ERIC.
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A Self-Rating Chart of Scientific Attitudes - Pace 3.

Scientific Attitudes

Evidence

My
Rating Score

5, Imagination

6., Openmindedness

-

b,

Co

d.

ae

b,

d,

Do not suggest additional inter-
esting learning activities for
the class to do.

Suggest additional learning actl-
vities if you are asked to do so.

Suggest and occasionally become
a leader in performing additional
class learning activities.

Suggest and lead class in unusual
learning activities, good demon-
strations and valuable experiments,

Believe what you read and what
you have been told.

Change your mind if enough people
present evidence that you are
wrong.

Question the statements of others
and allow others to question your
statements. .

Listen carefully to the questions
others raise about your statements
and then seek to submit evidence
as to which idea is right.

Poor

Fair

Good

Excellent

Foor

Fair

Good

Excellent
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A Self-Rating Chart of Scientific Attitudes - Page b

Scientific Attitudes

Evidence

My
Rating Score

Te

8.

Withholding judgment

Respect for the
ideas of others

a,

b,

Co

d.

o

b,

Ce

d,

Accept as truth immediately what
you hear and read.

Do not accept what you hear and
read unless it is supported with
evidence,

Tind several authorities before
you accept a statement.

Seek the ideas of people who
disagree with each other and
keep both viewpoints in mind,

Try to convince others that you
are right,

Iisten courteously to the ideas
of others.

Engage in discussion with others
who have differing ideas.

Are challenged to study about
the ideas of others so that you
understand them better and can
discuss these ideas of others
from their point of view as well
as your own,

Poor

Fair

Good

Excellent

Poor

Fair

Good

Excellent



A Self-Rating Chart of Scientific Attitudes - Page 5.

Seientific Attitudes

Evidence Ratiqgv

Ny
Score

9, Excitement of
discovery

copied by Jw
1-29-63

e

b,

Ce

d.

Have no interest in the results

of a learning experience Or eX-

periment except when something

blows up or someone has an

accident. Poor

Like to watch others work

out the calculations for

an experiment so that you

may copy their results in

your write-up to be handed in. Fair

fEnjoy helping manipulate the

materials during the experiment

and make some of the necessary
reagurements., Good

Know what you are looking for in
the experiment and actively take

a lead in setting up the apparatus
in the most convenient fashion,
Check to be sure all readings are
accurate and records are made,
Begin the necessary calculations
as soon as all information is
collected. Receive a thrill from
finding the answers to your questions
during the experiment. Enjoy dis-
cussing the experiment with those
jnvolved and those not involved in

it,. Excellent




