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- Mathematics and Livinéwrhings represents an extensicn of the series of ) \
units designated Mathematics Through Stience which the School’ Mathematics Study ‘V
Group prepared in summer 1363 and revised, on the basis of teacher evaluations . ;;

’ from classroom use in the scheol year L963qi96L during a summer period of l96h.
Mathematics and Living Things 4s designed for grade eight to enrich and supple- '
ment the,usual courges of instructgpn. MALT utilizes exezcises in biclogical
scieuce to derive data through which mathematical roncepts snd principles may
be introduced ard expanded. . ) r

L4 l'“ - n
In addition to the wmiting teem of summers 1964 and 1965, SMSG wishes to
acxnowledge the assistance extended the MALT writerg by Ronald A. Kroman, Assist-
"ant ProfeSSOr of Biclogy, Cslifornia State College at lLong Beach, and John M

L VI
"Huffman, San Diego Lounty Department of Educatior. In part.cular, John Huffman .

L

LIy

~

read the final manuscrint copy of the eight ,chapiers irn the preliminary version

- ¢

Mr. Frank Lindsay of California Department of Eaucation served as chairman
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of the writing grours and coordinated their use and the evaluatiou of the pre- .

i

.+ " liminary .text. . 5 p . * o
i € . . i, , , , 3 )

. ‘ 3 ' . P e B 3

- + SMSG also wants to thank those classeg and 'teachers which used the,préiimi- .

. . . L , Y

nary version and whose discerning tumments furnished thg?necesaary information .

to rewrite MALT. Selected teachers in California, De 1awere, Texas and Washing-
ton tried the preliminary edition. They annotated their texts and commentaries

. and sent these tc SMSG tc aid the writers of the revised edition. Several : :

AT e
% B

Te

fﬁ\teachers werz exceptionally helpfuf ir furnishing very critical comments, 1est
iteﬁs samples of student work and editorial remavks: Conrad Sa:xnorn and

ST W A St

!
Max.ne Willieuws of Fresno, California; Clyde Gerwuod cf Garden Gr ove; and

Betty Beaumdnt of San Antorndio, Texds. | R ) .

// N
7 This excursion into biological science was initiated at the suggestion of

Ly
v

AN b

an ad hoc committee of bicloglical scientists assembled in March, 196h, consist-
ing of Charles Brokaw (faliforrias Institute of Technology), Allan H. Brown
(University of Pennsylvenia), Hiden T. Cox (California State College at Long
‘Beach), Ralph W. Gerard (ﬁniversity of California, Irvine)}, J. Lee Kavanau

1 (University of Califernia, Berkeley). The wmiiting team hus Lrawn from, their

PO S T
. N
.

meny suggestions a few thcughts eppropriate for units in eighth grade mathematics.
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, It kept in mind that Junior high school mathematics g}achers do not have labora- .
tory facilities in their classrooms and‘may not have recent acquaintance with

modern blology. , -

The atteu%t of the writers of Mathematics and Living Things has been to
Lin@roduce through simple activities in tiology rot only basié processes which
underlie the living world but also to teach & logical structure of mathematice

that arises naturally -from the data students accumulate. This may pro e a wel-
come change to teachers and students who have hitherto culy experienced convern-
tional sequence of topi s. Effort has been made to identify basic elements of
the structure of mathematics, to acqualnt the student with a tore precise
mathematical language, and to present a grade placement of concepts appropriate
' to his maturity. The writers sincerely hope that the following chapters will
be a rewarding and exciting experience for the teacher as well as gtudents.

. !

. The writers who prepared the Mathematics_eﬂa LivingnThings series offer'
athe following informal suggestions. Each concept should be covered to the
degree that the -student's mathematical background Justifies For example,
some students will oe familiar with ideas of, accuracy, precision and greatest
poseible error. For these, those sections may be employed as a brief review.,
Other topics will reguire careful explanation by the teacher. Sometimes an

activxty may not need an entire class period to complete. Then the regular’ ! _ -

textboox can be turned to for ad@itional problem Waterials. In short, do not
“bog down.” Help ‘the class move aloag Skim when desirable; enrich when neces- .
sary. Fit MALT to the class. .. ,

- ‘ b g

" The fol owing notations are offered teackers whc may not be familiar with

.

’

the current R?ilosophy of_science teaching

1. To the extent tnat mathematical computations and analysis have
entered into biological investigaiions, biology hLas become quantita- .

- ’ tive 4nd more precise. “

. ) 2. Since living things are so variable, tooc few measurements may mislead

e students in arriving at generalizations. For greater valjditﬁ the

data of an entire class should te pooled. -

- 3. Activities with living things do not slways yleld expected :esults.

Yet there is no such thing as failure in science. No scientisti o

" & new cr more regined hyputhesis. Hence the results of any. étudent}s

"throws cut" date because it is not as anticipated. .It may lead to !
|

(or team's) observations should be treated with respect. |
. ]
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Table 4:

Equipthent and Supplies Listed _t_:z Chapter. 8

- ~

Chapter and Act{vity .

Chapter 1, Activity 1

Activity 2

9

?

" Chapter 2, Activity 1

N ‘
‘ ’
. ’
- “ -
.
-

.Optionel
Activity

-

> .’ .

Equipment ard Supplies

ruler ‘(metric), pencil, paper, graph paper, leaves
!

container (smell paper milk carton, ‘paper cup,
. Petri daish)

Chromotography paper (commercial or. white paper towel)

~

tPencil, paper, graph:paper, ruler (metric),
* Food colbring or wa'f‘f;r so‘J“uble ink such as Parker ink
Watches or clock with second hand ’

. ~

Wrapping paper (30 or 36" width) 60 ft. ° !
i ]

- Tape measure ¢alibrated in Tls inches (6-10 ft.)
Foot ruler for each student :
Mending (or marking) tape .
Pencil, paper and graph paper

Manila tagboard ¢

&

Bean, pumpkin or ‘:"aternfelonje_ec_iis, I o
Milk cartons ’ LT ¢ -
Plant food .
Labeling tape

Medium heavy acetate (outdated X-ray £ilm)

Paper towels < -

Scde strawg .

Begs, plastic (blarket bags appro:d.r;xat:aly 27" x 36")
1 per team '

Access to & tree hd

Graduated cylinder (or similar to measure ml. (cc.))

Greph paper (10 X 10 to 1 inch), ruler, string or _

rubber bands, iencil, paper

iii 4




Equipmernt and Supplies Listed by Chepter (Continupdl ' }

. ) IS . .
Chapter snd Activity , Eq'.lip(t'nent end Supplies

Chapter ii, Activity 1 Watches, or cloBks with second hand - ) s
;e ) . Papef, pencile, graph paper
’ o Ac'tivitys‘? :(Same) s !
~ Qhapter 5, A;:tivity 1 Syringe, plastic, _wigquy_t_ ;ieﬂ-—l‘ per ‘tgam .
‘ ,," Tubing, plastic, transparent (e.g., plastic tubing
s . used in aquarium or disposable I, V. tubing
. N ) _ from'hispital), 18 inches per team .
3 \ Ruler, metric (preferably plastic with center grdove) :
‘ , 1 per team / N
o ’ Yeast--package dry or cake--1 per class ] ’
;\, Sugar, food cologing, Scotc¢h tape .
;:: - . 8 *, +  Bleck (or book) covered with white papez:--Q. per team’ ‘;
Y- ;o Watchies or clock with secord hend . .
: Paper, pencil, graph peper 5" ’ \
f ' Chepter 6, Activity 1 " Pin, aluminum, 9" (cake or pie)--1 per teem
g ) " **_Gelatin--2 packagés per class ) ‘
;‘ -Bouillon cubes (preferably beef)--2 per class i - \
N . ) Sarax wrap, 1 package ) ‘
- T Graph paper, 10 X 10 to the inch--2 per teasm plus
; Tt 8 per student ' '
{ ¢ - Rubber bands or mending tap.e--l per team
v Scissors--&everal pér class ' |
,; , ! Paper, pencils, rulers - '
- Optional
: Activities * Laindry bluing - ‘ : '
Household armmonis ,
: k\ ~  Table salt . .
L Milk cartons
=~ Paper towels ' e
‘ - ;_ Cotton string (}0-12 £t.) mediwa diameter 2 ¢
i : - Alumim.xm_ pie ting . Co
: * . C};a;'c'oal briguets-~1 per team *“ , .
>, ' ) Heavy acetate (‘?ubdated X-ray £ilm)--1 ..per tean . .
. o 9

‘ ‘ -

. iv
\)“ : 8

1]
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Chapter and Activity

,: ‘ -
; - Chapter 6 contd,
HETTE Optional
E e . Activities
¥ - - )
:::h' ) R
t:‘ -
=
' Chapter 7, Activity 1
N
3 Chapter 8, Activity 1
i
\\ f .
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; .
ot LN

“a

Equivment ;a:rld_ Supplies Listed by Chapter (Cor;ti nued )

-
.,

Equipment éﬂg_.Supplie .

/ TR <, 0
1 :

Graph paper, 10 x 10 to the inch--1 per team

Pirces of brick, coal or cinders \ _f"

Eye dropper (or sods straws)
Plastic ruler (methic)

@

’

Manila tag or conmstruction paper (for construction

Paper, (ngwspaper and smeller) large supply

Tape measure (25 to, 100 feet)
Yard or steter gticka.
Pyper, pencil, ruler

1 ) -
»
T a - £
.l . )
) ~ v:_‘: .
.
o
.-
i
p S
[
.
‘
'
.

' of polyhedrons) . )
Protractor, ruler and pencil-~l each per student -
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Table B:

Equipulent {mber
/

~.or supply needed
ruler, &, 1 -per
. and inch stitdent
-Pencils - 1 per
v - student
Paper '-
‘Paper k per
\ . ) student
"Paper,
graph  * ° ~»30 per
10 X 10 to student
1 inch |
: Cups.ox . 2'per’
. beakers® _teem
\ -
*Chromo- .“.. 1 strip
)tosmph'r per
paper .Student
Food 2or3 -
coloring drgps per
e’ R st é.:)t
Seeds " - 5 per
» - team °
l‘_" ..,"
K s
Plant 5 tablet
- food y°. per team'
Tins, »~ 2 per
aluminum team
9u -
Tape, ladel -
or Scotch
Meter” 1 per®
sticks team -
Baés \ 1 fger k
£
plastic team
27" x 36"
¢ Grdduated’ ./ 2 or more
_Cylimder . per class
' a2
- «
Ic’ |

= TS

ot o

- -

Summaiized - Equipment and Supplies List . .
' Chaptgfs where \
needed in order ' - ) Cost
of appearance Source (Approximate)
-in text . .
in all activities' ¢ " 0.10 each
T~ . - . A 2 -~
. " -, E Y
in all actlvities School .oL
) . Supplies %
in all ectivities . . ' ' .
1,2, 45 ) e -
1,6 T . a
M . . . R \
. - 1 ) ‘ ‘
1; 2 - 5 pint wilk cartons
“ from cgfeteris 4 i '
1 e white paper towel
frog stor
~ . ' Conmercial paper.
- . f¥om supply house —
1, 5 = Grocery stare 0.30 ﬁackage ’
- . N . of 14 .
2 . Grocery stdre 0.27 o;r less
P (b;.ac&.‘eyed beans, per package
: - pump&in or water-
) Yelon) :
2 . /f meny stores 0.39 per p.kg.
2, 6 ) meny stores - 0.49 per pkg
; (esp. variety of
s stores)
2,5, 6 * many sources ° varies
2, 8 ' supply house
school supply
3 : Varicty store 0.69 per pkg.
.o / of 4
3 ' Science, BUpply, -, 0.30’+
’ B ho bby shop
N
" v 1 0 tt

N
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,’ >
! A . Chapters here
Eq ent ‘Number needed ,in\o¥der
or supply needed of appearance
. in text
Rl A
AN a ¢
Syrihge, 1 per >
plastic team :
) \ ‘ -
Tubing, 5
plastic, . .
R
. 4
_ Yea'Et ” A S5
Wt A s
RS Sﬁgar : . Smal} 5
© amount - K
{ -
< Gelatin lpkg. . 6
4 Bouillon lpkg. - 6 .
i cubes ) ) -
i Saran wrap 1 pkg. 5*
: Lo Sg}sgors several ~ 6
..  Bluing. 1 bottle 6
per class , -
{ Table salt 1 1b. per‘_ 6
[0 __— class - \
Household 1 small 6
e, aumoni.a. bottle per L
i - class :
5 . Manila | boeg.-ft. 7
f tag per e’tudent
1 Protrac- 1/pe 7 -
i, tors dent
i * Tape " 1 per 8 -
v ~ measure Toom '
pon ) .
" .

tecdds

.

A Je

-

-

* Grocery

Summars zed - Equippent and Supplies List (Continued)

docﬁk%ofﬁce, Tooe
or pet re, -

Grocery (school <€~10/pks.
cafeteria) s,

Cafeteria i -
or homé ~

-

Grocery (maybe
school cafeteria)

0.10

Grocery

Usu'ally supplied -
by school

Groc;y store

Grocery store

0.35
. 0.15

Gro?ery store -0.19

-4
From school -
supplies

Prom school ~ -
supplies

From P.E. debt. -

0.25/pkg.

¥ Cost
Source (Approximate)
¢
Hospital or
doctorts office |, -,
{dispossble)
Hospitel,

~

0.30/100 ft.
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ADDITION OF
MEASURENENT

LEAF'SURFACE AREA
AND WATER LOSS

-
X

MUISCLE FATIGUE

YEAST METABOLISM .

L)

-

Preliminary Preparations

Pre-prepatation suggestions

The area should be "surveyed" several days -in
advance and certain types of trees or shrubs

suggested to the students.

O

M Ny )

.
N i

The beans mst be plented ﬁve or six days before

measurement is to vegin. : |

\

Containers must be. ready at the time of planting.
Hav-,lng the studentsg bring milk cartons to class a

wee’k or two in eadvance is one suggestion.
' : AY
Again, the trees or shrubs to be used should be
chosen well in advgnce of the day planned *for the’
activity.
*.his commentary is to be used, a relative]y thi

leaf is recomme}\ded in order that epidermal ue

If the microscope exercise suggested in

msy- be obtained more easily ; B
r . . Y/
No special advance preparation, 'except the timing
device. : *

"If at all possible, this should be tried by the
teacher in advance, &'his;will help the teacher to
gnticipate problens involved in setting up the
exercise. J

Plastic, syringes and L V. tubing should be Te-

quested from doctors or nurses three or fou' Yeeks

~ berore the activity is plenned, K there will be

time for them to accumulate the necessary quantity.

.
y4

If students are to bring the aluminum cake tiX{s
suggested for tbis'activity, they should be warned
@2 week or two before, 8o ‘that sll will .be ready a;;
the propér time.

*
$ X . g
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,
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SURFACE AREA AND .
VOLME RELATIONSHIPS
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Since this does‘né)b‘involve an actiavity' that is
bioloéical in nature, no advence preparation is
. necessary exéept for ha¥ing on'hand the Manila t'ag-.
bodrd fox building thé models.. - ;

Suitsble trees should :ce selected by the teacher ¢

several days in advence. - |

. T ’ - B
) . o Pre-prepatation suggesticns

;%‘:‘i’ R . . ¢ * - ! © Y
e 3 . ‘o, b
%1 6. {continued) The second activity-suggested, "Growth of * K
b . . S ———f N ! ‘ %
o Cry8tals," requires a variefy of ‘containers. The ‘
: . { 3
. . solution can be mixed in the classroon& during the
: L. v class ﬁem‘iod. This is an g)‘&iting activity apd 4
- s L Le o H - -
e e I y; will interest most gtudents. o . 3
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Chapter_ 1 ’ -
LEAVES AND NATURAL VARIATION:
MEASUREMENT OF LENGTH, METRIC SYS" , RATIO, AND ~GRAPHING

8

. LY ~.

1.1 Introduction ] ) N

. N,
Much has been written and said sbout the scientific method, vscientific
. approach, end scientific reasoning to the point that one is led to believe that

this is a proceés limited to the exclusive use of practicing scientists. The

Y RS
B

brief discussion in the i'ntroduct‘ion is done purposely to point cut that every-

,H.,,,‘.N
S
28
.

¥
[

one, at some time, uses a similar process, though maybe not quite so refined,
in solving evers:'lay proBlems., Students should understand that a single ap-

o

s e J:}‘/\.‘:‘N

proach (or procees) will not "fit" every investigation. It is ﬁnportant to

e Qs
§ .

first define the problem (often a question) and then devise a plan to follow.
t 158 Just as imporvant to recognize that the first plan may not work 'and will

&
Py
&

have to be revised. The follom.ng exercises are designed to give students
experience in this kind of planning. . .

e e e s

- . . s

1.2 Measure and Units -

- In Chapter -1 basic concepés of measurement and ratio are.introduced.
YNo attempt is made at this point to cover completely the concept of measure- .y
ment. It is felt that students can best becdme acquainted with systems of

, 'neasurement by actually using measuring devices in fairly easy to do exercises.
It should te emphasized that measurements can be only as exact as the unit in
which the student is measuring. For example; in Exercise U4 the student is
instructed to measure to the nearest centimeter and therefore shou];d not at-

tempt to divide centimeters into smaller units.

% .
: ) Bxercise 1-3 )
P 1.  Measure the length of this line to the nesrest o .
. Answer: 5 ai »
H 2. Measure Fo the nearest om the distance from A to B. >

A B
Ansyer: [/ ¢cm

3. * Measure to the nearest cm the shlortest distance Lztween C and D.

/\b Answer: T om .
C —

l r Y : ‘
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P

. s »
Answer: 7 am $
Seme T . . ‘
e j Measure to the nearest m‘illimeter each of the problems above. :
[ - . v’ . - v
© Answer:— 53 mmy— Thommy — —
| ‘ B . 68 mm, 66 mm ’
| - » N
6. | How do the cm and the mm measurements of Problem 1 compare in A

? exactness? Which is closé:z'“to the exact measurement?

fnswer: mm 1is more exact

‘l the mm measure
k T How do the cm and the mm measurements of Problem 3 compare in
£y v , . :
¥ exactness? . Answer: mm_ more exact g
:;;' v - £ \,“
e Wnich answer is closest to the "actual" measure? -
3 C e NV
%
’5 ) Answer: mm 3
Is your answer exact? Is any meesure exact?
~ . Answér: no, no
: ~ ¢ . T
1 - fnswer: This s meant as a challenge %o the student. "Exactness" is
¥ o ‘&gcussed in Section 1-5. o,
g . ) . ]
8. Measuré the length of 1 inch in millimeters. Avout how many milli-

; ‘meters are there in 1 inch? -
Answer;

T s W R R A 1Y
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: Aotivity - Measurement: Of Leaves ) e .

\ N

- Ansver to Questioh g

'

PR S Y

Are these expressions mathematlcal or scientific?

Ry

Neither of the two statements about corn would be considered‘mathematical .
Both knees and elephant LN

.\,‘

- T “Preliminery Freparation.... = _
" " Materials Ne&ded .
. | ‘ | ‘
- Metric rulers ’
v *  TLeaves ’ i K
P . Graph paper . ‘

Data \‘qogk (see Procedure)

When instructing the s\dent concemlng the obtalning of leaves for }
measurement, \:he following things should’ he considered: ¥

- - \ W*I.N' LT I X a
Lt . \ o N Pt N Y i 1 <
o« Type,of leaf \ . X \
3 == \ ' 3

\'.v- \ A
N, 3

Any typex\{.milar to the illustration in Fig. 1-%a will. :

work as 1on§ as its outline is relatively even.

It is extremely important thst all leaves used by one

yoe -
L

? student or pair of students be from the seme or the - v

3‘" , o~ same kind of tree, bush, or vine (the same species).

; ! . It would be more sclentiflc if the teacher could obtein -
g - perm-;sion for students to get all their 1eaves from the o

g: ’ same specigs on the school, grounds. The advantage of o
g- . this is to point out the relative validity of:data ob-

%, 3

* tained from’a large sample in comparison to the small
sample which would result from each student bringing
his own. I7 all could use the same, & iargq chgrt' where
stud‘ents could pool their data would be helpﬁxl. Special
N emphasis should be placed on not raiding nei ghbor?ts . e
yg_rgs_ or collecting on the way to school without per- )
mission. It is suggested that the teacher have avail-

able & supply of leaves or branches for these who for-

get.

P

P

. . 18 -
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,—'I'his is an ac‘tivity which could be done either indiv* dually or in 4

*»

T

- pairs, with ocne 'oevson measu‘ing, while the other records.

,Points to"emphasize

. for recording data.

Review the impor’cance\ of the measurement of width et the mid-
poifit of the iength measurement, not the widest point of the,
leatg, smce this often is a difficult thing to determine.

The table has been_get up with width in the first r'olmnn and

i

P L
P AN

length in the second beceyse the first number of the ordered
pair (the domain) ~has by| tradition elways been the horizontal .
distance from the origin arld the second number {(the range) has
traditionally been the-vert cel distance from the origin. If

we had reversed the positio of length and width on our graph,
then the ratio L/W would not represent a slﬁpe of the funguion
{see Section 1. 12). S .
It 1s suggested that some sort of saniogemanent device be ousmd
If the texts are not to -be reused, date’
could be recorded directly in the tables provided. If this ig™

not feasible, then stu&ents could construct their own tables in

‘;

a notebook kept egpecially for this purpose, in which case each

teble should be appropriately end éomplétely labelled. In sqm,e
ncluding this activity, the dafa recorded at this time
wiil be used later in the texttto help develop or ill;zsq',rate,
other mathematical. principlgs (mean, frequency histpgv‘am, '
sempling) . /

"'aS 28,
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° Exercise 1-5

Measures an®Units

.

‘
.

P
R .
-

(A) 21 feet -

(8)" 7 yards - .
(¢) 10 hends

.(D)) 15 centimeters

hd :

-

3. -.The fish tank of problem &
: F

than a gallon ‘container.

,'ZA) " What ig *::iae megasuré?
(B) What is the unit?
(c¥®Does the volume remain

the sepe? .

"(D) Is the measurement the same?
e .

. A

o
L}

&,

a different. meeasire and unit..

(IR

\S ]

1., Pick out the meagures and the units in each of the following measurements.

-

" Aasvers :
Measures ’ Units '
. 21 , Teet °
T yerd
10 > . hand
15 centimeter

.
oo G o

Broani

-t . - - -
If a fish tank were fil}.ed by emptying a gallon bucket into it °8 times,
what would be the volume::»of the tank? What is the measure? Wnat is the -

e "

. Ansvers: 8 jgallc;ns:, 8, gallon

is filled by using & quert conteiner rather

32

quart o

Yes, since 32 gts 8 guu

No, in one case the measure is 8

gal., in the other 32 qts.

-*
e !

N I3

ve .

Change each of the ’follow'ing measurements to ’an equal measuranex)t having

. -
¢

%

<
*
»

’

There are several possible ansvers

to earh of these.

3

gf > (A) 2 hours

i: © (B) 2 minutes

; (¢) 3 square feet L
L (D) 1 square S(ard

;’{ '

g

(A)..‘25' m
“(8) 70 m

4
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Ch;mge the following leaf measurements to céntimeters.

(). 4 mm =
(D) Tem 3 mn =

. i N

3

e AR

I

e v

-
ey e,

N

o

s rirde Wb dal s o rnth s e S A Ay

")

n
4, Jrnes 0 W

o

PSRN

v

.t

A



1.6 Measurement of Length: Ceneral
The millimeter is the most suiteble metric uni¢t for measuring this size
v of leaf. The point to stress here is that_, althougﬁ other units could be used-*
under other circumstances, this is the most useful one for this cxercise--in A
; d our time, in‘our society, and- with present practices. .0 .
. . , . .
" ’ . * N
i : Exercise 1-7 . b
; C <8 N Ideas of Accuracy 4
; . :
l.',‘ Suggest. commonly used units for the following measurements . ,
\ ‘ N
:
Sl - ' ’ Answvers t .
N . 24 (A) the altitude of an airplane; Feet or Miles
e ’ (B} the length of a éar; . ! i Inches or Feet v .
< (C) the depth of the ocean; : Feet or Fathoms .
i 3 e
v , (D) the length of 'an am; Inches
13 * ' . -
= , (E) the height of a ‘iree; Feet o
: . ) . o .
Ew \ (F). the height, of a truck Inches
& : @
A ' Other responses might be equally -mcceptable. Discuss them.
‘{‘33‘. "% 2, 'Hhat unit of measure would be commonly used when measdring the width of a
& S ' window fox drape rods? ‘ ‘ . N
3 BN Inches s s ~
S % < - -
oo 3. Wnat unit of measure would be commonly used when measuring the width of 8
: window to fit glass? . . : .
;. . ’ Quarter inches .
B - : *
D ' . (considerable tolerance’ -
: ¢ . o . covered with putty) -
"'l.\ > . . \:
@ . o 4 ‘ vt
L ., 4. vnhat statement concerning chojce of units of measurement is demonstrated ‘
Q by your ensvwers to the questions above? . o N
. A;sw;er: The purpose of the measurement will usually suggest the most s ’ i
. _.’sultable unit. ) C .
s L - ‘
§ "’“, " * ' ° '
. oy
o - ! :
;:\ = ‘e - - % 5
T , G
» , . .
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1.8 -Natura¥ Variation

)
The table of leaf meapurements should rhow very nearly a "nommal curve"

if their leaves were chcsen ag instrycted. “In any cese, a variaticn w:lil ap- .
pear, which illustrates the-point. The same typ: of distribution should appear
in the evera§e class; An interesting discussion can arise, hewever, if the
class is not average. Is there a preponderan‘ nunber of large people? Scme
factois that might account for this might be age, or race (bcandinevien, for

instance) " e L. -

> . .
The students should be able to suggést a mumber of examples of natural
,variation--and literally glmost “én‘ything goes™

Viruses and minute insects such as gnets and mosquitoes are other exam-

Ples of "successful, even thohgn not big. LA

) _ Insects are the most diversified of all animals.’ There are at least
rd ' ‘
600,000 different species known--and more are oeing discovered constantly.
Some of their edepta%ions are truly rgnerkebie.. The "leaf mantis"'. of South

r Bestern Asia is perhaps cone of the mbst startling. Equally dramatic- are tne
"‘ ‘walking stick and the leaf moth. An excellent reference for this chapter is
&af " Nature's Ways, by Roy Chapman Andrews, Crown Publishers, New York. Fine ma-

terial is also available 15 the Life Magezi{ne Neture Library. .
{

The discussion of intei'nel variation is\a brief introduction to the

thz:ead ff 'metebolism which runs through the regt of tk‘a(e chapters.

b "v} . :4 7 :
1.9 Ratio:®
T . ' )

This porticn should be just a quick review of 'ratio." 5tress the im-
portance of the order, in a ratio relationship. In the cuse of all defihitions

be sure the student forms a good habit and refers to the entire definition.

