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~—UNIT I, BIOLOGY 306 NAME
MEASUREIMENT AND INSTRUMENTATION -

COURSE OUTLINE GROUP

Introduction - This course cutline is for the purpose of providing you

Pretest I1:

witn a gsneral picture of the general topics and activities that
you will experience and bts expscted to become well acquainted with
during this 9 wecks. Keep the outline in your blolegy notebook so
that you may refer to it as you progress through the course. In
this way you can keep track of an area that you may miss during an
absence or that may be a weak spot where you need additional study.

( ) (covers 32 objectives)
dats

Learning Activity Package A - Introduction to Biology (12 objsctives)

1.

Meaning of biology

Film:

History and importance of biology

Reading assignment:

a.
#l. BSCS Yellow - Chapter 2 (think what you might answer
to questions #2, 7-9, and 11 on pags L3)
or i
#2. BSCS Blue - Chapter L (how would you respond to ques-
tions #1, 3, 6-8 on page 78-79°7)
b, Lecture: "Abiogsnesis vs. Biogenesis and Early Biologists"
(Answer the review carefully) (
dus date
¢. Written ascignment: "Famous Biologists" -
A Crosgsword Puzzls ( )
due datse
Branches of biology
8. Reading assignment:
#l. BSCS Yellow - pages 3-10
and
if2. Moon - pagea 10-11
b. Written assignment: ' ( )
"Branches of Biology" dus cate

Scientific Methods

a.,.

Reading assignment:

#l. BSCS Yellow -~ p. 14-17 (how would you respond to ques-
tions #3 and 10 on page 227)

and
i#2. Reading: "S¢iénce and Scientific Methods"
Program: "How tc Granh' { _ )
due date
Lab demongtration: "Baspi-etion Rata in GAldAfigh
due ceie

(1



.;;nuunmﬂbuT AND INSTRUMENTATION COURSE OUTLINE 2.

d. Student progress report

S Quiz I A: M"Introduction to Biology" ' ( )
(covers 12 objactives) date

Learning Activity Packapme B - Introduction to Instrumentation
o (10 objectives)

1. Lab squlpmant and its use

a. Lab Activity: "Lab Equipment: ( )
due date
b. Quiz I Bl: "Lab Equipment” (
(covers objective 2.1) “due date

2. Optical instruments

a.. Study assignment: "Microscopy"

b. Lab: "The Compound Microscope"  ( )
due date
c. Lab: "The Dissecting Micrcscops ( )
due date
d. Film: "World of the Microscope" ( )
date -
8. Quiz I B2: "Optical Instruments" ( )
due datse

(covers 9 objectives)

Learbing Activity Package C - Introduction to Metric Messurement
{I1 objectives)

1. The basics of metric msasuremsnt

&. Reading assignment: 'Measurement Systems"

b. Practice sheets { )
due aate
2. Experiences in Measurement
a. Length measurement: The Crayfish  ( )
due date
b. Quiz I C 1: '"Measuremont of Length" (
date
¢. Welght and Volume ( )
dus dute
d. Quiz I C 2: "Measurement of Weight" ( )
- dats
6. Quiz I C 3: "Measurement of Volume" ( )
- date
f. Use of The Bunssn Burnsr and ,
The Thermometer ( )
dues date
g. Quiz I C L: "The Thermometer" ( )
date

(2)




sASUREMENT AND INSTRUMENTATION CUTLINE . 3

Post test I 1: ( ) (covers 33 objectives)

date
Enrichment Activity #l1: "An Exercise in Micromstry® ‘ )
Eorichment Activity #2: '"Measurement Under The Microscope" | )

-

Enrichment Activity #3: "The Volumeter"

Enrichment Activity #4: "Electrolysis of Water"
Remedial Activity #l: "Investigation in Biogenesis"
Remedial Activity #2: "A Lab Equipment Key"
Remedial Activity #3: "Microscope Use"

Remedial Activity #4: "Metric Measurement"

Post test I 2: ( ) (covers 33 objectives)
dats

(3)
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UNIT I, BIOLOGY 306 NAME

MEASUREMENT AHD INSTRUMENTATION

COURSE OUTLINE GROUP

Introduction -~ This course outline is for the purpose of providing you

with a gensral picture of the general tovics and activities that
you will experience and be expected to become well acquainted with
during this 9 we=ks, Keep the outline in your biology notebook so
that you may rsfer to it as you progress through the course. In
this way you can keep track of an area that you may miss dnring an
absence or that may be a weak spot where you need additional study.

Pretest I: ( ) (covers 32 objectives)

dus data

Learning Activity Packsnra A - Introduction to Biology (12 objectives)

1.

Meaning of biology
Film:

8. Reading assignment: Frazier pagos 11-14
(How might you answer questicns #5 and 6 on page 217)

History and importance of biology

a. Lectura: "Abiogene51s vs. Biogenesis and Early Blologlsts
(Auswer ths review carefully) ( )

dus dats

Branchas of biology

a. Reading eassignment:

#1. Frazier pages 14-15
and
#2. Moon pages 10-11

b. Written assignment: "Branches of Biology" ( )
due date

Scientific Methods
a. Reading assignment:
#1. "Hypothasis Formation"
#e. Frazi?irbages 16-19
#3. Moca T 72 2-5
Written assipnment: "Science Methods" )
due date

#1. Frazier - copy statements #,-10 from page 20 on your
answer snsct

end
#2. Moon - answer guestions ili-5 from page 11 and 12 as
: fully as nccescary

b. Program: "How to Grapn!" ( )

cue data
c. Lab demonstration: "Respiration Rate 1o Goldfish"( )

due date

d. Student progress report.
{/\




MEASUREMENT AND INSTHUMENTATION GOUMsSH UuiLins oo

5. Quiz I A: "Introduction to Biology" ( )
(covers 12 objectives) date
Learning Activity Package B - Introduction to Instrumentation i

(10 objectives)
1. Lab equipment and its uss-:

(a) Lab Activity: "Lab Equipment" ( )
due dats
(b) Quiz I B 1: "“Lab Equipment" ( )
(covers objective 2.1) due date

. 2. Optical instruments

8. -Study assignment: "Microscopy and Program"

b.. Lab: "The Compound Microscope" ( )
due date

“e Lab: "The Dissecting Microscops" ( )
due date

d. Film: "World of the Microscope” ( )
date

e. Quiz I B 2: "Optical Instruments" ( )

(covers 9 objectives due date

Learning Activity Package C - Introduction to Metric Measurement’
(11 objectives)

1. The basics of metric measurement

8. Reading assignment: "Measurement Systems"

b. Practice shests ( )
dus date
2. Experiences
a, "Measuring Length in the Metric System"  ( )
due aate
b. Quiz I-C-1: "Measuremsnt of Length" ( )
date
c. "Measuring Weight in Metric Units"  ( )
due dats
d. Quiz I-C-2: "Measurement of Weight" ( )
' date
6. "Measuring Volume in Metric Units" ( )
due date
f. Quiz I-C-3: "Measurement of Volumg" ( )
. dats
g. Exercise: "Tools of the Scientist"” ( )
aue date
h. Bunsen Burner and Thermometer ( )
due date
i. Quiz I-CG-L4: "The Thermomater" ( )
date

(5)



MEASUREMENT AND INSTRUMENTATION OUTLINE

Post test I 1l: ( ) (covers 33 dbjectives)
date '
Enrichment Activity #1: "An Exercise in Micromstry“

Enrichment Activity #2: "Measurement Under The Microscops"

0 -

Enrichment Activity #3:¢ "The Volumetsr"
Enrichment Activity #l4: "Electrolysis of Water"

Remedial Activity #1: "Investigation in Biogenesis"

Remedial Activity #2: "A Lab Equipment Key"
Remedial Activity #3: "Micréscops Use"

Remedial Activity #l: "Metric Measurement"

Post test I 2: ( ) (covers 33 objectives)
date

(6)



“UNIT I - BIOLOGY 306 NAME
MEASUREMENT AND INSTRUMENTATION
BEHAVIORAL OBJECTIVES - GROUP

Introduction - Each of the following objectives listed in this paper ls
a goal for the courss. They tell you what you will bs able to do or
what new ideas you will have as you go through the course. You should
refer to the objectives frequontly to find out what you are expected
to know 8o you will know what you should study.

Each of ths 33 objectivses Iin this list has its own number and
svery question on your tests will ask you about a certain numbered ob-
Jective, The tests and quizzes have besn made up to see if you know
the ideas in each objective. If you get the right answer on the tast,
then you know the objective - you heve achieved a goal.

- The first test you will be given is called Pretest I since it is
the pretest for Unit I. It has one test question for each of the 33
objectives and will be given to you before you have begun the course.
You may not be able to get many answers right cn this test. But don't
worry about that. You will discover which objectives you already know

and which ones you don't know yet. Your instructor will be able to
decids how to help you achiesve ths goals.

Since Pretest I asks you about ideas you haven'!'t learned yet, you
can ssee how much better you do on them es the courss progressss.-
Remember, getting only a few answers right does not mean getting a bad
final grada. The Pretest and later the Posttests ares dersigned to tell
you which objectives you have learned and which ones you still need to
study. If you get a better score each time, you are doing very well.

The number you get right on each test is called your scores and ws
would like for you to get a better scors sach time. Later, you will
be asked to keep a graph of your scores in your notebook as a means of
meking & personal progress report to yourseif. You should not compare
your scores with anyone else in the class. Beating someone else should
not be important to you. What should be imporiant is to beat your own
scors every time. To do this, try to learn sach objective as soon as

it 19 presented to you and refer to the list of objectives frequently
for review,

Learning Activity Package A: Introduction to Bioloay (12 oo jectives)

1.1 The student will be able to identify carly biclogists with
their contributions to biology.

1.2 The student will be able to distinguish batween the various
fields of biology,

1.3 Given a list of scientific method descriptions, the student
will be able to select the best deoscription,

1.4 Given a paragreph, the student should be ahle to distinguish
between lacts asnd testable hypothezns.

L84

‘MUl -

1.5 Given a set of statements, the siudens 111 be ably to fo
late a hypothssis.,

1.6 The student will be able to abtata in lagical order the basic
E]{U:« activities of sciencec.

(7



1.7

1.8

1.9

1.12

2.
Given numerical data, the student will be able to constructi a
graph.

Given a list of dependent and independent variables, the stu-
dent will identify the statements as dependent or independent.

The student will be able to interpret graphs by selecting in-

formation shown in the graph necessary to solve a given prob-
lem,

The student will be able to interpret charts by making predic-
tions based on ths data presented in the charts.

The student will be able to distinguish between direct and

inverse variations by identifying the variation shown on a
graph.

The student will demonstrate compaetency in the calculation of
percents and/or averages from given data.

Learning Activity Package B: Introduction to Instrumentation

2.1
2.2
| . 2.3
2.4

2.5

2.6

2.7
2.8
2.9

2.10

(10 objectives)
The student will be able to ldentify laboratory equipment by
their structural-functional relationship.

Given a diagram of the compound microscope, the studsat will
be able to identify the parts.

Given a diagram of the dissecting microscope, the student will
be able to identify the parts,

Given necessary materials, ths student will bs able to preparse
& wet mount for use with the microscope.

The student will show competency in the ability to focus the

compound microscopes on a wet mount using low and high power
objectives,

The student will shew rnmpetency in the ability to focus a

dissecting wicroscope ON & -canimen using low and high power
objectives and/or various 1light ..., . +Tops,

Given an appropriats specimen the stg@enu 11 demonstrate
skill in drawing and labeling a 3specilmnen,

The studsnt will be able to demogstra?e proper techn*_~‘q or
safe handling and caring for optical instruvments.

The sﬁudent will be able to observe and racord the properties
of the imags produced by a compound mirrcpcops.

The student will be able to observe and zecord the propesrtiles
of the imags produced by e digsecting microscepe.

(8)
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3.

Learning Activity Package C: Introduction to Measurement

3.1

3o2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

3.11

{11 objectives)
Usging the metric system, the student will be abls to measurs
a given figure with sccuracy.

The student will identify from a list of different metric
units those that ars equal in value,

The student will be able to match metric prefixes to corres-
ponding numerical values.

Given a semple, the student will be able to weigh accurately
using metric system units.

Using the mstric system, the student will be able to find
corract volums of a sampls.

Given & list of miscellaneods metric units, the student should
be able to select three basic units.

The student will be able to demonstrate knowledge of thermal

measurement by choosing the correct temperature from a list
of tempsratures.

The student will be able to make conversions betwesn English
and metric values.

The student will be able to distinguish betwsen definite and
indefinite measures,

Given the necessary equipment, the student will exhibit his
concept of a microscopic unit of measure by corresctly estima-

ting the aize of a given specimen under the compound micro-
scopa.

Given the recessary equipment, the student will exhibit his
concept of a magnified object by correctly estimating the size
of a given spacimen undar the dissecting microscops.

(9)
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BIOLOGY 306 ~ PRETEST
MEASUREMENT & IWSTRUMENTATION

(1.1) The man whom we credit with the discovery of the compound
microscope is:
A. Harvey B. Redl C. Needham ~ D. Van Lesuwenhosk

(1.2) The scieﬁcé of classification is : - Co
A. Taxonomy B. Genetics C. Botany D. Bacteriology-

(1.3) Wkich of the following statements best describes the scientific

me thod?

A. Accumulste observations and ideas, form a hypothesis, test
the hypothesis by expsriment, and then build a theory after

-, . positive test results.

B. "Form an opinlon about an idea and assume it to be theory,

C. . Assume &8ll data to bs facts and eliminate the n606351ty to
experiment.

D. Study the idea of intersst to see if it has any validity
to it.

(1.4) Redi's suggeatlon that maggots did not arise spontaneously in
rotting meat. but that they ceme from eggs depositad thers by
- adult flies is -
A. Fact B. Hypothesis C. Experiment D. Data

(L.5) Redi placed meat in jars, some of which were secaled and some of
which werse left open. He then observed these jers to see if
. maggote appeared in them. His recordcd okasrvations would
constitute
A. A hypothesis B. An assumption C. Dats D. An sxperiment

(1.6) A sclientist seeks background knowledge in the investigation of a
problem becausgse
A, He learns to undsrstand the problam,
B. He enjoys rsading.
C. He knows that scientists should rsad as much as possible.
D. He needs more facts to help him propars a controlled
sxperiment,

Objectives (1.7) through {1.11) are based on the informition ana graph
balow:

A student rscently pserformed an exveriment on respiration rats. The
experiment was conducted using 1000 ml. bealiers ané goldfish. Changes
in water temperature were made to find out 1f water tempsreture has any
-affect on the respiration rate of the f'ish. Thse resulta wers recorded
on the graph below,

GOLDFISH RESPIRATION RATE.
}

35 ;
Number of -  3q.p - e
Gill Beats N R4
per minute 2571 L
20 e

n

5 v . . Tom w(rztu‘e of




(1.7)

(1.8)

(1.9)

(1.10)

(1.11)

'(1.12)

(2.1)

(2.2)

In the graph on page 1, ths numbser of 5311 beats
A. 1s on the Y-axis

B. shows an inverse variation

C. 1s on the X-axis.

- D. 1s on the horizontal axis.

From the informatiocn given in the graph and reading, the
respiratlon rate scems to be depcndent upon
A. the size of the beaker.

- B. the amount of water present.

C. the amount of food present.
D. the water temperature,.

The best interpretation of the graph is
A. - amall goldiish are able to survive a greater temperature
_ variation than large onss.
B. water temperature dirsctly influsnces goldfish respiration
- . rate.
C. the amount of oxygen is dependent on the size of ths
container.

‘Ds  the larger the fish, the lower the respiration rate

regardless of temperature variation.

After making careful observations of the graph an experimenter
could predict that N

. A. decreasing water temperaturs will increase respiration

rate. :

B. at 0°C, respiration rate should be O beats per minuts.

C. 3dncreasing the water tempsraturs will increase respiration
rats.

D. 1increasing water temperature will decrease respiration
rate.

Which one of the following presents a direct variation?
A. Lower water temperature results in a lowser resplratlon
rate,

B. High water temperature results in low repiration razts.

C. At 15° C, the respiration rate was found to bas L0 beats
per minute.
D. Lowsr water tempurature results in higher respiration rate.

On a 50 point biology test, Dr. Doolittle has a raw score of
LO (4O correct answers). What is his percentage of ccerract
answers on the test?

. A. 30% B. 50% c. 80% D. 85%

Which one of the following pisces of lab squipment would most
likely be used to measure 1 ml. of water.

A. 500 ml., bsaksr

B. 50 ml. graduated cylinder

C. 10 ml. Erleonmeyer {lask

D. serological pipette

Upon caraful observation of the corpound microascope, it wvas

found to have a revolving diZc thai rorul.uitecs vl u»aunt of
lifht., This is known ag 2
A, light filter B. diaphragm C. mirror D, objective.

(11)




2.3)

t2.1)

ﬁZ.S)

(2.6)

(2.7)

(2.8)

3.

"The dissecting microscope has all of the following partas except

A. a mirror. B, a built in light sourcs.
C. two eyepleces (oculars). D. a .body tube.

In proparing a wet mount for microscope study, the student wonld
do all of the follcwing excepts:
A. center the gpecimen on the slids.

‘B. add a drop of water to the specimen.
C. lightly place a cover slip over the specimen.

D. press the cover slip tightly on the specimen with the thumb.

When focusing a compound microscope on an object of study, the

student should first:

A. adjust the mirror for the amount of light needed.

B. focus the object under high power and then adjust the mirror,

C. bring the object into view using tha fine adjustment.

D. bring ths high objective lens to the object and focus on the
object using the courss adjustment,

When focusing a dissecting microscops on an objsct of study, the
studeist should first:
A. rotate the body tube to high power.
B. adjust the microscope so that it gives the lowsst possibles

" magnification.
C. place one seye on an ocular and slowly raise the body tubs

by rotating the focus knob.

D. adjust oculars until the distance betwsen their centers

«- matches the distance between the centsrs of your eyes.

The drawing of the flower:

A. should be centered bet*sr.

B. should have bettar lettering.

C. should bs of an appropriate sizs.
D. needs straight guidelines.

PCTIOLE
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Of the following rules for safe handling and care of optical

instruments, the one which is lesast correct ia:

A. rest one eye by keaping it cloged at all timss.

B. begin with the low powser objective down at the sglide &ad
focus by bringing the objectivae up uith cocarce 2djustment.

C. wuse both handsa, wihen tranzuorbing nicrolzopy - ong arnd o0
the arm and one hanc undece the bassz,

D, never change rom the louw pousr ODjC\L' ‘ooto tho nigbh power

objective unless the specimen i3 in focus first unaer the
low power objactivs.

(12)



(2.9) O0f the following descriptions, which cne best describes th;
image produced by a compound mlorosoope?
A. ths image appears normal size.
B. the image appsars inverted only.
C. the image appears inverted and backwargd.
D. the image appears inverted, backward, and magnified.