"-:’s. ! d )4 0 1is necessary in the detinition. For exsmple, the ratio 2 has no

meening . . !

v L}

The ratic of the number '"d" to the mumber "e" would be T, e $o.°

jro

( # 1is the symbol for "not equel to")

You may need to review Jjust why 'a number divided by zero has no meaning.

6 .,
For exemple, if = = 3, then 6 =2 - 3. If 5 = something, then

13 6= ‘?,omething ¢ ©. We know that O times any number =0, therefore 7

NI

3
’

.
Ing

El{lc S \
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An analogous sit;.atiin occurs with )

ber equals U.

O

4

Bxe cise 1-9

. If 9 =

0

3

" COMPARING PAIRS OF NUWMBERS

-

abmething s “then
0 * O = gomething. Now we hHave tco meny possibilities because O any numg-~

/ . l‘?-
P £ A2
‘Pivide LY,

v . vt . =~ {1st by 2nd) . X
: The Kumbers Add Subtract Mulfiply . Record answer in .
" : * o (2nd from ist) simplitied form ,
1. 51 2 7 3 4. v 10 2.3 . "
2 N k.
- T
2. 9 | 26 © 126 ¢ 54 3240 . 25 L.
3. 6 | 26" 91 39 1690 2.5 .
b, |12 | 3b 136 68 . 3468 3.00 :
5. 27 9,¢ 36 18 243 . 3.00,
6. |39 | 13 52 26 507 Yooz |-
7. | st | % 68 3, o1 | 3,00
8. | 12 |16 "e8 . 56 ° use ., | o Sy
g, lwea- |36 | a8 | léti L | v sese k.5,
0..7 9| 2. 1 7 . 18, ks
. . —"' ‘

A
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1.10 Ratio:* Length to Width

> . , " ¢
*. If we are coz'nparing the measurs of the lehgth to the measure of the
width, %he ratic would be £ with length as fhe numerator.

- ‘Ihi’s demonstration is a good exercise 1n approximation. The length
and ‘width are hoth havd 'to detersdne on a lexf and the measure, at best, is to

the nesrest mm. o ‘ ' .
Aol P Y
- When ve ccmpare, or "csrder" -+vo numbers such as T and % the

process suggested in the text is bu* one of several ways. However, it is the

9
most common..\ You could show that’ -]%?7 = 1.492537313 . ., butr the Patio
) e ratio

= ,0077100 0. L.b s .
. is: -%Q.f = —2221&— .The denominator does not disappear; it just

" \‘ . \

2

3 < ig ususlly not shown Just as 2 is seldom written % . _—

3 . . . . - '

?9'5 . * . »
; - Arother comon way of ordering rational numbers is to change both to
g equivalent ifractions with.comron denominator. Thus %Q and ‘% have &

i cempon denozniggfor of 67§ or 5896. The equivalent fractions thien would
L e "%'%“;Tz and%-%%-.fm-s@z > g e 1F s

v’:lhen changing from a fractional numbe to an equivalent decimal, the
1n the decimal system, tens,

»

_unit or units of ccmpari,son are the units us
. [ . .
i Y ones, ‘“enths; hundredths, ete. ,

: "Rounding: off" might need to be reviey

A\ S Rounding off is useful in estimating results. For instance, sﬁppose
we Have to find the preduct: 1.3% x 3.56. This would be approximately 1 X L
= 4, or, if we wa:u‘;ed a littie ¢loser estimate, we oulds compute

S 1. 3 %3 .6 = 4.7 approrimately.

. . Rounding off is alsoc aseful when we are considering approximations in
. . percents. For 1nstance, if 1t—turned cut to be true that abouu 2 out of T
families have dogs, it would be foolish te carry this out to mary decimal

places 4n order to gev an answer in percent. We would usually Just use two
. places and_say that about 29 percent of all families~have dogs, or we could
T yound this ztill further and refer to 3o percent. - '

“eRic

1i
i R . . *
DA . .
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A special problem arises when the number to be rounded occurs exactly
half-way between the two approximating mxmbe:a. For instance, l‘ow does one
rpund 3. 1215 to three decimsl places? The two approximating mnnbers are

’ 3 121. and 3.122 ,and one is Just as accurate an approximation es the othe;?.
Often it. ma.kes ligtle di“ference vwhich decixnal 1s used. However,oif for '
geveral numbers of & sum one always roundef t,o .he glower ﬁgure » the answer

would pi-obably be too small. For this reason, we shall agree to choose the
decimal whose last digit is even. Thus in the above case, we could thoose,
3 122 since 1t8%5b digit is even; this number 1s larger tban the given
number . But ir the given nuiter were 3 11425 we would chooset 3.142 as the .
approximating number since the given number lies between 3. 1&2 and 3.143

+ and it is the decimal 3. 1k2 whose last digit Iz even, here we have chosen

the smaller of the two approximating numbers.

A\’r‘ergg_e Ratio

-
+

Leaves picted from the same tree or bush will ‘u%ually have approxi-
mately the same ratio of” %" However, the rati of the very small joung
lesf and the very mature larae leaf quite often aifférs frmn the mean. This,
of course, is to 't:e ex?ected and would sh x.ice\y on & .frequency distri-

bution. . . 2 ’\9 ) . .
The students should all. savé thetr dgta tablés and graphs. The datd

on average ratios couid pe used later after Jfreguency diétribution hes ‘been

1nt~'oduced. You may even declde to make & .lass freguency distribution based ‘

upon each individual ratio. A sample of '600-800 leaves could give a nicely

SN ammme 2 BATE + Ay

formed normal curve.

B

1.12 ‘Graph
® .

-

g . - e ‘
A gogd cozmnercia]7 graph paper availaty(e schodl store or.supply ~§,

would be an advantage to ‘the construc,t:Lon of 7 v graphs in this unit. A
‘ 1
choice of pape rs would be even better. 10 X 10 to the ‘3 inch, 10 X 10

to the inch, centimeter squares, gnd H inch sguares are al])handy types of
.
graph paper to have. ¢ -

o
The concept of ordered pairs is very 1nfonr‘tally introduced’ he‘re‘
Ratio, with its emp’zasis on the order, leads into ordered pairs. }!owever, ‘we
run-into & problem here in this demonstration. I? wg§ graph l/w as ( ﬁ, W) ¢

then the length is the horizontdl, distance frem the origin, and ‘the width is

the vertical distance frcp the origin. 'I'his would be all *1ght excep* for

- . ‘ ’ I . )
' 10 7y '

'l




the éonflict with the "slope" of the line. Line slope is Ly {amount of

. . ) Dx -
.- "y" chenge over the amount of "x" change ) A ratic of é = {_(2) 1.8:
e N

zeans that length %gerewes 1.8 units for every 1 UKLt width increase. On
“a graph the slope of 1.8, {line & would; be\"steeper" than a 'slope of 1 (line
B) See Figure 1-12a. But if g*aphed ag " A" "or\abscissa (first tem -
‘horizon’bal distance) ,and w for ox\iinate, then the grash would be a line ¢
(line ¢) which appears as a slcpe less than 1. This is the reason students o
were ifstructed to record widths in the left c..umn and lengths in the right *
. colum of their data tables. Ordered pairs of the form (w, 1) give a linegg
graph whose slope is the same as their average ratio el The writers fel‘&‘

= ,that "this consistgn'cy was important. . ’
. ¢ : v
o~ -~ -
* [ A\ - . ¢ Y
. ;\\. .
r K _ .
slope of ,, . B.
1.8 . ' ,
1 Y . ,&0‘1‘%)" v ._ 30

slops of | = 35

30

. NN 70 20 30 40 50 60
o ‘Figure 1-12a

. Exercise 1-12 ' -
v Problems Using Katio

1. A tree in Tront of & fraternity house on the cempus of wunf‘ord 'Jniversity

- ’ 'gave an average ratio of o of leaves as 1.kt fqr the leaves measured.
“If a leaf had & width of 50 m what world be its length?
: . 70 mm’

N 2 o
CERIC . s T -




Fet |
¥¥or the same tree as-in Problem .1 :

- ‘Zfsﬁ{'iehf were 65 ma in width, what would be
e the length? - .

,‘6‘

. ~ . ~
Ny

b. A widih of 20 mm would give a length of
. : £

&, 'If the length of a leaf from the same tree was
. 47 rmm, what:would be the expected width?

W
.

JENSTIEN

<

b. TFrom a length of 65 mm, cne would expect

./ & width of N .

a. DescFibe a leaf which hed e é ratio of  .65.

b. Draw what you think such a leaf would resenble.

>

If a.leaf had a Z'jl of .65 end a yidth-of

. 35'wn, what would be the expected length?

\

With a i“ ratio of .72 =and a length of . .

67 mm, what would be the expected width?

. -i—-'—g- « Find the expected .

length of 8 leaf which has & width meass
. ure of 1 m. ) ‘

a. Givena = of
w

a. Given the same ratio of %% = (é )~ what

"would be the mathematical expectation of
the length meas\.fre if the width measure
were 35 meters?

oo,

b. —Would such & leaf be ‘Pound on Earth?

a -

.

’

49 meters.

not likely

.
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’;,:'“’:fjl',l}et x = weight

" If s biick weighs 9 pounds

-of g

brick, then x = 9 lbs. + X

: ew djf'“thea‘e are inserted "just for fun.” Don't tell the ansvers.
Lét fh?:fég.:ﬁh@ figure them ouj have ell of the pleasure. : '

and & half, what is the weight of a brick

. Angwer:” 27 1bs.

‘u :

;
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- {Background Information :

D . k 2
"~ 15 an edquation. ) -
. Solvefor x 2x=2-9+ 2(-’25) multiply terms by 2
- " N ‘ .
- 2x =18 +-x another name for - 1
x =18 | '
A S ¢ ) 1 . . ’ .
Therefore, if a2 brick weigkd 18 1bs. then l-é- tricks weigh 27* 1bs.
i ~§n .

~ 7 . ”~ -, ' . /
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BRI -
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A Little ?_g._j;_ About Leaves

N °
¢ a

1

. Leaves in general perform for the total plant the.:fugction of food man-
ufacture, called ph::’tos&thesis (building with light). Several characteristics
which contribute to the carrying out of this function are immediately apparent.

Most lgaves contain chloxoph ll,l a greSn pignent; whose fmrpose is to
utilize light energy (it need not necessariliy be sunlight} to produce--through
a series of chemical reactions--food for the plant, and incidentally, for sll
animals as well. Some leaves are variegated, having eithér light areas con-

'ﬁaining 1little chlorophyll, or derk red or brown areas ccnsisting of darker
plgments covering the chloz:ophyl}, but not hindering its operation. There are

" other pi_gnents as well in most leaves--chldérophyll ; xanthophyll, and caro-
1 tene for example, each serving & supporting role in photosynthesis. ;

Leaves, except tur & few with sﬁecial adaptations, some of which are

""described below, are almost universally flat.

Food manufacture requires, in addition to chlorophyll and light, the

The
water is carried through spec-2lized tubes from the roots via the stem petioles,

.

. raw materials water frecm the soil and carbon dioxide from the air.

:
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if present, to the leaf blades where the tubes can be seen clustered together
in veins. The veins spread over a leaf in a pattern, the type of pattern de-
pending on the type of plant. In genersl, these plants can bc divided into

two categories: those with Lrallel-veined leaves as illustrated by the 1lily
farnily or corn, and those with netted-veined leaves, as shown in the text. :

,
ol

Another important function of Ieaves is the control of water 1oss(’) The
.tiny orenings in leaf surfaces are called stomates--or stomata, to use the )
latin texm. (These are imrisih’le except with a microscope.) Stomates open
~and close by reacting to several factors in the cells and the atmosphere, such
as water pressure, light, and temperature. Most leaves also have'added pro-

& ST N 7 2
A YT

tection frcm water loss, for example, a waxy or hairy.coating, or modification

into spines. . . ’ A

oI

"y
i

%
2

~

.

i The stomates also control the exchange of gases between the cells of the

[N .
R AR I T DN TR

XERL

leaf apd the enviromment. Carbon dioxide is essential for photosynthesis and *

REPIETTINESEY

oxygen is released gs & by—nroduct, a ‘process occurring only in the presence
; ) . of light. At the seme time, oxygen is needed for respiration (release of .
* energy) and carbon dioxide is the by- product. This prdcess is going on con-

[ R

stantly, whether light is present or nOuo ;

4 >

1

Some unusual adaptations among leaves: B

Sweet Pea tend:ils .are modified leaves uoed for clingrng. o
Pitcher Plant anq Venus Flv Trap are both nodified to capture in-

. sects. They grovw in bogs where essentisl nitrogen is scarce and

apparently, obtain’' the nitrogen from -thy anirel protein.
Weter Lilies have brosd flat leaves adavied for floating.

YCactus "leaves" are modified into spines for vatér conservation.

»

The broad structures are’ stems.
Conifers {cone-bearing trees) have needles or scalé-like leaves.

0
~ k4 ?

Py

.aane amazing facts:

. ) it has been estimated that annually 200 billion tons of carbon

&, i .
> * ) from carbon dioxide is converted into starch by plants! The pro-
Y, . cess itself (not ‘the qantity) 1is eguivalent to a car being able
> - Il "x - . f’ .
. to convert its own exhaust gases into fuel. .
= . \
’ - ' The -process of photosynthesis has orten been quoted as the sirrgle "
: ' most- important chemicel reaction in the world, gince the entire
o} R
| : 7uod supply and nearly all the total fuel suml)ly (waod, toal, oil)
| | L
P . , "
' <
\‘ ] . lh‘ 2‘ S)
EKC ' ! ,
4 N . .
32', [ S e ' o !




ba_gk to plants, even though the so-called i"f'ood chain" may include many ani-
Example: grain mous € snake hawk.

Chlorophyll is organized into tiny chloroplasts, averaging between 5 and 1Cu
510nge (Amicron (u) is 1000 of a mm.) "100 chloroplasts placed end

~ ko end would fom a link sausage that would just stretch across the diameter of
g the period at *he end of this sentence,” states J. Van Overbeek in The Iore -

]

“ot *L:I.vix_zg Plants, McGraw 7111, 196,

-

“~

vy et e D f S 5 ) ,‘3*

. 3

1‘_.]‘3‘,' Aetivity 2 = _'If_qgez Chromatography - . j‘v‘*-;

o

i " No attempt is made to use scientific teminology pertaining to chroma- . ) j
tog:aphy Although this technique is commonly used s an aid in chemical anal- "

) “,y,sis, it is used here only as a means of collecting data that can be used to ) M

8 further develop mathemsticel concepts. It should be pointed out that the ma- ,
terials and techniqt.es used in the experiment only demonstrate the method and “ “
ém ~ vill not, resu...t in data that can be used for precision arelysis. It has been - \g
%;: found that easily obtainsble materials give results that are satisfactory. The )
B -

chrunatography paper}é’" used in trial - TUNS were strips cut from white absorbent .
paper towels (either roll or folded) The water container v33 made by cutting -

) \1 +

Pt

I,
N

the bottom from a paper milk carton ’ (paper cup will do) 1leaving sides approx-
imately one-half ihch high. The_ substances for color separation could be such

#

prery
¢ A

1
[

things acr water soluble inks, food colering, cloth dyes, etc. (Park'er fourntain
pen ink or blue ijood'cooloring is good.) More uniform date wiil result if
"students are cautioned not to ]:et the over-hanging paper strip touch the con-
‘tainer or desk edge. Also-tite rate of travel l;y the v"."ater is affected by
evapo}'ation 80 care should be taken to set up apparatus in areas as free from

et 325y

S

i
»

¥

.8dr currents or drafts as possible. In several trisls using uhite absprbent

2

; . Paper towel and blue focd coloring the data resulted in a graph similar ‘to the

1 two shown in Figure ' 1-13 below. o, .\ '
? ‘ In some cases where regular éhromatograghx paper is available, it is

>

’j;, recoonmended that it be used. (Try the local chemistry teacher.)

i '
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Jtime (t) in min
Figure 1-13
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Materials needed for each student: . s
1. Substance to be ‘tested. (Ink or food coloring)

2y

Ly At o

RYrRX
S
<

A

L

2. Shallow containnr for water (solvent). Bottom of a small paper milk ;
_ container or paper cup.’ ! ' x*
. 3. Paper {chrcmatography or,white paper towel). ) - ) \f
Y 4. Paper clip — , ’ B e
‘5. ‘Water F ‘ é
6. Pointed ‘obfject; such as toothpick " ‘, a¥§
, 7. Ruler (p;é;;erably metric) . M
8. Clock or watch .- ‘ ) :
9.  Graph paper . - e
Procedure . - ’ ’ , :
Some students may question the marks placed on the paper strip. If they ;
think that the pencil mark is hindering the movement of solvent zhen have ;

them try the same size strip but change the pencil mark to a "got" along

o or2 side. .

- bl .

The amotnt of test substance placed on the chromatography paper should be
lxmxtqi to a small dot. if _pessible.. Ten minutes should be adequate time
to give results for both determining Rf val\.es and ‘graphing.

v
- - .




Chromatography Data .
Table II .~ o

' 3 Distance | “Ratio Front .
. . Traveled (Rf)

' distgnce traveled by water 125 a7 1.00 , ,
&1stance- traveled .by brown 1.7 " .ok T
‘distance traveled by blue , 9.90 cem 79

= | distance traveied by red 5.50 am i bk
e , Table . 1-13b 7 .
D e R PR e

1,14 . Bf Value - Fepio’

X

I3

The data can be ised to determine Rf values by finding the ratic of s
distances traveled. - M ' ‘ -
. ‘ Rf = Distence traveled by color

‘Distance traveled by water (solvent)

It is mportant to point out that standard tables of Rf  values.,include in-

formetion on type of paper, solvent used, temperature, and time. In.other

words, a given substance could have a different set of uif ‘values for each

varisble. The Rf velues given as exar-les in the student text,do not state
" the conditions.

.y .
BN a -

.

O Exercise };Ef_li

gt LAy ~ B e s

Rf Values

/

1, Interpret the following Rf values with respect to distance traveled by
water and colors.

P A S Sl g WP P

. Problem Answer
N e. Rf = 0.1 Cblo:: travels 0.1 X water distance
e b. Rf = 0.5 . Color travels % X water "
c. - Rf = 0.8 N Color travels .8 X water " :
* d. Rf = 0.2 Co’or travels .25 X water A
SANEIN e. Rf = 0.33 Color travels .33 X water "
a4 f. Rf = 1.0 Water and color travel same "

.
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e
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- + 2, @ A chromatogrs. produced the fcllowing data. Identify es 4, B8, C, etc.
¥ . .
the, compounds in the mixture. (Data in student text) - '

et n S ke

. \ : distance traveled by water = 25 cm ;
Y. et My s e diBtunoe traveled by- Color 41 = 25 o ’ "
PR distance traveled by Color II = 10 &m {
o ' distance traveled by Color III = l*_ om ’ ‘,
Angver:, Compounds E, B, H. . - T . !

~ * -

b. * (Data in stu@e;xt text) - - %

i

=

@
»

- distance traveled by water o *
*distance traveled by Color * 1
distance traveléd by Coldr II

g distance traveled by Color IIT

.

.
R L Rt U

1
Suninrnt

16.6 em
5.8 em

[

el ® 2o 00 Nt @ g % ks na s S0

Ao e, b ISR
3

,.,",,
SETE A

- Ansgwer: _Compounds C, 4, G.

¥
.

H

’

1

>

1.15 Graphirza Chromotograpmr Data

v PR R
X

Y

A ]

o e B e e s T

Students are instructed to refer to Section 1.12 if a review of graph

-

making is necessary. .

.

! ’ Questions are asked sbout ease of interpretation {data table versus
graph) and in this case they may "see" an easy interpretation from duta table.

- _ Point out, however,, “Hat this is not always the case. Generally, it is easier
to meke a general statement of interpretation when readihg a §raph.

a v
.

By

1 "

Exercise 1-15 ~ - ) .

/ Interpreting Graph Data ) ¢

1. What is thg measure of the dis.tanke that the mixture«tr'aveled during the

first minute? )
L - Apswer:  Will vary . . : ~

R,

e
)

A N
A TR A
o : 5

Find the measure of the distance traveled by the mixture during the

-
)

second minute.
Ansver:  Will vary
\

o
n
.

"y

~

s

O SR IO AR

Fo4 1204200,

f A Ao
[T}
—
@)

\
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3. -Did the mixture travel the seme distance each minute? ;
% 7 Ansver: No . ' ’ !

¥, How far 21d the mixture travel during the £ifth'minute?
' Anewer: Will vary - B .

t . . .
5.. What is the ratio of the distance traveled during the second minute to .
distence traveled during the first.minute? " ’ )

s Answer:  Will vary

6. What is tﬁe ratio of the distance traveled during the fifth minute to
distance traveled durigg the first minute? :
Answer:  Will vary .

DAt aa, T

(S

Prrapp—

T. Approximately how meny mm did the mixture travel during the last

migute? - n ) "
\ Answer:  Will vary but probably less than 5 nm ’ i
< - R

8. Ex'press’ as a ratio the distance traveled during<the last minute to the .

distance traveled the first minute. . :

Angver: Will vary - )

9. At vhat time interval does the ‘'slowing down" process first become
Ijegll‘y noticeable? . . )

hed

Answer:~ About the fifth minute \ N

- - .
. )

|
10. Given a paper of infinite length and@ conditions the same as in your class- }
!
|

rocm, do you think the protcess would ever stop completely? . Why? °

LY

, :

i’; . 7;§§er: Yes. As surface area becomes greater, evaporation becomes

r ) . greater and equilibrium between capillary action and eva-

- poration would exist. -7

i

¢ . y . (

: ' ‘ Sample Test Items :

‘ Measurement items . . |

* 1. Measure the length of the following segments to the nearest centimeter.

? v (8) - : > - 4 ( 8' an ) ' '
=8 .

¢ © (v) - : (2 o)

i; - 1
§ ~

K

r;l \‘1 * 19- '’ - .

P o

ww
5
£

\
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> - E =t iié
:Measure the, segme;’xts_in the problem above to the nearest millimeter. s “‘
. ] H
{a) 77 m ’ Z
'~(b) ™ m !

™ -

Using the methcds of the last few weeks, measure the length and-the width
or the followlng leaf vo the nesrest millimeter.

R TR N e e,

Fae

-
.

. <f- = 20 mm %

) ) w = 39 mm ) ;

-~ T

. ;} 3

Name the following_quantitiea using & different unit of measure, ) %

) i ] o ] i

1’. . . . . . . . . ) m}

(a) %35 hours ' e (210 minutes) , :é

(b) 12 minutes ) Cor (% hr or 720 sec) 3
*(e) 2 yd : (6t ) 7

(& 4 cm \ o o (40 om)

.

«

5 R e oS %

é

The ten; that we use to explain the fact thet some people of the seme .

¢

G i n sl et o

age are taller than others, is . . B (natural variation)

_What would be a logical unit to use in the following measurements?

(a) The height of a telephone pole ' ~ (feet) i
* (b) The width of a desk L (inches) '"

{c) Depth of your aquarium ’ (inches)” ' .

(@) Length of your car's wieelbase . (inches)

7. What measurement of length can we use and be éxact?

. i} f ' * (none) . ’
Ratio Items - ' ~ ’ , ’ :
: s ' ¢ B . ) 2
- 8., Express the retio of 9 to 5 as a fraction. ( 5 ) ' . ki
L L 5 ’
. 9, What is the rétioof 5 to 9 %7 . . ( 9 )
10. What is the.ratio of w to q ? ( % ) -
v 5 , i
1Y. Wnich number is greater, % or % ? ( g ) !
i . . 20 ‘
2 Q@ S : 39 .
:iiiE MC o : IR
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‘Chromatography Items
¥

Explanation of: Experiment 1:

a

A small drop of brown food coloring was placed on point A of the

following paper towel strip:

2, -.l% of the class at Johnny Fink High School are

" boyz. 'The total enrollment is 791. How many
boys are there in the high school?

13. A lesf hed a é ratio of 1.1. If its

) widty s 1 cm, whet is its length in mm ¢

k.  With a é ratio of .95; what would be the

. width of a leaf 15 em long? Adswer in mm. |

15. Draw a leaf with an epproximate p of 1.9.

e

(452) -

(11)

(1425 mm)

t

o

cm. apart
-ﬁ »

lines are L

) - >

shallow container of water for the purpose of observing the movgmeﬁt oi‘ the
The following il‘lkxstratescﬁhe results of

brown food coloring down the strzp.‘

Sy

our experiments:

PAruitext provided oy enic [N N

T

-0 Asﬁy our chromatography experiments, the towel strip was nlahed in a

2




w thy e

movement at end
(.of 1st minute 9
3rd'minute . fﬁth minute
! v * 2
& 10 . 20 30
2nd minute hth wminute
) I . ‘
. [
.
| g
The experiment was ctopped at the enzi'rof 5 minutes.
Y © . .
2 : : co-
Pet - Questiony on Experiment 1: Answers
1. Hov many mn apart are the parallel lines on ‘ .o
; the paper towel strip? T 1, 2 m
4 2. Prepere & time in minutes--distance in. mm 2. time
. *in
% y table. i nin.
0
T .
5 1
: “ .
P 3
: . 5
P p -
P~ -~ 5
£ ; . _
. 3. Fowmany mm did the foad coloring tdavel S )
5 during the lith minute? , ~ 3. 7T m
T , 4. Howmany mm daid the fosd coloring travel
Eos . during the 1lst minute? b, 1 mm
{ ’ ‘ :
o - B
R 5. . What 1s the ratio’of the distance traveled
P during the 3rd minute to the distance graveled ' '
2: , during the 1st minute? (decimal no*ation) ’
]




i
'

8. Graph the data of the table of question No. 2 8.

using the horizontal axis for units of time ard 2 4}
o N St ?
E the vertical axis for units of distance traveled, #— -
X Draw, & curve that best £its.the points you 20 H-
T have plotted. . :
Fivs . \ ‘e
i . y 5
5 '
T MR O J
=0 v F
gﬂk o 10 -
1 -
3 . o 1
b . 5 -
i; . r b1 - ) ° : )
g % ey ]
I Y - 12 345
o . . .
. eriment 2 ' ’ \~
i , One drop each of blue, orange, and pink food coloring are placed on voint ’
A. The following paper strip illustrates the distance.traveled by eac.h cc_>lor
: at the end of 5 minutes. : ,
x 4 '
L. ’
: .
3 . i . Blue
S point A Pink Orange ami
, ° \ w» Water\
“é _ .
H {f o 10 20 30 +0
' .
- \‘1 w ‘ ‘.3
s 23

v
Vs

6. What is the ratio of the diai:aﬁce ‘traveled
during the 2nd atnute wo the distance
traveled during' the 5th minute? (decimal

_ notation) ‘ ’

" T. At what time interval does®th ‘/(olor tegin
to slow down? ‘ : :

, - . ¢

! '

T. hasn't yet




", .. . . X
.7 . 'Questions on Experiment 2: )
iy . 1 Lot N
_ 1. What is the Retio Front for the co&or pink: . .1
[ 2 Vnatis the Retio Front for the color blnet’ z
. -
3. What is the Ratio Front for the color orange? 3.
. M i ‘ 1 3
Listed belew are some Rf values:
Substance Bf Substance RE
2 | T A 1,2 ©E 0.7
I y = - .
o )k . .. . B .. 05 F \ 0%
Eine s L e =
A ¢ 0.4 G 0.9 -
S ) D . 1.0 ° - H 0.3 .
A chromatogram produced the foilowing data: . .
‘o Distance traveled by water ’ = 35 o .,
. ) Dis.ance traveled by Color I = 1 cm
5 Distdnce traveled by Color II = 7 o
i v Distance traveled by Color III = 35 o -
o b ’
22 )
X , 4. Color I is the seme as Substance __. . %,
é“ * 5. Color II is the same as Substance . T
'} «
§~ { + 6. *Color III is the same as Substance
- Another chromatogrem produced:
5o
<
B . - *  Distance traveled by water . 16 o
e t . .
4 Distance traveled by Color IV =°19.2 cm
%{ Distance traveled by Color V = 11.2 o
’ Distance col-<ed by Color VI = L4.8 ‘em

7. Color IV is thc sameé as Substance -

8, Color V is the same as Substance .

—
'

e
o

5

9. Color’ VI' is the same as Substance

S L S R R
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: ‘\ - -Chapter 2 ’ .
NATURAL VARIATION - “US": .
ADDITION OF MEASUREMENT AXD (}RFATEST POSSIBLE ERROR N

W
He
S . N
v
-

2.1 Introduation B R *
It is the hope of the vriters that by using a blological activity and 4
. the presentation of a biological problem gt the outset, ther'ebyushowing the
neal for understanding of certain mathematical pr:)cgdqres., a higher degree of -
motivation miglit be reali‘zed. - ’

A ¥

Tage by 4 A et bt
EAUOENAES &

N s .

As in Chapter 1, the mathemstical concepts dealt with are rot developed
to their fullest potentia" but are treated only sufﬁcientw +o enable the

v

~, student, to solye the problem at hand.

- b s

In this chapter measurement is expanded to inciude addition of weasure- .

‘
.

ments ard the concept of greatest possible error in weasurement, approached
through addition, as well as determination of averages.

- .
*

ypropy s
S WY

¥

M
RO
.

L )
.

H
s

2.2 Prellminary Preparation

v

-

ST 4 AP,

<

The teacher must plen vell ahead for this activity, since some advance
vork must be done. Students are instructed to read all gﬁ}’ Sections 2.2 and

i
e

¥

-
- 2.3 before starting this activity

& .

o Y ¥ %

: Materials: .

¢ 1. About 60! of wrapping paper (30 - 36" width).

. - @ 2. A 6-or 10-foot tape measure, calibrated in TIG -inches..

¢ 3. + A foot ruler for each student.

! il bk, .Masking tape (Scotch is one braci) to hold the ..apping paper secure.

In selecting the location in the r.oom.ror the measurements, the teacher
should po':l.nt out to the students the difficulties of measuring over chalk
rails oz: _t;m,r other objects which extend’ from the wall. The - .thors found
that the véll extending from a corner ras 'an easy place tc measure reachfiy
having the students touch the adjacent wall with their finger tips. (Figure

* 2-b.) The wrapping paper should be long enough sc that no stud.nt's reach,

or height, would extend beyond the paper. s

L ‘ ~ s -

B A v Text Provided by ERIC

O P SO P | 12




8-, or 10-foot steel tape measure at home

- Some stui:nts will have a 6-,
thct ‘chey WO

be willing to bring for the measuring. It is 1mportant that
in the foot measure they ﬁrst measure each inglividual toot 1ehg*h and then
take a gingle asure with the tape to show their difference in error. The X
siugle measure together with 1ts G. P. E. should fall well within the allow- §
- .able range. T,he range 15 thé sum of the individual measures with their o
G F. B.ts, | ) , -~
< 2,3 Createdt-Tossible Error )
The mai'x reason for introducing G. P. E. to the student is to acquaint
hin wi‘ch the fact that all measures are approximate and yet when made with
%‘ care, they io have a maximum or greatest possible error. In everyday living ’
E “*the ability to measure as'well as to compute is very important. ’
5;;” Computations with exact numbers give exact answers, e.g., 62 X LO47 = .
% 306, T-%; blht computations with approximate numbers give only approximate
fﬁi . answers, 2.g., 62" x BOLT" could give a great variance in area answer depend-
g *
I ing upon the size of the unit of measure. If measured in whole inches, then
3 the area copld vary from 29%,316.75 sg in to 309,218 75 8q in , & difference
1%
%g £ of 14,902 sq in, . B }\ :
¥, . . )
% To be consistent, G. P. E. has been defined as %— the smallest unit of N
i * measure used ip the measurement. This is a mathematical definition. Of
3 course, students can make mich greater errors if they do not kmow how to meas-
i, . ¢ e carefully The G. P. E. does not guarantee accuracy. Students must 8t11)
be
. léarn how to meesure. -
i :
& . A B
%, Figure 2-3a . )
g“ | | lJ | |
iy Lo bbb bt bl : ,
B 0 1 2 3 :
- In-Figure 2-3a: T S
“ . s
!:’ (A) To the nearest inch AB measures 3 inches
I 1
: (B) Tc the nearest % inch AB measures 22 inches
e; ,I - -~
(€) To the nearest % inch EB measures 2% inches
: (D) To the nearest % inch AB measures 3% inches
;‘ Q ‘ 26 A‘. i‘
G s ) . ' -
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" Exercise 2-3
Meagurement with

Measurement Smaltlest Unit G.P.E. Expressed
35 yds., 2 ft. 1 ft. 35 yds., 2 ft. j_-]é'-ft.
h ft, 1 ft. 1 £t. & 5 fh.
W %, 3 in. 1 in. 1 ft., 3in. £3 o, :
" 3 meters 1ldm. _ 3 meters * % dm. or 5 cm.
| " ¢ ’ X %‘-m.
.5 km., 270 m. 1 m. 5lm., 20 m & o g
: . 1
s . 5 cm.
6. T km., 395 m., 47 cm. 1 cm. 7 km., 3% u., L’? Chey £ 5
R ¥ 5 yds.
* 7. 38 miles, 560 yas. 10;yds. 38 mi., 560 yds. & or 15 ft.
} /
8. 93,562,000 miles 1000 milies 93,562,000 wl. & 500 wi.

N

\

2.4 Meaﬁring Height, Reach and Length of Foot

In chcosing the groups the size ig not too important, d»ut if a feir com-
parison of the groups is to be made, there stould be, as nearly as possibie,
/-——0

the same number in each group:

This could be the student's first exposure to the concept of G. P. E.
The authors found thet even adults
1l seemed 1ntereeted

The activity was purposely kept siumple.
will cooperate when asked.to join in the eAperiment.
in their cwn and their friends? ratio of reach to height.

All student groups need nof ‘measure at the samé time unless it is con- -
venient to do so in your room. Some could be marking and messuring while
others who have finished could be doing the necessary -computation.

2.5 Recording the Data . -

“

Each student in.a group should have a table pfepared similar to Table 2-5b.

The ‘decimal equivalents were .furnished to aid éomguting.%he« ratio.,
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2,87 Cmting Ratio . " . .

W ‘< Th;! class might find ft interesting to compute the average ratio of
- reach to height for thelr group or for the class. The more ratiog you average,
,. the closer it might approach 1. 00 « The foot size has a greater vart.lation
o T am it provsbly would’ gsin little if +he class average of foot to height were

aduputed. - s

:
. +

°

‘

. T

« 2.7 Graphing Activity ©

If the measures of reach and height are rounded off to the nearest inch,

graphing the data will be simpler and a closer approximation to a linear

»

function.,

' ! If this data is retained by the student or teacher, it will furnish

° interesting additional materisl for a class histogram after Chapter 4 is
. studied. : )

<

< - »
Exercise 2_-1

s
1. Did the bgys or the girls in your row have a closer ratio of reach %o
v height? (Answer will vary.)

‘

. 2. If you used the smal].e;at. and the largest ratio of reach to height in
_your -group, what would be the short%st and longest rsach you could
<« expect for a boy 10 feet telli? ,
. (Ans;:ers will vary; should be x~ 9°7" and _]_._Q'_é_".)‘

3. A baskétball player is T feet 3 inches tall. His shoulders are 13
. inches from the top of his head, and his arms are 9 inches from the
center of his back. How high would you expect him to be able to reach?
@7 - 13" + &I" - 9) = 208" on 93" )
| S
4.  About. how large of a tree trunk (circumference) could the fourth pérson
in Table:2-5'o reach around and touch his finger tips? (Answers vary.)

d
S. IT all t#e students in ycur row would extend their arms around a larger
- \ tree trunk, what would be the largest circumference that they could
A~
measure if all fiagers were just touching. (Answers vag.)

6. A student!s foot measures 10.25 inches from heel to toe. If he walked .
heel-to-toe for one mlile, how many steps would he teke? Can this be
used as a usefu). measuring unit? ( = 6181-;— steps; 6181.4634+ ; yes,

but probably less accurate than some othar devices.)

14
28
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G e s o * g 9 .
J.FF. If & clock strikes b times in 3 seconds, how man‘.&' tfmes will it strike

4 N, , *
in 9 séconds? (_l__(_)_ - one every second, e.g., 4 in 3 sedonds

. . 5 in 4 geconds -
ol . 6 in 5 secbnds ;
. etc . - AR ’ :<
- & . .10 in 9 seconds) vt
. <
i’{ : 2.8 Addition of Measures L I S, *
%* Computation with Uenominaté numbers (a number wnese unii represents a g
5;;; unit of measure) can be beth interest;ing and confusing to st\[dents. Since /
%;‘i all measurements-are epproximate, we are continuing to suggedt thet students //
R L o o
- maintain the idea of precision ard greatest possille error. _

!

2
3

This section suggests to the student that the idea of t
property will also work to explain the addition and subtrackion of measures

e distributive /

o

S s
orthe ,}

N T 3
a-:;. - ‘}
SEA " v
AT %,
. H

. £

»G‘sisf'«;. Lt

st *

) Sometin;es the fact that 10y + 5y = 15y 1is explainéd by saying / .
10 hares +5 ha:es = 15 hares. This is saéisfactory 11 we .come to l()y/x 5Y; . i
ther is 10 hares multiplied by 5 hares equal to 50 sqliare heres? Or even
worse; does 5 birds X 7 dogs = 35 bird dogs? Ii: we/8tick to the mathematical * -

broperties of numbers enly to Justify our positior, we are ua«ually/ o/n safe )

R ey

33
M

B

¥ ground. \
6 4

You might want to review the distributive property with the class.

Remember, for any numbers &, b and ¢ 1t is true that a(b + ¢) = ab + ac

AERE

and conversely.

N .
.

D T A TRy Ly

e

2.81. Greatest Possible Error: Addition of " Measurement,

. The greatest possible error of a sum is the sum of the greatest possibhle

errors, and the G. P, E, of a difference is still the sun of the greatest
possible errors. ‘

Rules dealing with greatest possible error will cause ph.losophic prob-
lems along “wi’ch your mthemtica]:’éroblems. The follqwing is Just to warn
you of the problems, not to cause pew ones. Let's use an example. Add 3%—",
6;2L-" and 3". Assume the precision is the least unit used in any one measure.

One way €o add would be as foll.o:kg‘:

¢

. ERIC | ~
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3 3
Ly 1y N
& t3
'3u + %u ’ h
3 i! Tuw

123" E -8-' or e range of 11-8- to

2 J' . ;
l »'
If we round off to the unit of least’ precision before we add, -then " \,
;gi o oL 3" * uBn
S ) ~ & - :
g . - 1
. - . 12" % %" or a range of 11§" to .127:'.
If we add and then round off to the unit of least precision, we have ™ ' "
(Rule t;\jggestecl in text) 3%;_.. + %.;.. T - ,
. N 6%“ :_t I]_;_II
‘ﬂ: . ] ly ¢ ) -
N L 3 %3
\ ‘ . 1213;" + %" = 13"+ %” dr a range of
N . g
' . 12%" to' 13%" B :

If we add, Tound off the sum to the unit of least precision, and use for the
G. P. E. of the sum the number of addens times the G. P. E. of the unit used

in the sum, ve havz

311;" i %’l "D" . .
’ 6;_.. - & ‘
. - ’
E 3!! i %-_"
o et t
12%" i %" = 13" % l%-" or a reange of .
. . . 1 1
;; ;1-2-" to llké-"_
‘ On a number line the ranges would sppear a8 _\‘
—
b . Ly -
; lil P i llf IER I S %3 s i ] l‘ ol it |l?
: » ' L v r ; l 13 v T © f ' v 7 LA i 2 1 1 v T T v v "_!
¢ - A
; v
v ' B o -
D
f o
’ 30 , .
O [5. '
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'mle Tules we have suggested in the text seem the most cot‘sistent with

2
LSRR
o

Pre XA T
25
Soh

i

:*g.‘ Chapter 3. : . \ .
2 ;f'i“ © ;
AR Exercigse 2-81 K
ic"; 1. Perform the following computations: o
' (4) 37w+ .5 m, () 3yds2ftt3in | ,
© . 413 mi .5 m : +9yds.1ft._~!;%-1. ]
50 mm + 1.0 my. 13 yds. £1 in. 5
. * 5
(B) 41 emx .5 em. (E) 19 mi .5 m. ) :

. +39 et 5 em, T - 17 mn £ .5 mm, .

' 80 cm * 1.0 cm, ‘2 mm. + 1.0 mm. .

R thc rules dealiﬂg with significant digits which the Btudent will study in

(c) o ft.:.t%-in

+ 32 % ;t;% in,
96 ft_-l;.l in,

1

(F) 39 cm *+ .5 ca. - .

-38cemt 5 clm. &

1l cmd 1.0 ca’

-

Be sure to caution students that even in a subtraction problem (like

[+ B and F above) the G. P. E. is added, not subtracted.

good time to teke a problem like F and show- the various ways it could come

) out. T : :
(1) 39 em+ .5 em. (2)- 39 em 4.5 cm. "
fl - 38 em+ .5 cm. i -38 cm - S5 _em.
:: 1 cm)+ 1.0 cm, . 1 cm. (+ 0)
;i - or 2 cm, or 1 cm. )
g;.v © (3) 39 em- .5 cm, {(4) 39 cm - 5 cm, T
j“ "~ - 38 cm- .5 cm, - 38 cm. + .5 cm. .
1 en - 1.6 cn, " lem (+0)
{ o or O n, , or 1 cm. -

Toagaegt vy
L

VR

=N

s least unit used in any one measure, e.g., 5—' measuréement - least
: unit 18 3", G. P. E., ") ' B
31 . r
) 14 .

This might be a

. each of the fcllowing.

13

.
.

Find the greatest possible error for the sums of the measurements in

(Assune that the unit of measurement 18 the

i . . AT
B T T T L T A O L T2y
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(A) 5% in,, 6-;— in., 3-(22 in., G. P. E. of sum is & 13—:- in. Answver: %-mch

~

(~B) '3% in., 6£ in., 3 .4n: . - " Answer: -g-inch
(C)” ky2:in., 5.03 in. . Answer: .055 tn.
. (P) k2.5 in., 36.0 in., 49.8 in, " Answer: .15 inch .
\ Vi *
(E) 0.00% in., 2.1 in., 6.135 in. Ansver:” 0510 in,
. (F) 2%1'11., 1-]?6 in., 33 in. : . Ansver: 3-é-1nch 3
3. Add the following'm’eaeuresz P ‘-w-*‘-*"‘ Vi e et} '
(A) L2.36, 578.1, T3.4, 37.2%5, 0.62 ' Answer: T31.7
(B) &. ha, 7.301, 16.015, 36.4 . Answer: 145.1 .
(c) 9.36, o ks, 173, 06, 35. 27' . . Ansver: . 1,758.04

- 4, Subtract the following measures;  ~ i
(A) 1 3 - 6.28 . Answer; 1.0
(B) 1735 - 0.73 . Answer: 73b
(c) 5430 - 647 ¢ Answeri 4780

- ¢
. ¢ » Al

i

2.82 Greatest Possible Error - "Sum g_i:-cogéuifz" . . =

. In a subtraction problem of measurements it is possible of course that:
the G. P, E. may exceed the measure. The idea of the greatest possible error

must stress the word gz_ieatest. It is the limit_‘of the error. ' Most errors
would be less. The probabilities are rather complex. Students can appreciate .

the Eeatest part of the expression {f reminded, * ‘ :
In the example in the vext, y
. +1
- T 61 mm. + .5 m.
o - 47 i + .5 m. .
L 1% m. 3 1.0

the greatest possible error of + 1 wmay cause some discussicn. Many students
will want to subtract the errors and arrive at zero for the G. B. E. This
N would be increasing the precision of the measures beyond either of the original
“\“m:“eaéi)i"es by a mathematical computation. It is hard to show broperly all of
the possibilities of combining + 1 and + 1 becuase these are only the

Jupper and lower limits. All.values in between must also be considered.

. A mskeshift slide rule might illustraete the idea., See Figure 2-Ta in the
sfudent text. . C - .

g e (50 o Y g, 7T
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’ Sliding one past the other and noting' the sum of the opposing value.

) would demonstrate some values other than the 'limits. Construct by covering

? yard. s"rclrs or meter sticks with paper marked as in Figure 2-Ta. Using
atks for (=1 to +1 with ; Sand llf marked on it, we can gain an idea

of the frequency with which various error combinations might appear.

- ” N ’

& v

Sum of 2 3 1 1 3 1 1

e |2l B %]t v] 5| 5]° -
Talites |1 |1 - [N O £ TR 1T VTR .
™ g “—]Total Number

1 1 .2 2 3 3 L L 5 |of Tallies
25

Per cent

of Total | %% b 8% 8% |12% | 12% 1164 | 16% | 20% | ~—

Table 2-&a

+ If the sum computer were conipleted for values of +2 to -2 by % wnits, the

. percentages would of course change. However, the concert of "O" beirg the

most prevalent value as against the extremes still holds up.

S

-

2.9 Shoes, shoes, shoes ....

The important part of this activity is that the students use several

measurements and add them. The sum is checked with cne single measurement.

If all measurements are made with cere, the sum of tne measures with the
{

‘ ;aum of the G. P. E.'s should make a range which includes the single measure -
together with its G. P, E.

A3

—>

W




2,10 Recording Data -
. The Table 2-10 should be prepared by each member of the group. Its
intent is to 1llustrate the compounding of exrrors in measurements.

2 §
N
2.11 Sumary \
ﬁe;e "growth" 1s introduced for the first time: Growth curves are dealt
with in much greater detail in Chapter 6, where a mold population is used as
_the activity. Also included in Chapter 6 are-data tables to illugtraté the
uniformity of such “curves" of growth.. It is suggested, however, that the
dyama ofgthis biological phenomenon be saved for'thaElchan§er.

.
o

Mentioned here are the two concepts of growth: division (mltiplication?)
of ¢ells and cell specialization. It might be 1nterestfng to the students to

explain that when cell division takes place in an uncontrolled fashion, cancer .

\, results.

»

A KT,
T

An euphésis is ‘placed here on the dynami m.of cellular activity. Activ-
1ty~\ghemical reactions, division of the DNA molecules, building of protein
molecules, even a flame--like action of the cell membrane is going on con- ;

/}stently. \?oo often as a result of "seeing bictu:es or even when living cells
are observed through a microscope, the cells seem to be static, so stidents

e
]

T Y

X

AN A
CEY

g

it

R
Y

think of,them as relatively still obJjects. : "

Energy is treated more fully in’some of the later chapters.

~

' e e Nl
o 3 E:}’\ e

2,12 Optional Activity - Growth from Seedg .

This activity is based upon seeds germinating and then showing some
. growth in both root and stem. In the preliminery version of this text,
B Chapter 2 was based upon bean plants and their growth, to teach addition of

11

. measurement, greatest possible error and levers. From the reports of the
teachers who used the preliminary version during the test year, beans planted
i l’/pontainers (milk cartons £11168 with vermiculite) juat dg not grow in the

wintertime. Schcols get cold at night, sunlight is at a minimum and the
. beans act as though they know 1t is not spring. Foxr.ghis reason, another
. activity was chocsen to teach the nath of addition of measures and G. P. E.

The authors tried the suggested activity of 2.11 during the revision,
and wve feel that it might work any place. Therefore, it is included as an |
_optional attivity which uses the math teught in this chapter. ‘ |

. r N
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© "Preliminary Preparation \

Black-éyed peas (cheap if bought by bulk), pumpkin seeds, and watermelon
seeds were used in the trial activities. If placed betweep two wet paper
' +towels in a pie plate for 24 - 48 hours, germination is aided. i

TR R

LOARR

The acetate and paper toweling may be cut shead of time with a paﬁqg
cutter. Razor blades are best for cutting the milk ggrtons 80 yoh méy W Qi

%o do this yourselif oxr have 1t done by a selected ZToup. \

. The straws are glued to the toweling in order to force the plants to
grow in 3 pérallel reva, s ' . \\
If the seeds are too cicse to the water (less than 10 cm.), they dont't

"~ . Beem to germinate. . - .
? M L o - -

The plastic should be cut so that it fits inside the milk carton when
placed on the diagonal. Outdated X-ray film may be purchased in packages of

on
AT
LA

S IIRORE

T

; 1000 sheets. 'Your local “"chest X-ray" facility may be able to furnish you
with some film free.

R RLAT W e gt B
PRIV, %
TpOUE T

When all pieces of equipment: are ready, the "wafers" may be prepared in

‘class and placed in the conteiners. ‘ d
'

The plant growth will require several weeks. Thus you should{plan on
. continuing on in this or another math book. Have the cless check deily for
needéd water and any plant activity. If the growth is slcw, you may waht

to measure oniy on the even days.,

When the roots have developed and the stems started, a small amouut of )

plant food may be added to the water, It dor. rot take mucii. Don't overfeed,

The question of root »nd stem direction is asled cf the student. The
way the seed is placed does . 7t affect the direc?: a of the growth. This”

action which requires all Topts to go dowvn and the stem up is called geoctro-
pism (geo--prom the G;eex woxrd for the earth) “t refers to the response of
the parts. of the pYant %0 the pull of the earth’s gravity.

If the apparatus were turned end for end-after & few days of growth,

the roots and stem would turn and again grow down and up, respectively.

Experiments have been done with plants growing on a turntable (such as
a phonograph) and noting their reaction to Ehe added force. The stems grow
* against the extra force and lean in, while the roots grow in the.direction
of the added force,

‘

. “Late comers" may be measured but would not ordinar{ly be considered in
a scientific sxperiment. Science would try to exclude ad many variables ac




possible end therefore would only include those plants germinating at a?proxi-
mately the same time under t%e same conditions. . o

’
v
- -

We would hope for carefql measurements, but again this Aoti"ity should

erphasize that all measures éxe approximate.
J - - .w

1

&Exercise 2-12a

PRSI

S
-

1,  Which day showed the greatest total growth? Answer will Yary; that's
1] \ il
life”,

K

~

-~
.

2. On which dey did your ratio of stem to root change from zero? Answer

°

XL

will vary.

- 3. Did the ratio

rzz: ever equal one? Probably. Exceed one? Eventually,
k. Do you think this raticiexceeds 2 for aﬁ& plant? Yes, some trees,

bushes, etc.

R IR =T A I RO

5. Islthe total growth at a constant rate, that is, the same amount each
.y » N
day? Doubtful. . Q

) 6. If you had different typesacf seeds, did each type show the same growth
LA pattern? Doubtful '

. -
7. On vhich day 4id you first notice any green colcring? Aﬁﬁyﬁr will vary.

8. What does the preserce of the green color signify? Answer? The plant <
now conteins chloréphyll and is producing focd for its own nourishmgﬂhﬁ
{photosynthesis). For more detailed explanation check the biology or

bbtany texts; alsg notic® Chapter 3 of-stpdent text. . .

9. 1f we u welght rather than length for our measures, what\dc you think
the 52;? rgtic would be for a carrot, potato and pine ,ree? swer.

o stem N ‘

Carrot and potato would probably heve a

ratio less than 1, while
oot

a pine tree, probably greater than 1. )

10. Where do the Btem and root get their nourishment to grow before the
plant foot iséadded? Answer: From the cotyledon.?

-
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Sample Test Items ‘
Chapter 2

The in a measurement is

the smallest unit of measure used in the measurement.

mh~

rossible exror;

Ansver:

‘of

greatest

ifa box is 231; in. + E in. in 1ength, we lknow the measu.re is between
inches and inches. Answer. 233 inches, 233 “inches.
The more precise of two measurements is the one with the '
po'asible error. Answer: smller.
Add-the following measures: -
3 Lny Lo '
+ ' ‘
¢ 33 *1% .
13 ]lIII i lll
l L l '
g t33 :

14

826" ; i:s o ) Ansver: 32% in. # -3%- in.

(A) What would be the smallest possible measure? Ansver: 3113; in.
{B) What would be thé greatest possible measure? Answer: 32% in.
Subtract the following measures: f ) . ]
78.7 cm. ‘ . .
- 7.2 ¢nm. Angwer: 7.5 em. .1 cm.
13 ' N ¢
{A) vinat weuld be the smallest possible measure? Answer: 7.4 cm.
(B) Wnat would be the greatest possible measure? Answer: 7.6 cm.

-

-
If Tom is Sefeet 6 inches tall and has a reach of 5
wvhat is the ratio of his height to his reach?

4

Answer:

Betty measured four books and found the following mee‘*{&es'

s ) 6% 53" 9%" and 8%

(A) What was the total measure? Angwer: 2u . 3n

oty )

feet 8 inches,

1.03.

Dave put tne same books orn a table and measured them with his steel tape

that had K-inch markings. His answer was 30 inches.,

(B) Could Betty and Dave both have been right?
- 37
- 52

g-

Explain your answver.

o

K N
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8'

9.

10,

ll'

Answer: Yes, Betty had 29% in.

N

* % in. and Dave had 30 in. :t'é in.

Betty's greatest measure was 208 1nches and Davels smallest measure

298 inches. |

In an eighth grade cless there are 28 students of whom 16 are girls.
(A) Wnhat is the ratio of girls to the number in the class?  —

L

‘ Answer: = or 57

7

'(B) What is the ratio of the number of girls to the number of boys?.
Answer: E or 1.33

3

(C) What is the ratio of boys to the number of situdents in the class? ~
. -

3

Answer: = or

1

If your height is 64 inches and your shadow is 48 1néhes long, what is
the ratio of your shadob to your height? Answer: % or .5

What is the ratio of a 1.2 inch ruler to a _,rardstick? Ansver:

The biologica" term uged in this chapter to explain the differences .
in height, xeach, and shoe size is

natural variation,
A} * .

v

v

- ~

1
§ or .33
o : . Answer:
——-
S
‘_ 1
re '
\
\
-
4 t . .
'
’
1 -
~ ,
’ '
1
1

|

4 |
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Chapter 2

Graphing ordered pairs

1.