(2.10) Of the following descriptions which one best describes the
image produced by a dissscting nicroscope?
" A. the image appears normal sizs.
B. the image appears invertad only.
C. the image appsars inverted and backuard.
D. the image appears magnified.

(3.1) Using the metric ruler provided, the most accurate measursment
of the line below is:

. — e

A. %SO mm B. 7 cm C. 8em D. .5 m

{5.2) Of the follow1ng metric equalities, which one is incorrect?

A. 4O cn = 4000 mm B. 30 L, = 300 dg,
C. 100 kg = 100,000 g D. 20 mm = 2 ¢cm
(3.3) The metric prefix milli corresponds to the numerical value
A. 1000 B. 1 c. 1 D. 0.1 -
100 1000
{3.4) The most correct reading indicated on the balance beem below is:
\/
e et B N e Y T T T T T T

10 20 30 LO 50 60 70

A SIS, P —

g " )
! ol poonpe: Sasinsses Ymvph RSt

e |
123u567i

. . ‘ )
Pl oAt Ot syt e g 4

1 .2 .3 Lt .5 .6
A. 30.51 grams B. 35.01 grams C. 35.1 grams D. 3C5.1 grams

e

- —

(3.5) A student was asked to measure 35 milliliters of water for an
experiment in the lab. He took the gradusted cylindsr (repre-
! gented helow) to the taacher and the teachar sard most correctly:

50 T A. M"Add 1 more ml. of watecr to meet the
r ; required 35 ml."
o B. "Pour out i mi. of water, You havo
? too much."

C. "pour out 5 ml, of water. You don't
nead that much."

P RS,

©

|
]
CITITTT D. "Add L ml. of water or your sp=cimen
b ] will be d»y.
[ |
v |
l- i
¥ '
305”"‘""
{(3.6) Which of the following is a basic uni® in the wmetric systen?
A. rillligrem C. liter
[}{ﬁ:« B. centinmster D. kilogram

(13)



5.

(3.7) On the thermometer represented below, the reading is nearest
P AR . _..4"

Lenatlaps | T [ 7 0 !

10 20 30 L0 50 60 70 80 90 100 °©c

A. 100° ¢ B.100° F ¢. 0°% D. 90°F

(3.8) Of the following English-metric conversions which is least
corrgct?
A. 2.8y em = 1 in. B. 25.4 cm = 1 in. C. 1 in, = .254 dm
D. 25.4 mm = 1 in.

(3.9) Of the following phrases concerning measurement, the one which
13 an indefinite amount is
A. 12 lbs. of sugar C. a bunch of bananas
B. 2 liters of gasoline D. one dozen eggs

(3.10) Below is a drawing of the letter "e" as it appears under the

~. compound microscope when magnified
- 100 times. If the diameter of the low
\\ power field is 1.5 mm, what is the
\ width of the letter?
LRI A. About 15 4~

B. About 150 4« -
C. About 1000 4«
D. About SOO,LL

(3.11) Below i§ a cluster of bacteria spores which were drawn as
they appesared under a dissecting microscopre. If the diameter

of the field is 8 cm and the spores are magnifisd 3 X: what
is the approximate diameter of this cluster of spores?

A, 8 cnm.
B. 2 cmn.
C. L cm.
D. 6 cm.

(14)



LECTURE - _  NAME

LIFE FROM NON-LIFE - LIFE FROM LIFE GROUP

Background

Tife coming from 1life 1s a commonly accepted belief today. During the
middle ages, & disagreement started as to how life really originates.
Some scientists belisved that dead materials could give rise to living
organisms. Other scientlists argusd that this was not the case but
rather that only living organisms could produce new live organisms.
This conflict took nearly 300 years to settle.

Purpose

In this lesson we will be concerned with this classic biological argu-
ment as well as some of the men who were to be involved in its contin-
uance. Special emphasis will be placed on the expsrimental methods
employed by the various gcientists involved.

Procedure
As you follow the presentation of this lesson use the worksheet pro-

vided you for the taking of notes. When you finish recording your notes
use them to help you answer all questions,

Notses

1. List three ideas that accounted for the origin of organisms.
a [ ] ' -
b.
Ce

b
Saw v e

2. Aristotle's viewpoint -

3. MiddiesAges idesas -
L. van Helmont's “recipe" -

5. Spontaneous geuneration thoory -

6. Redi's experimsnt -

(15)



Ctean——

7. Microorganisms and spontaneous genseration
a. Leesuwsnhosk -
b. Nsedham - N§
c. Spallanzoni's experiment - h
8. Renewal of controversy
a. Pouchet -
Questions

__ 1. Aristotle's idea that fish arose from mud is an gxample of
T (a) life from life, (b) 1life from unlike life, (c) life from

non-1ife, (d) supsrstition.

2. Which of the following scientists did not believe in spontan-

eous. generation?
(a) Spallanzani (b) Needham (c) van Helmont (d) Aristotle.

3. An example of new life from unlike 1life would be
(a) dog from dog (b) frog from mud (c¢) colt from mare
(d) lamb from tres.

. What most imporsant factor was overlooked by van Helmont in his
mouse "recipe"? (a) control (b) obsaervation (c) research

(d) food.

5. O0Of the following which was the expsrimental variable in Redl's

work? (a) dead animals (b) maggots {(c) opem container

. ————

(d) gauze covering.

6. How did Spallanzani produoa differsnt results from those of

T Needham? (a) By boiling his cultures (b) By using sirtight seals
(¢c) By making the experimsnt work out the way he wanted it to

(d) None of thess.

7. Why did Pasteur's flask produce no miervorganisms after

etarilization?
(a) No air was admitted (b) Rerause he boiled the contents
(c) The flask was sealec (d) Spores were trapped in the § curve

of the flask.

(16)



LECTURE - NAME

ABIOGENESIS VS, BIQGENESIS GROUP

Background

Life coming from life is a notion generally accepted today.
However, this was not always a common balief among scientiasts. Tor
nearly 300 years this controversy was argued by opposing scientific
frobloud, Scleuntifinc mathods played an instrumental role in resolving
this argument.

Purposa

This lesson wi}l be primarily concerned with the men and thes
sequancy of cventg involved in this classic blological struggle.
Particular note will be made of the experimental methods usad.
Procedurs

Follow_along wlth the presentation by recording notes concerning
people, their methods, and contributions. Answer all Questions that
relate to the lecturs.

Notes
1. Origin of organisns

a.
b.
Co

2. "Barnacle goose theory" -

3. ©BSpontansous generation -

. Aristotle and vao Halmont - "Mud pupples and Mice"

5. Redi's experimental method - "Maggots and Meat"

6. van Leewenhoek and microorganiosms

U s i A\



.

7. Joblot and hay infusions {acvtes ca bo.ck)

/;;Q . .
A, Sterilized B. Sterilized C. Sterilized D, Sterilized and
-and open : and waxsd and corked ~ waxed -~ S~-tubs

8. Needham needlss the biogenesists

-

9. Spallanzani's repeat performance

10. After effects of Spallanzani's work upon the controversy.

1l. Pouchet's artificial infusions

12. Pasteur answers Pouchst

13, Conclusions

(18)



" ABIOGENESIS VS. BIOGENESIS Grade
NAME

GROUP

QUESTIONS FOR_REVIEW

l. A frog developing from the mud of a pond is an example of
(a) ablogenssis, (b) biogenesis, (c) asexual reproduction
(d) sexual reproduction.

2. Another name for ablogenesis is (a) embryology, (b) spootan=-
eous combustion, (c) spontansous generation, '
(d) re-incarnation.

3. All but one of the following advocated abiogenesis. Which
scisntist did not?

(a) Needham (b) Aristotle (c) van Helmont (d) Spallanzani.

i Redi differed from van Helmont in his experimental work be-
cause of his (a) scientific interest, (b) use of a control,
{c) uss of observation, (d) nationality,

5. In Joblot!s experiment the variable was the (a) open vesssl,
(b) bay infusion, (c¢) boiling tims, (d) parchment.

6. After the dsvelopment of the microscope, microorganisms
became the subjsct of debate. Bingenesists and abiogsnesists
agreed on which of the fcllowing points?

(a) boiling killed microorgenisms in hay infusions
(b) protozoans were gonerated from the hay and water
(c) alr was a contaminating factor

(d) 1ipactive spores became active in a hay infusion.

7. Pasteur and Pouchst performed basically similar experiments
- but reached conflicting conclusions. Which one of the follow-
ing reasons most likely caused diffsring results?
(a) improper boiling of the cultures, (b) the exclusion of air,
(c) different types of cultures, (d) close-mindedness.

The followlng questions are taken from the accompanying diagram.
Check the pictures clossely and rnad the associated captions. Answer
in terms of the ablogenssis-biogenesis controversy.

8. What will most likely occur to bsaker A?
{(a) solution will evaporate, (b) no organisms will devslop,

(c) organioms will causs it to turn cloudy, (d) solution will
transform into a goose. '

9. Which two flasks would be most like the experimental set-up of
Spallanzani? (a) A and C, (b) B and C, {(¢) B and D,
(d) A and D,

10, Of the four flasks which bnst takes Jnto account conditions
tavorable to both ths abilogsnesiats and the biogenesista?
(a) sterile and waxed, (b) sterile e&nd open, (c) sterile and
corked, (d) sterile, waxed and S tubs.

D]

(19



2ia2. 27. MEN OF SCIENCE

rRouwP

Across

2.

8.

10.
11,
14,
15.
16.
18.
0.
21,

22,
a3,
24.
6.
21,

>
-y 5

Q

Dr. Joseph
Castle.
Commit an act.
Supporter, as of a tcam.
Dr. Joseph

Plural pronoun.

Operatz a vehicle, )

Sir Frederick discovered insulin,
Professioral skill,

Abtbreviation for the stats where Coclidge was horn.

Gregor formed laws of heredity after intensive study of zarden
pecas. )

Poubly Good (abbr. }.
Panteur was a great health
Dr, fiavelopad cral polio vacuine.

discovered the remedy for pellagra,

waas the firot to uoe antiseptics in surgery.

The theory of gponianeous generation was disproved by
The smallpox vaccine was developed by Dr. .
tobert diacovered various bacilli and mads veccines to comhat

Emche disecascs,

Aruitoxt provided by Eic:

(20)




27. Men of Sclence I h | 1; "

Across

33,

Discases characterized by eruptions are known as

*

34. Alexis is noted for study of living cells and tissues and ca:cer wor!

37, First two letiers of 34 Down,

38. Spring month,

39. Individual parformaence. -

40, Dr, Thomas - was awarded the Nobel Prize in 1933 for the
discovery of hereditary fanctions of chromosomes,

42, Short version of first name of scientist who invented the incandescent lam;

43, Designating any generation successive to the parent.

45, 'Christian digcovered the cause of polyneuritis,

48. First name of 4 Down.

49, Encourage.

51, First two letlers of 19 Dovm. :

52. James was a Scaottich scientist whose name has become a common
electrical tzrm, '

53. First name of 30 Across,

Down i

1. Dr. Jonas discovered polio vaccine,

2, Ether was criginally called "laughing .

3. The month in which Halloween occurs (abbr. ).

4. Van censtructed the {irst microscope and gave the
firet clear description of the circulation of the blood.

5. First name of 29 Across.

6. X-rays were discovered by .

7. Nickname given to people whose name is lilke 5 Down,

9. First two letiers of 14 Across.

11. A pulpy Asian fruit,

12, Averzge (abbr.).

13, lsazc is credited with discovering the law of gravity.

17. Registered Nurse {abbr.). 18, Bachelor of Arts (abbz.).

19. Dr, Walter proved that '
yellow fever was transmitted by 34, Marie and her huaband
the bite of the Aedes mosquito. ~ discovered radium.,

21, Hago is noted for 35, Sped. :
development of muiations. 36. was the first to explain

24, William was the first cell construction,
to show circulation of the blood, 37, Colonel (zbbr. ).

. &5, Eager Beaver {abbr. ). 40, Cure for pernicious anemia wan

26. Serious Epidemic (abbr. ). discovered by .

28, Self. : 41, Abbreviaticn for state where Het

29. Just Healthy (abbr.). Springs Foundation is located,

32. Sir Alexandoer 43, Field Artillery {(abbr.}.
discevercd peniciilin. A4, Onz time enly.
Louis __» often called 46, Wrath,

the "father of bacteriology', is  47. Initials of 2 Across,
remembered for rabieg vaccine, 50, Mister {abbr.).

(21)



BRANCHES OF BICLOGY Nams e

Group

Directions; Using the ieading references given, describe each of the
following specialized branches of biology.

l. Anatomy -

2, Bacteriology -
3. Botany -

4. Cyfol;gy -

5. Ecology =~

6. Embryology -
7. Entomology -
8. Genetics -

9. Herpetology -
10. Morphology -
11. Pathology -{
12. Physiology -
.3. Taxonomy =~

& Zoology -

(22)



HYPOTHESIS FORMATION NAME

GROUP

A. Forming a hypothesis 1s a technique of the scientific matpod that

T helps us make an educated guess about ideas or relationships. The
hypothesis must be tested, and this is done by the collectiog
through obssrvation of more data that relate to the hypothesis.
Once the hypothesis has been tested and proven as truth this infor-
mation can be thought of as fact rather than assumption. In form;
ing a hypothesis, we are asking for might-be's. Such "might-be's
are extremely useful parts of educated guesses for the scientist.
They help him see what data to lool: for. For example, we could say
that the respiration rate of goldfish might be influenced by water
temperature, by the amount of oxygen, or by goldfish size. What

made us think that these three things were important - experiment
or experience?

B. Welve stated three things that might influence the respiration rate.
Which of these is most important? If you think that the most im-
portant influence on regpiration rate is tempsrature, what kind o?
data would you look for? If you think that the amount of oxXygen 18
the most important influence, what data would you look for?

L. Guiding "might-be's" have a definite name. They are called hypo-
theses. We can define a hypothesis as a "might-be", a possibility
that we intend to test. Often these possibilities occur to us
because of previous evidences or experience. i

Let’s look again at the questions we just asked. If you think
water temperature is the most important influsnce on rsspiratioun
rate, then what data would you look for?

D. Notice how all the statements on the board are similar. ZEach be-

gins with an "If" and has a "then" in the middle? What follows
the "If" in each statement '

.

What follows the "then" in sach statement?

Are the consequences, or results, the same in each statement?

G. We have seen that it is useful for hypotheses to be stated in the
form of "If..., then..,." Sentences. The 1f portion states the fac-
tor we think is an influence, the then portion states the conse-
qQuences, or results we expect if the factor is an influence. In
addition, the then portion tells us what data to look for in order
to test that factor. We could picture it this way: '

IF {factor), THEN (result) mesmmme— = o~ ey DATA

Here are some examples of sentences that stats hypotheses:
(Underline .the factor, underline the result. What data would you
' look for?)
1. If the water temperature influencss the respiration rate of gold-

fish, then decréasing the water temperature should decrease gold-
fish respiration rats.

2, If the amount of oxygen influences the reapiration rate of goldfish,
then an increase in oxygen should increase goldfish respiration rate

2, If the body size of goldfish influences the respiration rats, theng
a larger goldfish should have a higher respiration rats.
Q

(23)



READING: SCIENCE AND SCIENTIFIC METHODS - NAME

GROUP

Man 1s a blological organism. His primary activities ars biolog-
ical because without food he could not live and without reproduction
human 1ife would cease to exist. Man competes with other biological
organisms for his food and frequently for his life. He struggles for
his existence just as other organisms do, but he has one advantage not
enjoyed by his compstitors. This advantage is his ability to learn to

a greater extent than any other organism and to profit by that learn-
ing.

Man can learn how his body functions and how his 1ife is depen-
dent on matter and ensrgy derived from the earth, from the sun, and
from other living organisms. He can learn the nature of the univsrsal
Inter-relationships and interdependenciss of living and nonliving
things and so bettsr control them for his benefit. He can learn the
nature and habits of his competitors and he also must learn that to
match successfully the strength of his competitors he must work with
other members of his group. The battle againat dlscase, insects, and
eroslon is no task for a single individual. Rather it is a task re-
quiring the united effort of all the psople.

Biological science is designed to glve the student an understand-
ing of basic biological principles so that he may better understaund
his own nature and that of all living things., With this understanding

he can live more effectively as an individual and as a member of a
group.

A science is a body of knowledge that is obtainsd by means of
scientific methods concerning any part of the universe.

In using scientific methods, one makes observations concerning
natural phenomena. The results.of these observations (data) are re-

corded, classified, and analyzed, and from this information relation-
ships are determined.

The observations ' to be useful must be made with greast accuracy.
To increase accuracy, various measuring dsvices are employed and ths
senses are sxtended by means of microscopes, telescopes, X-ray mach-
ines, and many other inssrumsuts.

Results of the observations (data) are <lassified in an orderly
manner. The order is developed in accordance with what man thinks is

logical and meaningful. Facts that appear related are grouped
togsther,

The classified ‘data are thought over in the search for relation-
ships. It is here that the ability to think logically and brilliantly
~ 1s of paramount importance. The great scientistc of the past were
great hreausn thiey could soo relatinuships not spparent to moct man.
Our modern "greats" qualify in the same manner.

Q Formulation of an hypothesis is a technique of the scisntific

‘ )
E]{U:Dd that alds in the geerch for relationships or generalizationa.
mmmwmnypothegis 18 a statement of relationships that goes beyond known




2.
proved and is no more than a resasonable guess concerning a possible
relationship that seems to exist. This raslationship is often.between
a factor which is thought to be a major influence on a situatlon‘and
the results we would expect if that factor is, or is not, the major
influence. The hypothesis m2y be stated in the form of an "if....,
then...." sentence - the "if" portion stating the factor we think in-
fluences the situation, the "then" portion states the results we ex-
pect if the factor is an influence. Tihe "then'" portion tells us what
data to look for in order to test that factor. For instance, if prac-
tice 1s a factor which might influence a person's ability to play
tennis, then an increase in practice should result in an increased
performance on the tennis court.

Now the hypothesis must be tested, and this is done by the collec-
tlon through observation of more data that relate tc the hypothesis.
This testing may include experimentation, which is a controlled obser-
vation. 1In experimentation thc empnasis is on the relationchip be=-
tween cause and effect. Two similar events are observed, buth of
which are exactly alike except for one factor. If the observed results

of the events differ, the difference must have been due to the
variable factor.

An hypothesis that has been tested may still stand as the best
Statement of the relationship availabls or it may be found to be ‘total-
ly incorrect, in which case it is discarded. A revaluation of all of
the facts, including those brought out in the testing, is made and a
new hypothesis is stated. As a third alternative the original hypo-
thesls may be partly correct and in need only of modification.

A theory is an hypothesis that has withstood repeated tests, but
which has not been tested sufficiently to be accepted as true with a
- very high degree of probability.

: A principle is a relationship or generalization that is supportsd
by such a wealth of data that its truth is very highly probable. It
must be emphasized that no scientific fact, hypothesis, theory, or
principle is ever proved absolutely true. Scientific truth is a matter
of probability. The hypothesis, being based on a few facts only, has
the least chance of being a true statement of relationships. Further
observation may easily show that the hypothesis is untenable. The
theory has a greater chance or probability of being a true statement
of an actual relationship because it is supported by more observationa.
The principle (law or doctrine) has the greatest chance ol surviving
as a statement of relationships among natural phenomena because it is
the result of the accumulation of years of repeated observations or
facts tnat support the principle, the possibility that any facts will
ever be discovered that disprove it is remote. Howsver, the possibil-
ity always remains that such facts may someday be discoversd. It
should be remembered also that the relationships are man-made and are

what seem to be logical explanations ol the observed phenomena cf
nature. -

Scientific methods may elso be usod in everyday life. Every indi-
vidual holds certain things to be true or [alsa, good or evil. Thesza
are opinions and on the basis of them all people make deccisions that
govern the courgse of their actions. ILvery individual must make many
¢ @ lons during the course of his life, and the welfe™s of the indi-

{]{U:L, his family, and society as a whole depends on how well these
@EEEFgions are mads. (25)



3.

Scientific methods are useful in arriving at opinions that guids
the courss of action. In terms of scientific methods the opinion is
the hypothesis, and a psrson trained in this method will be aware of
the basis (facts) on which the opinion (hypothesis) has bsen mads.

His degree of confidence in the opinion will vary according to the
adsequacy of the facts used in its formulation. An opinion based on
many verified facts will be given mors weight than one without much
Substentiation. ihen an opinion has besn accepted it will not be
accepted unconditionally, but further information will be sought in
order to re-svaluats it. In terms of the scientific method the hypo-
thesis (opinion) will be tested. If this furthsr information supports
the original opinion, more confidence can be placed in it. Howsver,
if it disagrees with the opinion, all of the information must be re-
examined in order to formulate a new ons. A new hypothesis is made to
fit all of the facts.

3 person using scientific methnds is open-minded. He has the
abillty to view his opinions in the light of facts and is willing to
change his opinions in the light of new information. Such a person
also reserves judgement if after considering the facts he realizes
that they are not sufficient for the formulation of an opinion.

Many peoplse ars faced with the necessity of making a decision
without adequate information to do it scientifically. They may lack
both time and facilities for gathering the needed information; but the
decision must be made nevertheless. In such casges the scientifically
trained person sesks the advice of some one whose opinions are based
on adequate information. The ability to recognize a competent author-
ity and ths willingness to Ye guided by his opinions are very impor-
tant factors in living more scientifically.

(26)




HOW TO MAKE AND READ A GRAPH

Any scientist, whsn he is conducting an experiment, observes what
i1s happening and makes a record of this information. This recorded
information is what we call data. When the experiment is completed
the scientist attempts to analyze or interpret this information, or
data, in the hope that it will give him a better understanding of the
gvents he i3 investigating.

A more commonly used technique in bilology for comparing two or .. .
more seta of numerical data is a graph. This exercise is designed to
help you maks and read one type of graph, the line graph.

The data used to explain the construction of a lins graph wsre
gathered by counting the rate of gill cover movement, or beat, in a
goldfish at different temperatures. By means of a line graph, the
relation between gill cover beat and temperaturs can bs illustrated.

l, The drawing below shows a line graph. A lins graph has

3 basic parts. They arae
=
A- ’ Q
o
P
B. )
23 C) Line ~
C. —~

(B) Horizontal axis

2. The arrow in this drawing

points to the axis.

3. In this drawing the arrow !
points to the !

NN

k. The arrow in this drawing

points to the . \ e

5. Label the parts of a !~m%n%w-+i}u; :
line graph. e T N
() (T
P o

(27) ~—L*;*"**“::;“WJ(3)




HOW TO MAKE AND READ A GRAPH Page 2

. ;6. The two sets of numbers to be compared by means of a lins graph
o B were collected in an experiment with goldfish by counting the number
< oele of gill cover beats per 15 seconds in a goldfish. A count was made
| ‘when the temperature was 10°C (read: ien degrces centigrade).
" Another count was made at 15° C; another at tuwenty degrees centi-

. |grade (20°C); and another at 25°C. The results are shown in the
e following teble:

! Temperature 100C 15%¢ 20°D 250¢
!

Gill cover beats ! § 1L 2k 32
The range of temperature was from _%Cto °c.

B 7. Examine the table.. The range of gill cover beats was from
(number) to (number) .

e 8. At 10°C the gill cover beat was (number) , while at 20°C
the gill cover beat was (number) .

~

9. As the tcmperature was increessed, the gill cover beat:

(2 ) decreascd (b) remained the came (c) increased (choose one)
e 10. We have plotted in Fig. 1 the temperature and the average gill
*e .. . 77 jcover beats on a line graph to show you how a line graph is con-

structed and how to read a line greph.
The gill cover beat was recorded on which axis of the graph?

11. The temperatures used in the experiment were recorded on the
of the graph.

)

12. The range of gill cover beats recorded was from 5 to 32. The
%ossible range of gill cover beats is showvn on the vertical axis be a
series of numbers from O to (number) .

13. The space between each number listed on the vertical axis is
(eaual/unequal) . (choose cne).

—

1. How many gill cover beats are represented by the spoce between =ach
of the numbers on the vertical axis, that is, between 5 and 10, betwecen
10 and 15, betueen 15 and 20, etc. (number) N

15. The numbers to be wrltten on the vertical axis are a matter of
o choice. The number of gill cover beats ranged from 5 to 32. We could
have numbered the marks cn the vertical axis 1, 2, 3, L, to 32, but
this would have c¢rowded the vertical axis. Instead we choszse the num-
bers 5, 10, 15 to 35. We could still mark any number frem 5 to 32 on
the graph and have the numbers on the vertical axis easy to read.
IERJ!:« (Go on to ths next frame.

(28)



HOW TO MAKE AND READ A GRAPH Pege 3

| 16. The smallest number on the vertical axis 1s (nearest to/farthest
A from) the point where the verticsl axis joins the
horizontal axis,

17. The temperatures used in the experiment were 10, 15, 20, and 25°C.
The lowest temperature (10) was recorded on the horizontal axis
. .| {nearest to/farthest from) __._____the¢ point where the horizontal
and vertical axes meet 574 40
. g H

) ,
. 1 G111 S

cover S %~ *
. {beat
15 &
{ seconds.2f

*
(W]

L
—
I
7

17

AN '1Jl——:J-:£-:—h-lL l J i )

U

T
S

4
I .

1o N
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FIGURE 1. £

= r
1
i

5

I

s e T oL Temp'erature Centigrade

1
+

. 187 The Linc of he'gféﬁﬁ—égnnecté‘fEur‘abts. Took at the dot in
. the lover left-hand corner of the graph. The dot is directly above
the mark on the horizontal axis that represents c.

19,  The do¥ Inthe Tower left-hand corner of the greph is directly
opposite and to the right of the number on the vertical axis that
represents (number) gill cover beats per 15 seconds.

" 120, If you interpret the graph correctly the dot means that in the
experiment the gill covers of the goldfish beat: .

a., 10 times (per 15 scconds ) when the temperature was 5° G,

b. 5 times (per 15 sccords) when the temperature was 10° C.

. 21,  You said the gill ceat cover moved 10 times when the iLcmperature
mes © ' yag 59C, Take another look at the horizontal axis. It is labeled

e You find (temperaturc centigrade/gill cover beat) values on this line.

S f 22, When tne dot is over the 109C mark it means that the temperature
' ' reading was oc.

23. 'Thereforc, it the dot is to the rignt of the nuzber 5 con the
vertical axis, the gill covers of the goldfish beag {number )
times (per 15 seconds) when the temperature was 10~ C.




HOW TO MAKE AND READ A GRAPH Page L
) 2y, The gill covers of the goldfish beat 5 times peg 15 seconds when
the temperature was 10°C. The dot directly above 20°C on the hori-
zontal axis was placed opposite (number) because at 20°C the
gill cover was (number) tines per 15 secpnds .

(N 25. Each dot on the line represents information concerning the relae-
tion of the to temperature in the experiment.

26, After the dots were placed on the graph a line was drawn cornec-
ting them. Notice that the line slopes upward from the left to the
right.

At the lowest point of the line the temperature is 0C, and the
rate of gill cover beat is (number) .

27. At the second dot, moving up the slope of the line from left to
ripht, the temperature is C, and the rate of gill cover beat
is (number) .

28. At the third dot the temperature is O¢, and the rate of
beat is (numbter) .

. 29. PMinally, at the last dot the temperature is °C; the rate
: of gill cover beat is (number) .

30. Thus the slope of the line, by going upward from left to right,
shows a relation between temperature and rate of gill cover best.
You would say then that as the temperature (increases/decreases)
the rate of gill cover beat (increases/decreases) .

31. In another experiment using a rainbow trout, the followlng data
vere obtained:

15%¢ 20°¢C

¥
.

B

0
Temperature 10 C

’1
Gill cover beats _j 7 } 25 L2

i}

These data were ploited on the same graph to produce the left-hand
1ine in Fip. 2. (Go on to the next frame.)

32. “ith an increase in temperature from 10°C to 20°C in the trout,
the rate of gill cover beat incressed from to (number).

PR 33. LouK'at the line on the graph made from the goldfish data. For
e the goldfish a rise in temperature from 10°C to 20°C increased the
rate of gill cover beat from to . (number)

3k, For the seme temperature difference (100 to 20°C), the rate of
increase of gill cover Leal i LNE Truul was (greater/less)
than in the guidfish.

L, 35. Compare the two lines on the graph (Lup uf pece §), The 14
; -, ~ 6], £
R " the trout is (more vertical/less vertical) theau fkil?fnan
« for the goldfish.
ERIC

(30)
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36. The more vertical the line in the graph we are looking at, the
(faster/slover) is the rate of gill cover beat for

any given temperature,

37. Which of these two graphs represents a greater increase in the
rate of gill cover beat as the temperature increases? (A/B)

i .. B . . i o
_—

A e =

]

38, 'If the line of s graph is exactly parallel to the horizontal
Tt axis as, i

the gill cover beat SR
(decreased/increased/
stayed the samo)

35, If, on ihe same type of gruph, the line sloped |

Co downward from left to right, as chown in the draw-

ing, this would mean that, as the temperature in-

; creased, the gill cover beat (increased/stayed

L the same/decreaced)

) (31
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: LO. If, on the same kind of graph, one line slopes upward from left
% to right, as in graph B, then graph A shows 2 (decrease/increase)
and graph B shows a {(decrease/increase ) .

A | B

L

41. Consider these two grapns.
“hich graph shows a faster decrease for the value on the vertical axis
as the value on the horizontal axis increases? (4/B) .

~
1

42. " if the Iine on the graph looked like this,
it would mean that the gill cover beat stayed

the same awhile and then (decreased/ /////
increased).

) L3. If the line on the graph looked like this,
- it would mean that the gill cover beat decreased
I _ awhile and then (increased/ stayed the dame)

L4, If the line were drawn like this, -
D the gill cover beat would 7N
¢ RE awhile and then

TTE e 45. 1t you saw a grapn llke Tnis, —
you would state that the gill cover beay 1
beat for the goldfish e \ //‘ﬂa\\
—_— Goldfish
and then __ while for
the trout it increased and then
. Trout ———e—mt--

L&, In this graph, the number

of people as the
RPN number of years I¢ncr°ased/ Number of
fmeee decreased) people -—>
NuMber of veﬂr,---
N T Tttt T I T R PN A
_ e : A
‘, ‘...r ..'," ) . ".3 . " - N “ee . ‘J._ . :
f. . . ) T
3 Toon T ¥ - 3 4
. ‘ - ron “ 24X S,




COLLECTING AND GRAPHING Name
SCIENTIFIC DATA

Group
- EFFECT OF TEMPERATURE ON GOLDFISH RESPIRATION RATE

Purpose: To collect and graph data on the affect of a change in water
temperature on the respiration rate of goldfish.

Background Information:

- The respiratory cycle in the fish is accomplished when water laden
with oxygen enters the mouth and is forced out over gill filaments when
the mouth is closed. The oxygen dissolved in the water enters capil-
lariss in the filament and the excess carbon dioxide in the capillaries
is relesased into the water. The gill cover (operculum) opens to allow
carbon-dioxide laden water to leave the gill chamber, thus completing
the respiratory cycle. Counting the movement of the operculum there-
fore is one method of computing the respiratory rate of the goldfish.

Materials:

l. Goldfish . Aquarium water

L
2. Beakers 5. Boiled watser (hot tap water is adequate)
3. Thermometer 6. Ice '

Procedure:

l. Put goldfish in beaker of squarium water and observe relationship
of mouth and gill mcvement, stirring water carefully.

2, Place a thermometer at one edge of the beaker so you can rscord
tempesraturs.

3. Observe the movement of the gill cover or mouth. Using a timing
device count the gill movement or mouth movement for a period of
15 seconds. Record data in chart provided. Make another count
and average the 2 counts. '

. Slgwly add hot water a 1ittle at a time, making counts at 30°C and
35°C. Make sure to keep water volume constant and avoid exciting

fish. Always take 2 counts, averaging the two.

Ngw start reducing the temperature by adding ics,making counts at

5% intervals, going down to 5°C.

« After all counts have been made and data chart filled, construct a
line graph from data,

™ n

Observation _and Data Tabls:

DATA CHART
Temperatures + First Count | Second Count . Average
in C° ! (15 sec.) i (15 ssc.) .

|

T

1

e
1

a3y




EFFECT OF TEMPERATURE ON GOLDFISH RESPIRATION RATE | : 2.

Interpretation:

1. The relationship between the water temperature and respiration

rate of goldfish is best cescribed in: .

A. the higher the water temperature the lower the respiration
rate (1nverse variation). .

B. the lower the water temperature the higher the respiration
rate (inverse variation). ) .

C. the lower the water temperature the lower the respiration
rate (direct variation).

D. temperature has no effect on respiration rate.

' 2. In addition to water temperature which one of the following
- . factors seems to influence respiration rate least?
A, Amount of oxygen in the water.
B. Stirring of the water.
C. Size of the fish.
D. Size of the container.

w3« The purpose of taking the respiration rate at normal
aquarium temperature is to:

A. establish a control.
B. establish a variable

L. The dependent variable in this experiment is:
A. .the size of the container.
B. the respiration rate.
C. the temperature of the water.
D. the size of the fish.

5. The independent variable in this experiment is:
A. the size of the containsr.
B. the respiration rate. .
C. the temperature of the water.
D. the size of the fish.

6. Based on exXperimental observations which of ths following
predictions would seem to be least reasonable?
A. A snake would hibernate during the winter season.
B. Frog eggs develop during warm weather. )
C. Bacterial growth in food is reduced during refrigesration.

D. Respiration rate of man increases as physical activity
dscreases,
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QUIZ I-A: "Introduction to Biology

Directions: Select the most correct answer and place the letter
on the answer sheet provided.

{1.1) Louls Pasteur disproved the belisf in spontaneous generation of:
(A} Microcrganisms  {B) Maggots (C) Flies (D) Mice

(1.2) The area of biology-devoted to the study of the atructure of
organisms is:

(A) Physiology (B) Anatomy (C) Ecology (D) Genetics

(1.3) Of the following choices, which one best 1llustrates the
ssquence of the Scientific Method?
(A) Theory, hypothesis, observation, expsriment
{B) Experiment, theory, hypothesis, observatiocn
(C) Hypothesis, observation, theory, experiments
(D) Ovservation, hypothesis, experiment, theory

(1.4) The idea that living things may have arisen spontansously undsr
certain environmental conditions is an example of ?
(A) bypothesis (B) fact (C) data (D) expseriment

(1.5) Several rose buds were selected for an experiment. One half of
them were placed in & container filled with tap water. The
other half were placed in a container identical to the first,
filled with tap water in which one dozen aspirins had bsen
dissolved. The experiment was designed to test the hypothesis
that:

(A} water is necessary to keep rose buds alive.
(B} aspirin will purify the tap water.

{(C) rose buds nesd aspirin to produce food.

(D) aspirin has an effect on rose buds.

(1.6) Given the information that & scientist will
l. communicate his findings to others.
2. gather information by observations.
3. search for regularities.
4. question the rsgularities.

The logical order in which the scientist will perform thess
activities is:

(4) 4, 2, 3, 1
(B) 2, 3,4, 1
(C) 3,4, 2, 1
(D) L4, 3, 2,1
(B) 2, 4, 3,1

(1.12) On a series of biology quizzes,-a student made the grades 68%,
79%, 83%, 92% and 73%. What was her average-.grade?
(e} 77% (b) 79% (c) 81% (d) 83% (e) 85%




QUIZ I-A

2,
X
1500 —~ S s
Average SPENG
number ,
of 1000 «=p o E
mosquitoes : _ ’ : .
~—~—~t | ,.‘f ;
0 , ’ b ] ] | l §

April May June July Aug. Sept.

A bilologist interested in mosquito control made regular counts
of the mosquitoes in the air over a marsh. He made a graph of
numbers of mosaquitoes found at various times. On July 31
chemical X was sprayed over the marsh area.

(1.7) In September the number of mosquitoes count was half the
.. . _ humber counted in

(A) May (b) June (C) July (D) August - T

(1.8) 1In the cénstruction of this graph, the dependent variable is
7" (A) pumber of mosquitoss. }
(B) wmonths April through September.
(C}) 'placed on the Y axis.
(D} placed on the X axis.
(E}) both A and C.
(F} both B and D.

(1.9) From his observations, the biologist could state the long rangs
(that is, more than a few months) effect of spraying with X
on the number of mosquitoes was: : ‘

(A) a decrease (B) an increase (C) no change (D) not known.

(1.10) In order to make a more valid interpretation of the results of

sgraying with X, the bioclogist should spray June 30 next year
with

(A) X in the coucontration used in the first test.

{B) {X in twice the cmncentration used in the first test.
(C) a substance Y, known w.+ £, affgct mosquitoss.

(D) a substance Z, known bto Kills - .. it0eg.

(1.11) The relatisnship between the average DUMbET . . iiiee and
the time after the chemiral was nsad, may bo dgScrys™ Tr70
(o) a direct variation I
(B) an inverse variation %
(C) a reverse variation’
(D) no variation at all
(R} 3dnnomplela variatioo
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LAB ACTIVITY: NAME

LAB EQUIPHENT ' GROUP.

Introduction

Glassware, instruments, and other scientific equipment have
specialized purposes. You will be using many of these items and it is
important that you recognize each and be aware of its function.