2.

3.

50

<

-

Sample Test Items

Which of the following sets of numbers could

be called an ordered pair?

(1, 2,3...), 62, T3, (2,5, 3543
If you graphed the ordered pairs (10,14)

and (24,10), would they represent the

[N

same " point?

The followj:ng question requires a coordinate

gystem. .

Given Fig... 4, plot the pairs (10,5
\20:10?: (30)15):' (hO,QO)j

On Figure A plot points for the
coordinates _(5,10), (10,20),
‘(20,%0).

On Figure B plot the points for the
following .ordered palrs. Connect
the points with line segments in
order gs you plct. (0,0), (50,0),
(55,7), (40,8), (37,15), (30,1%),
(25,10), (20,8), (0,8), ]

)

Angvey \
(2,5) : 7
L=
~ No N
ko i
?
30 .
- 20
10 LS it -
° 10 20 30 ko
Fig. A

40

30

20

b1 ods

1=

133




Chapter 3 i .
LEAF SURFACE AREA AND WATER I0SS: - .
+ AREA, SIGNIFICANT NKUMBERS, SCIENTIFIC NOTATION S

% eny .

Teacher®s Commentary

A

Y

PN
S5 T

A Lor

T e

i 3»1 In" rodugtion : :
;‘ Bince photosynthesis is discussed here, it might be pertinent to point; ::
%@t “out a few interesting facts. ILight is strongly emphasized (since it is ne- o %
i;: eesaary for photosynthesis to take place). However, although the usual source :
f»; , 0f light is the sun, it need not necessarily be sunlight. Many leboretories A
2{; use artificial light for their experiments, but intensit important. Ordi-
k g ; pery room light is not usual‘ly sufficient. As mentioned& in the teacher®s com- }

" mentary of Chaptﬂr 1, photosynthesis is the only source of food for living . *

things in the world. Photosynthesis is ilso the source of most of the oxygen
in the air, thereby providing the oxygen needed for respiration (see Chapter

-

The writers have geliberately avoided being specific in the number of -
Btomates per area of lea’ surface, because the leaves uSed will very depending ' . ‘3
on availebility. However, if the teacher has accnss to & microscope, & superb
.~eddition to this chapter could be ..nterwoven. See Section 3-8 at the end of :
+the Chapter in the tescher commentary.

Auswera to questions.

. -

No, this will not be an accurate measure of the water loss by the entire .

. Plant, because eny calculetions based upon estimates cannot be exact. :

3.2 Activity - Leaf Surface and Water Loss .

"

3 Materials Needed

Large plestic bags (blanket bage), approximately 27" X 36", available
in variety stores.

,’0-
Bl O Co




Humber needed will depend upon‘the teacher?s deéisjon regarding orga-’

nization of the class.e N

This exercise can best be done in %eams’of three, although it shoﬁld work

if only two bags per class are used, each bag covering & different number

.

of leaves, ’ . :

»

In a trial run, the authors chose one branch with 36 1eaves and another

with 18 1leaves. 162 mi of water was collected from the first. while

the seccnd y}elded' ]6 ml. This will, of course, be dependent upon the

o

3

S

£4
L

factors indicated in the text. The tegcher should survey the school

R

:\‘?53&

grounds heforehand and carefully select the appropriate tree or trees.

L%

Ganerally, the larger the leaves the better the results (It is possible”
P that the bags may be'distarbed by other students. Thls activity may bve
done at the student's home.) ) ¢

.

PR 8

R R 2o
. v

It is also wise to select a feirly young tree because of the mechanics

T h

: " of estimating the number of leaves. This involves counting the 1eaves in
a nartlcular cluster and estimating how'many times this sige cluster is
L duplicaeted on the entire tree. It is suggested thet the teacher estimate

L the number of leaves on the tree before the activity begins.

Procedure

3

. 1. Lsteling tags should in:lude Team number (if téams are used), class

A\l

name or number, number of leaves enclosed, date, and hour of placing |
the bag. Names of team members would be & good ides in case spmebody

"goofs."

2. locating branches - see above under materisls needed.

3. Placing the baés: A word of castion here to the students ebout in—’
Jury to the branch would not be out of order. The bag itself will

not harm the tree in the 24 hour pericd of time.
L and . ©Nec comment needed.

6. Reiterating the instructions .n Chapter 1 - recording of date for

future reference is extremely important.

T. Some caution is needed here that the tree not be denuded.

42
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. Becond Day. ’ .

:’(f’].‘o‘s)ed: curve ds discussed in Sectioch 3.3 of the text.

- 1
. v @

v

. It is suggested that the stucdent store the collected water H‘;"?}L]:X

labeled until some concept of volume can be developed.

<
N ° ) ¥
-

1. ,Understandings o ® .
R (a) Broken-line figures such &as those we see in statistical graphs, y

I

3. Peaching Suggestions .

- 3.3, Simple Closed Curves L Y

£

/

triangles, rectaqgles, as well as circles, and figure eights

are curves. N

~

(b) A simple closed curve in the plane separates the plane into 2
sets¥ the points in the interior 6f the curye and the points in
the exterior of the curve. The curve itself is-contained in

neither set (and is itself a third set of points in the plane).

{c) The curve is called thé boundary of the interior (or the ex-

terior).
.o
(@) 1If a voint A is in the interior of a curve and a point B 1is

|

l

|

|
. - is in the exterior of the curve, thén the intersection of AB . ﬁ
end the curve contains at leas% one elément. .
\ ’

D.aw some curves on the chalkbaard; bringing out the idea that we
call them "curves™ and that @ segment is just one kind of curve.

We.use the word “curve" in a special way in mathematics.

~

Note that & simple closed curve separates a_plane into two sets and

that the curve itself is the boundery of the two sets. Also, that '
any quadrilatersl, perallelogram or rectangle is a simple closed

.rocm, such as boundary of chelkboard, totel boundary of floor sur-

face, etc.

=

e

carve. Ideﬂtify some of the meny curves which are suggested in the | l

3

L3 T, ‘
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Students may enjoy draﬁing elaborate curves which mey still be clas-
sified as simple closed curves. Euncourage their drawing & few simpleq
closed curves for & bulletin board exhibit. .

~

Area of the Region of a simple .closed curve - (Rectangles)

In developing the methed for computing areas of rectangles from the
length end width it is noted that different ways of counting the unit areas
illustrate the commuytetive property of multiplication.

It is hoped that cless discussion will bring ocuv the advantages of
heving a unit of area which is @ closed sQuere region, one unit of length on a
side. In tl.e case of the illustratiog of the rectangle ¢ units by 3 units,
notice the efféct of using, as unit of area, & closed squere region l% units
on & side. There is no trouble about covering the closed rectangular region

with these units &s shown below.

) 4 (1-21- units)
rod T \
AR B 1 :
£ | L
3 units [ESNE B L ______:______ 2 (13 units)
[ |
A 1 1
| i
| l b ox 1% x 2 x 15 = 18 sq.
2 2
. units
3 %X 6 = 18 ¢g. units - 6 units

However, the number of sJjueres in each row is no longer thz number of linear
anits, 1n the length (6), and the number of rows is no longer the number of
linesr units in the width (3). Thus we would lose the reletionship of finding
the number of square unics of area by multipZying the numbers of linear units
in the length andg width. It certairly would be possible to devise methods
of computing the numver of these new sguare units of area, but it would slso

be more compliceted.

+

o
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'culus, a mathemat'ii:s course tq&ght at the senior hiéh scheol or college level,

" for the solution of the probians without covering all possible cases. Students

’

Exercise 3-3

Problems—1=6 are devélopmental, leeding to the method for computing
erea of a closed curve, frmn the numbers of linear units in the leng th and width
of rectangles added to an estimate of squares not imcluded in the rectangles.

Teacher: These aﬁe approximations. Your students msy be expected to get

_ enswers close to these but not necessarily these game gnswers.

1. .2 i C 1.68 1% 7 ;
2. 2.20 1n° 5. L9 i {
. 3. 2.56 in° 6. 1.9§ :l.n2 ’

-

The tracings of the leaf outlines on the students?® papers are printed on

10 5< 10 per :l.n2 grids. Hence, the answers are- in hundredths ine o
4 Lo

- ¢

Obviously there is no attempt made at this point to develop the mathe-
matics necessary for determmining the srea of an irregular closed curve regicn.
However, your pupils may be interested to know tﬁat there are instruments which

can be run around the boundaries of a simple clcsed curve and give at once an k

y_approximate value for the area of the closed region. One such instrument is

the planimeter, an instrument used by draftsmen and engineers for getting a

quick approx:f.mation of irregular areag. An important part of the study of cal-

1s devoted to finding mathemstically the ereas of irreguler regions to a great

degree of adcuracy.

3.4 Conversion: Metric - English

.

The student usually findd problems deeling with the conversion from metric
to English (or the reverse) boring and of no practical use. In this umit we 1

have attempted to limit discussion of sugh conversions to those areas necessary

will undoubtedly raise qu'estior;s about the number of approximations fouynd in ,
these conversions and this may provide sn opportunity to discuss the velue oif
more pr'ecise values lu the conversions when the peasuranents they make are only

Lo

o ' < b5 r:.)

ric ; .
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approximations. It should be poted that one unit of English messure, the inch,
has been defined in terms of the netric syéte:n. One inch is exactly equel to
2. 5h am. Hence any calculations de/Ling with inches and centimeters m ___x be
exact and not approximate (See Section 3-51. ) Hopefully the correct signs
= or & are used on all of the conversion tables in the student text.

The studerts are undoubtedly well aware that most of the world uses the
metric system. England determined to chenge to the metric system in 1965.
Ca:nada has partially changed over. The reluctance of the U.S.A is a]moét

solely due to thé cos}: of conversion. General Electric alone estimated a cost
of $§ 200 million }o convert from English to metric.

A

It seemed most logical to use ;scient-i{{c notation to emphasize the sim-

plicity of the relations involved in the metric system even though scientific
S e
2 notation, as such, is not discussed until Section 3.6. ’ »

[Y

Iu is the orinion of the writers that the metric system is most meaning-
ful to the student when learned through usage rather than rote menorization,

and numerous exercises in measurements using metric units are encouraged.

3.41  Metric Units of Area

This section includes information used in determining the area of the
leaf. From the intormation given in this sect ion the student should be able to

N

¥ construct & conversion table as follows:

1.2 = 645.16 m = 6.4516 e’ = 0.064516 dn’ = 0.00064516 n.

3

-

These are exact equivalents, not approximates.

~ tudents should te-instructed to Justify the decimal placement in thirs
series and compare it with that in the series in the end of Section 3.4.

Exercise 3-41

1. How many squsre millimeters are there in & squaré centimeter?
2 2 2
’ Answer: 1 100 mm or 10 mm ~

ok
Answer: 10,000 cm2 or 10 cma“)

ERIC - ’ R .

Aruitoxt provided by Eic: . .
.

2. How many square centimeters ere there in a square meter? I
|




width are mea ed es

How many square millimeters

T A O

i . R 3

a
[y

are there in & square meter?

Answer: 1,000,000 m®  or 106 - -
Drew a 3 om squere. Draw also a rectangle whose area is 3 sguare
cenitimeters. . Waich {s larger?
- ’ )
/ -
Qo cm 2 lom
3 em 3cm
EEET SR R 3 cm
] /
e 3em - . '
’3:{1 Answer: the 3 om square is larger.
| ‘i:%" ) ) . ) -
§ 5e A rug is 2 meters by 3 meters. Find its perimeter and ares. oo
‘é.,% T Answer: 2 W + 2 m + 3m + 3 m = 10 m = perimeter
e 2m X 3m= 6 m2 = ares
oo, e < - .
. 6. The floor of a boy®s room is in the shape ofa rectangle. : The length and

4 meters and 3 meters. There is a closet 1

meter iong and 1\ meter wide built int_o' one corner. What is the floor
aree of the room *{owtside the closet) ?

R4

Q
. ERIC
S

¢

=
ST st s b e e oo n o o o -

Ansver:
L m . Area = (3m X 4k m) - 1o
. oay BT
- = 1l
) 3m v
- ‘ ) loset
% /~—close
’ 4
:}:"
¥ A
b 1. Conversion of leaf out%ine areas from Exercises 3-3 to dme using
¥ 1 in° = 064516 am” : '
1. .05934T2 an- b. 10838588 a&n®
by . 2
‘ 2.- 1419352 da’ T 123255 dn.
- 3. .1651609 dm® 6. .12645136 dm

Individusel students® answers for their own leaf outlines.

b7
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1.  Complete each of the following:

’ ’ 1 .3 3 : -
. (v) There ere ( o5 5 Taoo ® in.e co ‘
43 103 - 3
{c): There are )° or 556,000,000 © in & mm ‘
(@) There are (106)3 or -1,000,000,00,000,000,000 mS ina koo.
¢
a. A rectanguler solid has dimensions of 6 cm, 7 om, end 80 rm.

ERIC

3.5 Volume - Metric Units

This unit uses the cubical solid as the metric unit for measu}ing volune,
Usiﬁg this concept as & beginning it is convenient to show the relationship be-
tween volume and capacity (i.e., 1 cc = 1 ml) .

Again scient‘fic notation is used to show the simplicity of relationship.
The general property of multirlying exponents may or may not be used at this
time.

-

. Exercises 3-5

o

v

Exumple: Tnere are (1ooo)3 or 1,000,000,000 m in 1 lwo.

++ (a) There are 100 or 1000 mm> ina cc.

Calculate the volume of t». interior of this solid.-

Answer-:6cm><'?cmx8cm=336cm3 .

Recall that the volume of the interior of e rectangular solid .s equal to
the product of the measures of the length, width, and height, when the

messnrements are expressed in the same unit.

3. What is the volume of the inferior of a rectangular solid whose height
is 14 mm end whose base hes an area of. 36.5 sq an ?

.Answer: 36.5 cxri2\ X 1.5 em = 51.1 cm3 S
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3.51 Metric Units: of Mass end Capacity

W TR
PR

.o . , ( - N l
You will notice that without additional comment we haveareferred to the,

)
g

gram as the unit of mess, not weight, in the metric system. It was thought
"best not to involve the pupils in a full scale discussion of this point here.
An adequate treatment of tqfse ideas belongs in e science course. It is like-

1y, however, that some of your pupils will esk questions about this terminology, °

<xr v P owt

and you will want Eo know how to answer them correc%ly, if not in complete de-
tail. The.ﬂdllowing discassion should be adequate for this purpose:\ Should
you wish more information on the, subject, you might refer to Physics, Volume I

prepared bg the Physical Science Study Committee of Educational Services, Inc.
(This is the first volume of, the so-called M.I.T. course for-high school

Rl . ‘ !

physics students.) - )

What is the weight of an object? It is a measurement of the force or

"pull" of gravity on the object. An ordinary bathroom scale measures this
pull by the emount it stretches, or twists, a spring. We think of weight as
measuring the "guentity of matter" in an obsect, in scme sense. A box of lead
weighs more than the seame bé; filled with feathers because the lead has a
greater “quantity of matter" packed into the given volume then do feathers.
There is another way to measure the "quantity of metter” of an object. This,
is to compare the object with scme stenderd, or unit, tody on a bslence. If

. we have & pupply of identical objects cagled "giamsh we can determine the num-’ {}‘
ber of th ie."grams" it takes tc balance the box of lead. Thismhumber of

,grams we fcall the mass of this much lead.

ese two different ways of measuring "quantity of‘matt?r" can be used
interchéngeablﬁ for most purposes in any.one fixed location, tut they are not,
gtrictly spesking, measuremenis of the'same thing. Weight depends on thé near-
ness to the center of the earth. The pull c¢f the earth'-_gravity t oqﬁthe box
of lead would be much smeller ip a space ship as far from the eerth as is, say,
the moon. The weighl of the lead would be much smeller there. However, the
, igad would balance the same number of "grams" on the space ship that it bal-

]

anced on the earth (tne "grams" would themselves weigh correspondingly less)

50 its mass would be unchanged. To summurize :

Weight is the measure of the pull of gravity on an objJect. It decreases

as the distance from the object toc the center of the earth increases.

4

Mass is a comparison of en cbject with a set of unit bodies. It does

not depend nn ke position in space wher~ it is measured.
. i
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-Canada, Ausiralis, Union of South Africa, New Zealand) agreed to staﬁdardize,

We humans are normally restrictéd to a very narrow reng of altitude
above sea level, jarld, with that restriction, we can think of weight and mass
as ha&ing a definite fixed relationship. (Lt is tempting to predict that as

we enter the space age and are released from these restrictions, weignt and
mass and the distinctions between them will become subjects for household dis-
cussion.) In the English system weight 1§ measured in pounds, mess ia slugs.
An object which has & mass of 1 slug has @ weight of approximately 32.2 lbs
at sea 1eve1 The welght 1n pounds of any object at sea level is approxﬁnately
32&2 times ts mass in slugs. The more common unit in this gdystem, of course,
4is the pound. “In the metric system, when mass is measured in grams, weight is
measyred in dynes. 4n object whose mass is one gram hes & welght of apbroxi-
mately 980 dynes at sca level. The weight of this same object ih the English
system woqld be spproximately 0.0022 pounds. As you probably know; the more

femiliar unit in the metric system is the unit of mess, the gram,
. . 5'~..‘f\";~
In the text we have intrcduced only the more familier units, pound, and

gream. ,This has made it netessary to use both Mords, mase &nd weight. You must
Judge for yourself how much of the @bove discussion of the two ideas you will
use in your classroom If the subject-does come up, however, be sure to make
one point: both mass and weight can be measured in either of the systems of
units, English and metric. If you fail to point this out to the pupil he may
interpret the disbuSSion in the text to mean that weizrt is scmethling measured

in the English system and mass something measured in the metric system.

v The distinction between mass and weight has to be kept clearly in mind
in speeking of the definition of pound in temms of the metric standard kilogram.
We say & pound is defined to correspond to 0.45359237 k:logranm ~ that 18, the
~und (weight) is the weight of & mass of 0.45359237 kilograms. Actually, it
is quite correct to spesk of 8 Ib (mass) end 8 1b (weigit) so long es the
distinction is clearly made. Thus, one may, if hé wishes, write .
1 1 (mass) = 0.45356237 kg. We shall not do this here. In the unapridged'

dictionary, however, & pound is defined .es @ unit of mass or of weight.

Your classes may be interested in the ag}eement vhich went into effe;:\
cn July 1, 1959, &nd creeted (for the first time) an international yard and
internstional pound. Tne six English-spesking nations (U.S.A., Unitea Hingdom,

gs of this date, their definitions of yard and pound. The definition of-

1 in = 2.54 cm dgtes from this agreément end so also does the ab o
n

«

=0




prsyy
L e

-

€

LTy &;ﬂvvy.zer [ A

rg

3SR

MIIES

- gléﬁniti_on‘ fox the pound. Thue, we now have an international yard equal to

0.0144% meters and an internationel pound corresponding to 0.45359237 kilogramse
(1.e., the pound veight co'rresponds to the weight of a mass of 0.45359237
kiiograms).”. Prior to this sgreement, the U.S. inch & 2.54005 cm and the
British inch = 2.539996 cm, 88 & result of shrinksge in the British proto~
type ba'rf The situation with the pound was even more confusged, since, prior
to 1959, ° ' ' '
l 1 UB. b = 1453.5924277 gus,
1 British 1b = ¥53.59233  ame,
1' Cenadien 1b & 1453.59237 s .

Ho agreement could be reached for en international gellon. Henoe, we

still have the U.(E. .gallon defined as 231 cu in and the‘ritiah Imperie
gallon = 1.2009% U.8. gellons.. ~ @ ~

Although the metric and the Fnglish éystana of measure are the major
systens, your pupils may‘be interested in looking in the unabridged dictionary
under "meesure” to see the great number of other measures used in countries

- throughout the world.

Exercises 3-51 .

1. The volume of a jar is 352.8 cc. What is the mass of the water it cen

-~

contain, expressed in: 7, .
(a) grms? Answer: 352.8 g ’
(v) kilogrems? Answer: .3528 kg,
2. ‘(é) What is the capacity in milliliters of a rectanguler taenk of volume
673.5 cc? Answer: 673.5 ml,
(v) What is ite cepacity in liters? Answer:  .6735 liters

3. A cubical tank measures 6 feet 9 ;'nches each way and is filled with

- water. (No allowance is made for the approximate nature of measures. )

(2) Find its volume in ind. Answer: 531,441 ind 5\
(b) Find‘its volume in ££3. Recall thet 1728 > =1 e3¢
Answer:  307.5 oed , »
('c) Find the Weight of the water. 1 ft3 of water weighs about 62.4 1b.
Answer: =% 19,188 1lb. =
h 7
{
s
51
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. 4. The dimensions of the tank in Pro’blén 3 aze about 2 meters each way.
(a) Find its volume in cubic meters. Answer: = 8.8 m
¥ ’ (b) Find its contents in liters. Recall that there are 1000 11te;'e in
a cubic meter. Answer: = 8,000ﬁ y
{c_) What is the mass of the water? Recell the 1 1liter of water has a
mess of 1 kilogram. Ansver: S 8,000 kg '

T mrm e SRS WL AN P e 2% 35N Ah
i N

5. How did the time needed to so'lve Problem U4 compsre with the time needed
to solve Problem 37 ¥hat is the main advantege of compq.ing in the metric

system? Answer: (&) Less time for Problem -4 {b) The decimal
relationship of units. | . .

% /1 . . oo ° r

6. A tank hus & volume of 2500 cc. .

(a) What is the cepacity of the tenk in millimeters? Answer: 2500 ml
. (b) How many kilogrems of water will the tenk hold?  Answer: 2.5 kg
) ’\(:.) How metric tons of water will the tank hold? Answer: .0025 metric

) tons

7. A cubical box hss edges of length 30 cm.

(e} Wnat is the volume of the box in cc?

Answer: 27,000 cc or 2.7 X 10“ ce ) ‘-
{»)} What is the capacity in liters? . )
Answer: 27 4 or 2.7 X 104 >
(c) How many kilograms of water wiil the box hold?
N o Answer: ‘27 kg or 2.7 X 10 kg
(essume that it is watertight, cf course) )
2 8. “The vo.ume of the sun is estimated to be agbout 337,000 million million
cubic miles or 3.37 X lOl7 cu miles.
~ . (e) Using the fact that 1 mile = 1.6 kilometers, express the volume

of the sun in cubic kilcmeters . (simply indicate multiplications in
your ansver &' you wish.‘) Answer: 3.37 X 1087 % (1.6)3 o

(b) Express the sun's volure in c¢c, leaving vour eanswer in the form of
an indicated multiplication. - '

. 3
Ansver: 3,37 ¥ 1_()‘“7 X 1.67 X 1077ce = 3.37 X 1.67 X 1032 ce

e w ol -

52
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9. The British Imperisl gallon, used in Ceneda and Great Britain, is egquive-
L

lent to 1.20094' U.S. gellons, or, §

., ou™

1 British Imperial ggX. = 1.2 U.S. gal.

(9

: (2)  When you buy 5 "gallons" of gasoline in Cansde, how many U.S. gal-

lons do you receive?  Answer: = 6 U.S. galldns

-

(b) How many Imperiasl gallons are required to fill a barrel which holds
T2 U.s‘\‘sallons? Mnswer: = 60 Imperial gellons
h » A f

‘

3.6 Scientific Notation - , -
43 Definition: YA numbe;' is said to be expressed in scientific notation if
1t' is written 45 the product of & decimal numeral between 1 gnd 10 and the
proper ower of 10. If the number is & pbwer of 10, the first factor is 1
end need not be written." This definition may well ne;d some explanation &nd
many exampl'es'. A student may forget and think of numbers between 1 and 1.0
&8s only_inc b the coupting numbers. Remind him that 1.1 1is greater than

o

1 and cen be used in scientific notation. ~

-2
Exponential notetion may need to be reviewed. Practice in changing.-many

,2large numbers into scientific ncte®ion will heip all of the students.

> L /
]
. . ¥ Exercize 3_;;" o
. 3 < . .
r\ .
1. (&) Is 15 X 10 scientific notation? Why, or why not? .
: AngweYT No, because 1% 1s not between 1 and 10. E
‘ ~ T
¢+ (b) Is 3.4 x 18 gcrentifi~ notation? Why, or why not?
Answer: Yes,‘izj fits the definition. . —_— L,
(c) Is C€.12 X 107 scientific nctetiQn? Wwhy, or why not?
. ) Answer: No, because 0.12 1is not between 1 e&nd 10,
l .
1 e }
2. Write the following in sqiemifrc notaticn;:
i (=), =687 Answer: ©.687 x '.()3
(b) 1 Answer: 1.4 X 10
1 . £
- (c) 3= milllon Answer: 3.5 X 10
e Y - s~ '
. 2
. (a). 13% Answer: 1.3 X .0

4

(e) 11k,650 Answer: 1.+0fF X 10

ERIC . - o |
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(£) 35,000,000,000 Answer: 3.5 X 10%° ‘
{g) 7529 billioh Ansver: 7.5 x 107

{h) e product of 50 and 70  Answer: 3.5 X 100

Write the folleowing in decimai notation:

() 3.7 x 10° - Arsver: 3,700,000 )
(b) 4.7 x 107 Answer: 470,000 )
{c) 5.721 % 100 Ansver: 35,721,000
(a) 2.25 x 107 i Answer: 22,500,000
{e) 2.8x 1q8 Ansver: 280,000,000 ‘ ‘
(£) .653 x 100 Answer: 6,530,000,000 ‘
(g) .75 % ot . Answer: 147,500 ‘ ;
fh) 36.2 X 105 >Ans-.:er: 36,200
(1) 386 x 10 ) Answer: 38,606,000
{3) .os6 x 107 Answer: 4€0,000 .
(k) 6.821 x 100 Ansver: 6,821 : .

3

(1) .0038 x 10 Answer: 3.8 b

Since the earth does.not traveliin & rircular path, the distance from the
earth to the sun varies with the time of the yeer. The average distence

hes been calculated to be about 93,300,000 miles.

{a) Write the above number in scientific notation. The smellest distance

frcm the eéarth to the sun would be about lg’ per cent less than the

i

aversge; the largest distance would be stoul 17 per cent more

n

than aversge.
Answer: 9.3 X 10

{v) Find 135“ per cent of 93,ooo,oo\o.6 v T
Answer: 1,395,000 or 1.395 X 10

(c) Find spproximately the smaliest distence from esrth to sun.
Ansves: 91,605,000 miles or 9.1605 X 107 wiies

(d) ind aspproximately the larggit distance from earth tc sun.’