Purpose

To acquaint each student with some of the many biological tools
that will be used in later laboratory studies.

Materials
arious labware
Data shest
Pencil (no pen)
Rulex

Procedvrs A

Thers ars many pieces of scientific equipment located throughout
the room. Each item is identified by a diilerent number. You will be
required to inspect all of thase and identily them by name.

1. Take your data sheet and checklist with you to the first
unknecwn,

€. Write down the name of the item if you think you know it.
Place this name next to the correct number on your data sheet
Do this in pencil!?

3. Repeat steps 1 and 2 until all unknowns are inspected.

L. Return to your seat and correct your indentifications.
Place a check mark before the number of each incorrect answer.

Procadurs B

l. You will now return to each incorrectly identified item.
Take your data shest with you.

2. Make an accurate scale drawing on the back of your data sheat
for each of your wrong identiiications. Print a neat label
under each sketch.

3. Return to your seat and study those you had wrong until you
feel that you know them well enough to pass the quiz,

{
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QUIZ I-B-la:

Grade

Lab Equipment NAME
GROUP
l. Made of glass; specimen placed hers a. TForceps
2. Cleans out narrow, cylindrical b. Thermometer
Zlassware
3. HMagniries minute objects about ¢. Metric ruler
450 times
4. Device that measures heat variations. d. Slide
5. Metal support; ussd to heat e. Balance
containers
6. Soft, fibrous material; cleans glass f. Beaksr
7. Graduated in millimeters; g. Compound micrc-
measurses length Scop9
8. Glass container; volumetric, h. Tesgt tube bruslh
uniform wide diameter
9. Hetallic; used to pick up small 1. Ring stand
objects
10. Used to weigh materials j. Lens paper
QUIZ I-B-1b: grade
Lab Equipment Nams
Group
1. Plastic squara; placed over specimen a. Test tube rack
2. Heat source, uses natural gas b. Test tube holder
3. Used to grip hot, tubular cylinder ¢. Balancs
. U. Magnifies larger objects up to d. Eye dropper
30 times
5. Tubular, ¢lass,. marked for volume e. Gover slip
measure '
6. Weighs materials metrically f. DBrlenmyer flask
7. Wooden Support for tubes g. Dlssecting micro-
. { ) scope
8. Dispenses rluids drop by drop h. Bunsenb burner
9. FHectangular glass, specimen i. Graduated
pre-mounted cylinder
10. Glass container, volumetric, J. Prepared slide

wide base, narrow neck
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STUDY ASSIGNMENT: NAME

MICROSCOPY

10.

11.

12.

GROUP

ALWAYS uss both hands when transporting microscope. One hand on

-arm, one hand under bass.

ALWAYS clean ths mirror and ocular with lens paper before using the

microscope. Avoid rubbing in circular motion dus to scratching -
uss one-way motion.

ALWAYS be surs that you have the brightest posgible light through
your microscope BEFORE placing any slide on the stage.

ALWAYS set the fine adjustment knob in the middle at the beginning

of microscope work and, thereafter,NEVER MOVE IT more than one-
half of a slow turn in either direction.

NEVER change from the low power objective to the high power object-

ve unless the specimen is IN FOCUS first under the low power
objectivae, -"

ALWAYS focus with low power objective down at slide and focus by
bringing objective up with coarse ad justment.

NEVER touch the coarse adjustment knob when the high power object-
Ive Is IN POSITION.,

NEVER remove a slide from ths stage of the microscope when the high
power objective is in position.

ALWAYS have ONE HAND on the fine adjustment knob or coarse adjust-

nent knob ANYTIME you are looking into the ocular of the miCPQf,_
scope BUT REMEMBER RULE #5. '

NEVER use more than one hand at aoy time on either or both the
fing adjustment knoba,

DO_NOT SQUINT: ZEEP BOTH EYES OPEN AT ALL TIMES.

ONLY two (2) places for PREPARED OR PERMANENT SLIDES.

A. In the correct position in the slide tray
in the slide drawsr,

B. On the 'stage of your microacops.

NO OTHER PLACE ~ -
(cxcopt when moving from tue Arawcr to your tabla.)
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- - ’ ot "~ ~-—Name -

THE MICROSCOPE

I. . Base -——- The U-shaped bottom of the scope. The scope is always
carried from cabinet to table with one hand firmly under-the
base; the other hand is used to grasp the "arm",

II. Mirror —— lLocated between the base and the stage of the scope.

K. Concave surface to focus light rays through the opening
in the stage.

B. Two-ways adjustable; should be constantly under minor
adjustments during any prolonged use of the scope.

C. Cleaning ~--
1. Always clean before using at beginning of scope

work.

2. Use "lens" paper ONLY. .
3. Try to avoid touching with the: fingers at any time.

IIT. Arm --- placed nsarest to your body when using the scope. This
is used primarily to move the scope from place to place. :

IV. Stage =-—- The part of the scope upon which objects, slides or
specimens are placed for observation.

A, Stage clips --- to hold objects or slides in place. We
will never use these in our lab. unless
advised to do so at special times. You
will soon learn why it is that good
microscopists would never use them for
the kinds of work you will be doing with
your ScoOpe..

B. Stage Opening —-- admits light from the mirror below.

C. Light regulator --- a wheel which turns t¢.vary the amount
of light admitted through the stage.
opening. Located just under the
stage, Always leave on the largest

' opening unless otherwise instructed
~to cut down the light.

D, InclinationA101nt --~ permits tilting of the stage.

WE VILL NEVER USE this unless advised to do so
- at a special time for a special reason.
V. Barrel ~— An air filled tube bounded on either end by a lens.
. A< QOcular or Eyepiece --- the lens at the top of the barrel.
1. the lens to which you apply your eye.
2. cleaning --~ always use lens paper.
3. magnification ----1NX
B. Revolving Nosepiece --=- permite rhange of magnification;
== Chaigas from the 10X objective Lo +ha 113X objective;
-~-- makes a "clicking" sound when the cbjecviasg "smap"
into position.
——- hold the arm of the scope with one hand when turm.
ing the revolwing nocepiece. (I will demonstrate why ),
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VI.

.1e_Low Power Cbiective aw-

e

et me tm v

- —~.. _ 8@, color of band --~-~"green = N

“b. .lepgth ~~— shorter of the two .. B
¢. magnification --- 10x
d, working distance e 16 mm.
e, lens diemeter --- larger of the two
f. total magnification: ( »)

2. High Power Cbjective ==
a, color of band - yellow - (CAUTION - DANGER)
b. 1length -~ longer of the two
c. magnification --- 43X
d. ‘'working distance" L mm.
e. lens diameter ~-- ( )

Adjustments.
A. Coarse Adjustment Button or Knob.
1. Location --- nearest to the top of the scope -
along the side of the barrel.
2, TFunction --- moves the barrel considerable
distances ~-~ MOVE SLOWLY -

3. NEVER TOUCHED WHEN THE

HIGH POWER OBJ@?TIVE IS IN POSITION.
B, Fine Adjustment Button Knob.

1.

2.

Location -~ under the stage.

Function -- moves the barrel very small distances

MOVE SLOWLY

WITH ONE HAND ONLY

Control — moves 6 =7 full turns from one

binding post to the other.

NEVER FORCE -- This adjustment is easily broken.

Always use care in turning and
TURN slowly.

Readiness position --- about three or four turns

from either end at the beginning of
each period of microuscope use.

(41)
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"B, Directly above the mirror is the DIAPIIRAGELL & ivt
obje~* controls the amount of light the refl s
thre _h the diaphragm into another part of tl.: microscope.

i

4. The diaphragm (isnot/is) - direc 'y above the
mirror. '

5. The ____ _- phragm controls the amourt of light re-
flected into another part of the microscope.

6. The diaphragm i labeled (number) — ... . in Fig. A.

2

7. Can you find a lever or a disc on your r.cre.. 'pe that
permits you to make the opening in the diz phrag 1 larger
or smaller?

It is labeled (number)

on your drawing.

8. Check the items delow that you have ex«mine...
mirror (or light)

low power lens

diaphragm lever or disc

diaphragm
o 9. Above the diaphragm there is a clip. It is labeied ¢ in
Fig. A.
Locate the clip. It holds a slide in place. There may be two
clips on your microscope.
(Go on to the next frame.)
10. Label the parts of this area of the microscope.
. ?——\_____L/ A . conomemteazomenon
D)
L=\
, \ B A a—T
e f =
v o
Figung °

13. Look at Fig. C. It represents another portion of your
microscope. It has three basic parts. A HICH FOWER
OI CTIVE, a LOW POWER OBJECTIVE, 2ad a RE-
VOLVING NOSEFPIECE.

¢
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Figurs €

12. Is the part in Fig. C with /0X marked on it (longer/
shorter) . than the part marked 43X?

.

18. . The number 10 is smaller than the number 43, so wo
would call the part with 10X the (high/low)
POWER OBJECTIVE.

14.  Lock at Fig. C. Is the low power objective marked /0X?
It is labeled (number)

15. The high power objective is marked — __X. Write
its name alongside the number 2 in Fig. C.

16. Thetwo—___ in Fig. C are called kigh and low
power.

G
17. Check the parts for this portion of the microscope that

you have just identified:
revolving nosepiece
high power objective
10X objective

18. The part still to be identified enables you to change
the objectives from one power to the other. It is called the
revolving

° 119, The part that has objectives attached to it and that re-
volves is cailed the volvingre oseniecpe
(unscramble the letters)

20. The revelving nosepiece is labeled (number)
[Write its name alongside the correct number in Fig. C.

21, irectly above the revoiving nosepiece is a tube. It is
calleu the body tube. In the drawing in Fig. D the body wbe
is labeled (number) .
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Figure D

22. To luok into the budy tube you place »ur eye at the
— —— —_piece.

23. The eyepicce is located at the top of tl.. body tube.
Look at Fig. I). The cyepicce is labeled (n- mber) _ .

24. Write the correct label alongside number 2 in Fig. D.

{Go on to the next frame.)

25. Now see if you can find the two parts ... ied 3 and 4
Fig. D. They (arc/are not) — _____ rcaud < djects,

P

28. Depending on the model of your micvosee- o, you moy
find these round objects close to the eyepiece. ¢v oasibly rzar
the lower portion of the microscope.

(Go on to the next frame.)

27. The round object labeled 3 in Fig. D is {la1ger/smallc.)
—.- than the one labeled 4.

28. e call the largev one labeled 3 the COARSE ADJUST
MEN'T. Write the cotrect label alongside number 3 in Fig. 1™,

{Go on to the next frame.)

29. The coarse adjustment permits you to move the Lady
tube and so does the adjustment marked 4. “This saiatier
ruund object is called the FINE ADJUST IENT.

{Go on to the next frame))

30. The . adjustment is smalier t! mn the coarse
adjustment. Write the correct label next to  in Fig. D.

31, Cheek the names of the pints you have just learned.
= fine adjustment
basc
- cyepicce
— -arm '
~ body tube
e €ORTSC adjustiment
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b
15. Switch to high powexr agein. Remember, use only the fine adjustment to sharpen the
dimage of the "e".

Do you see more of the "e'" or less of the ''e'?

16, Move the slide with the "' to the xight as you did before, The 'e' moves to tha

17. Move the slide with the "e' up, as you did before. The “'e' moves .
18, Choose ans of the‘following materials, and meke a slide:

BATR: Cut several strands of hair from your head. Put them on a slide, add a
drop cof water, and cover with a cover slip.

Cloth: Cut a small piece of cottecn or wool cloth to put on a slide. Add a drop
of water, and cover with a cover slip.

Sand: Place several fire sand grains on a slide. Add a drop of water and cover
with a cover slip.

Focus first in low power, using the coarse and fine adjustments. In the space
below make a draving of what you sce under the low power of your microscope.

19. Switch to high pewer, using only the fine adjustment to sharpen the image. Make
& drawing below of what you see in the nicroscope.

20. Return all the laboratory materials to their proper places. Ask your teacher
to check pages 62 and 63 and initial the box at the end of this line.

63
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THE COMPOUND MICROSCOPE

CONCEPTS

It was a Dutchmar, Anton van Loeuwonhuek vho invented ths microscope in the
middle of the 1600'5. No one before him *realized that a drop of weter could
contain so many snimals and plants, He was the first to ses these microscopic
living things,

of coursé, without the aid of the microscops man would have nevet known that
such an invisible world existed, Man has always invented tools to widen the
i1inits of his world, to reach where his senscs could not reach.

{earning how to use the microscope w111 give you an extension of your eyea to
s¢o the invisible world,

1. Your teacher will give you a compound microscope. Notice how your teacher holds
it, Place the microscope on your laboratory table, but do not turn any of the
knobs vet.

3. Remove the last page of this book which contains 2 drawing of the compound
microscope., As you read about each part, labal that part on the cover
drawing. Your microscope may be slightly different from the one in the drawing.

Rotice the arm (3) on your microscope. (The & rofers to the drawing on the back
cover, Label the erm on this drawing.) < .

When you carry the microscope, hold the aru with one hand, and the AAs® (10) with
the other., But be careful, you will he carrying en instrumsnt that is valued from
£100.00 to $209.00. .Labzl tho baso on the drawing.

3. Place ths microscope in front o2 you, so that the rra is nearsst to you, ¥hy
should the m;croscope not be too closo to the edgo of the table?

.

4. To look into the microscope you will look through tho rysprscks (1) down through
& tube. Tne eyepioce megnifies objects 20 times. Ksep both eyes open whon
looking through the eyepieces,

57
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5. The bottom of the tube contains seveval other lenses:
(8) The 10w powsr LrNs (6) This megnifies objects 10 times also.

() The HIGK rowzr Lzys (5) This magnifies cbjects 40 to 44 times. The
. ameunt of magnification will be marked on

the sids of the lens., Notice that the high

power lens is the longer of the two lenses.

6. §ach lens clicks into place, so that one of the lenses is in line with the lens
in the eyepieca. Raise the tuhe, and carefully and slowly prectice clicking

the low power and the high pcwer lenses in place so that they are in line with
the eycpiece,

7. This kind of microscope is called a compournd microscops, because you will be

lookinz through more then one lens at a time--the lens in ths eyepicce and the
lens 2t the bottom of the tute,

(a) ¥hen you look at am nbiect through o SR PP
tho lens in the oveniera and tha . ¥ e
low power lens, the object will be % &
mognified 100 timas. Jrbematit

L. body

(b) When you icck throush the lens in :
the eyepioce and the hizh power Liaht -
lens, the object is magnifioed over — '3
¢90 tizos. '

(c) Always une lenz paper to cleen ycur
lens. Any cther kind of paper or cloth
may scrateh the expensive lens.,

8. Light rust be able to go thrcugh the materi-
al you are obsetving. To focus the light
rays through the hole in the s7?ass (3), your

“microscepe may have a HIRROR (§), or it may
havo a built-in 1ight source.

o ——— mirror

The emount of light can be adjusted by turning the disc or dial below the stage.
This causes a smaller hole or a larger hole to be placed in line with the hoie
in the stage. Try it'on your own microscope, ‘

9. You will usvally find two round knobs on your microscope.
The large kneb, called the carpsc ARIUSTHENT (2) moves the whole tube up and
dovin e grefit deal. Tao other kncd, tho FIus ANUSTHENT (4), moves the tube
$0 little that you can hardly see it move, : ’

Try moving the tube carefully and slowly with both the coarse and fine adjustment.
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stoge.

11, The care of the microscope is important. Answer the following questions:

(a) Hotice that the micrescope can be tilted toward you in some models,
making it easier for short people tn use, What would happen to a drop
of water if the stage were tilted?

(») Would the microscope tip over uore easily if it were tilted?(circle onz)
yes no

. Why should you not leave the microscope in a tilted position?

1
3

{¢) W¥hy should you cnly clean the microscope lenses with spocial lens
paper?

(d) when the microscope is put away, first wrap the cord around
the base (if it has an electric light), and put the low power
lens in position. How will you carry the miscroscope?

12, As 8 review, answer the questions belew without looking back or at the drawing
on the back cover. Ask ycur teacher to check your enswers on this page and the
page before. '

{(a) Label the parts of the microscope below:

4 5

PN
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(b) When you cervy the microscope, one hand should hold the
and the other hand should hold the .

{c) This microscope is called a vompound lens microscope because (circle one)
a. You leok throuzh the evepliece,
b. You look thvouph one leuns only.
¢. You look throvgh several lenses at the same time.
(d) In low power, an ohject is magnified:
a. 100 times
b. 200 times
c. over 4.0 times
(2) In high power, an cbject is magnified:
o. 100 times
b. 200 times
c. over 400 times

(f) Always use lens paper to clcen the lens. trus false

,J
If your tcacher approves, ask to have the box initialed.i.
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LARORATORY INQUIRY= MAKING A SLIBE

Now that you know the parts of the micrescope, you are ready to use it,
Get the following materisls from your teacher:

PATERIALS

—1. slide
-—2. cover slip
~—3. medicine dropper

-
— 5. scissors
-6

250 ml beaker

}‘:>$“-** Medicine

» compound nicroscope aropper

1,

3.

Drop of
Cut out the square with the "e" water

in it at the lower right corner
of this pece, : : =
Cover Sllip
Put the square on the slide so that 4
tho "e' i upside-doun, Add a i
>
-\@3 A
G N

drop of water with a medicina Letter “o"
drepper, end cover with & cover

siip, which is a thin saunve of 511de
plastic or glass. Your slide

should laok like the ane et the right,

The cover slip helps to protect the low and high power lenses, and it helps to keep
the preparation from drying out,

Clip the slide 1nder the stace clips on the microscope, Make sure the upside-down
"e'' is over the hole in the stage,

Clizk the low power lens in
poszition.

Locking from the side, use your
coarse adjustment to lower the
tube until the low power lens
almost touches the cover slip.

Now, leok into the eyepicce
(keeping both eyes onen), and
with thoe coarse adjusincent be-
gin to raise the low pcuer lens,
Bring the "' into focus.
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7. Use the fine adjustment to bring the "e'' into even sharper focus.

8. Now, without touching the coarse or fine adjustment, click. the high power lens into
place. Your microscope is built so that if you focus correctly in low power,
it will be focused automatically in hig¢h pouer.

9. You may now make the image clearer by using the FINE ADJUSTNENT QLY. MEVER USS 4B
COARSE ADJUSTMENT ON HIGH PCHER because it may ram the high power lens into the
slide, bresking the high power lens. o

REMEMBER

(a) Focus first in low power by using the coarse adjustrent and then the fine
adjustment.

(b) Switich to high power. Use the fine adjustment to sharpen the image, but
never use coarse adjusiment.

10. Now that you have focused ths “e' cn ycur slide in low pecwer and high powver,
you cre ready to answer the questions below. Use the slide you have made in
answering the questions. Yeur teacher will give you the correct answers.