Answer: 94,395,000 miles 9.43% X 0!

7 -

wniles

milee

-4
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. Soan of the more thoughtful students mey worder why we do not write 93
million, for instance, a8 93 X lO where the exponent is used to indicate the
number of zeros in the numeral. . There is no poinq in trying to hide ihe fact
that in imeny ceseg this is —~eally a 1little simpler, and there is no .reason to
try to prevent students from ising it. But two things should be made clear:

ia the first place, this is the notat.cn vhicn the scientibts use; and, second,
‘ih the use of logarithms and the slide rule, the scientific notation is certain-
iy much more convenient to work with. The ease of meking "order-of-magnitude"
estimuves 4£en whne numovers are expressed 1n scientiflc notation ie perhaps
worth aention.rng also. Algood 4iscussion of orders oflmagnitude may bte found
in the PSS8C Physics text published by (D.C. Heath and Compeny.

.

3.7 Significent Diéits

The illustration problen. under tliis sectien is to emphasize the need for
same ‘control on the numbers of digits used in a computation. Students are
trained through many years of mathematics, that all digits are importent and
nexded. For exampie, 17932 X 1457 = 261269244 1f the digits ere all s.gnifi-

cent and not measures or computations teken from other measures.
A -~

“

It is very importent for the student to aevelop &an appreciation of the
circumstances which warrant extreme accuracy and also wheﬁ'accuracy ié less 1im-
po.tant. The circumference of a circle found by moving a straight ruler around
the perimeter, and then using this measarement d1v1d°d b*i 3.1415 to find phe

‘diemeter, rrect to 1 / 10,000 of an ineh, would be ¥idiculous:

Scme concepts usually contained in a unit on significant digits were not
included, nut becauce they were unimportant but beca;se they did not relate di-
re_tly to the bislogical experiment. Be sure the student has an opportunity
later when circumstances permmit to have an exposure to relative error; percent,

of érror, and accuracy.

Continualiy remind the students that all measurements are approximete
.regardless of the instruments used. We caen refine the measuremeht, we can re-
dece the possible errcr, end ve cen increase the precision, but -e are still
gpproximeting. ,
' Any study on the proper use of significant digits always seems to have
some discrepancies. To further complicate It, Aifferent texts and math lec-
tures give different definltions for sigﬁificant digits and their use. What

we can do in this study is Just to agree with the students to see the need

25




o

For some control and to be consistent in some set of "rules." Other rules have
been tried and the, =1l seem to have ss many problems as these proposed. Don't

suggest the difficulties to the students but be sure and work with the stulent
* _+when and if they arrive. T . Z

Computations on approximate measurements cannot increase the accu;acy.

The measurement 5264 inches is not as precise as the measurement 15 inches

. 1 .
‘oecause ‘the second measurement is to the nearest 5. inch, @ smsIler unit. The

measurement 375 feet is more precise than the measurement 2 yards because

the Tirst measurement is @n the smalley uaits.

N ©

It. is possible that a measurement ef 1950 feet might be eignificant

TN

.

s

‘e

to four places, if the measurement was to *he nesrest foot and not the nearest

FRAT

£ . -

10 feet a5 it seems to indicate. In this' case a smell bar may be placed under
the zerc to indicate that it is to be includ#d in the number of significant '
digits. This b@"is not & vinculum which is & straight bar placed over quan-

tities {0 indicate the seme operation as parentheses, brackets, or braces.

.8 . .- -

Exercise 3-7

\ '3
(1) 8 L ‘
{2) .01 1 \
(3) k57 S
v (¥} 3.32 _.Le v,
() 3000 ‘ 4
‘ (€} 36.70 i
‘ (1) - 6700 . -
(8) 23.000 5 ,
(9)  620.03 —_ .
. (20) .0028 2

J.F.F. I# g bottle and its cork 2os t tw> end a8 half cents, and the bottle
alone costs two cents more tnan the cork, what is the cost of the cork?
Answer: %— £ Let X = cost of the cork; then X +2 ¢ =
- coet of bottle
Therefore, X + (X +2 yf ) = total cost or 2.5 £

PAFullToxt Provided by ERIC

X +24 = 25 f
éX = 5/ 3
X = % £ = cost of cork ‘
R ,
Q 56
ERIC . 70 |
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3,71 Multiplying end Dividing Measurements

.

This section emphasites the need for some control .of nunbers found in
meagurehmerts. Reasonableness must be used by the sthdent.s. The guide for mul-
tiplying' measures suggests that the product of two numbers should not contein
more significent digits then the nimber of sighix’icént digits in the less ac-

curate factor.

Some students /mey well suggest, "1f I measure & width of & section in
tenths of en vinch, why cannot the area be correct to tenths of en inch?” Let's

‘try one. . R e
width: 50.6 " length: T0.3 " ares: ?

. If we multiply 50.6" X T0.3" we have 3557.18 sq in or to the e
nearest tenth: 3557.2 sq in. This seems reasonable but -

using our informetion of G.I".E., we have
. 1 1
(50°6 i 20 ) (70°3 i 20 ) -

(50.6 + .05) (0.3 + .05)
(50.6 - .05) (70.3 - :05) = minimum erea of 3251+ sq in

-

meximum erea of 3563*‘ sq in

12 2q in differeflce which is e long wey from the scent tenth of & inch.

1 4 -
-2-‘- " everfly spreed out along 70" 1is & lot of erea. |

. O

Be sure when two factors have an unequel number of significent digits
that the rounding off o&‘/the greater one is done before the multiplication is
done. Then the product also mast be rounded off to the same number of signifi-

cant digits as the factor having the leest number of significant digits.

Exercise 3-7ls

1. Multiply the following approximete numbers:

(e} k.1 x36.9 . Answer: 150
{v) 3.6 X 4673 Answer: 17,000
(¢} 3.76 x (2.9 x 1oL‘) Answer: 11 X 10" or 1.1 x 107

in scientific notation

2., Divide the following epproximate numbers: .
(e) 3.632 + 0.83 > Answer: L.h
(b) 0.000344 + 0.000301  Answer: 1.1k )
(¢) (3.1 x 106) + 8.006 Answer: 3.92 X 100

57

3
P

Eoy

W




P IV T #R
'

N

F

EySre
.

Wi S e e

TRGRL L e, N
SRTZR e e 3

€ g

be 4

LRIC

>

SBuppose a rectangle is aél- 'inches long end 1—;— inches wide. Make @

draving of the rectangle. Show on the drawing that the length is

3
( 2-;- + )]i ) inches and the width ( 1—;- * ﬁ ) inches. Find the

largest area pqssi‘nle and the smallest area possible, and find the
difference or uncertain part. Find the area using the measured dimen-

sions, and find the results to the nearest % square inch.

Answer: .
e  pt3 L IV7//7/777
Largest area = 1€ sq in T in. {/ /

R SN 7/ )

” -

o

%

Difference =2 sq in ).L - I in. ' %%
Area is ( 3% sq in) or 2 1 L. ///
:eai:sin %( t:qtl::) ' o 1, %%
L g

‘

Find the area of & rectangular field which is 835.5 rods lung and
305 rods wide. . Answer: 2.55 X 105 rodss2

The circumference of & circle is stated C = nd, in which d ig the
dismeter of the circie. If = 1is given as 3.1141593, find the circum-

ferences of circles whose diameters have the following measurements:

(e) 3.5 in Answer: 11 in
(v) 46.36 ft ) Answer: 1Y5.6 ft
(¢) 6 miles . Answer: 20 miles

A machine stamps out parts.each weighing 0.625 1b. How much weight is
there in 75 of.these parts? Ansver: U46.9 1bs °

Assuming that water weighs ebout 62.4 1b per cu ft, what is the

volume of 15,610 1bs of water? Answer: 250 fte
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J.M.F,  Suppose the distance around the equator is 25,000 miles and that the
1 - -

surface is quite smooth and circular in section. If & steel band made

’ to fit tightljr around it is then cut, and a piece eightgen feet loz;g
welded into it; how loose will the ring be? In other words, what will

~ be the size of the gaps all around between the inside_of the ring and
the earth's surfacet Could you slip a piece of paper under it? Creawl
under it?

.' Answer: Approximately 3! above the earth all the way around.

o
: One solution C = xd or T = d
’ a

Substitute the values: 223299, miles = diameter of the earth

: 25,000 miles + 18 ft
b4

25,000 miles 18 ft

diesmeter of the ring with addition °

diameter of the ring

(dia. of earth) + (6 ft) = diameter of the ring
The ring would be approximately 3' above the earth if
evenly spaced.

Exercises 3-Tlb

'

1. Take the leaf outline areas from Problem 7, Exercise 3-41 which you ecn-

verted to clm2 units and round them off to the correct number of signifi-

cant digits. /

An :
TR ) 9wt (4) 108 an®
(2) .12 am® (5) .123 dn° .
(3) .165 an° (6) .126 am® ‘

2. If the leaf outline enclosed approximately 180 squares on a graph paper

with Ilf inch squares, calculate its area in square decimeters.’

Answer: -]*%g) < 1l in2
2
Ansver with two sigaificant digits = 11 X .065 X .72 dm N
“ -

3. (a) If' the approximate ares of a leaf were 210 querter inch squares
) what would be the area in square decilnc‘ers?
. Answer: = .85 dm2

(b) Express the answer to (a) in square centimeters.

Answer: = 8 onm

v e N




(c) Express the answer to (&) in square millimeters.
Ansver: = 8500 —c

If a leaf were outlined on graph ;;aper. with % inch squares and the ap-

preximate area was computed at 85 squares, what would be the approxi -
mate area in square deoimeters? Answer: = 1.38 dm2

. 5. These answers are dependent on the students® individual leaf outlines.

o i knum B W ,n.\ry..\mr- S ne

~

Exercise 3-Tlc

R

In this exercise students Bre given step-by-step instructions for firding
the thebretical smount of water transpired by the tree(‘s-) selected for the
experiment. The calculation is vesad on the theoretical average of 9.6 g/gn2
. of water transpired in a 24 hour period. Next the students are instructed to
) calculate the actual transpiration for a 2&F hc-ur period and the calculation

is based on the m.easuraneht;s made by the students.

Rt

When comparing their answers (line 10 to line 5) they will ﬁrobably
find e difference. To account for eny difference they will have to recell the
discussion earlier in ths\chapter tha‘t explains scme of the factorvs relating
to transpiration. The main factors that affect transpiration are (l) smount
. of water in the soil, {2) the teaperature, and (3) the amount of light
(sunlight) that strikes the tree in the 24 hour period.

Exercise 3-71d

A young- (2 year) .malberry treé was found to have approximately - 400
leaves with an average surface area of 1.3 sguare decimeters. One reference
gives the average number of stomates per c:na (lower side only) on mulberry
leaves as L8,000. Let us assume that this tree has an average water loss of
.5 grems per dm2 per hour. Solve the following. (Express -answers in scien-
tific notation.) ‘

-

1. The number of stomates per dm2 . Answer: =~ 4.8 x 106 stomates
2. The number of stomates per average leaf.

; Answer: 4.8 X ].O6 X1.3 = 6.2X% lO6 stomates

’ 3. The epproximate number of stomates on the ‘tree.

Answer: 6.2 ¥ 106 x'hOO ~ 2.5 X 108 3L aates Q

ERIC 7.,
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The water loss per day from an average leaf.

-Answer: .5 X 1.3 X2h = 15.&' g

The water loss per dmy by the tree.

Answer: 15.6 X 400 = 6240 or 6.24 X 103 g :

The water loss per year (305 days) by the tree (in graas)

Answer: 6.24 X 10°.x 3.65 X 107 x 2.28 x 106 g

The number of liters of w2ter lost by the tree in one'yeur.

Answer: Assume 1 ml weighs 1 g. Then: '
508x16°g = 2.28x10° m = 225

8. The number of gallons of water lost by the tree in one yeev. B

Answer: 1 gel ss. 3.785 liters; therefore:

T TR A, by

&
! 2280 £ ~ & \
: - L. 3,08 g e N OS%® e :
'A
‘ 3.8  An Optionel Activity .- Counting Stomates ", .

If the teacher has a micrcscope aveilasble, the following techniqué could
be most effectavely used. The area of .the field of the mizrogcope can be read-
ily estima%ed ty placing 2 transparent metric ruler on the stage gnd manipu-
lating.until the’ approximate center of 2 mm mark is at the edge of the field,
then estimating the position of tne opposite edge cof the £ield. Most commeniy
used microscopes (Spencer or Bausch and.Lomb) nsually messure 1.5 mm {1500
microns) at 100 megnitication. By counting the number of stcmates xﬁglu&ed
in vhis area, the student should be able to estimate the actasl totel number of
stomdtes on his leaf, and use this figure in his calenlstions, insteed of the ;

‘- average given.

« Another thing which could be done w :i1d be & further ce:culstion of the
actual amount of water per stomete trenspired by the leeves included in the

plastic.bag. This s &an excellent opportunity for furtner ude of sctentific

o notation, since amounts migh® yell range in the region of 10 te 10-9 .
' P
Materials
3
Slide r Q

Cover slip

Leaf from the “ree being studied

—

Microscope
|
|
|
\

| ) . €1
Q- 7
ERIC .
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A leaf is opaque, and since light must be passed through any object
being studied by the ususl light microscope, therefore e thin, transparent
plece of the tissue must be obteined. , ’

A 4 ’ .

.
Procedure . -

. Place a drop. of weter in the center of the slide.

When one tears a leaf, usually one firds & very thin, transparent layer

of tissue extending from the mein body of the underside of the leef,

4Ny

:3;(1@1}?‘:);??‘? ;'s PR

Tis need not be more then two mm on a &ide for use here.

8

N Pque this piece of epidermis in the drop of water on the slide.
T41t the cover at an angle over the drop of water and allow it to

. rd
"f]all" on the drop of water. The tissue is now ready for examination.
The stcmates will appear as tiny "mouths."! {Two semi-circular celds
will be joined at both ends, resembling lips, with an opcning between.)
' »
/ . ‘ .
Sample Test Items
' -
Matching N N
. ans.
"1, (4) produced by rhotosynthesis {a) photosynthesis -
2. {h) means 1,000,000 : (b) petioke
] . .
3. {1) ten meters ‘ ~~{ic) chlorophyll
. b, (g) connects stem to root in bean plants (d) sugar
5. (c) green pigment in plants . (e} transpiration
6. {b) stem of a leaf . (£} stomaFes
7. (3) meens —L (g) hypocotyl
‘ eans 7,600,000
8. (a) must have chlorophyll and light ’ (h) mege . |
9. (e) 1loss of water by a plent (i) dekameter 1
. 10. '(f) openings in the leaves ' (§) micro 1
‘ :
1Y 4 |
—_— 62
Q .
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A small tree has approximately 5000 leaves with an-.average surface V,

area of 2.8 square decimeters.
centimeter on leaves off this tree is 20,000. Answer the following questions

The average number of stomates per square .

¢ if the tree has an average water loss of * .53 grams per dm2 per hour. (Give
” - ansvers airy’écientific notation.) . ’ Answers
: 1. The number of stomates per dm-. L 1. 2 xad
2. ‘e number of stomates per average leaf. ) 2. 5.6 X 106
< 3'.' * The approximate number of stomates on the tré\e. . 3.7 2.8 % 10lo ¢ b
. 4. The water loss per day from an average leaf. L, 8.4 grams
; 5. ‘e water loss per day by the tree. 5. 4.2 X 103 grams .
e 6. The water loss per year (365 days) by the tree 6. 1.533 X 106 grans
{in grams).
H 7. The number of liters of water lost by the tree 7. 1.533 X 103 .
; . in one year ({1000 grems = 1 liter). '
8. The n(xmber of gallons of water lost by the tree 8. L405.019 gal
in one year {1 gal = 3.785 %) ] — . ' ‘\
e ™ .
L . \\ 1

. ' . i3 :
\o . \é ;
AN ] - 117

S o )

© If the simple closed curve shown ‘above were drawn on greph papexr

-

(h squares to the inch), what would @ ne area of its interior?

6 8¢ in

.

¢

Changiﬁg metric measures

i .
10 meter is

1 meter is
3. 1 gram is
Y. 385 millimeters is

5. " 31 dekameters is

ERIC - *

Aruitoxt provided by Eic:

decimeters.

centimeters.

milligrams.
meters.

centimeters.

Answers
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of a meter. ' 10_6m or -11 m
L, Whet is the area in meters of the_following ' 10
diagram?- - 8 m“l . 22 m2
‘. FIEEEN ™
2nm
3m .
6m -
“5. The area of a large sycamore leaf is 270 ane. ) ‘
Express this area in dme. . . ’ 2.70 dm2
6. A rectanguler solid has dimensions of 5 cm, .
' 50 cm, and 500 cm. What is the volume in
e 1 ' e 125,000 =
T. A#rectanguler solid has dimensions af 70 mm, .
6.5 cm,+i.7 dm. Wnat:is the volume in m3 ? -00007735 m3
8. Whet is the mass in grams of the water contained )
in a jar which will hold 964.5 cc.? S6L.5 g
9. Which weighs the mqst: 57 greams of water or
57 grams of lead? : same
10. Which has the greater mass: 135 milliliters c¢f
gasoline or 135 milliliters of gold? gold
11. Is 13 X J.O7 a2 number expressed in scientific
notation? No
12. Write the equivalent of 35%,400 :n scientific 5.94 X th
notaticn. . ]
13. Express the distance to the moon (238,000 miles) 2.38 x 105 miles
ifi scientific nota~ion.
14. Express the distence of & round trip flight to Mers 6.9 x 100 m.les

ERIC

If one inch’'is defined as exactly equel to 2.54 cm, 6.4516 cna

what is the exact metric equivalent of 1 in2 ?

How meny squere centimeters are in one squere meter? 10,000 cma

There are 1,000,000 mm in one squere meter. Ex- -

rress the number in exponentiasl form and in temms

in scientific notation (assume straight lines and
enter Mars at its closest position to earth :
34,600,000 miles).




« If a rocket ship could travel at the average
speed of 25,000 miles per hour, how long

RPTIEE
’—l
\n

T e

>~ C . would it tgake-it to meke a round trip‘ to Venus?
(Assume Venus is 26,000,000 miles from Bart:.)

Give answer in terms of hours send -in scientific

nctation. : 2.08 x 103 hrs .

16. Express 2.93 X ].O6 in decimal notation. ’ 2,930,000
17. (a) How mefy significant digits are there
) in 29732

. (v) How meny 8ignific¢:ant digits in .00387
(c) How many significent digits in 900.57
(a) How meny significant digits in $4.00?
(e) How many significsnt digits in 0.003?
(f) How meny significent digits in 9400 ?

e T ene b wen ARY 2oty e e

=&

wlr |+

ST R i st Y- ey

18. 4,1 end 61.37 ere approximete numbers.
Using our rules for multiplying approximete /
’ numbers, find the answer snd express in the ‘

correct number of significgnt digits.’ 250

19. Let. n = 3.1k16 . Find the circumference
" of @ circle with a diameter of 2 ft. Give
the answer in the correct number of(signifi-

cant digits. 6.2 ft

ERIC
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MJSCLE FATIGUE: PERCENT; MEAN, MEDIAN AND MODE;
) INFORMAL EXTRAPOLATION; HISTOGRAM

~  Teacherfs Comrentary

o

k,1 Introduction

’

A very brief introductory statement on muscle fatigue is used as a

t
‘.

reminder of,'a fact that students will be well aware of. What they may not-be i -
so aware,of is the fdct that a simple exercise using only srm muscles, done
under the instructions as given, can repidly tire thé musc‘les used. Let
the students "discover" this. ‘

v k.2 Gounting vs. Measurement

’

The teacher might well think cf other examples to emph‘asize the differ.-
ence between counting and ‘measuring. Some excellent and historic examples
are described in SMSG's Mathematics for Junior fﬁgh School, Volume 1, Part 1,‘
.. }ages 21 amd 67.

3
i
e
.
i

E It L
e ey

' < .

4.3 Activity 1 - Muscle Fatigue

J
A watch or clcck with a second hand is necessary for timing purposes.
It i most importants that the students be cautioned to folléw instructions
"éxactly. Touching the table and the palm of the hand with the f’inger tips
r 4
- every time is essential. SBme good-natured pclicing will undoubtedly be
i .

recesgsary. (It was riecessary even among adults!)

) " If a student shows an increase in number per 30 seconds, he is net doing
it properly. A )

-

Be.sure the instructions are thoroughly preread and that the students
understand the activity before beginning. {

The rest period should not sllow complete "recox}ery", 80 the fourth time
pbriod should resd higher then the third but not s high as the first.

67 _‘)') )
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C . The muscles fatigued need ;xot be identified by name. They should,
however, ‘be identifiahle by location in the arm. Miscles on the antexdior.
(palm) side of the forearm should be noticeably tired from ciosing the fingers,
vhile those on the back oi‘_‘the arm are used to open the fingers. ‘However,

during trial runs, noticeable fatigue was felt up to the shoulder, indicating

~ .
that & number of muscles are~{nvolved. . . Yy

-

L4

“.h How a8 muscles work?
Ané_wers to quegtions: ) ¢ /

If both ends of a muscle were attached to one_ bor/e, no motion could take
place unless the strength were so great that ihe bone \'\'a's brogen’. Muscles
cannot "push". They can only contract, then relax, thereby allowing the

" opposing muscle tc lensthen them again.

Flexing (bending) the elbow is done by the bjceps muscle in the front of
the upper arm. Its pcints of attachment are at the upper end of the ‘_ll_u_n_xe_qrg_s_;_
& (upper arm bone) and Just below the elbcw on the upper end of the radius (one
of the two lower arm bones). Extendinhg the elbow is accomplished by the ~
triceps mscle at the back of the ﬁzpper arm. Its pointe of attachment are ‘
: . the shoulder blede and the ulna (the{other lower arm bone).

" Heart muscles gre nct discussed hexye because of epaoe. Focd and oxygen

are caz;ried to the cells by the blood stream, and wastes are removed also by

the blood stream. ( . !

It is hoped that the students cen reason the above answers from their Py
. 1
experiences. This inquiry (discovery) technfques the writers feel, is most
important in the encouragement of" logilcal.reasong)g.
-

~ 0 ‘o

L.k} Interpreting Data ’ ‘ o

The graphs constmc&ed from the samplé data show a definite fatigue in
muscles and a slight recovery with rest. The students' graphs will vary
considerabl,\". If the exercise was dune correctlys fatigu. will show and /
probably recovery will nct. You will nctice that the size and apparent
strength of the s’t'udent di1l not necessarily correlatec with the data and

graph. Some girls may "outdo" the cless athletes. . \

. 68 N
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4,5 Percent
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Aruitoxt provided by Eic:

The concepts of .ercent are introddcgd briefly.
is based on the idea that “x%" meens

tions of all problems are set up in the forma:

-

=
10C -

8. X
b 10C°

In thé example.of the class of 1l¥ir

Consider the *

=X X

Thne meaning of percent
1 : )

— . Ncti ith clu-
100 ctice that the sclu

The method of sclving for x should be the method that the pupil urderstands.

Pupils should be encouraged to use any method they understand.

}

, 4
and 1t bcys, thedfracticn e

106
indicates percent easily because the denominator is 100. The sum of
’ lk Tas + m‘ % . i
ard > is .l. The sum of the ratios 10 end ) is 1, and the
sum of L4 %nd 56% is 100% or 1. . .
‘ 14 d 56 e £ - ,
3 S smewe I ameme D e I mwwene T = = &
In the proportion =55 T i0 15 - 150 © 28, 4 2,
10, £ s 8L, - ¥
1
Exercise -5
1. ., Write eech of the roliowlng numbers as a percent.
1 y X 2 ) I
CO () = (6) 3 (3) 5
1 2 2
(®) % (£) 2 \\ (1) % (k) 2
2 2 ! 5
o) Y = M 2 -
() ¢ ® 2 W (L) 3
— ' P ;
Ansvers
(A) 50% (D) 204 (G) ,3150,1 (J) 1.0%
. 5
B) 2% (B) wof (4) 100 (X) 125! ’
(¢) 75% F) 004 (1) 100% (L) 501,

lewing group of students.

Hair C lor

tlrrnd




(A) Wnhat percent .ere boys? 60%
{3) Wmat percent are blonds? 30%
What percent are redheads? 20%

\\ (D) What percent are not redheads? 80%
_ \\(E) What percent are browh-haired girls? 20%
(F) What percent are redheaded boys? 10%

T
~
1
-

=it o A AN, xc@,w.g:x@srr o
w N YRS
—
-~
(9]

{

. J_.F.F: & man bm.J,gh> a\radio for $40, sold it for $60, purchasedi/t bagc
- fer. &0, and finally sold it for $90. How much money did he gain or
lose on the complet\e transaction? ’
Andver: Cost $40 + 70 $110. Income' $60 + $30 = $150. Difference’
. . $l&0 profit. \

FEORR

ehle < be

¢ \ t
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i, %.51 Applications [ Percent\ - Increase and Decrease

: L Solutions to percent are \\ased bn the Tact: .

:« A

ir 2\ - -;-, then ad = be.

s {Multizly both sides by bd and reduce.) It may be necessary in some classes ¢ o
to review this. Tf the students diséover valid shori cuts for thenselves,

: they should be encouraged to use them if they understand vhat they are doing.

X * , -
. 4 little space is given to checking by estimation. Some teachers may want .
* to stress these further.

Exercise 4-51
Applications of Percent - Increase and Decrease

1. A Jurior high school mathematics teacher had 176 pupils in his classes.

\
' The semester grades of the pupils were 20 A's, 37 B's, 65 C's, LO D's,
\ 14 F¥s. Find, to the nearest tenth percent, the percent of grades +hat
i were A's, the percent that vere B's, and so on. . ) %
(A) A = 11.4%% (c) -c=36.9% (E) F=8.0¢ |
(B) B =21.0% (p} D =22.7% '

What is the sum of the answers in parts (A), (B), (C), (D), and (E)?
Answer: 100%. Does the sum help to check the answers? Yes. The
s sum of percenta mst add up to 100.

&. Bobls weight increased during ihe gchool year from T2 pounds to 81
pounds. What was the percen‘b of increase? Anawer: 12—%
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During the sawme year, Bob's mother reduced her weigﬂ% from 140 pounds
to 126 pounds. What was the percent of decrease? Answer: 10%.

R

On the first of Sep£ember John's mother weighei 130 pounds. During the
next four months she decreased her weight by 15%. However, during the
firat four months of the next year, her weight increased 15%. What
did she weigh on the first of May? Did the answer ccome out as You
expected? - !