To focus ynur microscope, you must first facns in____ii______.powcr. Then,
you may switch to_d _ nower. Cn high powar, you uss only the. L
adjustment to sharpen the image. On high power never use the »
aljustment.

11. Switch back to low pnwer. Sharpen
up the imzge of the "e". In the
space at the right draw the "e' just
a5 you szc it in your mic—cscopa.

12. Look at the 'e" on your slide, not lacking throcugh the microsccpe. Then look at
the "e'' through the microscone. Name ‘b “hings which eypear different sbout the
e when you lcok at it t%rough the microscope:

(a) The "e'" is .
{b) the "e" is .
fe,’r She &M 185 el e acmscsvme I —y
13, While Jook;nn through the microscone, move the slide with the "e" to your right.
thich way does the "e appear to move in the microscepe? The “e' moves to the

.

14. ¥hile locking through the microscepe, mave the slide with the "e'” up (or away
from you). ‘¥aich way does the "e' ¢ppeir to move in the microscopz? 7The "e"
moves
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FOR RECORDING DATA: Observations,
Frodictions, Orawings, Tables, Graphy

;Q ) . g i figure 1

o b of t ceiiee & laeede amablan crann bn adieems ab. .
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LAB -~ COMPOUND MICROSCOPE

Introduction

Thc progrcss of scicnce dcpends on both tools and ideas. Labora-
tory instruction in biological scicnce is dcsigned to make you familiar
with some of thc more important tcols and show you how thosc tools are
used to oxploro idcas, thus answering old qucstions and gencrating new
ones. For morc than two centurica, the principal tnol of thu labora-
tory biologist has becon the microscopu. Through its use, blologists
of the 19th contury urrived at that groat milcstonc in the study of
living things, thc cell thecory. In tho wedks and months to comoe, ws
shall study somo of thc evidcnce that supports this theory, but before
doing so we need to bocome fomiliar with the tool that we arc going to
ugag,; thc microscopea.

Optical microscopecs arc of two kinds, simple microscopes and com-
pound microscopes. A simple microscopec has but a single lens, like thae
familiar magnifying glass. Such lensos are usually of low pnwecr,
typically magnifying cach lincar dimcnsion about ten times (10X);
but is is possiblc to muke tiny, highly curved lens that magnify much
more. The 17th caentury biologist Lecuwenhoek carried out his piloncer-
ing studies using simple microscopes with magnifying powers of gomag
200X.

Compound microscopes, by contrast, have two or more lonscs in
seriecs to produce the image. Useful magnifications as great us 1800X
are obtainablo with such instruments. Most basic biological observa-
tions can be madso, howover, with much loss magnification. The micro
gcopss you will use offer & choice of two most uscful magnifications,
one about 100X, and ono about L.30X.

Use of the Microsccepe

Thc outstanding purpose of the microscope is to magnify the imuage
of objucts, and thorebty c¢nable one to study the dectailed structure of
minutec objccts or organisms, invisible or poorly seon with the ocked
eye., This magnification depsends on the lens of the ocular and ol the
objectives, particularly the objectives.

When we spuak of the 10X ccular wo mean that it megnific= the
original objcct 10 times in diameter. On the othcr,hand, wien we 8speak
of thu 16 mm. objoctive, ws do not meun that it magnifies 16 times, but
wo are referring to the distancc from the slide So the objuctive called
the working distancao.

(1) #nat are the total magnifications obtained with the diffcrent com-
binations of lansea? Give thce ocular, objectivs, and total
mugnifications for each combination.

Focuaing thas microacops

T focu§ G omicroscnpe means to adjust the relation of the lcnses
to thse objecct so that & cleur image of the object may be scen through
the »mcular, Tho image of the objest cannot be seen unless the objec-
tive is at the proper distance frem i%, in other uords; unloss it 1s
in focung, Locate apain the coarse wzdjustment button. Turn it a bit
toward yun conntar-alankviae and note that the tubs or barrcl moves
upward. Practicc the operutiou ~7 the coarse adjustwent button bick
and forth; thun do likcwisc with tha [ine adjustment duttue whizh will
caugec a barcly perceptible up wnd down meovemens 21U tos tuLs .

x Reise the objective abput oneg ipch‘ubovc tha stoge by turuing the
Y irse adjustment button., Stond o millimeter rulor on the stage so the
!ERJ(;lc touchus the astructurc into which the objectives are scruwoed,

IText Provided by ERIC
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2.
{2) Through how much of a turn must tho coarse adjustment button move
in order to cause tho objective to move ons millimeter?
Hint: PFirst find out how much it moves with a full turn;
then work backwards.

Cares of tho Microscopsa

1. The microscope is an instrument of precision with many delicate
parts and must be handled with extremu care. Do not tamper with
or removeo any of the parts.

2. I it docs not seem to be functioning properly, ccll it to my
attention,

3. Keep the lenses and mirror clean with your lens papsr.

4. Never touch the lenses or mirror with your fingers. Even slight
perspiration of otherwise cleun hands will injure the special lens
glass which is soft and sasily marred.

5. When returning the microscope to its place of storage, always make
sure that the low power objective is in position about one-halfl
inch above the stage.

rractical Excrcisc :
NOTE: IF YOU LO EXACTLY AS YOU ARE TOLD IN EACH OF THE FOLLOWING STEPS

I WILL GUARANTEE THAT WITHIN THIRTY MINUTES YOU WILL BE SErING

THINGS WITH YOUR MICROSCOFE AMD DOING SO _IN THE CORRECT WAY.

1. Place the microscope directly in front of you with the arm neurest
to you.

2. Turn the low mower objective until it clicks in place directly over

the center of the stage. Look to one side of the objective and,

with the coarse adjustment, lower the objective down to within 1/2

inch of the atage.

Turn the light regulator to its largest opening.

When looking into the microscops it is of the greatest importunce

that you keop both cyes open; the one not in use will soon lsarn

to ignore its field of vision. Ordinarily, use your left oye for
your microscopc work and keep the right cye free for drawing and
other work.

5. Turn on your lump and, without turning the microscope frcm its
regular position, adjuat the mirror toward the source of lignt.
Now, while looking through the ocular, regulcte the wmirror vntil
you have a clear circular microscopic field evenly lightsc. LAMPS
ARE NEVER TO BE NEARER THAN T#/0 FEuT FROM THE MICROSCOPE,

6. Prepare 2 wet mount using a small letter "e" cut frow neusprint.
Cover. Pluce this alide in the center of the stage so that the
letter "¢" will be dircctly over the opening in the stuge. Rays
of light may bec seen passing through it. Again look from oone sids
and lower the objective close to the cover glass of the slide. Now
look through the ocular, and with the coarsc adjustment, slowly
focus up until a dark crea of a lettor comecs inte view. If no ob-
ject appears, make surc thot the "¢" is exactly in position us
dirceted and ropeat the process.

7. Wow siowly move the slide and exeémine all »f the Jatter "e¢'. Note
that the letter is reversed and upside down. FPeczua on the letter
zind move the =slide toward the rignt.

* *

Fw

{3) In what dircction doca the lettcr move in the microscopic ficld of

vigion?

8. Turn to tho high power objactive, regulate the light, and carclully
O focus with the fine adjustmznt. Couter a part of the letter under
ERi(&he high power znd then turn on tho low power to determine how far

Aruitoxt provided by Eic:
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off centaer the object is in your particular microscope. This is
important and should aid you in all of your futurs scope work.
Practice shifting from low poucr to high and back again. Note that
only & small amount of manipulation with the fine adjustmsnt is
necessary to bring the object again into proper focus, whenever

the objective is changed.

9. In starting a microscopic study, always examine the slide or objsct
under the low power first. Gst a good gmneral idea of it and then,
if necessary, bring the specific purt to be studied into the cuenter
of the field for further examination with the high power. Daspits
the fact that students are rcquested to use the low powsr to find
and center all objects desired for study, there sesms to be a temp-
tation on the part of some to start out with the high powcr. This
1s wrong, for it is sextremsly difficult to locate an objsct with
the high power without using the low power first. Students damag-
ing or breaking slides will be raquired to pay for them, usually at
the rata of $1.00 or more for each psrmanent slide damaged. Whien
through; at the end of each laboratory period, turn on the low
powsr, remove the slide and place it in its propsr place in the
slide box.

Preparation of Materials for Observation

Material to be observed is mounted on a piece of glass 1 x 3 lonch-
69, called a glide. The material is covered with a very thin pieca of
glass, the cover glass. Clean a slide and cover glass by washing in
water and then wiping with a small piece of papsr towel. Place a small
drop of water in the center of the slide by touching the dreppur from
the water to the slide and then forcing out the correct amount of water.
Secure from students in the room a piece of dark hair one quarter inch
long and a piece of blond hair the same length. With the forceps place
these in the water on the slide so they cross. Set the cover glass on
top of the crossed hairs so as not to trap air bubbles in the water.

A perfectly prepursd slide has no entropped air bubblss. But if
your first slide is less than perfect, it ie just as well, for you nced
to lgarn early what un air bubble looks like under the microscopz.
Ostherwise you may later think you have discoversd some wonderful suw
apecies of organism!! Before looking at the hailrs furthar, fi=d some
air bubbles and study them carefully, using the fine aijnstmznt to
focus on variocus levels. HNots the characteristic shading of the edges
of air bubbles. You chould uow recopnize them for whai they a2re whan-
gver you sce them ugain. ‘

Move the slide so that the place whearu tha halirs ~ross ie axnrtly
in the center of the field.

{4y In which dircction do the hairs appear %o meove when the slide is
movgd to the right?

Raise the objuctive with the fine udjustment to maxe the bhairs
aopuar just out of focus. Now lower thc objective slcwly and obsarve
the hairg wherc they cross.

(5) Vhich hair comes into focus first?

(6) Is this hair on top of or below thg other one?

'Yy wheu the top huir is in focus, 1s the lower one vigibla?
wiﬁnmwhcn the bottom hair is in focus, is the upper one visgible?
(56)
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P
. ¥ With the hairs in sharp focus switch to ths high power objective.
WHEN USING THE HIGH POWER, FOCUS ONLY WITH THE FINE ADJUSTMENT. When
the hairs are In focus with thec high poweér, turn the [ine adjustment to
ralse the objective and causse the hairs to go out of focus. Now lower
the objective slowly wilth the fine adjustment.

{9) Which hair comes into focus first?

(10) Is this the top or bottom hair?

(11) When ths bottom hair 1s in focus, is the top one also in focus?
(L2) ZIs 1t visible?

You should now understand from these observations that a senss of
depth 1n a microscopic field can be socured only by using the fine ad-
Justment. Your mind becomes an active part in observation whsesn you use
the fine adjustment to get a sense of depth. As you focus while look-
ing into the microscope you get a series of two-dimsensional pictures
which your mind ties together to give you a three-dimensional concept.
THIS IS SO IMPORTANT THAT YOU MUST LEARN TO AUTOMATICALLY TAKE HOLD OF
aND USE THE FINL ADJUSTMENT EVERY TINME YOU LOOK INTO A MICROSCOPE.

Colored Thrsads
Obtain the slide marked "colored thread slide" from your slide box
and perform the same operations as described for tho crossed hairs.
Sefore you fill in the answers for the following questions, raise your
band and let me know what your decisions have been 2s to which color is
on ths bottom, which on the top, and which in the middle.
DO NOT USE HIGH POWER!!!

(13) Which color throad is on top?
t14) Which color thread is in the middle?
{15) Wwhich color thread is on the bottom?

rcuosurement of Microscopic Objects

Wnen microscopists wish to measurs objucts accurately, thay
usually place '"ruled micrometer discs'" in the ocular of the mic.oscovpe.
However, these discs are not available for use in high schrol claassss.
For this reason other means of estimating the size of small objects may
bs uged. We shall use the millimeter rulsr for this purpose tuduy.

Place the ruler on the stage of the microscope and, with ths low
JOWET objective; focus on the millimeter (mm) divisions,.
f1.6) Approximately what is the diameter of the field of the low powsr
objoctive?

The unit of micruerapic moasnrament is the MICRCN. A micron is
;oual to one-thousandth of a millimetur.

17) What 1s the dicmoter of the low powsr fievld ir microns?

Now switch to the high power objsctlve nnd observe thu mm. scale
.guin. You will find that onc of the black liuce will almost cover the
mtire high power field. If you wre golng to deterMlu. the dianeter of
Q@ _ph power ficld you must first try to estimate the wiarh of ong of
JERi(:linos in microng. To do this, return to the low power “Siantive,
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focus on one millimeter again and try to vstimate the width of ons iine
by imagining how many times 1t could fit from one side of a millimster
to another,
(18) Give the approximate width of a lino in microns.

Now, knowing the width of one¢ line, return to the high power again.
(19) Give the diameter of the high power field in microns.

(20) If the length of a certain objsct is 1/10th the diameter of the
low power field, what is the length of ths object in microns?

(21) 1If the length of a plant cell is 1/5th the diameter of the high
power field, what is its length in microns?

(22) If 30 cells in a row extend scross the high power field, what is
the average width of one cell?

(23) Under the low power observe one of the numbers on tho scale of
the ruler. 1Is it in the same position as when viewed with the
naked aye?

(24) Is it (1) reversed, (2) turned through 90 degrees, or (3) inver-
ted and reversed? o

(25) How many centimeters in an inch?

(26) How muny millimeters in an inch?

(27} How many microns in a millimeter?

(28) How many microns in a centimeter?

{29) How many microns in an inch?

(30) Express the dimensions of a certain animal. When viewsd under
the low powar this animul extends in length 2/3rds of the way
across the fisld and its width extends about 1/iith of the way
across the field.

(31} Name, in proper order, all of the parts of the microscope

through which a light ray will pass in going from the lamp to
your aye.
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LAB STUDY - ‘ NAME
THE DISSECTING MICROSCOPE | ~ GROUP_

Introduction :

The digsecting microscope has advantages for some types of micro-
scopic work. It consists of two complseste microscopss, one for each sye,
united to form a single instrument.

The dissecting microscope like the compound microscope, may be
used to view objocts by transmitted light. Usually, howsver, we use
the dissecting microscope to look at aobjects by reflscted light. This
means that the observer looks at an object as he might view a book or
his own hand. The object is visible because light 1s reflected from its
surface. The dissecting microscops is useful for studying things that
are too small to bs obgerved with the unaided eye but too large to be
seen a3 a whole with the dissecting microscops. Instruments of this
type usually provide magnifications ranging from 5 to 60 diameters.

Purposs
Our purpose in this exercise is to learn how to make use of a
dissecting microscope.

Materials and equipment

1. Glass slides 6. Pond culturs

2, Half of a pstri dish . Small dead insect

3. Dropping pipetts g. Piaece of nswspapsr

4. Paper towel 9. Piece of cotton cloth

5. Lens paper 10. Dissecting microscops

: 11, Metric ruler ,
Procedure

A. Setting up the microscopse.

Remove the microscope from the storage cabinet. Carry it to
your laboratory table, using both hands. The instrument should be
a safe distance from the sdge of the table, in a position that is
well lighted. '

Calculate the magnification obtained when the low-power object-
lve of your microscope is used. This is done by multiplying the
magnification of one of the oculars by that of one of the objesctives.
(1) Wwhat is the low-power magnification?

{2) Vhat 1s the magnification at the higher powsr?

B. Obsserving with thé-dissecting microscope.

Begin by placing a metric ruler across the ceanter of the stags.
Uaing the focusing knob, move the body of the microscope as close
to the stapge as possibls.

On your dissscting microscops the oculars are adjustabls.
Place one eys on an ocular and slowly raise the body by rotating the
focuging know. Stop when the rulsr comes into sharp focusg. If the
lenses of the oculars or objectives need cleaning, wipe them gently
with a pisce ol lens paper. MNext, move ths oculars toward or away
from the midline of the microscope until the distance between their
centers matches the distance betweaen the centers of your eyzs. \ihen
this is dons correctly, you sese only a single circular field of view.
Finally, without changing the position of the microscope body,rotate
the movable tubs until the ruler is in sharp focus again.
Q




2.
Now adjust your microscope so that it glves the lowest possible
magnification.
(3) Using your metric ruler, measure the diameter of ths low power
' field. (Use centimsters tc tonths.)

Rotate the body tube to the higher power. v

(4) wWhat is tbhe diameter of the higher field? (Use centimetsrs to
tenths.)

‘Now place a small plece of newspapaer on the stage and focus it

sharply. While looking into the oculars, move the newspaper to

your laft.

(5) In what directlion does the newspaper appear to move?

-Now move the newspaper away [rom you.
(6) 1In what direction does 1t appear to move?

(7) How do these observations compare with thoss made using the
romprmnAd minsnascopae?

(8) Are the letters right aside up (normal &) or upside down
{(inverted ™ .)°

(9) Are the letters normal (e) or reversed (5§ &t )7 S e,

(10) How do these observations compare with those made using the
compound scopa?

Now changse the magnification to a higher power, and, if necessary,
adjust the focus.

{11) Has the size of the field of view changed?
(12) If so, in what way?

Change back to low power and examine a small piece of lens paper;

then examine a small plece of cotton cloth,

{(13) How does the arrangement of fibers differ in those two
materials?

Now place a small insect in the center of a clean glass slide. A
cover slip should not be used. Place the slide on the stage and

examine the insect, using low and high power objectives,

{1y) Measure ths length of the insect in centimeters to tenths.

Next, pour enough water from a pond culture into the pstri dish to
£fil1l it to a depth of 3 mm. Examine under low and then high powsr,
looking for different kinds of living organisms. Observs how they
differ in size, Shaps, color and pattern of movement., Turn the
light switch so that light can pass through the specimens. Note the
difference in appsarance when the same organisms are viswsd by
transmitted rather than by reflected light.
(15) Can you measure the length of one of your pond organismsa?

Try it. {Use centimetsrs to tenths!)

Finally, clean the stags of your microscope with & pisce of soft
paper towel. Adjust the magnification for low powsr, and turn the
body down aa far ag possible baforc wrapping the cord arcund it.
Clean all slides. Empty the petri dish into the pond culturs con-
tainer and dry it. Dispose of all other materials, as directed by
your teacher.
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LAB - THE DISSECTING MICROSCOPE NAME

- GROUP

A. Introduction
A dissecting microscope has certain advantages for many types
of microscopic work. Double syepleces (oculars) and objsctives
provide stereoscopic (three-dimensional) vision. It can be used
to view objscts with reflscted as well as transmitted light.

This instrument is used for digsections or observations of
objscts too large to be geen as a whole even with the low powser of
the compound microscops - your regular microscone. The usual
magonifications vary from 20X to 60X. :

B. Purposs .

: his laboratory study has three purposss: (1) to learn how to
ugs this type of microscops; (2) to compare the compound with the
digsscting microscope; (3) to observe a number of opaque and
transparsnt objects.