_hnswer: A little over 127 pounds. .One should expec* this, since the

15% which is added is computeiién a smaller amount thar the 15% which
lsiéubtrgcted. :
130 pounds X % = 110.5 pounds 110.5 % 1.15 = 127.05 pounds

' ‘ 127 pounds

v

Mean - Median - Mode -- Measures of Central Tendency

Tﬁis section introduces the concept of average or' arithmetic mean to

.  point out & problem ofter associated with tables of data that contein a large

numbet of items. Many scientific experiments require data from a large num-

of trials and then the finding of an average to represent the data of gll

triais. Median and mcde are briefly discussed as & logical follow-up of

discussion of mean.

Exercise 4-6

Find the mode of the follewing list of chapter test scores:

15, %, 8, 81, T, 85, 91, 87, €9, 8, B83) Answer: 8

From the scores in Problem 1, find the

13
(n) MeaT (-’1—1—‘}- = 83) (B) Median (&)
The fcllowing annual salaries were received by a group of ten employees:
$h,060; $€,000; $12,500; $5,000; $7,000;
$5,500; 8l ,500; $ 5,000; $6,500; " $5,000.

(A) Find the mean of the data. Answer: $6,1.00.

(B) How many salaries are greater than the mean? Agswer: 3.

(C) How many saleries are less than the mean? Answer: 7.

(D) Does the meen seem to be a fair way to describe the typical salary
for these employees? Answer: ggl Tre mean is larger th&n such

a large percentage nf the salaries.

. N
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nd the medien of the set of data. °
(E) Find the medien of th d ~
. NS
+ $5,500
Ansver: $,000 + $,500 _ $5,250 .

wr

4 ' 2 i

P ' . , |
N '

(F). Does thé median seem t® be a fair average to use for this data?

Answer: Median is better than mean, since the mean gives the

L

k., Following are the temperatures in degreés Fahrenheit}at 6 p.m. for a "
two-week period in a certain citvy: 47, 68, 58, 80, L2, 43, 68,
Th, 43, 46, L8, 76, 48, 50. -
'{ Fﬁnd the (A) Mean, {B) Medien.

Ansver: Mean = 56.5; Median = ig.

,
I» '
:
®

/ 4.7 Informal Extrapolation

|

|

|

|

-

i impression that the salaries are higher than they are.
|

|

oA

‘ Mathematical extrapolation of values can be rather sophisticated. The

; intent in this section is to very informal. The "idea"” of extrapolation is
to be introduced, nct the involved mathemstics. Pupils often 'project or
extrapo.ate their mathematical ideas. Students alsc cften interpolate and
may ask about the difference between in*erpolation and extrapolation. The

: difference betwexh the two is: igzgz-golatiob is a p}ocess of finding

values inside the range of the function: while gﬁzzg-golation is the process

of finding vaiggs greater than .or less than the known values of the fuiction.

] . The first example in the student text sets up the feeling of a sequence.

st fisor 51
2rd floor 15!} aiff. of 20° (2 x10) -5
3rd £loor pgi)  ALFL. of 107 (310) -5
bth floor 35! }aiff. of 10! (b x 10) - 5
l 8th floor 75t bk times 10! . ( {8x10)-5
.} 142 Limes 10} 150 X 10) - 5
150th fiocr %222!

P ‘ ] . The series 2, 4, 6, a ?i 8 would give a sixth term of 12. If e track-
I man could run !
: ¥ .
. 100 yards in 10 seconds .
- diff. of 12 sec.
, 200, yards in 22 secprds . Aiff. of 2 sez.
‘ . diff. of 14 sec.
300 yaxds In 36 seconds ALff. of 2 sec.
. | f diff. of 16 sec. :
400 yards in 52 seconds diff. o 2 seo. ’
L I diff. of 18 sec.
500 yards in 70 | seconds ) aiff. of 2 sec. .

600 yards in 90 ceconds ) : o 4

-

1 Q )
ERIC | » |

s o /

\ *



Using two terms s such a8 2 and &, is dangerous

Two such terms can lead .to

W el kinds of third-terms. . :
1‘,\/ !
g The use of the log tables was just to illustrate that extrapolation can
»;1\‘
4 f at times be involved and might lead to misconceptions. The log o1 600 is '
B 2,77815. '
.ﬁi;, Chapter 5, Section 5.6, covers the subject of extrapolation and inter- )
#%37 polation more completely.
i}-‘;‘?)\ ! .
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3. What does your graph illustrate as an answer to our original question,

. Hﬂi:ﬁﬁﬂ
5"
P it o

Exercise &:1'

a

Solutions to Problems 1 through 12 in this exercise are based on data
in the student®s tables (Table 4-3a), and answers will vary.

"Does exercise cause fatigue and does one recover quickly?"

swer: The graph should show that exercise does cause fatigue and

rest gives some recovery.

Did you "recover" fully in the 30-second "rest period?

1k,
Answer: Most of the students should not recover fully (achieve the same
rumber in the fourth time period as in the first) if they did the
exercise conscienticusly.

15. What differences, if any, were apparent in the right and left hands?

How do you account for ‘the differences?t

Answer: The hand that is used most might show less fatigue. However,

many fac{ors might influence results: carelessness, ambidexterity,

mich practice at the pieno, etc.

16.| How might a physical therapist use data of this

rind to be able to
better help his patient? Class discussdion.

P

Answer: Varicus exercises exert different muscles. A physical therapist

uses his knowiedge of physiclogy to cuggest ectivities which will
| . strengthen the prdper muscles.
¢

17 Could you "feel" where the muscles were located that contracted to close
’ the fingers? Cpen them?

'; The muscles which contract to clese the fingers are located on

i

Answver:
the palm side of the forearm. Thoge that open the fingers, on the back
side of the forearm. In this exercise muscles up to the shculder a%e

used, so some students may complein Uf tiredness in the upper arm.

73




18. If class time permits, or at home, "re-do" the experiment, except doc not
stop until you have completed six or more consecutive 30-second intervals.

Graph your results in another éolor on your present graph.

a

The suggestion that the experiment be repeated without a rest interval
.can be done at th2 teacher®s discreticn. Some will undoubtedly try at'Qome.
It would tend to lend credence to their extrapolation.

ECIELTX -
h 4 ol

4.8 A Histogram \

. This is a concept hard tc define with simple werds but not too difficult

to use.

To avold embarrassment, you may desire to have each student write his

"108s” on a sirp of paper. If this is nov a problem, ihey may be resd oui

loud in the class by each student.

VS R DGR (I TN P T T e

A histogram made of a large quantity of data will approximate s normal
distribution. One cless may not offer enough different bits of information.

R Data frow several claszes could be combined.

. If the class tends toward several distinct occurrerdces,” a gecond histo-
gram may be construcied, based on smaller counts on the horizcntal reference
line. When a large number of students fall within the range 15 to 20, for

" instancz, the units may be as shown in Figure 4-8a below.

Number 3-
of 3
aL ¢
Events c
, iy | N
: 1 J A i i 1 J =1

% of loss

e
—

Figure k-8a

An example of a histogram made from combined date msy appear as the one
telow (Flgure 4-8b), wheve data from 1i individuels is entered. The percent

of students showing the same range of percent of logs is written at the top

of each frequency.
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Percent of Fatigue
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An easy way for students to find the percentages tc be written at the

“

top of each range in the histogram is to find the reciprocal of the total
_ number of students. Using our example (Figure 4-8b), in which data from 1k
studenté is entered, we will find the reciprocal of 14. Then %ﬁ = 0.071, so

¢

TR LA oY

2

i PiAete
B " aw

7
A

I

1 x 071 = 7%

Sz
ALY
g
—

S

*;,.,x'f 2 x .071 = 14%

sf;w

17 3 x .071 = 21%

4 .
. b x .071 ="29%., °

j If many problems are to be done with the same division, then the use of ¢

§ reciprocal will aid irn the computation. Books of instruction accompanying

caleulators will suggest such a process. Some of the electronic computers
bhénge divisign problems into muitiplicétion problem% by the use of ’
f

rgciprocals.

Additional dets for a class histogram can be found in Chapter 2. The

students were requested to gave their dete vwhich will now make another
(Reach

4
activity histogram Helght

4.9 Optional Activity - Exercise and Pulse Rate

Here an st“empt is made to show the nature of the stetement of a scien-

" N ! ————————
+ tific problem. Students (and other inexperienced questioners) are often
prone to stating a ques.ion in such a séy that it is néarly impossible to

answer. I
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The énqyer'to Question 7 will be foyhd in Section 4.4 in the text.

Vi -

s
G, T

'Breatying rate would be more difficuit becsuse the students often try
very hard to control the breathing, thus decreasing the validity of the data.

.

S8ince this has been suggested as an optional exercise; the teacher may
A
wish to do this as a class demonstration, using two or three students only
#nd recording the data on the board. .

There may be some guestion in regard to all studeqts participating if .
there is any possibility thst there are heart problems or other physical
restrictions. It is suégested that the teacher check with the school nurse

%o be safe. If possible, invite the school nurse to the classrcom for in-

struction in pﬁlse taking.

It is also suggested that boxes or platforms of step height be used it
the entire class (including girls) idétc oar:icipate. The rate shoul@ return
to nearly normal in two minutes. . .

One suggestion--on the day before the activity request the girls to wear
full skirts the following day.

- \/"\
Exercise 4-9

B

Questions 1 through & will depend on individual dats. *

Questions 8 through 11 will depend on individual data.

+

Questions 12 and 13 depend on classldata.

1k. Could you say then that the normal rate of increase is known? Why?
Answer; No, "normal" would depend upon a much larger sampling and would
be determined by stardardized p;ocedures,‘age, sex, weight, height,

| metabolic vate, etc. '

L




; / Semple Test Items -
”3 ¢ - Ansvers
: 1. 1In the following set of numbers what is the mean?
:. (1) 1, 1,2, A‘J 5, 7) . Ct 3 .
£ 2. Intheset (4, 9,8 y,5, 1, 2, 2) vwhat is the mean? 5
N 3.  In the set (9, 5, 11, 12, &, 3, 13, 1, 8) what is the ,
ke median?’ ' ' 8 -
f} k. Find the meén, median, end mode of the following set mean 7
i . median
i of mumbers: (1, 1,3, &, 6, 6, 7, 8, 9, 11, 11, 11, 13) o "
% 5: Whet is the mode of the set in Problem 17 1
£. 6. Wnat is the medien of the set in Problem 27 wh—é-
: 7. A& junior high school math teacher hed 186 pupils in his '
S classes. The semester grades were 22 A's, 37 B's, . )
e »
5 ‘7% C's, 38 D*s, 15 F's. Tind to the negrest tenth of a
& percent the percent of grades that were B's. 19.9% .*".
{ T .
+* . 8. Given the set of numbers {2, 4, 6, 8, 10 ...), - ~ '
3
: extrapolate for the 8th teram. N 16
\ 9. Given the set of numbers (1, 1, 2, 3,5, 8, 13, 2L ...),
i extrapolate for the Sth term. 3k
©10. Given the set of numbers (... 18, 21, 2k, 27}, extrapolate )
. for the term just before 18. 15
S 11. Given tpe set (5, 14, 9,8, 12, 3, 4, 15, 2, 7, 9, 5,
! “12, 7, B,/ 10), 45% of the mean is 3.6; the node is 7.
, What num lers are represented by A and B in the sq4t? 3,7
) 2, Construct & histéeram to represent the following daté. '
. Twc hexahedrons (dice) were rolled 100 times. The
? . sums were noted as follows:
{
/“ -
. ™90
. A
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e B ey Ay
.

. Sumaof o.39‘f times 29 : :’
3 5 18
, L 1 16
e 5 10 14
' 6 1 £ 22
7 )17 ‘%’ 10
’ 8 16 % 8
) ¢ 9 12 : 6
10 8 - Zss:aa
< . 12 0" 2 345 6 78 9101112 ¢
i .True, False * Sums
!f . (T) 13. In measurements you can never say exact]_.x a certain number.
Z (T) 14. In counting you can ssy exactly & certain number.
: (F) 15. You use the same muscles to open your hand as you do to close it.
£ (F) 16. Muscles "push" as well as "pull".
] " (T) 17. When a muscle contracts, it shortens end thickens.
(T) 18. Vnen muscles are attached to bones, there ig always at least one
i Joint between the muscle connecticns. )
, (T)" 19. Skeletal muscles are arranged in opposing pairs.
: (F) 20. -Visceral muscles are the muscles one of the pairs cf which is
; attaéhed to bone and the qther is not. .
g;\, (F) 21. TFood and oxygen are carried from the muscles to the lungs b'y the
2 T blood. ) ‘
f (F) 22. The Latin phrase per centum means "by the thousand."
;" , A class of 28 students has 12 boys ahd 16 girls} Qne boy and’two ‘
oo girls have red hair. : . X
i ' 2z, What percent of the class are boys? , 43%
: ! -24. What percent of the class has red hair? 11%
- . 25. What perceni; of the class are girls with red hair? 1%
; 26. Vhat percent of the class are girlshr 57%
?‘ 27. The one boy with red hair is what percént of the cle~s? 44
'll i 28. What percent of the class does‘not have red hair? 89%

.
—




Consider the folloving group of students:

The’ population of a city was 53,000 in 1956. In 1965 its
- population was 113,000; what percent vas this of the 1956
vopulation? 213%

- If the town mentioned in the last problem hed a population
of 104,000 in 1970, what percent would this be of the 196

. population? « . ’ 92%
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Student Eair Color
Barbara ' black
) Mary . “blond
’ Harry blond
Betty brown .
. David ' " brown .
‘What percent are boys? Lo
- What percent of the girls have black haix? ) 20%
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, Chapter 5 "

TEAST METABOLISM: LINEAR‘GRAPHING, CURVE FITTING, .
EXTRAPOLATION AND INTERPOIATION, VOLUME OF A CYLINDER‘

Teacher's Commnentary

5.1 Introduction T
L]

An attempt is being made here to point out the wiifying biological
themes that are be. .g used for these activities: natural varfation, growth, LI

metabolism, sdaptetion to environment, and the s.milaritles in all living
things (unity). ‘ , v

There are, of course, many examples which teachers can glean from

Btudents® experiences which will recail to them the body s requirement fo

faster heartbeat and deeper breathing after strenuous erercise.

The questions are simply for speculation and to lea@™the, ,fhinking into
the»difficulties inherént in answering some of the guestions to which one .
might want the answers. s

<

5,2 What is Respiraticn?

The veacher may wish to clarify {or the student the tw. uses of the term
respiration. The common uwsageé, i.e., artificial respiration, respiration
rate, refers to what is in %his chapter called brea*hing. The oiochemical
*nterpre tation of the term--oxidatqon of food (usually carbohydrate) to

[N

)

release energy, carbon dioxide, and water in the :-1ls--is the 1nterpretat*on

that ie being used here. This is a further emphasie on tne unity of pattern
in living things. ) .

,Studéntq might ask:
1. How do insects "reathe? They have small cpenings e. . the sides of the

abdomen, called spirecles. These lead into tubules . ¢' penetrate 46
all parts of the body.

2.  Spiders have "book lungs," leaf-like structures waicn cifer a larye

surface ares to the atmosphere. 'S

3. Many "water-living organisms have gills, which strain the water, removing

the dlssolved oxygen (not from the H,0 molecule). This is why

o 8L
“RIC
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. . ] '
.

' goldfish, etc., need a fairly large surface area in the bowl.
L." Tadpoles have gills; Irogs and toads have lungs; hence amphibia.

Wheles and other water mammels mst surface occasionally to breathe

5‘
P s : o o

6. Simple birds (which have a very high ra‘e of metabolism) have an extremely
fast breatﬁing rate as well as heartbeat.

TR TVEN
RV

VAT

7. In general, the-sﬁaller the animal; the higher the metabolic rate.

on

AN gdy gt AR

Anaerobiq,o:ganisms (thos° that live in the absence of, oxygen) are for
+the most part microscopic, since this is a relatively ineffieient way of .
producing energy. However, all cells are capable of temporary anaerobic : '
‘ existence. The proceas described in the text is often called the ' _Elﬁ__
debt. " There are many degrees of exlstpnce varving from the higher verte-
. brates, which are quite aerobic (the«central nervous system suffers quickly
i from oxygen attack), to completely aneerchic organisms, such as some para-
sitic protozoans (one-celled animals) and certsin types of bacteria. Clos-
N tridivm botulipum {s a bacteria, which cannot metabolize in oxygen and,
*ncidentally, is the cause of the infamous food poisoning "Botulrsm " Yeast
is an example of an organism which can ilve well in either circumstance. If
held under anserobic conditions, it utilizes sugar to produce alcohol and
carbon dioxide. Wnen oxygen is available, it oxidizes the alcohol com»letely

to Tarbon dioxide and weterf

5.3 Activity - Measuring Yeast Metabolism

Materials needed . o
J 1. Disposable plastic _Xﬂiﬂﬁﬂi (without needles), one pe& tean. These
are usually available from your family doctor or a nearby h spitalz "
if they have a clear undexstanding of your purpose. If ava lable, ,
. the 12 ml. syvinge is fav preferable to use than a smaller pne.

2. Clear plestic tubing to fit the syringe nozzle tightly. Intravenoue
(I. V.) tubing is also usually readily available from hospitals, if

one talks diplomatically‘to the nurses. Most’I. V. tubing comes
with rubber. fittirgs which can be adjusted to fit the nozzle.
Aguarium tubing mey elso fit. ?ou will need approxiumtely.lB

inches for each team. .

3. l:-inch plagtic millimeter ruler, preferably with a groove down the

center. This could be improvised, of couvse.

~, N .
.
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Yeast, either dry or ceke. Mix the yeast culture by adding approxis

. i mately -21- package (or -é—cake of yeast) and % cup of ordinary
£
g sugar to about 2 cups of warm water.
?’ This should be done at least 20 minutes before the first class, )
= . »
; to give the yeast time tc become active. .
i i This,culture should last al}l éay, although afterndon readings msy
f be slower, in spite of somewhat higher temperatﬁres.
31 v
~: - ¢
. 5.  Sugar--ordinary table sugar (% cup). '
: " 6. TFocd coloring., Red is easily visible. Add 2 or 3 drops to 3 or 4
: ’ drops of water. '
; s .
o 7. Transparent tape or masking tape. , - l .
i 8. Block with %¥hite paper. The purpose of this is to allow manipula- ;
% o tions (connecting end disconnecting) of the tubirg and syringe
X ' nozzle. Any improvised gadget will work. ’ . T
: ¢ .
PR White paper--two reasons. ,
{ e. Attachment for'tape tQ anchor the apparatus in place.
b. Visibility of drop and ruleyr markings. ,
f . . 9. Clock or watch for meesuring one-minuie intervals.
K _—— — .
Procedure . ' .
. It might be wise to have the students prepare their tables in sdvance,
. perhaps s5 & homework activity. .ot
fz ; 1. The teécher may find it desirable .to set up the apparatus for each

+ team before class to save time. Certeinly ell nozzle-tubing con-
nedtions should be checked before 1ssu1nj.

2. You{may also wieh to premix the dye and .pjrovide it in separate

-

suzll vials or bottles, along with the caps from milk cartors.

Partly fill (less than hal? full) the syringe with yeast cujture. ‘
. You may wish to do this and have it teped to the block befofe *

class starts.

w -
v
4
N
.

o 6. . This will have to be done by the students, as action should begin
fmuediately after, attachument. y

I . N
If the drop does not move, the usuAl.explanafion is & "loak" somd-
where for gas to excape. Check fittings. If not fittings, yeast

“may be stale. ¥ *

N
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" Also check for ady blockage that might have inadvertently occurred.

’ ’ T. It is conceivable that the drop could move so fast you would have

‘ ' to cut"the time to 30-gecond intervals. . , . <

Temperature veriation. Yeast shculd metabolize faster as the temperature

rises--réughly twice as fast with eachM0° C. increase. There is, of course,
a top fimiv when the yeast would slow  then dle.

3

I

The reason for a seécond reading (even a third i{f you can manage the
time) is explained in the text. (See Section 5.5.) "

Answers to Questions

-

N

‘The moving drop can Ye explained only by gas production. kowever, if ]
by chance the apparatus slopes downhill, the students might suggest this "
interpretation. Fos this reason, the appaiatus should be level, if not

sl nted slightly uphill.

The students are asked later in the chapter to calculate how much gas
1s produced per minute. At this tlme, the teacher should encourage them to
tiuink through for themselves possible methods of doing this.

The graph should show a linear rate. This 1s the major reason for work-

ing with this activity. (See gruphs at end of chapter. ) : .

5.4 Graphing the Dats

.
This type of experiment ig decne to illustrete a physical phenomenén
vhich gives definite points of reeding and yet generates a line. The concept
of, points Eeﬁwee points to Justify a line is not completely valld of course.

Af {nfinite numbj ‘

ints, but the concept of density esteblishes the notion of a line. The

r of points so placed would still leave geps for other

rgadings are themselves not exact because {he “rop of liquid was wmoving

(generating s line) all of the time. l
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5.5 Curve Fitting : \\
Many students will be familiar with Zeno's Paradox, but it is introduced
\
here anyway because of its loose analogous reference %o points of time re-
. ; \
lated to space. If a student believes the paradox, then he must believe that

the man in front in any race will win, regardless of the speed of the cther

contestants. ‘.

To refute the paradox, it is a gcod idea to introduce a time factor. If
Achilles can run 1000 yards in, say, 5 minutes, then the tortoise can run
100 yards in 5 minutes. At the end of 10 minutes, Achilles will have run
2000 .yards, the tortoise, 200 yards, and Achilles will be 800 yards ahead.
i

If a student wonders "where" Achilles catches up, you might use this

simple algebraic solution.

Since they start at the same time and we "stop" them when Achilles
catches up, each runs the same length of time. Thus, t = t. I the tortoise

goes X yards before being caught, then whatever "x" is, Achilles runs

x + 1000 yards. tting this inrormation into a table, we have:
Achilles . Tortoise
rate 10CC yerds per 100 yards per
unit of time same unit of time
time t = t
distance X + 1000 yards X yards
I¢ d =1rt, then t =% . For each case the relation would be:
x + 1000 X .
3111 . —_— L) : . —_— =
Achilles: 1000 H Tortoise 10 - ©

but the times are the same. Thus, ejuating the equeations, we have one equa-

tion ‘with one unknown.

x +.1000 _ _x
1000 - 100
1000(x + 1000) _ x(1000) .

1500 = 100 Multiply both sides by 1000

x+ 1000 = 10 x Simplify
1000 = 9x Combine terms .
}.;ﬁ = X Divide both sides by 9

111.1111 =~ X




" When Tortoise myns = 11i.111 yards, Achilles runs % 1111.111 yards, and
he catches the torttpe. p

Ty

o3 welinin

.

§

o «'!rny,-:« i

" The curve ﬁtting for the graph is ,just to be & graphical notion of what

ve a11 do anyway. We tend o fit things into patterns. Our points appear w
a8 a pattern in this g!’&‘i:h. The "curve” is just to graphically finalize the
pettern. Yop' might eXplain there sre seversl very involved formulas to use

in curve fitting. " These require a knowledge of math beyond the scope of this

i
B

grade lével, . -

.
~— ’

- -

5.6 Interpolation and Extrapolation

Prior te this chapter the students have been asked to do some informal . :‘3
extrapolation. The method of proportional parts for 1nterpolation and extrapo- f
lation is presented in this sectior( A second method uses obsérvation of thq =

- plotted points to estimate the best position of the line'r " T ,f%
/o . ;
Interpolation by proportional parts is a good drill exercise in the use R ﬁj

. N 3

qf proportion for a practicel purpose. A set of math tables will furnish
you with large amounts of data. Many tables are not linear and thus if you #
call for too great extrapulation, the errcr will be considerable. Math :
tables often include & section on proportional parts to eid in the interpo- :
lation. ’ )
-~ z

If possible, give your students other opportunities to interpoiate. As
they advance through school, they will have many more occasicns to use the
knowledge. )

Exerdise 5-6a :

- , L

From Figure 5-6b and line B, answer the following: R
1. A width of L0 mm. would give an expected length of ~ 48 .
2. Find the !/expected length for a leaf width of 15 mm. ~ 20 mm.
. If the w:.d th is 45 am., the expected length would be = 5k mn

If the leggth is 45 mm., ,the expected width would be ~ 38 mm.

Q
w

3
L
5. Where does line B intersect the axis?
6

What would be the mathematical interpolation of your answer

to Probilem 57 )

‘ A leaf with & lergth of 3 mm. w'lould have a width of zero mm.

!
i
i -
1

IC j g9

|

|

|

|

i ;
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1 Would the ififormation you have about biology help you to justify your_ ..
‘e »‘.Naéﬁ‘sj}r'é'rm-to Prbblem—/6?' Wnyt .. e ' - Ce e “”“'
Yes. It cen't happen. Any leaf would have some length and width!

1

.
L A s

N >
N

) Exercise 5-6la
* — =
* (Expanded solutions on the following page)

.-

'Use the data from the following table to answer the éuestions in this exercise.

- - .- First Term . Second Terti
' 10 ' 00 ' ¢

. 20 201 i

30 ,303
- ko 406 ' _

56 510 e
60 615 : ' e
70 : 721 - !
80 828 ”
90 ﬂ 936

+

100 ’ 1046

T

N w‘ . . 2
Tt 30 Esaven b

2

N
3

D

ALK

...
et

VA

R
_;/

A he O dbrstes

R

1. What would be the second term for the ordered »~.r (30, ?)? 303

o et
AT

N

\
SV

e

2. What would be the first term for the ordersd pair (7, 721)2 __. 170

S R

%?ﬂ - 3. TFind the second 'ter;m for the first. term of 4S. - B8 .
g"ﬁ L. Find a second term ‘for the ordered pair of (63, ?). N 647 . %
5. Find the second term for a first term of 87. 90k ,
6. f‘ind the first term for a second term-of 252. ‘2‘)' }%
7. Find the first term for a sec;ond‘ term of 980. T gh /,:j%
.8. The first term is 110. F"ind the second term. - 1156 . - : %
9. The first term is 1(53. 1.nd the second term. . . £O79 ) ;
10. The second term is 836: Find the first term. “ . 81 %
. \ :
) b

Expand solutions to the preceding exercise (5-6la).

e 4w

i

1. 303 Lo

2. 70

3. 458

‘o

BT TS b

URFASS

T~ ey

TR AT
ST
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o)
o

T
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Second term
BSCONG e
h06-—l 5 X
. X 10 - 10
104 ?.——J

10 7
Lo-50 510

! 20 and 30.

First term " Second t'em

,7 \ " ) T 20-—1 201-—-1
L

8. 1156 Ebttraml&ﬁe 90-—-—| ) 936-.----I

By ‘ 10 110
oL » 20 100-J X 10!;6--—-J

L—-no l-—»'z

. -2159- = }_)]_;_Q ;5 10x = 2260; x = 220
. 936 + 220 = 1156.
9. 1079 | 9c ' - 936<—]
’ 10 110
13 100‘-—j X 1046
- - 103 ?
?‘. 13 = X’ X = lh’3} 936 + lh’3 .:- 1079.

A vy
’
-

Nepndn

.
3

30 303
X = Fs5: x=5 Frsttemis 20+5 = 2.
7. i 90 936 . ,
Bl | x _ M
X h’h TR = X
10 ~ 110
. 10 2 110 980--—J ‘
! -100 I—--1o!+6 90 +

ofe

- 104

vl

x = 52; add 52 + 406 = 458. .

L4

b, 647 %5 = qo5 x=3L8 or 32 615+32 = GT. .
5. 90k , 1‘6‘ = l—’ég; x =T5.6 or 76; 828 +76 = 9ok.
6. 25 252 1is between 201 a;zd 303: Thus, the first term is between
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Bxercise 5-61b -
L]

1. If the condition of your experiment did not.‘change, how far would you

3
g

A I s SR e S

e

expect the mark in the tube to advance by the end of one hour? {Pretend
the tube is of sufficient length.) |
“Answer: Deperids on student data. ) ‘ S

-
L |

2.’ Under the same conditions as in Problemol, what distance could you an-

e

ticipate by the end of one week? _ . —-- - - -

Answer: Depends on student data. . 8 .

-

ra G\ N

3. Given a tube of infinite length, do you think the action shown ip' your

experiment would continue for one hour? - One week? One month? ~One

. . ~ H . . 2|

year? Why? Can be uged as a discussion question. . /

Answer: Under room conditions, certainly an hour. Action would probably z

4 LA

cease prior to one week. Typical population explosion problem. " Qver- - =

crowding uses up food supply, etc. ’ . . .

) - :

%,;!, 4. Below isfa graph of data gathered in & wick experiment. A strip of - 3

£% - . N
g cnromatogrephy paper was calibrated- in centimeters, dipped in a jar of

:Ti water, and time readings were taken as the water moved up each centimeter ,3

B - v N 3

o L . M

\1 of length. - - ‘ C

£ f

o 7 °

B b

o E
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5
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'
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>
3

T %
i

e
N

25

‘;‘{Wf’:‘

T Distance in cm. .-

)

-

- ° » l ’ ’ 4
{A) Each small square on the d-axis represents what part of a centimeter?.

ey

AT

AT
e

S

Answer: .2 cm. . . .

How far did the water move in the first minute? (Give answer in

J5E

tenths of a centimeter.) . :
Answer: About 3.2 cm. .

fesnads
Pt )

How far did the water move in the first 20 seconds? '

Answer: About 2 cm. ' .

e

o
¥y 1

D AR T T

s

How long did it take the water to mc;ve up to the 5-centimetez: mark?
Auswer: About 170 seconds. .

s

How long did it take the water to move up 2%3 centimeters?
Answer: About 35 seconds: i ’ T

The smooth curve in this graph indicates a continuous i‘fz'nction. )

What does this mean to you regardinZ; valies in between circled

:
j
y

2

:

4

i3

* - - N
' H
2

i

:

5

+

3

3

:

E

H

»

pointS? - N . .
Ansver:, The movement of the water up the, wick was a continuous’

-

Aact:'l.on, 80 ‘all points on the graph 1ine sre meaningful. .
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’ point ou'b the fact that volumes can be calculated using measurements of length

»\ if the units are multiplied to re}sul'b in units cubed. It is often confusing ° j‘g

'to pupils to talk of cubic centimeters (cc or cuw- ) and milliliters es both

being a nieasure of volume. When capacities are discussed, it should be .

s ’ pointed Qu,t "hat a cylinder such as a tube has a capacity determined by the {

:%’ internal diameter (I.D.), and care should be taken in these measuremeﬁs.

; It is easier to measure the outside diameter (0.D.), and this often turns out

e 6 be- thc megsurement taken. . . . :

5 - ' RN

o . . R S e

& L. Exercise 5-7T4 ‘,ﬁ

1. Find the volume of a rectangular object that isf 4 cm. wide, 8 cm. long, g

) and 2 cm. high. .- T

o, Ansver: 64 cm , . ' &

] 2. Given a bottir witﬁ flet sides (plares), a squa e base, and the inside :E

. edges Of the base 1 cnm., what would be the vofume of liquid when »

: "% f£illed to a depth of: _ o

: W 1 cm. . Answer: 1 cm ul *

(B) 2 cm. Ansver:. 2 cm ' . 3

(C) 4 cm. l}nswér: 4 cm ° ' Qj

3. Given another bottle with flat sides but with a equare base of 2 cm. ~

on each internal edge, what would be the® volume or liquid when ﬁlled ’

. to a depth of: . - ' "

- ) {A) 1 cm. . " Answer: k4 cm3$ ‘ )

() 3 em. , Ansver: 12 cm 3 B

(¢) 12'- cm. ' Answer: 2 cm 3

(D) 2-;— cm. " Answer: 10 cm Z

) 4. Given a metal box (parallelopiped), rectangular ba;e with internal :

- .measurements of U4 cm. for’fength, 2 em.  for width, and 25 cm. high, i

what would be the volume of liguid when filled to & depth of: ’“

(A) 1 cm. Ansver: 8 cm °

(B) 2 cm. ’ C Answer: 16 cm ) S

(c) 5 em. ) Answer: 140 cm _

(D) 25 cm. Ansver: 200 omS s

104 ;o]

) | . . ' ' . . * w :1?3

&:
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E:iei‘cise 5-:’72 .

i given for ﬁve right cylinders. \The letters r and h

,the cylinder, respec'cively

Using 3.1 as an approximation for 1,

LA 1 o

(RS

".['he numerical answers obtahfed vwhen computing ‘volumeseof

e,

Acylinders sometimes appea* more precise than the indicated

>

a urecv of the original measurements wow.d Justli‘y It ..

19 reasonable to ‘round soue’ of the answers. Lt
= ; —_— .
: Crlinder Radius {(r) - H’e"ight (h) Volume .-
A . bin. 8 in. %00 1n3
V x 3.1xb,2x8.,z 396.8"1:;3 = 40O ind T ' o

Br . 81t % 4 ft. 790 ££3°

Vv om 3.1x8 xh m 793.6 1650 150 £85

c 10 cm.  30cm 9300 cad
v om 32x10%x30 & 9500 g ' e
. ) . 1 R ‘ ’
D Tw. | ®y  , 380y
faswer: ¥ s:,;i.l‘\x 72 %25 w 3937.5.y85 3800 yad .
A (m) E 12 in. . 2 1n. 5k6o 1n3 or 3.1 83
\ posver: V m 3.1% 122 x12 & 5356.8 ind = 51;00‘1n3 ' -

; ! )
e Find the volumes of the right cylinders shown here. Tﬁe“dimensions given
,are the radius and the height of each cyi-nder. The figures are not

'drawn to scale. (Use = = 3.1.) . .
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0‘5 (é) . abé‘ut 186 cu ft e T T T B it . *’é
. .yiﬁ . . \\; 3 ~ / N ® ‘Qfé

g \® ) \\‘ ' v. To~ ,
: x\)‘ e, 7
AN 25 ; © abouts 4464 cu yds

about 232 cu in dr about_0.13 cu ft o i
~ } N Tl

— & : i ”tv;

;{

Ry
4y

3;’. A silo (with a fla% top) is 30 feet high and tfié instde radius is 6 feet.

. How many cubic feet of grain }d.ll it hold? (W}Lat is the volume?y Use

( t % 3.14, o . ‘ : \
. Answer: V =~ 3391.2 cu. ft. \ )

.

4. A cylindrical vater tenk is 8 feet high. The diameter (not radius) of
itsﬁbas.e is 1 foét. Find t}}e volume (in cubic feet) of water which it

cah hold. Leave your answer in terms of x. If yoy use 3.1 as an !

approximation for g, what is your answer to the nearest (whole) cgl't;lic
Foot? '

/

. T4
/ R
. Answer: ‘Volume is &x cu. ft., ® 6 cu. ft. S /}’c/'_ i
. - > X
5. There are about 7}~ gallons in a cybic foot of water.' About how many ‘
. e 3 acy 3 VeI K
gallons will the tank.of’ Problem 4 hola? o . L

Answer: ™ 47 gallons (or 45 gallons if gpmﬁ‘ﬁ,ted from 6 cu. £t.)
e

. « o
6. TFind the amount of water (volume in guble inches) which a 100-foot
,lengtfl of pipe will hold if thi,in‘éide redius of a cross-section is 1 inch.

Use n = 3.14, (A crosg;sé’ction is the intersection of the solid and

L Aoy v

a plane parallel to }he‘“f)lganes of the bases and between them.)
~ . Andwer: V = 3768'{« or volume is about 3770 cu. in.

£
o

- . &

|—cross-
section <




"J‘:i‘ F. A man walked one mile scuth, then one mile eest, another one mile
north and found he had returned to his starmng point. Where did he start
“if he weaesouth of the equator? L |
Answer' Mam' students would say the North Pole. This is .one gtarting point

"‘ ﬁbut not south of the equator Actually there is an infinite number of ,start-

. 1ng poir:ﬁs. They all lie on a circle neer the South Pole. There is & circu-
lair patil aro the world exactly one mile long ( = %— of a mile noxrth of
'i;lfe > Pole) If the man started one mile north of this path then he
couid. walk ohe mile south , one mile east (taking nim aroynd the world), and

' one mile north returning him to nis stazjifng pbint

4 -..../'”

5 8 Volume of Gas Produced by Yeast Activity

©

The data and, questions asked ir this section are e11 based upon an
actual experiment. It is used here just prior to asking the students 1o
coupute volumes in thei‘r own experiment. One experiment {done by a biology
instructor) used the fol lowing equipment: _ : . oy
Total capacity of syringes = 12 cubice centimeters (ce) ‘
Diametér (inside measure) of tubing = 3 wn.

- When started, the syringe contained 5 cc of liquid and

- 7 cc of gas (sir). > ) . .
If the tube is a cylinder with a diameter of 3 mm., what is the area.of the
base of suchya eylinder? - % Answer: M N ,mme
How many mm3 are needed to uske 1 cm3? . Answer: 1000
If you pouredo 1 cm3 of liquid intc e}’ tube of diameter 3 wm.,.to what
length would the tube be filled? /' Answer: z "141 mm.
Solving for height in the formula V '= nreh, we have -

o 1000 m® = 3.1% x 1.5% x h
‘ VT 1000 = 3.1k X 2.25 Xh

. h Y1000 = 7.06 b
’ Wl ~ h
ST TTESS

Exercise 5-8a
Using the data snown above and Figure 5-8, answer the following guestions.
&

1. The length of tubing from the syringe to the bubble (drop of liquid)
was 10 cm. What is the volume of gas (air) in the tubing (answer in
cubic mm.)? & i '

~
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t 3

3

The,&olume of air in the syringe was T cc. Express this as um . e
% Answez:' Volume of eir in the syringe vas_* *T cce. = T20 m3. f -
L ;'- 3. _VWhat ig the té‘tef vol‘ume of gas at the time the exyeriment started? —
;;\fi ] Answer: Total volume of eir at the start of the experiment = 700 + 1 g
B e mme T B
E“: b, giow much gas (in cubic mn) was produced’ during the first minute? o

TR
-t

Answer. Ges produced in one minute equels the difference betweén zéro "
reading end the first minute or 16 mm. of distance (from graph). o Y
Using V = ﬂrah, then

©RTL t,
PN

1 . . ) .

Va 3.4 x1.5° %16 ~ - ' . S

ULV N 3. x2.25x16 8 N3md ..
!

{Iow. much gas gwes produced; by the end of 2 minutes?

Answer: Gas duced in 2 minutes = 36 mm. - 8 mm. = 28 mm. E —
* 2 :\ .

V = fr h B ]

1 ’ N :
Vz311;x325x28 ) N -

V = 198 mm 3\ N ’ ) N

A B e

6. At the end cf the experiment how muck gas (in cubic mn. ) has been

5 ‘ produced? "y ; i
:}{; Answer: Total gas produced = 158 mm. - 8 mul. = 150 mm. / L .
5. V = sroh . . / ;
u

Vo 3.4 X 2.5 x 150 % 1060 m.

¢

Y ' :
? 7. What is the total volume of gas in the system at the end of the experiment?

;’ Answer: Total volume of gas in system = originel gas + produced gas = )
& ' .. 500 + 1060 = 8560 mn

}v 8. The volume of liquid (expressed in cubic m.) in our syringe was ?

8. i ——

7! Ansver: Volume fof liquid in eyringe was 5 cc. = 5000 -

;' 9. What is the rat‘o of volume of l.uquid to gas prod oduced in 10 m.nutes?

4 Y

Ansver: Ratio: volume of liquid _ 5000 4.7

- ) gas produced = 1060 & ™ -

£ 10. If the liquid continued to produce gas at the ‘same rate, in how many : \\'

a7l hageet
R

minutes would the volume of gas produced equal the volume of liquid?

.

>
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i3 Express your answer to Problem 12 without scientific notation in cubic

oL Sthus, 5.6)(107 = 56 X 10" and 106 = 1 million;

5000 X

N8 }— ) s ° . T e—
; ; ,& Angver: ‘A proportion weuld work well here: 5% 16
Ir ‘1060 m *in 10 minutes, then 5000 md in "X" minutes. We have

-al;‘éqdy foudd that'%_%%o = L.7; therefore, 4.7 = 'ixﬁ

& x % 47 minutes. |

1. Thﬁepreti cally, how wuch gas vould be produced in our system in 1 hour?
* Ansver: In one hour the gas prcduced would be 6 .times .as much as
10 minutes or 1060 x 6 = 6360 -

‘ 12, ,.Gangbusterg: At the same rate how much gas would be ;)_rgég_ced in one

yé&g (365 days)? BExpress your answer in scient:[.fic notation and in terms
of cuigic,ud.llimetera to two ,sigr;ificant-digitg.’ |

Answer: Gas produced in 365 days would be eqﬁal to gas produced in

1" hoir® X " 2%. hours ‘X 365 days..

. 6360% 24 X 365 s 55,713 = 56 million.

(Remind: students of significant digits.)
P:nswei' in scientific notation: 5.6 X 107 - -

* ]

o

~ Azmé_téfs.
* Answex: . 1,000,000 mS = 1 m3;
: 6

therefore, 56 uw.

. »

1k, .Now, go back to Sections-5.2 and 5.7, first paragraphs, and review the
! infcrmation given there. Assuning that 20-per cent of the air in the

’

. syringe was oxygen, at vwhat theoretical point in the generation of
,002 by the yeast did respiration cease and fermentation begin? f

‘

Answer: Point of time when respiration ceased and fermentation began
would be when the t‘xeoretical supply of oxygen was used up. If o:q;gen
is 20 per cent of the volume of air,,,then 20 per cent of 7000 m® =
1500 mm3 A proportion wouid show that if 1060 mm3 was produced in

],0 minutes, then 1400 mm was produced in x minutes.

-

~

L. %I?"gg = %6 "X Ta 13.2 minutes
Yo Exercise 5-8b :
. B e

- . ~

-~
The students are asked to use their own equipment and data to answer

thege questlions. The anewers will vary but should be recognized as reasonable
by the stuydents.
1. ~7.. Depend on student data.

)
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) Oxygen corisumption should be approximately equivelent to carbon dioxide

production.
Seample Test Items
Chapter 5
Matching
(d) 1. does not contain chlorophyl a) respiration
(£) a. " without oxygen b) Ar°h
(g) 3. data batween two known amcunts c¢) photosynthesis
(3) 4. volume of a rectangular prism d) yeast
(b) 5. _.volume of a cylinder e) aerobically
(h) 6. data veyond a known amount £) anserobically
(¢c) 7. releases oxygen into the air ‘g) interpolation
(a) 8. ' taking in oxygen and giving h) extrapolation
off carbon dioxide ’ ‘
(e} 9. with oxygen o i) 3.56 cm
(1) 10. 3580, m < ' §) 1wh
Use the ;J.ata from the following table +o ansver Questions 11 thrcugh 15.
First term Second term . 1l. What would be the second term for
5 100 ] the ordered pair (15,151)% '
R 151 12. What would be the first term for
2 203 the ordered pasir (75,488)%
35 256 ’ -
hs' 310 13. Find the second term for a first
55 365 termeof LO. 283
6 131 14. Find the second term for the
() 488 ordered pair (63,534.4)
% 546 15. Find the second term for the first
% 6 term of 9l . 58L.b

A round bottle has the base area of 5.84 cma.\ What would be the volume

if 1t were filled to the following heights:

16.
17 .

18.

2.0 cm. " Ansver: (correct number 1 e
35 m. of significant digits) o emd or
24,000
1.00 dm. ’ ! " 6.4 cmd or
.068 dm
. 98




3

17.1 o
30.1 cm3
. or 30,100 w
Maltiple choice .
Ansver
21. How many square decimeters are there in 13 square meters?
a. 130 b. 1300 c. 13,000‘ ‘d. 130,000 e. none of these b
22. How many cubic decimeters are ther%n 13 cubic meters?
a. 130 b, 1300 c. 33,000 d. 130,000 e. none of these c
- s 23. “VWhat 1s the volume of a rectengular box %2 centimeters long,
3.0 decimeters wide, and 2120 millimeters high? ~ 150 cm3
2. What is the volume of a cylinder 12 decimeters high with
a diameter of 10 decimeters? (x = 3.14) =~ 940 dm3

\ 4
o AP ,




Chapter 6

R GROWTH OF MOID: ..

RECTANGULAR CCORDINATES, ESTIMATION OF ARFA
* " Teecher's Commentary ° - -

6.1 Introduction

R This third major biological concept which was briefly alluded to in Chap~
ter .2 is here more fully developed, «nd the resulting grephs should be quite

characterist!c. If growth can be measared carly enough and late enough ip life
of the. organ (such as heart, liver, brain, etc.), organism (total Living thing),
or pcgulation'{ thven three phases should be ev1dent in the finel gra’ph'

ey, mdder ow I s s

-) The lag phese, illustrating a slow start, 8 period of cell or organism

RS

adjustment. .

(2) The grand phaéé or exponential phase, where the cells are multiplying ex-
ponentiaily (1 cell divides into 2, the 2 divide into 4--8--16--32--
64--etc., beccming astronomical in number oefore limiting factors begin

to be felt), - and ) S '
(3) ’lhe'stationar‘( p};;e or senescence, & leveling off as a result of a com-

pij?:;ted set of limitirg factors, such as metabolism, regulation, food
supply, and relationshiﬁs of t’;’hhe _organisms with each other end with their

. enviromment. » gé

~

few A a e s

R el R NS

!
v

Vol s

Students might ask how one isolates a single bacterium, thereby starting
a colony which acts precisely the same as any other population. A bag_:teriolo—
gist mey have several techniques of isolating & single bacterium. One of these"
is by & method called "streaking." The sterile needle is dipped into a culture
of bacteria, then drawn lightly across a petri dish containing sterile agar ’
growth medium in one direction th1 ee or four times, .then across these streaks

perpendicularly several times R and agzin across the second set of streaks, thus

NN S B R e P R
RS .
s

§
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'y

1'3'»;.‘”’:&
e

.
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bty

scattering the bacteria so uhEt colu.. 28 arising from an individual bacterium .

- do result .
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individuul colonies
should appear here.

-
1

“ ’ -In reference to the story of rabbita in Australia, many “controls"
were tri} . A5 first, the people tried herding ‘:Eﬁeg together and bludgeoxing L
than to death as is done in some pleins fstates to this day. 'I‘his, howevei',/;;s‘«
found t? be ineffective. Recently ecolS

,enemiesj of the rabbit, such as the Red Fox. But it wasn®t until thé fungus

Jpe Y N e s e

~
3

ists have started mtroducmg natural

- ! y B
disease CJoccidio mycosis was introduced that the rabbits were brought under

. k)
I

effectiilve control.
.‘ Since there is little reliable data available on total world popu- , t

e ~
lationl,‘ over a period of thousands of years, it is difficult to present this

)

, .
with any mathematical certainty. However, there have been many broed state-
nents iuade In the film Qur Mr. Sun, produced by the Bell Telephone Compzny,
the sﬂatement is made that "one out of twenty of all th% people who ever lived

L L el g

i?n\the world is alive today It 1s from statements and estimates such as this,
as we}l as\gata similar to that provided at the end of this chapter that the
term "population explosion" is derived. The graph on populetion in the United
States from 1660 to 1960 is meant to be a climactic ending to the chapter,

N Whme e s &

s
v

50 it is suggested the teacher does not refer the students to it at this point.

B ~

6.2  Coordinates

( Ny »

This section starts out with an infommal irtroduction of identification
of points in a plane. The ides to stress is that of a reference point and
ref'erence lines. For this set of exercises, our reference lines will be at,

ri%ht angles to each other {rectangular coordinates). N
N - . &

s

e - . - .
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Exercise 6-2

Answers will depend upon your classroom seating arrengement.
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6.217 Coordinates on a Line

. -4
Identify the terminology of homber, coordinate, distance, and direction. '

" Rationals are uséd as the domain even though the students may be aware of .

s s

Placing irretionals on the number line. v

Exercise 6-21 $

1. Draw a segment of a numﬁer line 6 inches in length. Mark off segmenfs

of length one ian and place the origin at its midpoint. On the line "

locate the following points: ‘ s

. . ) -

w7 A, B2, o), w0, |-2), #(-2)-. | SIS

- . |2 v .‘ . 3

= P2 4 T - c | . B, :

Gt . 1 LIK¢ ¥ ¥ . 1 L P M | - Jj
o, . =3 -2 -3 \1 0 10 - 2 5 3 -
: 2 ' - 2 3
s > v, {

v 2 \a) In Problem 1, how far is it in inches between the point labelPd T

v SR

and the point labeled L ? . ’ 1% " )

(b) Between*P and B ? p h—;'- n e

(cY Between L and B ? : N b ) :

[
-
=
{

(a) From the origin to A ?

3w
o

At

eyt A L5

3. Using a number line with 1 inch as the unit of length, mark the follow-
‘ing points:

wd), s, (- D, o), B3) . - L

W —
L
-

,,
- o
.

P N

o 7




. - i :g:
; If the line segment in Problem 3 were a highway and if it were drawn to ) ;
:{f ! a scele of 1 inch representing 1 mile, how far in miles would it be ' . -
2;‘1%“ between these points on the highway: f
T 1
T a) F and R? <= mile b) D and B ? 3 miles
f%sf»" ( ) 3——- ( ) A
& ;
f{» 5. Draw & number line in a vertical instead of horizontal pé’;ﬁf\tionf Mark :
s . J
%i ., Your number scale with positive numbers above the origin and negative e
;:;.{u) , numbers below the origin. Label points to correspond with the rational \
g numbers 0, 1, 2,,,/3/, -1, -2, -3, -h. {
% . . g
b , \ 2 ‘\\\ A E
R . -
» 04 T ’ A %
af |
-2 ’ :
% -3 / ° . ~ .
2
: Exercise 6-22 . .

1. Given the following set of ordered pairs of rational numbers, lccate the

S w | > (e Dy e § e ST
N N -

f" p\bints in the plane associated with these pairs. o ‘
[(h:l)r (150); (2;h); (1#,.1&), (’1:'1); (‘3;3); (h;"3); (‘5;3.);/\ (05‘5);
("650); (0;1)] ' Yy -
‘ ] , >
: | @y oW
’ . ('5:3). (_3:3)
l £
BEEEY ¢ (0,1) (d’ )
/ N e .
~6,0 M e }
\_} ‘ (_1:1).
. L (!:}'3) \
"(O:"s\ ' \
' N \
, 103, .
Q L 40
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2. On squared paper draw a pair of axes and label themy ~Plot the points in

the following eets. Label each point with its coordinates. Use & dif-
ferent pa' r of axeg for each set. - "
Set A’

»*

((6,-3), (-7,-1), (~9,-T), (5, 1), (-8, 10, (o, 0), ; 4;
(-1,-1), (%,3)] '

25 8 Sk g 0t Nk NS £ g e e S

.‘Set B = [(1 1) (6 ‘5) ( 3)'3)) (h '10) ('9;"6)) \'8 0), - :

/ (01'5) ( 2)'5)} * / ,
(-8,20) by ) 3

S ~ A

(L,3) 1

RN L --‘<1}§>,
L1000 L BNC:FO RN &

INENPEND & 15117 A , gt

P
4

O S T

[ o * .
(1,4 1,4° ) I A
1 69 . o $(0,-5) *(6,5)
%] (-or8) (2]
I . -1 (Baaoyo :
+ ° g
Ly r 4: ‘:‘\

37 (a) Plot _the points in the following sets
set © = ((0,0), (-1,0), (-2,0), (+2,0), (-3,0), (+3,0), (+1,0)}

L

-

;
. i )
I a—dd- & 8 & & & N
/‘ v i v v v L .
' 3 2 1 © 1 2 3 » ]
<
(S T -

Yes \

(¢) Whet do you notice about the y-coordinate for each of the points?
(d) Are theré any points on this line for which the y-coordinate is
different\from zero?
Yo o\

1 - -
. . . v i
(v) Do all of the points named in Set C seem to lie on the same line? o
|
|

-

|
o
. F

Jomdk
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-
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= e ™ /r o A M ? ﬁ
o " ¢ »’),/ ) T ﬁ
b) Do all of the points named 4n Set D seem to lie on the seme line? - ’;g
AU - . § o ';(. ) ‘. . ;,%
N X(c) ,yh;ﬁét do you notice about the x-coordinate for each of the points? :
;. v x =0 ) . ‘\1 // 3
(&) /Aire‘ there ény points on this iing for vhich the x-goordinate is
‘different from zero? // Y /
, No "// . e -
— } e ,
3 / .o // N .
B g Exercise 6-23a , / .7 N
' 0 . -
fe ) !
G}ven the follmring ordered pairs of numbers, wr}z ¥the number of the ° N

\ quadrant, if anys in which you £ind the point re‘pz‘esented by each of

S
R3S R

thesge ordernd pairs. (A number without a sign is understood %o be a -

\i’os,itive number.) N ) Z

N Ordered Pair _Quadrant . J Be:

| (a) (3,5) a_ - ’
e (6) (1,-4) A
L e o . i
<o (@) (43,-1) _IIT CoY

(e) (8,6) ' . g b e

’ (£) (7, -1) I '
(&) (-3,-5) s 111 -

(n) (0,7) ! * _none . ) i

. - v

2. (a) Both numbers of the ordered pair of coordinates are positive.
The point is in Quadrant _ I .

o op kA e gy e el Rs 0D
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ok

] point ia in Quadrant III . .

‘I’he x-coorddnate of an ordered pair ia negative and the y-coordinate [
i is positive. 'I'he point.is in Quadrant__II = . .
(d) '.Dhe x-coordinste of, an oidered pair is poaitive and the y-ooordinate
:@a negative. The point is in Quadrant Iv_.