G. Materials

Dissecting microscops Diassecting nsedle
Strips of newspaper Earthworm
Metric ruler Pond culturs

Bits of sand, sugar, dirt, sseds

D. Procedure

1. Remove dissecting microscope from storage rabinet and carry to
table using both hands.

2. Adjust the width of the oculars so that you can comfortably see
with both . eyes at the same time. These may simply be pressed
toward the midline or pushed apart.

3. Place a strip of newsprint 10 cm. long and 1 cm. wide on the
stage of the microscope. Use the coarse adjustment and move
the objectives down as far as they will go.

L. Look through the oculars and raise the barrel slowly until the

- newsprint comss into sharp focus. It may be necessary to re-
adjust the light and the focus. One of the oculars may now bse
~d justed for your own eyes.

Move the tausprint to the right and lsft.
(1) How doex thg image move?

Move the newsprint away from you and then toward you.
(2) Does the ilmags move in the same dirsction?

{(3) How do§s this compare with the regular compound microscope?

Change the objsctlives to the next higher power and, if necessary,
ad just the light and focus.

(L) ﬂow does the apparent aize of the image compare with the
image sean under low power?

(5) How has ths sizs of the field changed in this high power?

Return to the low powsr field. Using the infeormation from the com-
pound microscops calculate the magnification of the stereoscopic
digsecting micrauscops.

O (6) Low power? Thevn hipr ?
Eﬁ&g;( P h poweign
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Return again to low power. This time compute the diametsr of:
(7) Low powsr in cm., in mn., in ¢-

then to the highpower: in cm, mm, A -ja
Return once more to the low powsT objective. Examine a few grains
of seed.

(8) How many can you got across the diameter?

(9) How many millimeters does it extend across the mlcroscopic
field?

Examine a preservsed sarthworm under the low pouwer objective.
(10) Carefully count the number of segments.

Turn to the high power objsctive. Sprinkle some salt on a glass
8lide. Place the slide on the stage of the microscope so the salt
is in view. Use a dissecting needle and arrange the salt crystals
) {a) in a straight line.
(11) How many can you get across the diameter of the high power
field?
(b) in a circle around the field of view.
(12) How many crystals does it take to form the circle?
(13) What is the shape of the crystals?
Turn your microscope to the high powar magnification and observe
a drop of the pond culture.
(14) How many different kinds do you Sea?
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QUIZ2 I-B-2: "Optical Instruments'

(2.2) On a compounc microscops, the circular substage object with
holes ol diff{erent diameters is called the
(a) disc diaphragm (i) revolving plate
(b) turret (e) revolvin; nosepiece
(¢) inclination joint
(2.3) On a dissecting microscope, the lens gsystem farthest from the
eye is called the
(a) ocular . (b) turning plate (c) rotating disk
(d) revolving objective (o) revolving nosepiece

(2.4) Which of the following statements 1s a poor description of wet
mount preparation?
a) A cover slip is used to protect a specimen.

(b) The thumb should be used to apply firm pressure to the

cover slip to hold it in placs.
" (c) A cover slip prevents the refraction of light away from

the objective lens.

(d) A cover slip should be placed on the specimen as carefully
as possible to prevent formation of air bubbles.

(e) One drop of water on the specimen is usually a sufficient
amount¥,

(2.5) 1In order to examine a specimen under high magnlficatlon, the
compound microscope adgustmonts should be made in the Tollowing
order:

(a) Use the rine adJustment, lowsr the body tube, set coarse
adjustment in the middle position, move low objective into
place, move high objective into placs.

(b) Set fine adjustment to middle position, lower body tubs,
fina adjust using high power.

{(c) Lower the body tubs, set Tine adjustment to middle position,
focus under low power, move to high power, use finse
ad justment to refocus.

(d) Turn nosepiece to high power, focug, revolve to low power
to locate the specimen, return to high magnification,
refocus.

(e) Set fine adjustment to middle position, lower body tube,
{ocus under low, revolve to high magnification, use coarse
ad justment to focus,

(2.6) A student using a dissecting microscope has the field of view
blurred by a dark vertical shadow. Hse should
(a) use a different specimen.

(b) refer to a textbook for help.

(c) adjust the movable eyspiecses.

(d) try a different lighting combination.

(e) adjust ths focusing knob near the specimen.
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4UIZ I-B-2 | 2.

(2.7) This drawing of the wing of_a fruit fly
' (a}, should ba centarsd batter.

- SA0L.02R ,
TN /”/- {(b) shonld bs lottered better
~ MIR «vé&w :
i (z) noeds straight gulde lines
-,
3174;f£i;2§r7 (d) needs uncrossed guide lines
X \\ \ ://‘\-\
g T MaRam (s) needs to be finely shaded.

(2.8} A student returning two microscopes to the cabinet at once
should
(a) be commended for sfficiency.
(b) receive a good lab yrade ror finishing early.
(c) always be asked to help his lab partner.
(d) receive a poor lab grade for finishing searly.
(e) recsive a poor lab grade for carrying two microscopss ath
once.

12.9) A preparsed spscimen moved toward you on the stage of a compound
: microscope ssems to

(a) move to the left.

(b) move to the right.

(c} move away from you.

{(d) move toward you.

(e) none of these.

{2.10) A specimen moved toward you on the stage of a dissscting micro-
Asops geems to
(a) move to the left
(b) move to the right.
(c) move away from you.
(d) mova toward you,
(6) none of these.

1
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!READING: "MEASUREMIIT SYSTEMS" NAME

GROUP _

Introduction: Je are all Temiliar with the common units of measurement
such as the 1lach, loot, mile, ounce, pound, and many others in the
English systen of meadurement. Howsver, in bilology wo uss the metric
system almost exclusively. It may be a little awkward [or us when
first uzing this system, but after a little practice we will find it

isa ~ttually very simpls to use.

For instancs, ‘
"There once was a student named Peter,
who asked, ".Jhy use METZR and LITEZR?"
But whien he found out -
He let out a shout, ' A
'Cause MITER and LITER are neater!"

—————————

1

A. Basic Units - :
The metric system is based on multiples of 10 while the Enz-

lish system has no such common base. The basic unit of length 1is
the METER which i3 a little longer than a yard.

The unit of mass in the metric system is the GRAM which + -
almost 1/30 of an ounce. (while the terms mass and weight -~ = w27
interchangeably, there is a difference. The mass is the acii ',
amount of matter present in an object and is always consta.. - i,
weight depends on ths force that aravity exerts on the obji.*® ~ul
will vary Irom place to place.)

The vnit of volume in ths metric system is the LITER which is
about a quart,

Besldes these basic units, two additional measurements ara
important in any scientific laboratory. These are the msasurcm:nh
ol time based on the SLECOND and the measurement ol temperature
based on the DAGRES in the metric centizrade (Celsius) scals.

It is usvally much simpler to abbreviate these units than to
write them out so we often use these symbols:

[easurement Unit Symbol
B V- T3 <Pt
welght....... N =3 oF-F . AR -
VOLlUMB e e s e v vnan e eoliter.. e L
3
(

L]
.
L]
.
N
-
i d
.

tim@.-.a....-.e.oo .-Second..o.--w------
temperature............doarE8.. ...

.
.
°

B. Systam ol prefices

In moat measurements it is best to choose a unit of measurs-
ment of a coavenient size. For g:lample, you don't express your age
in geconds bscauss the number would bes too larye, nor in centuries
bycaugs that would require an inconveaiently small fractinn. Al-
though the basic unit of length is the METER, it is Irecusntly
more convenient to deal with larger or amaller units, gspacially in
lab vork. The choice of cravenieat units of measurement in the
matric system is mads ezsy by the system of prafixes listoo at ths
top of pans 2.

ERIC
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Prefix Symbol Numerical
value
kilo..l k. i,ooﬁ
unit ' 1.0
deci... d. 0.1
centi..,. c. 0.01
milli... m. 0.001
micro... A4 0.000001

For example, any of the prefixss cuossen may he combined with
the basic unit to describe a convenlent measurement, such as the
[ollowing combinations:

Prerix Unit Symbol Valua
kilo... Teter T, 1,000 meters
deci... meter dm. 0.1 meters
centi... metar cni, 0.01 meters
‘milli. ., mneter nEd 0.001 meters
micro... meter {mlicron) M4 0.000001 meters
or
kilo... gram kz. 1,000 grems
¢eci,... gram dz. 0.1 grams
centi... aram CEe 0.01 grams
milli... gram mz. 0.001 greams

C. Conversion .units
Because we still use the English system of measurement in much
of everyday 1life ws often 'ind it convenient to convert from ons
system to another. The table below lists a series of these convar-
sion units which you may use for thie purpose,

Length

T 1 im.® 2.54 cm. l cm. 22 0.39 in.
1 rt.z¢ 30.5 cm. 1 m 2zn 2.28 ft.
1 mi.=%1.6 km, 1 km., >~ 0.62 mi.

1m g 39.37 in.

walpht

T 1b % U153.6 g 1 ke ™ 2.2 lo.
1 oz o7 28.35 g

Volumns :
l 0z ,::l 29-57 Bll. 1 Lo ,;::' 1006 qt:
1 et.%% 0.95 L.

Tewperature (a very handy ecuation)

°p -~ 32 =1,8% ¢
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3.

Notice that these conversions are not spoken of as being
FEQUAL to each other, but EQUIVALENT, Measurements are ggual whan
they describe the quantity in the same system; msasurements ars

equivalent when quantities are described in different 3ystems.
For example:

1 inch is equivalent to (~2) 2.5 centimsters
since inch is an English measure and
centimeter is a metric measure

but

1 inch is equal to (=) 0.08 foot
Since both inch and foot ars
English measures

and

25.4 millimeters, equals 2.54 centimeters
since both millimeter and centimetar
are metric measurss.

All of the measuremants we have spoken cf so far are definite
measurements - they state a specific quantity, a certain amount.
The measurements used in biology are usually definite measures such
as 20 milliliters of salt solution rather than an indefinite
measure such as a spoon full of salt solution. Would a box of salt
be a definite or indefinite measure? A five-pound bag of sugar?
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LAB STUDY - MEASUREMENT OF LENGTH: NAME
THE CRAYFISH I . GROUP

When a microscopist views a gpecimen through the microscope, not only
is he Interested in the shave and fine detail, but he is equally con-
cerned with its size. Measurement permits a reliable comparison be-
tween the spscimen and its parta, and also with other organisms, Thua
there must be a uniform scale of measurement so that size values deter-
mined by one psrson can be verified by another.

. The unit of measursmant most often used by a microscopist la the
micron. To the novice biologlist, the word "micron" has little meaning.
Therefore we must start with a known unit of measurement to learn mors
about the unfamiliar micron.

DEFINING THE MICRON .. o )
The diegram shows a rule that is dually calibrated. The top scals
is divided into inches {(in.) while the bottom is in centimeters (cm).
) IN,

\

U A

CM .
-~ Study the rseslationships between the scales. -

1, . How many centimeters are theres in one inch?

2. If there are five centimeters in two inches, then in
6 in. there must be how many centimsters?

3., If an object has a diemeter of 7% centimeters this would
be_squivalent to approximately how many inches?

i, Kesping in mind the relationships between the scales,
how many inches ars equivalent to 20 centimeters?

e ——t ettt
———————————
e ————
e et et

5. A six inch rule would contein how many centimeters?

The smallsr divisions ot the centimeter scale are millimeters. Refer
to the drawing again. Each lins on the centimeter scale i1s saqual to
ons millimetsr.

6. How many millimoters {mm) are there in one centimeter?
7. Therefors how many millimeters equal four (I4) centimeters?

8. What unit of measurement 1s larger, centimeter or milli-
) maeter?
9., Therefore what fraction of a centimaster squals
two (2) millimeters?
10. Therefors what fraction of a centimeter sguals
eight (8) millimzatera?
11. If thers are 10 mm equal to one cm., and there are 2% cm.
in one inch, how many millimeters are there in one inch?

|1

. Q . . .
: Jow many millimeters are there in four ) inches?
ERi(: g (L

IToxt Provided by ERI
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%13. How many inches are there in 75 om?

2.

Now that you.are familiar wiih the cm. unit as well as the mm, unit,
look again at the drawing., Imagine the millimeter unit divided into n
thousand parts, one 1000%? of 2 mm, is equal to a microm (4). Or we

can gay l000 microns are sequal to ons mm.

1. The distance betwesen any two millimeter lines on your
drawing is equal to how many microns (,«)?

15. How many micron (/) are there in eight (8) mm?
. Thus far we have found that: 1 in. squals cm
1l cm. squals mm
1 mm. squals
16. How many micron are thers in one centimster?
17. How many micron ars thers in thrse (3} cm.?
18. How many micron ars there in one (1) in.?
19. How many micron are thers in 6.5 in.?

20. What fraction of a cm. equals 15 micren?

2. Whet fraction of an in. equals 15 micron?

The metric system of meassurement also contains larger units of measure-
ments. These are 10 cm. squals 1 decimeter; 10 cec. equals 1 meter (m,

22, Therefore how many cm. equal one (1) meter?
23. How many decimetsrs squal one centimster?
2ly. How many microns (/*) squal 1 decimeter?
25, How many microns (/t) equal 1 meter?

CONCLUSION : ma equals /- 10 cm. esquals decimsaters

mm gquals 1 cm deci. squals 1 meter
ADDITIONAL PROBLIZS {to be answsred on the linss bslow):
i. 2 em. = 3 in. 6. ? A = 10.3 in. 1i. 2 ino. = 20 cn.
2. 9?2 cm. = 2 mmn. 7. ./~ = 2.5 deci, 12. ? in. =1 /
3, ?cm. =1 /4 8. -/ = 3,5 cm. 13, 2 /4 = 2 in.
L. ?mm. =1L in. 9. ? mmu. = 8.5 in, 1. 2 deci. = 1 foot
50 ? m. = 2/“' 10. ? cm,., = S in- 15. ? in- ,'\:' l m,
1.M : 6. J-l'
20% 7.w 12 .
3o 8.-~“”__~ 3.
L. 9. . 1.
O

[]{U:F—~w- 10. 15.

———————




UI4 I-C0-1: "Measurement ol Length"

(3.1) Given the fisure below, determine how much longer is line AD
than lius A&B:

A Cc

(< yj
(a) 0.45 cm (b) 4.5 cm (c) L.5 mm (d) 0.40 cm

(e) none of these

(3.2) which of the following pairs of measurements 1s not of equal

value?
(a) 15 cm = 150 mm (d) 7.62 dm = 762 cm
(b): 15 cm = 0.15m (e) 0.25 ft. = 3 in.

(¢) 7.62 cm = 76.2 mm

(3.3) Which of the following statements is ralse?
(a) 0.0L meters is l} centimeters -
(b) 8.69 millimeters is the same as 0.00869 meters
(c) 0.25 centimsters equals 2.5 decimeters
(d) 68.2 millimeters equals 0.682 decimeters
(6} 27 decimeters is as long as 270 centimeters

(3.6) One of the basic units in ths metric system is
(a) the millimeter (d) the centimeter
(b) L decimeters (8) the meter
{c) ons kilometsr

(3.8) which of the following pairs of measurements is not equivalent?

(a) 7.62 cm o~ 3 in. (d) 13 liters ~ 13.78 qt.
{b) 1 m22100 cm
(c) 1 m2239.37 in. (e) 2.54g % 25.4 dg.

(3.9) which of the following represents an indefinite measurs?
(a) a 17 centimoter test tube
(b) a 100 meter dash
(c) 5 centimeters of litmus paper

(&) L quarts of sulfuric acid

(e) a length of plastic tubing
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LAB ACTIVITY (Basic)
MEASURING WEIGHT IN METRIC UNITS

-‘Usually when you go to the store to buy meats and vegntables
the clerk weighs your packages in pounds ancd ounces. Howsver, aincs
August 18 when the Senate finally oprroved the Metric Conversiou Ach
of 1972, most items will begin to be weighed using the basic unit of
the metric system, the gram, abbreviated g. A gram is a very small
welght. In fact, & mousec might weigh 4,8 grams and a 150 pound man
would weligh 68,400 grams.

In this activity you will use a balence scalas, /4 numbered ob-
Jects, a piece of filter paper, a small beaker of sugar, a wood
gplint, a 50 ml beaker, a 10 ml graduated cylinder, and a largse scals.

Before weighing out any material, always be sure your scale is
balanced. To do this, move all of the wcights on ths bsams as far
left as they will go. Move the smallest weight with the point of a
pencil or pen. If your sgcale is balanced, each weight will show zero
on the beam and the indicator will be on the center linc. If the
indicator is not on center, the scale is not balancasd and your teacher
will show you how to adjust it. -

l. a_~ d. Place one of your numbered objects on the pan of the scals.
Move the largest weight slowly along the beam fitting it carefully
into each notch until the beam moves down, Now move it back to
the last notch before the over-balance occurred. Notice that this
beam measures in hundreds of grams.

Move the next largest weight along the beam in the same way until
the indicator over-balances. Move it back one notch. This beam
measurses in tens of grams.

Continue moving each wsight in its turn -~ moving the smallest
welght with a psncil poiat - not your fingera. The position of
the smallsst weight should make the indicator hit the ceuter point
of the scale and stay there. On your answer gheet, write down the
number shown on the largest beam (beam s51) first. Directly under
it write thse number shoun on the sscond beam. Keep the decimal
points exactly uadsr each other. Write down ths certain numbers
shown on the smallsst beam and the estimated number betwsen the
lines. The total of thesa four numbers 1s the weight of the
object. Return the four objects to their container when you havs
finished weighing them all and have your figures checked.

8. What is the name of the two certain numbers measured on ths
small beam?

f. What are thess numbers callsd in the metric‘system?

g, What i3 the nams of the estimated number measured on the small
beam?

h. VWhat is the number celled in the metric system?

i. Write the weight measrement your teacher will set for you
on the balancs,.

(71)



Measuring Weipght in Metric Units -~ Page 2

Now weigh out thres grams of sugar this way. First, put the fil-
ter paper on the pan of the scale. (Ths weight of the paper will
have to be congidered bucause you will he weighing the papsr at

the
Q.

b.

Ce

same time you are weighing “he sugar.) Weigh the paper alone.
How much does the paper weigh?

Add the welght of the papsr to the thrse grams of sugar.

Write this total weight on your answer sheet. Set the weights
on the scale to indicate this total amount. Pour sugar ousb

of tho beaker onto the filter paper a little at a time until
the scale just balances. If you pour out too much, use a
wood splint tn adjust the amount. VWhen your measuremsnt is

a3 accurate as possible, have your work checked and the box
signed.

Now weigh out 5.4 g of sugar on the filter paper.
Wwhat is the total amount shown on the scale?
Have your measurement checked.

Using a 50 ml beaker and a graduated cylinder, measure the
welght of 10 ml of water.

Figure out how much 1 ml of water weighs. Show your arith-
mgtic on your answer sheet, putting a box around your answsr.

Using the floor scals in the lab, measure your own body weight
as accuratsely as possible in pounds and rscord it on your
answer shest.

How many kilograms do you weigh?
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QUIZ I-C-2:

Measurement of Weight

(3.2)

(3.3)

(3.4)

(3.6)

(3.8)

(3.9)

The following pairs of values are not all of equal valus.

Which pair is unequal?

25,000 cg

(a) 0.5 kg =500 g (d) 0.25 kg =
(b) 1 g = 0.001 mg (s) 1,000,000 mg = 1 kg

(c) U8 dg = LBO cg

wWhich ol these metric prefixes is incorrectly attached to a

numerical valuse?

(a) 1,000 gzrams is a kilogram of WaCl
(b) One hundaredth of a gram equals 1 milligram
(c) 1 g equals 1000 milligrams
(d) One decigram weighs the same as 0.1 gram
(e) One mg is the same weight as 1 gram
1000
Below i3 a drawing of the triple beams of a balance scale.
The most accurate amount of glucose being weighed is
(a) L06.80 g. {a) U406.85 g.
(b) L06.8 4. (e) L46.85 g.
(c) 46.8 &.
d ™
{ :'. :;:5 3,‘0 .;u :': c};, f)'cx \:\' O “4 .\) N‘Q.
.;3;;:;;J,é,z->
5 O 0.2 a3 o 035 Ca ol R ol 1 L

One of the fundamental units used in the metric
in which of these measurements?

(a) one gram of manganese dioxide

(b) four milliliters of hydrozen peroxide
(c) one test tube of chlorophyll extract
(d) 30 centigrams of formalin

(e)

{
Which oi' these trades would

1 mile

(a) 1 pound of wax for 2.2 kilograms of wax
(b) 1 pound of WadlH for 22 kr. of 1aOH

(c) 2.2 1bs. of deuxtrose for 1 kz. of dextrose
(d) 2,000 k. ol sand for 2,000 lbsg.

(e} 15 1lbs. of nails Tor 6 kz. of nails.

system is found

not be of squlvalent value?

(1 ton) of sand

You would not know how much to pay for one of these items.

which one is it?

(&) one bos of microscops slides at .00 a pound
(v) one kilogram of mercury at .25 per gram

(¢) 5 liters of ether at 2.75 per liter

(d) 1 dozen centigrade thermometers at 3.00 sach
(e) 7 mg. of aapirin at 10¢ per gram
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LAB ACTIVITY -
MEASURING VOLUME IN METRIC UJITS

Each of us at one time or another needs to use an instrument to
measurse an amount of liquid, Measurlnr volums in metric units is based ,
,on the number 10 and is easier to usle than the English system. 1In this
activ1ty you will use 2 beakers, 2 graduated cyllnders of differnnt
gizes, and a dropping pipette. To prevent breaklng the graduated cylin-
ders, always lay them on the side when not in ugs.

1. Which of these items of equipment would be easiest to use to
measurs an gxact amount of water?

2. In a graduated cylinder, ths amount of a liquid often will be
measured in milliliters, abbreviated ml. The milliliters on your

cylinder are indicated by the longest numbered lines. Look at the
lerger cylinder.

a. What total number of milliliters of a
liquid can it measure accurately?

b. The space between the numbered 70 and 80
represent what volume of liquid?

c. If the cylinder were filled to the arrow
marked ¢, how much liquid would it contain?

d. If the Tiquid came to the arrow 4,
how much would there be?

8. How much volume is represented by (=
the bracket a? 3 %

1

f. Go to the sink and bring & beaksr half
full of water back to your table. Pour
any amount of this water into the cylinder
and place the cylinder on the table. With your 'eyes on the
level of the water, notice that the %op
of the water seems to form a dcuble
curved surface when you look through

the glass. The bottom of this curved rati T "
surface is called the meniscus and it T o

the number of milliliters of a liquid.
How many milliliters have you poured
into the cylinder?

g. Would you guess that 100 milliliters of water is more or less
than a cup of water? Find out.

h, Measure: 100 ml. of water = how many cups of water?

]
ghould bs used when you are measuring !
!
i

}. Loot at the smaller graduated cylinder.
a, How many mllllllters of liquid can it measurs accurately?
b. The spacs betueen the numbers 7 and : {
represent what volume of liquid? i
c. Into how many smaller units is the !
space bestueen 7 end 8 divided? §
d. What should each of thess smaller I
divisions ba called? Show this

amount on your ancwer sheet as a e
fraction and also as a decimal. Een
The arrow e represents what volume? = i Z
If the cylinder were filled to T, o

how much liquid would there be? { )ﬁ‘




2.
g. Using your pipette and the dry cylinder, accurately measurs
the number of drops of water required to occupy a volume of one
milliliter. Watch the meniscus carefully. Write the number
of drops you count on your answer sheet. You should make this
count 3 or L times to get the most accurate count.

Your small cylinder accurately msasures 10 mi. which 1s often
called a centiliter. What is the abbreviation for centiliter?

How many centiliters of water could you pour into your 100 ml,
graduated cylinder?

One of your beakers is labelad 1000 ml. This is sometimes called
one liter. About how much is a liter equivalent to in English
units?

How many times would one liter beaker of water fill your larger
graduated cylinder?

a. Notice that on each beaker a line has been drawn in grease
pencil. Fill each beaker to the line with water. Pour the
liquid from beaker A into the large graduated cylindsr.

How many milliliters of water did beaker A contain?

b. Measure the water in Beaker B in milliliters.

¢. How many liters of water did beaker A contain?

d. How many liters of water did beaker B contain?
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WUIZ I-C-3: lileasurement of Volume!

(3.2) Most oi the pairs of measuremsnts below are of unequal velus.
Which ol the pairs is squal:
(a) 135 liters equals 13,500 milliliters
(b) 10 ceutiliters is equal to 1/10 of a liter
(c) £.35 deciliters equals 23.5 liters
{(d) 7.4 liters equals 7HO0O kiloliters
(e) 450 milliliters equals 4500 deciliters

(3.3) Which of the following statements is trus?
(a) 1 kiloliter = 0.001 liter

b 1

(b) 1000 ©f & kiloliter is 10 liters

(c) 0.001 of a kiloliter is 100 liters

(d) 0.001 k1 = 10 liters

(e). of a liter is the same as 1 milliliter

1
1000

{3.5) In an experiment, a student was asked to bubble carbon dioxide
gas through 84 milliliters of phenolphthalein solution in a flask.
His measurement in a graduated cylinder mad him

i (aY )wish he took art instead of biology

1

ppaied t
i;?*‘ Ja___ (b) 1lack L ml, pouring enough solution
" (c) wse just ths right amount
—— ot)
e (d} wuse lf ml. too much
n——
F——— 7¢ {e) none of the abovse
—
!
L]

L
(3.6) Ons of the basic measurements in the metric system is
(2) the liter (b) the milliliter (c) 10 centiliters (d) 4
(d) L liters (8) the kilogram

(3.8) 1In a drug store, the labels have been changed from Enplish units
to metric units. From the list below, choose the product
which has besn incorrectly labeleds
(a) 1 oz.or 28 g. mercurdcl:yome
(b) 9 oz, or 252 z air freshener
(c) 2.2 1bs. or 1 kg. of Lysol spray
(d) 1 wal. or 3.7 liters of rubbing alcohol
(e) 12 k. or 6 1lbs. of bird seed

(3.9) Which of the following measures would you ba least certain about?
) four liters of pond water
) &a bottle of sea water
) ten cubic centimeters of YWright's blood stain
) 4.5 cc of methyl alcohol -
}) 0.7 ml. of physiological ssaline solution.
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LAB ACTIVITY - DO NOT WRITE
USE OF THE BUNSEN BURNER ON THIS PAPER!L!
AND THE THERMOMETER

Introduction

A Bunsen burner is a specialized apparatus used to burn natural gas.

It is used as a convenlent source of efficient hoat in the lahoratory.
It i1s commonly used to impart heat to licuids and solids. The amount
of heat transferrad to a substance can be accurately measured by using
& thermomster. Both the Bunsen burner and the thermometer are devices

that require safs and proper handling. Keep this point in mind as you
proceed to do thls lab study.

Purposse
To enable ths student to use the thermometer and bunsen burner for data
compilation as well as for the davelopment of good habits for their uss.

Materials (for teams of 2)

Bunsen burnsr Water

Thermometer Ringstand and iron ring
Beaker (4,00 ml) Wire screen

Stirring rod Timer with sweep second hand
Ruler Beaker tongs

Procedurs A

; Place the Bunsen burner on the ring stand base. Adjust the iron
ripg so that 1t is roughly 8 cm above the barrel of the burner.

Fill the beaker with water to the 300 ml lins. Be sure to check

the water volume at eye level. Place the beaker of water on the wirse
screen of the iron ring.

Place ths thermometer in the watsr and after 1 minute record the
watsr temperature on the answer sheet. (This is starting temperaturs.)

Carefully light the Bunsen burner and heat the water while stir-.
ring with a glass rod. After 1 minute record the new temperature on
your data shest, Repeat this step until 6 minutes of time have passed.

Record all readings on the data chart. Be sure to turn off burner
when finished.

when you have compilsd all data begin to clean up your work mater-
lels. Usse beaker tongs to empty hot water in the sink. Dry all wet
apparatus with paper towel. Place ths apparatus on the tray and dis-
poss of all waste papsr.

Procadure B

S8tudy the data chart and decide how you will plot the statlstical
data on a line graph. When you are sure of your graph construction
usse a rulsr to draw all lines. Number and label each axis and vse an

approp?iate title. Hand in your answer sheet when you have completed
the data chart, graph and questions.
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ANSWER SHEET: ' NAME

USE OF THE BUNSEN BURNER

AND THE THHERMOMETER GROUP

Mroctions: Record all data from Procedure A In data chart below.

—

!
! ®ime in Minutes . Temperature in Degrees C

T S .

(starting temp.)

|

Directions: After reading Procedurs B, conatruct your graph below.

Directions:

1.

Em—————

]

Angwer the following guestiom carefully.

How many degrees are marked on your Celsius thermometer?
{a) 100 {b) 130 (c) 212 (d) 90

'As the heating time increased the temperaturs readings

{a) decreased (b) staysed the ssme {c) increased
{d) decreased then increased,

If heated beyond 6 minutes the temperature would (a) continue
to increaass {b) decresse (¢) remain the same
{d) lower, then stay the same.

Your graph line will be interpreted as (a) variable, (b) an
inverse relatioonship, (c) a constant, (d) a direct relationship.

Water at a 10° C reading placed in B room where the temperature
is 25° ¢ will. (a) change temperature (b) increass tempera-
ture (c) decreass in temperature (d) remain the same.

A Bunsen burner flame is orange. To produce a blue flame one

would (a) reduce the gas (b} increase the air
(c) decrease the air (d} increass the gas.
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LAB ACTIVITY - DO NOT WRITE
USE OF THE BUNSEN BURNER ON_THIS ACTIVITY!
AND THE THERMOMETER e

Background ' : .

In many of your upcoming lab studies you will be expected to maks
accurate measursments relative to heat gain or heat loss. Such measure-
ments cannot be done by touch and then simply state that an object is
hot or cold. For scientific work it is necessary to indicate the de-
gree of heat present which can best be determined by use of a thermom-
eter. Most materials sxpand when heated and contract when cooled. The
thermometer is based on the nearly linear sxpansion and contractiocn of
liquid mercury with changing temperature.

Mercury thermometers for scientific use are calibrated in the
-Celslus temperature scale. Such a thermometer has two fixed points:
the normal freezing point of water, 0° C and the normal beiling point
of water, 100° ¢. The interval between the freezing point and the
boiling point is divided into 100 equal parts, each representing a
temperalura rhongo of 1° C. The same scale divisions may be extended

tevond the two fixed puiuls tu provida for raasdings bslow 6° and above
100¢%,

-"A Bunsen burner is a specielized devide that is used in the lab
and when properly adjusted produces temperatures above 1000° C. It is
composed of a tube-like barrel attached to a circular base. There will
also be two inlets (one for air and one for natural gas) built ioto the
burners! construction. These inlets will allow you to make adjustments
80 -that the gas-air mixture will produce ths hottest flame. The air
inlet will be a collar with holes in it which fits over the barrel,

One end of a rubbsr tube will be attached to the gas inlet and the
other end will connect to the gas sourcs.

Purpogs
Tc becoms acquainted with both the Bunsen burner and ths thermom-
eter a3 well as the save, effsctive use of each.

Introduction - :

The best way to become familiar with chemical apparatus is to ac=
tually handle the pieces in the leboratory. 1In this lab activity you
will learn to adjust the Bunssn burner, assembls an iron ring-ring
stand, measure a volume of water and make accurate readings, timings
and recordings ahont a thermometer.

Materiale :

Ringstand & irorm rin Bunsen burner
+ Wirs scrsesn Timer (swesep second hand)
Beaker (400 mi.) Beaker tongs
Thermometer Rulsr
Stirring rod Masking tapse
. Chelk S

Procadure A

1, " Disassemble a Bunsen burner into its component parts. On tha
answer gsheet, maks ldentifications of itz parts eand nots ita func-
tion. Reassemble the burnsr and skestch it on your answer sheet.
Laebel each psart.

2. Ingspect a Celsius thermometer. Malte an accurate drawing of ths
device on your answer sgheet,.
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Procedure B

Ae'

1.

6.
T

Place a Bunsen burner on the base of a ringstand. Place an iron
ring on the ring stand so that the distance between the top of the
burner and ring is 2.5 cm. Using masking tape on the vertical rod

‘of the ringstand, mark positions 5, 7.5, and 9 cm. above the top

of the Bunsen burner. Use a pencil and a ruler.

Fi1l the beaker with cold water to the 300 ml mark and carefully
sight the meniscus at eye level. Find the temperature of the water
and record it on the data chart of your answer shest.

Take the Bunaoen burner aside. Adjust the air supply so that the
air holes are about two-thirds open. Place a lighted match over
the barrel. Turn on the gas to give roughly % maximum supply.

Kesp your clothes and face away from the barrel. Adjust the air
supply if necessary to make a flame with an inner blue cone clearly
defined. The flame shonld not make a roaring noise. Once adjusted,
the flame should not be changed throughout this activity,

Place-a wire screen on the iron ring and placs the bsaker (with
water) centered on the screen. NO water should be on the outside
of the beaker! Prepare to measure time. At a convenient starting

" time, place the lighted burnsr directly beneath the center of the

beaker of water. Stir the water gzently with a stirring rod. Read
and record the temperature of the water every minute for 6 minutes.
Mark the position of the burner on the base of the ringstand with
chalk. Remove the burner. Make a graph of the result, plotting
temperature on one axis and time intsrvals on the other axis.
Removs the hot water from the beakser carefully by using beaker
tongs. Avoid touching hot water, glass or metal. Rinse the beaker
with cold water and douse the hardware with likewise. Uipe dry!
When all labware is back to room temperature change the distance of
the iron ring to 5 c¢m above the barrel. :

Repeat Staps 2, 3’ LL! anad  LAan ixou'rine hoisl:ba ol 7.b & 9 cm.
Record s71 awva 1n ruled tables provided and make a graph of each

sesult,

Procedurs C

Answer all questions listed bslow on your answer shest.

lu

2.

When ths air inlets of a Bunsen burner are closed, which of the
following is likely to happen? (a) flame will go out, (b) f{lamse
will turn orange, (c) the burner will explods, (d) flame becomes
all blue.’ ) ' "

To be certain that the gas source is turned off you should

(a) put a finger over the barrsl, (b) parallel the valve to the gas
jet, (c) pull off the rubber tubing, (d) cross the valve over the
gas Jjetbt. '

For accuracy in measuring the temperature of water the thermomster

should be (a) kent in the water, (b) raised to eye level in the air,,

(c) insulated, (<) placed under a dissecting microscope.
You have seen that an increase in time will result in an increassd
temperature of heated water, This is a good example of (a) a theory
(b) inverse relationshiip, (c) direct relationship, (d) a variable.
At what distance between the iron ring and bunsen top does the
water heat at the fastest rate?

{a) 2.5 cm (b) 5 cm (¢} 7.5 cm (d) 9 cm

Rolative to heatinpg water, what is the meaning of the line on the
graph that zshows the least slope?

a) la3test rate of heeating (b) no heat change

‘¢t there ig no significance (¢) slowcst rate of heating.
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ANSWER SHEET - LAB ACTIVITY NAME
USE OF THE BUNSEN BURNER
AND THE THERMOMETER GROUP

Procedure A

1. Bunsen burner Bunsen Burner Sketch

PARTS FUNCTION

2. Thermometer Sketch (sketch long axis E-W)

Procedurs B DATA CHART

I 2.5 cm ] L cm [ 7.5 cm 9 cm

1T1me‘Temperature Time {Temperature |lime {Tempsrature | Time |Temperaturse
: 1

3

ﬁ%TE: Place all iraphs on the back of the ansvier sheet.

Procedure G Place the most correct letter answer alongside the numbsr.

- l.].
S —

o
\n
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QUIZ I-C-l4: '"The Thermometer!

(3.7)

(3.8)

(3.9)

Examine the drawing of the centiprade thermometer below.
The column oT mercury incicates which of the iollowing:

(a) frseziny point of water (d) Dboiling point of water
{b) normal body temperature (e) surface tempsrature of
(c) average room temperature the sun

If your centigraddé temperature wers measured to be 39°, would
you have a rIsver?

With wvhich Fahrenheit temperature is it equivalent? °
(a) 96° (b) 98° (¢) 100° (4) 102° (&) 204

Which of these statements is most exact in its measurement?
(a) A Bunsen burner blue flame is very hot.

(b) The yellow Bunsen flame is uot hot enough to burn the gas
fuel completely.

(c) A blue Bunsen rIlame can melt copper at a temperaturs
greater than 1,000° ¢,

(d) Ice water is very cold.

{e) The addition of salt to a beaker of ice water would
decrease the freezing point,
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NAME

GROUP

AN EXERCISE IN MICRCMETRY

1. MICRMMETRY is the determination of the sizes of objects and
specimens seen with the aid of the m scope.
(The correct answers and responses are to the left and below each

frame. ‘“hen your answer is shown to be correct, continue on to
the next frame.)

2. There are several kinds of measuring devices by which one can

determine the sizes of *_‘ __8 seen under the microscope.

3. If the dimensions of the microscopic field can be detemined,
then the field itself can be uced as a measuring device to approx-

imate the of objects under the microscope.

i, The field of vision in the ordinary light microscope has the
shape of a circle, as shown below. The distance from & to b is

the of the circle.

Zﬂ

5. If the diameter of the field is known, then one can approximate

the of objects visible in the microscopic .

g

6. Devices used to detemmine the dimensions of objects seen under

]
the microscope are called m ometers,
7. The ending "meter" is used in everyday language. Ve call de-
- vices that meagsure temperature thermo , that measure
atmoepheric pressure baro , and that measure speed,
Q speedo .
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An Exexrcise in:Micrcmetexy Page 2. A
e .

To t L ey .IB. Davices that are used for measuring objects under the micro-
A "-'-'"\'.'i o

scope are called . . _ .

9. The sketch below indicates the appearance on the 1 mm. stage
- micrometer as seen under the microscope. The lines on the right

are mm, apart and the smaller lines on the left show

distances of mm.

10. With the stage micrometer in use with high power objectives,
‘care must be tsken in using the engraved lines as reference points.,
In the sketches telow, the method which is the most accurate way of

messuring 0.1 mm is ind:cated by sketch # .

L

1. Sketch #l is tho most accurate method of finding the correct

-

L distance, since it takes into account the thickness of the

engraved .

i 12. The thickness of the engraved lines becomes more important

fwith er powers of objectives.
t

27wl \13. In our work in general biology, it will not be necessary to

}make many precise measurements under the microscmpe. By estimating




An Exercise in Micrometry
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Page 3

the diameter of the microscopic ‘field, as shovm below, one can use

. | this diameter as an approximate, but accurate, measuring device or

—~

14. To make a rough estimate of the diameter of the low power
field, swing the low power objective into plaée. The low power

objective is the er of the two objectives.

. . 15. Secure good reflected light frem above, and place your ruler
.o che -
about half way across the hole in the stage with the metric scale,
which is the (upper/lower) scale, across the diameter
of the hole.
. | 1 2 3 b 5" 6
inches
metric
112 L 5 6 7 o 9 10 3132 13 3k 18t
(\_ \ /
N %
- : .\\;?\\wr .\§”//. e
\N'% d/
[ |
~ 16. Observation under the microscope should reveal an appearance
dx. ilzmu | similar to the sketch below.

Focus and adjust until two lines appear

in the field. ™e know that the distance from the right hand edge

of line A to the right hand edge of line (shayn by the line with

B

arrows ) is reasonably close

B

v0 Tn.
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An Exercise in Micrametry

e, ... ... . Pagel
17. Is it possible to see three lines in one field?

18. Since you can see Lvo lines in the field, the diameter must be
at least mm. But since three lines csnnot be seen, the

diameter of the field must be less than __mm.

¢ et P & et ey [ T B L et

19. Now move the ruler so that the left side of one line just

'ﬂ) touches the extreme left (9 o'glock) side of the field. Ubserve

the right hand line. Is it nearer to the right (3 o'clock) side

than to the middle of the field?

20, Since the right hand line was nearer the right (3 o®clock)
edge than to the center of the field, the diameter must, therefdre,

be (greater/less) than 1.5 mm?

21, Since two lines are visible in the field, the &iameter must
be at least mm. Therefore, the diameter of the low

power -field must lie batween mm and mm, T

22. The diameter of the low power field is between 1.0 mm and 1.5mm.
Now judge the distance between the left hand edge of the right

hand line and the right (3 o'clock) edge of the f%g}p: To you

estimate this distance to be //// \\\
L= 2\
greater than 0.3 mm but less =i 4 ‘
than 0.5 mm? ? &?j 4
= 2
4 21,
\" . /P’"I'
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An Exercise in Micromstry ' Page 5
| . 23, The diameter of the low power field, then, lies between

1.3 mm and 1.5 mm. Because this is an approximation, a value

Ty

_midway between 1.3 and 1.5 is convenient. It is estimated that

the diameter of the low power field is ' mm.

< | 2L, Before changing the value to microns, remember that there

are microns in 1 mm.

-

- 25. To change 1.4 mm into microns, multiply 1.k by to

get microns.

¢6. Record this information on the inside cover of your lab manual:
- opteée o "The diameter of the low power field of microscope # is

m or microns."

27, To determine the diameter of the high power fleld,

--=ww- oo 1 {a) Get a dark human head hair and cut it to a length of 1 em.
S (b) Mount the hair on a microscope slide;
e (c) Add a drop ar two of tap water;

(d) Cover with a cover glass.
Since about 10 hairs can be lined up in the space of 1 mm, one hair

would have a width {or diameter) of about microns.

28, After focusing the hair under the low power of the microscope,

swing the high power objective into place. The high power is the

: er of the two objectives on the revolving nose pilece.

29. Under the high power of the microscope the hair should appear
ag ghown below. If the hair is 100 microns in width, the diameter

of the field is (greater/less) than 100 nicrons.

(&7)



s saSiULaSE 1N mmmetly ) Page 6

30. Move the slide so that the left edge of the hair is at the
extreme left (9 o':lock) of the field, as shown below, By moving
the slide, emtimate how many times the hair will fit into the
£field. times.

31. If the hair can be placed approximately three times across the
field, and the hair is 100 microns in width, the diameter of the

high power field is approximately microns.,

PROBLEMS AND PRACTICAL USE

32, The sketch helow represents the field using the low power of
the microscope. The diameter of the:low power field is
microns (refer to frame #6&). There are about squares

across the diameter of this field,

about microns on a side.
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An Exercise in Micrometry- Pags 7

3L. vhat is the approximate length of the cells shown in the field

below as seen under the low power of the microscope? ?
. T

35. The diameter of the HIGH power field is microns. The

approximate WIDTHS of the cells shown below under high power

are °

T - ;g _
\1___, A4

36. What is the approximate size of the object seen in the fisid

below under the HIGH power of the microscope? ?
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An Exercise in Micrametry Page 8

37. The actual diameter of the diatom shell shown in the sketch
f/“'"'-—
is ? e
<~ 57 ~\:\ (] . < v
G (5,7_./4(5\‘_ ?} T %'\:\\a\ = c‘\i .
G ! A
azﬂulﬂghd;(Lﬂ Amkﬂ/ﬂ'ﬂgﬁxXﬂzﬁz;i
'.‘3‘\ "'.' \\V
\.___/ J
~
/////
38. Turn in your answers to your instructor. You may then take
the final exam.
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"Measurement Under The Microscope'-(Set 91)
ANSWER SHEET NAME
SHEET

Directions: Place all answers on the answer sheet provided. Make no merks in the
progran booklet.

I. Calibrating~Planerie

A. 8lide calibration= nicrcueter spaces= mn ,
B. Green Plahe;;a; T 7 micrometsr speacess mm .

C. Red Planaria= micrometer speaces= m.

D. Shorter or longer (circle one) by i

3ok Ureen Pleneris length . .

F. Red Planaria length .

I1. Average: Onion Root Tip

A. micrometer unit= mma .

B. mn averege length.
C. nn average width.

I1II. Volume: Starfish Egg

A. nicrometer units= .
B. m (Egg dismeter)

C. _ mn (Nucleus diaceter)

D. rn (Hucleolus diazeter)

E. Yolurie retio.

IV. Volurme-Spirogyre

A, - nicroneter units= .
B. ., (Aversge length)

c. . (Avercge width)

n. () (volume)

V. Counting~-Trypenoscna Gznbiense Smeer

A Trypanosona count

B. Red Cerpuscle count

9]
o]
m

C. Retio of Trypancsocmn to Roed Corpus




. Pege 2

D. ' nicrazeter units = o,
E. mn. (Trypenosame size)
F. rri (Red Corpuscle size)

VI. Thickness-~Teste Buds

A. nicroneter units = rm .

B. 7 mm (Epitheliwa thickness -thick section)

c. B0 (Ep3iE13d thickness-thin section)
VII. Growth-148 hour Chick Rubryo D mo (Length of cenel)

A. nicrometer units= o,

B. rm (Ear height) mm (Eer Width)

c. ‘ mn (Eye height) ' m (Eye Width)

D. mm (Heart height) rm (Heert Width)

E. mn (Arteries height) nr (Arteries Width)

F. rm (Brein height) 2 (Brein Width)
VIII. Growth-96 hr Chick Enbryo

A nicrometer units= i

B. mn Eex height mri Ear width

c. mm Eye height ri Eye width

D. mn Heert height rm Heard width

E. m Arteries height i Arteries width

F. L;il Brein height mm. Brein width

G. Yes or Ho (Circle Answer)

!
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MODIFIED BSCS NAMS
e

GROUP
LABORATORY STUDY - THE VOLUMETER

A. Introduction: Forming a Hypothesis
This laboratory study 1s designed to tie obgservation and measure-
ment to experimentation. Thers are many scientific methods, each
eppropriate to a particular field of search. Thers are many meth-
ods and techniques in music composition, literature and art.
Sclence is somswhat of a creative act and how the scientist oper-
ates depsnds on the conditions of his particular problem. In your
laboratory work, I shall try to present a varlety of problems
involving a variety of msthods of solving them. As a result of

this variety you should begin to learn how biologists and
sclentists work.

Observe the contents of two large test tubes on the demonstration
table. One of these flasks has been chilled, while the other has
been left to stand at room temperature.

(1) What visible difference is there between the two flasks?

(2) Why are there more gas bubbles in the warmer flask?

(3) If you were to test your hypothesis by an experiment, how
would you do it?

Because I could not predict all of the hypotheses and testing.pro-
cedures that you might think of, I have selscted one hypothesis
and a testing procedure for it as an illustration.

Assumption: gas bubbles are caused by an activity going on in ths
warmsr flask but not in the colder onse.

Testable Hypothesis: 1If ths activity responsible for the gaas )
bubbles is affected by temperature, then a change in
temperaturs will produce a change in activity.

An even more frultful hypothssis could result from snother fact and
an addltional assumption.

The Fact: Both flasks contain mixtures of sugar and living ysast.

The Assumption: The gas is being produced by the yeast.

The New Hypothesis: 1If the rate at which yeast cslls produce gas
i is affected by temperature, then e change in tempesra-
ture would change the rate of gas production.

(4L} Can you think of some ways you might go about $esting this
hypotheaig?
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The best experimental testing procedure for this type of problem is one that 1s
quantitative. The temperature can be controlled with varying degrees of pre-

cision. Then, what is a good method of detexrmining the gas production quantita-
tively? Tle might count bubbles but they could differ in size. As you know,
gases exert pressure so that if we can measure the pressure differences in the
flasks as a result of various temperatures, we could state the quantltatlve dif-
ference in gas production at each of the chosen temperatures.

To measure gas pressures, a good instrument is the volumeter. Examine the draw-
ing and construct a volumeter (vol-ew-meeter) apparatus with the materials pro-
vided. A simple volumeter consists of a length of transparent tubing containing
8 drop of colored liquid. The tubing is connected at one end to a closed con-
tainer. A syringe regulates the position of the colored liquid in the tubing.
then pressures on both sides of the colored liquid are¥equal, the liquid remains
in the same position., When the pressure on one side of the liquid is greater
than on the other side, the liquid will move in the direction of lesser pressure.
Push the syringe plunger all the way down to the zero mark. Place a drop of the
colored liquid into the open end of the tubing. Pull the syringe plunger gggﬁ}z
until the liquid reaches the zero marking on the ruled tubing. The mark regis-
tered on the syringe after the 1iquid reaches the zero point is the volume of the
measured tubing. Record the volums.

Yhile the liquid is at the zero end of the tubing, place your hand around the
test tube. Hold the tube firmly in your hand for about one minute.

(5) Explain why the liquid moved.

(6) If the test +ube contained a sugar, water and yeast mixture what would
happen to the liquid in the volumeter tubing?

(7) Vhat do you think would happen to the llOuld in the tubing if the test tube
contained a sggar solution only?

Testing the Hypothesis

_ : Materials
Volumeter apparatus JIce cubes Hot water
Yeast-sugar mixture Sugar solution Themometer
Procedure
Room Temperature Test
Record the rocm temperature in Centigrade degrees ’ i

. wh
Prepare a water bath that nearly matches room temperature. The water bath is
used to keep the solutions at this same temperature during the measurements. Read
and record the temperature of the water bath frem time to time. If the tempera-
&3*me varles by as much as one degree, add ice or hot water to maintain the

" .
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Testing the othesis (Continued)
w& Hyp
ogig%gal temperature.

Set up the apparatus as pictured in the drawing. Remove the syringe and stopper
while you are setting up the remainder of the apparatus. Fill one test tube to
about the three-quarter level with yeast-sugar mixture, and another test tube to
the same level with sugar solution. Before replacing the syringe, place the

test tubes in the water bath. Allow the apparatus to stand for about two minutes
to equalize the temperature. Be sure the stoppers are tight. Replace the syr-
inge only when all materials are prepared and you are ready to measuresthe amount
of gas produced. i

Insert the syringes in the stoppers of both tubes and check to see whether the
liquid in the tubing is moving in the eXpected direction. If it is not, remove
the syringe and check for possible leaks in the apparatus. -

Vhen the liquid in the tubing is moving as expected, position the syringe plunger
so that the liquid d4n th&® tubing is at the starting point. Start recording

the time and volumeter readings in‘a table. Continue recording the readings at
one minute intervals for 10 minutes. If the production of gas is very rapid, it
may be necessary to take readings at shorter intervals. Also, it mey be neces-
sary to remove the syringe and stop the measurement to prevent the liquid from
being pushed completely out of the tubing.

Cold test
After you have a good measurement of the rate of gas production at*room tempera-
ture, adjust the syringe plunger so the liquid is near the starting position.
Rbmove the syringes from the stoppers and place the test tubes in a Jater bath
10° cooler than room temperature. Repeat steps 3 and L in the procedure above
and determine the rate of gas production at the lover temperature.

»

Yarm test @

EEpea{ the procedure of the room temperature test substituting a warm bath 1¢°
higher than room temperature.

(8) Prepare a liﬁ33§¥éph with time in minutes on the horizontal and volumeteyr
reading in millimeters on the vertical. Put the data from all three tests on the
same graph using different-colored pencils for the three temperatures. Use
separate sheet, B

9) Was the experiment im part B quantitative or gualitative? thy?

) & =

(10) From which solution was the gas produced, the sugar soluticn or the “sugar
and yeast mixture’

3 v

(11) What was the purpose of the solution that produced no gas? &

&

(12) Do the results of this experiment confimm the hypothesis you formed in part
A? Vhy?
&

(13) Make a prediction concernln the producticn of gas at &n cven higher tempera-

ture, for example, at 20° above room temperature. Bxplain the rcasons for your
prediction.

[:R\f:P That hypothesis can you form from the results of this experiment?



Name : Section

ELECTROLYSIS OF WATER

INTRODUCTION

Energy is importent in all biechemical reactions. Energr of some kind is invelved
each time a chemical compound is formed, broken down, or changed in some way.

The electrolysis of water, the splitting of water into hydrogen and exygen is -
@uergized by ah electric current.

Water, the most ebundant compound in living material, making up 80% of protoplasm
is essential for chemical reactions fundamental to life.

DISCUSSION:

1. Try to list as many observations as you can as you watch the demonstration.

1.

2. Notice the bubbles of gas coming from the electrodes.
A. Are the budbbles the seme size in both tubes?

B. Why do they rise to the surface?

C. Do the bubbles come from any particular part of the electrodes?

N

3. Does the gas appear to be released from each electrode at a constant rate?

L. What-measurements could be made to confirm your answer?

R

1 .

5. If you were to graph these measurements, wvhat two variables would you plot on the
graph?

6. You have probably noticed by now that the water level is not the same in both
tubes.

A. What hypotheses can you give to account for the difference in weter?
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7. What is the ratio between the volumes of gas in the two tubes?
8. Does the splitting of water into its parts require energy?

9. ¥hat evidence is there that the two tubes may contain different gases?'

..B.

10. Record what happens when a lighted splint is placed near the mouth of test
tube #1.

11. How do you account for the formation at the mouth of the test tube?

12. What happens vhen a glowing splint is introduced into test tube #27

13. What is the gas? | o
14. Write the formula for weter. Explain the meaning of this formula.

15. Drav a diegram of & molecule of water.

16. Whet charge of electricity does hydrogen have?
1T7. Whet charge of electriclty does oxysen have?
18. When water is split during photosynthesis what happens to the oxygen?
19. What happens to the hydrogen of water‘in photosjnthesis?
20. By use of equations show: | |
'A. The splitting of water

B. The burning of hydrogen

(97)



LAB ACTIVITY - REMEDIAL 1 BIOGENESIS AND ABIOGENESIS

Purpose

To compare the theories of spontansous generation and bilogenesis.
This activity will enabls you to work with one of the scientific
methods that could lead to new interpretations.

Materials
Prepared cultures of nutrient broth (18 x 150 mm test tubses)
Test tube rack

10 ml graduated cylinder #2 s0lid rubber stoppers
S~-shaped glass tube {2 one-holed stoppers
Procedure

Several days ago nutrient broth was placed in a group of different
test tuvbes, Each tube was labeled for your convenience. Follow the
directions given you below, make accurate observations and answer
questions as indicated.

Record all observations and answers on the answer shest provided.

1. Observe tube X and record your observations. Compared to a fresh
broth solution describe any differences.
(a) What evidence is there for the presence of living organlsms.

2. Now observe tubes Y and Z. Thesse were both boiled in a water bath
for 15 minutes. One was sealed befors removal from the water bath.
The othsr was left open. Compare thess with 2 others that are
gimilar but fresh cultures. Record any changes. Now compare tubes
Y and Z relative to the appearance of the materials in both tubes.
(a) How can you explain the changes in the open tube?
(b) Does this support abiogenssis or biogenesis? (c) Why?

3. Next observe the tubss marked #1, #2, #3, and #i. They have all
been boiled in a water bath for 15 minutes. Tube #1 was left open.
Tube #2 was plugged with a 1 hole stopper while #3 received a solid
oboypoo. ITn tuba #4 an S.ohaped tuha wasg placed in the 1 hole
stopper. Compare this set of U tubes witl u ocimilar set of freshly
prepared broth. Record the differences that you nots.

(a) How do the differences support the thsory of biogenesis?

4. Inspect the following data table concerning the population numbers
of a microorganism in an open test tube of broth that had been
boiled for 15 minutes.

Time in Hours | Average number of microorganisms/field
o 0
12 236 '
2l 4L.78
36 1013
L8 1287
60 82
@ 72 365 -
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2.

Draw a graph for this table of data on your answer sheet.

(a)
(b)
(c)

(d)
{e)
Af)
(g)

{h)

Why were there no organisms at O hours?
Describe your graph line.

If there was no 1life at O hours how do you accodnt for the
presence of microorganisms at 12 hours.

Does this graph support abiogenesis or biogenesis.
Why do you think the population "crashed" after L8 hours?
What do you think will happen to this culture at 84 hours?

If the original culture were pourmd into a fresh culture of
the samo voluma at 18 hanrs than what wAnld you oxpect tn
happen? :

Why?
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