L

PO

&
2
7

Yo

P2y

N

(,a) If the x-coordinate of an orderéd pair is zero and the y-ccordinate
is not zero, where does the point lie? :
4 on the y-axis, but not at the origin.

),(b) If the x-co:rdinate of an ora.ered pair is not zero and the y—coordi-» '

¢

nate is. zero, wﬁere:does the point lie?
on the x-axis,, but not-at’ the: oz;igg_..

(c) If both 'both coordinates of an ordered pair are zero, where ig thé poin e
. located? - - S coL
At the origin: o . L

-3

1 e : L
Points.on either, the X-axis or the Y-axis do not lie in any of the:

four quedrants. Why not? C
The quadranta are defined by the 1ntersection of halt-planes

which do not contain the axes. Hence, their 1nteraectioxi does>“"

not contain the axes.

~ .
v

Exercise 6-23b * .

(a) Plot the points of set L= (A(2,1), B(2,3)}. _
(b} Use s straightedge to jain A to- B. Extend line segment AB.
(c] Iine AB seems to be parallel to which axis?

14 L'

]
L
®

5
gl a v Moo AlE
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‘ . N ; . W g
} Piot: the pointa of et M = (A(z 3), 3(5,3)} n
b)) Use a straightedge to join A to B. Extend Yine segment AB. *

An! -AB seems to be parallel to which axis?

Iz @3 (5,3) ..

=

1 (¢) the X-axis’ .

3 . 4
A

‘.%‘iét the points of set N = {A(0,0). B(2,3)).
_oin A to B. Extend line segment 4B.° «
arallel to either axis? .

B

.- (e) nefther axis. AB
is an o'blique y

¢ line.
5 ) .
‘ + “" . S * L4
s 4 , -
% (a) Plot the points of set. P = (A(4,4), B(2,0)]. ) ,
"7 (b) Join A to B. BExtend line segment AB. - ) . ,

(c) Plot the points of set Q = (c(6,3), D(0,1)].
- (a) Join C to D. Extend line segment CD.
What is the {ntersection set of lines AB and CD %

v '

s L

¥

(e) ((3,2)) IR

.
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6. (a)
K]
(c)
(a)
{e)
! ¢
1. (a)
(v)
(c)
. (a)

St

coordinate plane .

&

-

v P
) ;

.| c(3,4)

:‘ A re L s e M B x
UA(O;O) 3 §6:°).

Plot the points of set S =

(a) “Plot "the points of set R 2"{(A(o b), B(6,0), ¢(3, h)} on the

(v) Use a straightedge to join A to'B, B to C,

(c), Is the triangle (1) scalene, (2) isoceles, or (3) equilateral?

~

C to A.

(¢)* isoceles

L v

~ -

(A(2,1), B(-2,1), C(-2,-3), D{2,-3)}.

Use & straightedge to join A to B, B to C, C te D, and D to A.

Is the figure a“sglare?

Yes.

i
braw the diagonals of the figurea
The coordinates of the’ point of intersection of the diagonals aean

to be_.i.;.:ll__'

!
, (-2,1) 1 (2,1)
- (0,0) L
-f\\\\\ i
” , ¢
. s1 L\
-3 )
(-2,-3) Y (2,-3)

.

i
o

S

-

Plot the points of get T = (A(2,1), B(3,3), ¢(-2,3), p(-3,1)}.

Use a straightedge to join A tc B, B to C, ¢ to. D, /and D to A.

What is the name of the quadrilateral formed?

parsllelogram

Draw the disgonals of the quadrilateral ABCD.
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(e) The coordinates of the point of intersection of the diagonals seem

* t6 ve_ (0,2) :
=Y o -
: : * { - :
- . c 3 B ¢ )
“:P‘ o ° & ('2)'3‘) ” 3 4\3)3') :
5 T i
;{2 » \ R (_3,1’) / -
: , v T 1(2,1)
¥ * ':‘.':; - PS 3

5 “ o o -

S — : " x
R -3 - w 2

B

¢

student text would gi‘fe such an introduction

problem.
peif.

exercise.

1

%6.24h  Additional Activity with Coorlainates - "Living Coordinates"
) . ‘ ;

) ’I'he following demonstration can be used successfully to enhence and.
St reinfor‘ce the understanding of the coordinate system . '

A preliminary introduction should be given first.

o Living Coordina‘:,es involves every pupil in the entire class in every ' E
Each puril represents & point on a plane, identified by an ordered
He must be both attentive and knowledgeable to "stay aljve" during this

. Section 6-2 in the

. Arrange the student chairs in rovs and columns. Prefergbly in an uneven
number of rows and columns, but since most math classes have 36-40 students, .
anjeven number of rows or columns is scceptabie. See Figure 6-2a.
JI’ ‘
- 5—(-2,2)—(-1,2) (oi?.) (112) e,l 2) 3,|2)
u——-(-z,’l) (--1%1,L (0,1) (1i1)‘ (2,1—(3,2)
-x 3 (-2,:0} (-1i0)———(oi0) (110) (a,lo)——(3,oz-—__x :
2 (-2,|-1) (-1,-1)——(0,-1)———(1,-1)—(2,-1)—(3]-1)' )
: 1—(-2 '?)—('1"2)_'(0!'2)_(11'2)-;'(21'2H31'2)
: T
B - A B c ] E F
3 \ -y N
£ Figure 6-2e
¢ ) -
3 v 10%‘2 - —— et

-“[mc
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5 it .

Explain that the pupils are a living coordivste sydtem. Draw a dia’g}\am
‘ AY

similar to the seating, chsrt on ihe chalk board. Mark the coordinates of “edch

geat (point) on the ;halk boerd. Be sure each student kno;va what ordered pai

. " he repres ents. /
}

Rows and cplmnns aré yrittenr on the diagram for purposes of identifying
thP correct ansver to you. Do not refer to them or write them on the chalk
board. If an answer needs to be identi.fied to the class , point to the diagram
on the cha)lk board. The students should >eac'nA };,av“e their own identifying or-,
dere:} paif written on a piesce of paper and on their desk, They will need to

i d s
~ <
- v

refer it frequentiy. . L
~-The demonstration consists solely i.n students standix_xg as ‘a response to

) sp,eciﬁ,c questions. The follovihg are some sample qucstions of varying degrees

/of difficulty (not necessarily in ordev' of degree of difficulty). ﬁe ere sure

f,'f’ / the teéacher will\.h:l{k of many more and better questions. -

"/ Sample Questions

S atl e ke

R whoar

WA S T

BTN,
¥y

Tl
(=)
’
+

(a) Al of the students in the first quadrant stand.
‘,“ . . The sample coordinate system ih Figure 6-2a shows these would be
\ (L), (1,2, (1,3), (2,0, (2,2), (2,3), (3,1), (3,2), (3,3), not" ¥
those’ on the “axes. : ‘
(b) M1 of the students in the second quadrent stend. Cl
(c) ALl of the students in the third quedrent stend. :
(d) ALl of the students in the fourth quadvent stand. o

4

ol srdy o

PRI T

3E T
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2
4
\
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=
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Koy v e
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e

2. (a) The "Y"-axis stend. i ‘,

These would be frem (0,-2) to (0,3) including the origin (0,0) ;
- (v) The "X"-axis stend. . .
'1"nes'e would be from (-2,0) to (3,0) including the origin (0,0). 4

R
AR

RO
"

v . -~

T 3. '{a) Second end third qupdrents stend. SR
: Be gure those on the "{"-axis do not stand (Column 3). Ry .
.o (by Third and fourth quadrants stand. '

: Watch out for those on the "Y'-axis "(Row C). ’ -

I

S R

l+
.
.

.

(¢) First and fourth quadrants stand. ' ;
(a) First and second quadranis steRad’ )

.
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' * ~

' ‘Those whose ebscisads and ordinates are equal. .The abscissa is the first

term Of snbordered pair; the ordinate is the second temm.

a " A sldpﬁxg‘],ine through the origin from (-2,-2) to (3,3). ‘

Be sure the "origin" stands.

# -

& 5 'All;irhosg a‘:p’scissas sre 1 stend. v,

2

"7. . Thpse whose ebscisse is O  stand.

8.

g.

10.

11y

» Straight sne, Row D from .(1,-2) to (1,3). -

Fy

Thoese whcse\sbscis;sa is’ -1 stend.
‘Row B fram .{-1,~2) to (-1,3)..

The "Y"-axis.

Those with an ordinate of 2 stend. . -
_Iine parellel-to the "X"-axis, Column 5, ‘from {-2,2) to (3,2),

. ' . ~

All those with an ordinate of 3 stand.
A straight line parallel to the "X"-axis, (-2,3) .to (3,3). T

Those with & negative abscissa stand. . i
All those left of the "Y"-axis, including part of the "X"-axis.

~

»
. & «

Those with 8 positive ordinate stand. .
"All "above" the "X"-exis. Zero is neither positive nor negative, so the

"X"-axis does not stand. ¢

Al) thcse whose ordinate is not negative stand.

’

All those "sbove" the "X"-axis and the "X"-axis, as zero is not negative.

Those whose abscissa and ordinate have opposite signs stand.

Second and fourth guadrants.

{(s) A1l with en avscissa of 3 stend and remain standing.

(b) A1l with en ordinate of -2 stand and remein standing.

(c) Those who meet both of the previous conditions be seated.
only (3,-2) should sit down.

Those'with an ordinate of +2 or -2 stand. ) /
Two lines purallel to the "X"-axis (Columns 1 and 5). . .
] e
1% 403

2

. - .
WBa e b et S A bt s




A11 whose sum of abscissa and ordinate is zero stand and remain standing
through instruction 18.
From (-2,2) through origin to (2,-2).

3

17. All whose sum of abscissa and ordinate is a positive number stand and
remain standing through instruction 18.
A 1ittle hard to check; will include some on the axes and some in
3 .

. quadrants I, II, IV. ’ . B

18. All vwhose sum’ of agbscissa and ordinate is & negative number stand.

The entire class should be up after 16{ 17, and 18.

-

Lsdies end gentlemen - be seeted.

19. Those students whose ordinate is less than 2 stand.
A =6SS Lhai
The front fouar columns should stand, last t.> columns have ordinates

. greater than or edqual to ( é ) 2. .

20. Everyone whose abscissa is greater than 3 stand. .

No one should stand.

Lt 21. A1l vhose sum of abscisse and ordinate 1s’ less thsn seven stand.
+  All should stend.

N ~

N ’ 'After &n introduction to linear equations and ihequalities (probably first

year algebra) many more iiving solutions msy be grapiied: Intersections of

' ‘tion of regions to respond. "And, or” situations may be called for also.

- 3y

a

6.3 Activity - Growing Mold ) .

Materials and Supplies

- Aluminum pie or cake tin: apbfoximately nine-inch d;ameter. One per
team. Students may be asked to oring-one from home,
provided it does not have to be returned. At the
end of the exercise these should be disposed of.

Aucther source would be from a variety store.

ERIC 124
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lines, and mathematicael sentences which require whole regions, or the intersec- '
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Recording

’

1 end-2. ‘113e suggestion given in the student text for estimating the growth
of mold is based on the graph paper having small sp’ace units. If "10 X 10
to the inch" paper is used, then each smail square will equ-al one - one

. hundredth of a square inch.

3. The data table form is o-nly a suggestion. Students may come up with a

form that they like better. '

1

. The following graph shows the results obtained du.riné five days of growth
- , N . . . N
in an asctivity carried out according to the instructions invihe text.
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Graph paper: Eight sheets per student plus two extra sheets per tesam. 3
e The instructiong in the student text are for 10 X.10 to . ﬂé

the inch graph paper. If another kind is used instructions 7

will have to be altered to fit. ) g

Gelatin: Colorless if possible, such as Knox. One package yer %ﬁ
N 4
\ 10 - 12 teams ¥ ;

g PRt
Bouillon, cubes: , One cube per 10 - 12 teams.
N

. Baran Wrgp: One roll. G

L . N

*  Rubber bands: One per team (large enough to fit snugly around tin).
Marking or masking tape will also hold Seran wrap.
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~
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Procedure _

¢ 0y -
{

1. Marking and cutting the graph paper to be placed in the bottom of the tin
should not be troublesome if directions in student text are followed.

FEWR VI P AR O QXA
v 3 ‘:“N‘)\,“}P?

£
n

2. Preparation of gelatin-bouillon mix could be.done by one student for the -

" entire class. Notice instruction in’ student text for cold water with '_" :

gelatin and hot water with boqillon. The only anticipated problem might l
arise when the mix is prepared too far in advance. -It sets rapidly. A

very thin layer of mix in each tin is sufficient. Just enough to molstexn

the graph paper - pour excesé back into container. When the layer is too

A A Ty Y
o

pgEe

s
Te

thick, reading of squares on the graph paper becomes difficult.

3. The word "conteminete” is used instead of the term "inoculate" because of
the connotation associated with the latter. The growth medium is not
being inoculated with molq sporss Dy hend and at specific points on the
uedium, but rather is being contaminated or polluted by ran&om falling of

EYEOTS2C T e v Ry
*

‘

spores from the air.
L, Mold growth will be most pronousiced when the tins are stored in a dark

area and where the temperature is fairly uniform and waim. .
5. It is recommended that the tins be prepared on Friday so thet mold growth
will be apparent on Monday. This will give five successive days for\‘

readings.
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g;éﬁtions L
At completion of seven days of recording and graphirig ) were your predic-
tions (extrapo.Lations) in all cases correct2 .

Probably not - unless students -axe.a%ge ’cﬁat dath of this kind

yhen: graphed will not recult frifa linea; graph.
If not, at what points did they fail?

. It is doudbtful that the student would predict either the expenential

> phase or the stationary vhase. v r" e ’.j ° '

3. What tentative explanations can you give for any ﬁéhations from a linear

graph? , o

These explanations' are in tha irit;‘oéuctio\.i té:'ithis chsptéf.
3 : N Lot

2
. . .- -z‘

. »
~ - N .

These graphs illustrate the typical "Siggoid" ("s") curve of growth . In
the case of organs and organisms, the stationary phase is & result of metabolic
factors usually controlled by the inherent (1nherited) genetic make-up of the
organism involved. In popplations, the limits are imposed by environmental

s

Tl
Ny

factors - gpace, food availab.ge, acclmmlating toxic wastea soete. A

bt

s L%
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>  Semple Test Items .

i

What is one mathenatical name for (2,3)? Answer: ordered pair or set

r

M
st Cen it oa s s Sl

-~

Do ‘(2,3) and (3, 2) represent the same
point in a p}ane?

Fon gAY -

N

A i

Would {3,1) snd (6,2) represent the
same point on a plane?

What is the name ~f the point which
the axee have in coamon?

In vhich guadrant is the point with

cooi'dinat (9,7)2 . R
" ‘6:- In vhich quadrant ia the point with o o 5 g
- coordinates (5,-4)12 v R B
A Between which quadrants is the point’ | : ) oL
with coordinates { 4,0)2- II and” III
8. On the number line hmg_ thany units - S .
apart are 1% and 97 5 . )
9. On the number line how many units , -
+  apart are 11 end -7% 18
* . ' ‘ . ,
10. If & number line is horizontal, ‘is, . 2 ' .
13 to the left or right of 177  * left , e d
~ - The following problems require co- :
ordinate paper. Would suggest that . : _20 g (10,20)
the tegt covy have the coordinates . ;
on it. . -

C .
(-5,10) 0104 I (10,10)
11. On the axis prepared, plot and.

record the following points with N ' '
'both their letter and coordinstion =20 ' p oF 20 ;
(ve neat). . k)
A{J.O ,10 {10,20) ¢(~5,10) (-T,-1)"1e ) G05) ;
~T,-1 5:’5) -
In Figure A, o0 H
12. Hox.f many units long is segment AB? 10 Figure A’
13. How many units long is segment AC? 15 .

1. Which segment connecting any 2 of
our 5 points would pass through
the origin?

8l -

15. W¥hich quadrant has the most points
marked? . I




(1636), ,4(‘15,2)’, (27;"1), (27,16), (‘27,16);

(410,6){ (-10,0), (-21,-17), (-21,-23), (21,-23),

ot the follcving sets of ordered pairs. After you have plotted’é’éch

(-27,-1), ( 15,2),
(21,-17),

19
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6. Becond Activity - Growth of Crystels . .

the wouth.

The tolerance in the recipe appears to be considereble.

sources bluing is mede from “Prussian Blue."

pavyer

R

2%}
ool

YT LT

Some teachers may have used this samg type of solution 1n their ygﬁth
on coal or cinders. -The idea is not new. The authors can renanber seeitfg it
years ago. Several chem.sts" who were friends of the suthors, were con(:acted
to devermine the safety of its use. They- ;:onéluded that the solution ixsed in
the following sections is a chemical mixture and could be toxic, if: taken in-

_.—T:emsllsr. The giowth which develops is u very complex substance beli’/eved to
be made up of very small crystels. This too could be toxic end care should be
taken end students cautioned that this material should not come in, contact with

1 ’ ‘

No great care

need be taken in meassuring. Bluing aeppears to bé the "unkriown" ingredient.
*© Our bluing bvottle did not list the chemicals it conteined. According to some
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" govered wihdow screen "wicked" the solution up.
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The growth will also appear through the edges of the milk cartons.
!I!here!'ore all production should be over paper covered counters cr plastic
tgpped counters. Pie tins serve well as protective containers of the "over-
£iov." -

a L3

(The authoré are sure that student ingenuity will discover many alter-
nate uses of the solution. Any porous substance seems to work. Even plastic

\

Beg shells are porous. If an egg is "vlbwn" (insides removed) and
ﬁlled with the soluticn an interesting growth }nay oceur.

.

ﬂ.‘ne enr.ire activity ceme about for a need to show rapid growth. This

is of course not living but it is & growth. Hopefully the student will devise

other methods of production which can be measured.

S

- The following graph shows an area - time relationship of a growth as
deacribed in 6.k, . v
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. terest in the hourly and daily growth was expressed by other SMSG writers.

twill notice that very little mathemgtics Y5 included in this sectfon.
One reeson’ "no easlly measurable method of prpductidn was devised other than
. the one .prepared in 6.4, Most math rooms do Dot have devices for weighing or
analyzing materials. One good Justification for the activity - tremendous in-

*

They visited the MALT office frequently to "see what was going on." If students
vant to, "get to their math classroom,” just to see what has happened - if some
‘new enthusiasm for the math period can be generated - then the activity has
Justified its existence. _

You may decide to have various groups working on the different activi—
ties. As it is a growth de not expect any two experiments to come out the same.

v

Incandescent lemps will furnish heat to aid in the evaporation. A fai

would also aid evaporation but the air currents would probably disturb the
growth. - y
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Chapter 7 . ™

SIZE OF CELLS AND METABOLISM;
SURFACE ARFA AND VCLUME

Teacher"s Cormentary

8- not yet. ‘been mentioned. It ehould be o‘bvious that the ‘blological

,w:l very little d.epth. 'I‘he m,jor bioloy.cal threads which have been woven

Peet)

,_:di;l,ision, protein synthesis, ete.); ecologr (‘biological community reletionships,
populetion studies, and world biome concepts), and genetics* (again DNA, “the
codo of 1ife" and population genetics) are areas unuer intensive rescarch.

- They are 2ll so closely interwoven ‘that 1t is impossi‘ble to actually aeporate

) them into categories 2z indicated above, They all hold so much promise for

‘ mn. elimiration of disease, increase of life span, maint rance of vigor into
&nnced years, creaticn of some simple forms of living things, replacement of
) dgtgctive genes with sound ones, artificiel photosynthesis, or even accelera-

M‘:;:%‘i'.'o'n of man's evolution.

The excitement of being on this threshold of dramatic and "earth-shaking"
_.events (even more important to man than the advent of atomic energy) has lured
o mm" chemists and physicists into the field of viological research. Discussions
uof these topics have become more and more common in popular magazines such as
. »I.ite and Readerts Digest. Paperback books on the subject are becoming more and

A? moie plentiful at book stores and newsstends. ~
Since molacules peculiar and vital to life are throughout the cell and e‘.r‘e
ina constant state’ of "flux," that is, the whole cell is dynamic and’con-
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Yetween surface area and volume, then, becomes extremely, important. If a - :

- same size as those of & Douse. He just has more of them." If the students -

* later in the chapter. It is suggested that various sizes be made (i.e., two or
: three students each make one size, two or ‘three each make another size, etc.)

"1 to 4, the cube edge being 1 of the edge of the square.
’ )

. -cell becomes larger than optimum, its metebolisn slows, bub usually the cell
divides into two hefore this state is reached. An elephant's cells are the

-
~

ghould bring up the ostrich egg (or eny other egg), which is one cell--the -
1argest known in the world today--it is 1mportant to point out to them that
onl& an extremely minute portion of the egg 18 slive. The rest 1s§ stored fdod,

helc}. there for the developing embxyo. Incide..ally--the shall is porous--to

R R TR T TR TN Y LR R

allow excha‘pee of gases. A chick embryc will die if the shell 1s coated with G
vaseline, X . R ) §,
' - - oL - . M o - B

. x

7.2 Activity - Constru.ction of Solids « . L

© A regular Bolyhed.ron' the cube - . )

. . . ]

The surface area - volunme rela*ionship of various aized, cubes wlll be used

so that comparative relationships end differences can be seen when a master
table 1s used for all datae. Recommended measure for starting squares of paper ; g
would be 22 in., 20 in., 18 ip., 16 in., ... 4 in. Paper™ squares larger than o
'8 inches per side”can be cut from nevspape;u A full doudble sheet is needed j
for the larger squares. It is not anticipated that students will have Afri- :
culty in actusl folding of models. Students .ere asked to find a relationship
between the measure of an edge of the cube and a measure of an edgedf’ the

starting square of papef. They should discover that this relationshiﬁ‘ is

. .

Exerclge 7-2

Compering Measures of a Cube , .. ’ : '

Thig exercise is.included et this time to help students gain an apprec- .
iation of the fact that the rate of decrease cf volume is considerably greater
than the rate of decrease of surface area as the size of the cube is decreased.
This relationship is finally to be compared to cell size and shape, .

Complete the following table by f£illing in calculated values for the
questioa marks.

-
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Table 7-2 .

Surface Area and Volume of a Cube

:‘\‘5&‘

Edge of Volume
Cube Surface Area , in Ratio -
(s) in square inches cubic inches S.A./Volume -

" 86h 1728
9" 486 129N
6" 216 216
_ 3" 5k '
; ,oa" 2k
1" 6

.

2

n
-3

N W -
N

.
[

-
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Following the construction of cubes, the students are given an opportunity

§
.

to construct othcr polyhedrons to scxdy the relationship of area and volume as

AR
g

these figures approach the shape of a sphere.

7.21 Construction.cf Regular Polyhedrons

~ N

The five known regular polyhédrons are included in this chapter for
several reasons:

) 1. Historical interest. .

35 65 PTG AT 0

2. Relstive ease of constructing the "nets” (floor plan of the solids,

Y

s Fig. 7-21, © and <cj.

3. Mathemstical applicationc of "ret" construction, the use of pro-

tra~tor and ler in constructi~n of rontagons and eqqilaterul

Fd

1
y—
@
0n
.

“. Interes, of bullding some geometrical figures.

5. Comparisons of surface area and‘volume.

,. é Tre regular solilds may be constructed with almost any length of euge.

To compare them &p.nst eacn olher, however, requires either volume or surface

b ares to te constant for all of them. If the followiqudimensioﬁs-are used as
edge measares, the volumes are r<latively coﬁgféhtvand the surface area de-

- creases as the number of faces ln.reases. For lue suggested dimensions, the

.

M volumes very less ihsn 2 vercent. You may vse a constant fector and in-

¢rease all of the cige meacures by 15 , & or 3, etc.
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‘As the comparison is between surface area and volume, one proper compari-

son would be to use a given volume for all and then compare the needed surface
area to encompass it. By substituting 1000 czn3 in each volume formula, we
can £ind the ‘measure of the edge for each solid. Using the measure of the
edge computed in the surface area formula we find the total surface area. The

following table does that (mainteining only 3 significant digits).

Volume : Surface Area
Tetrahedron

Volume of Tetra = .118s3 20.4 cm then
1000 cm> = .11883 % 1.732 x 20.4°
8hTh * 3 1.732 x 41.61

204 cmss - 7_.2];\@.11'2

Volume of Hex = 1.00 83 10.0 ecm then
100C cmS = 1.00 85 ‘ = 6.000 * 10.0°

10.0cm = s = 600 n?

Octahedron

Volume of Octa z .47lsS 12.8 cm - then
1000 e = 471 = 3,464 + 12.82
2123 = 53 = 2§_8_ cn®
128 cmx 8

Dodecahedron

Volume of Dodeca » 7.66 s3 % 5.06 cm then
1000 cm w 7.66 83 % 20.646 * 5.06°
130 » &° 529 -

5,06 cm = B
Icosahedron

Volume of Icose » 2.18 g3 7.71 cm then
1000 cws = 2,18 85 = 8,660 . 7.71'2
U159 = e 515 cn?
T.71 ~ 8




Table 7-21

'

When Vclume Remains Relatively Constant

e
« &

(taken from above calculations)

: . . Resulting Vélume
: . Measure of _{ Total Resulting ResulZing 5.A. {constant)

: Polyhedfon edge X 3 " | Measure of ‘Bdge nm~ mm3

; Tetrahedron | 20.4 mm 61 mm ‘ 6, ikl 26,784

= Hexahedron 16 mn 30 mm 5,400 27,000

. Octahedron 12.8 mn 38 mm 5,002 25,845

; Dodecahedron 5.1 mr | 15 m F4,6k5 25,862

3. Icosahedron T.7 m 23 rm 4,581 l 26,548

: ! Note decreasing S.A as volume remains relatively constant.

- 7.3 Surface'Area Formulas for Regular Solids

Answers to Table 7-3a: Surface Area Lf edge measures 2 inches.

. ) Table ’{-3a

Regular Polyhedrons

. , Number Number Number Shape Surface Area
of of of of when Edge
o Polyhedron Faces Edges Vertices Face Measures 2 in.
Tetrs' dron b 6 4 triangle 6.928 gq. in.
| Hexanedron € 12 8 square 24,000 sq. in.
: Octahedron 8 12 6 triangle | 13.856 sq. in.
Dodecahedron 12 30 20 pentagon | 82.584 sq. in.
‘Icosahedron éO 30 12 triangle | 34.64 sq. in.
' |
" The object be here is to develop the formulas for areas of these figures
when the méasurj of the edge is the only data given.

The use of compass, ruler, and protractor is needed in this seztion.

Some review of their use may be in order.

O ‘ A :,o R '
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2

Some of the formula development may seem to be too involved for eighth

gfaé.ers .

4

7.4 Pythagorean Property

It could be if pushed through.
, the materiel, slowly develog the formula on the chalkboard.
. Give reasonable Justification for each s‘bep.

.

After each student has read through

N

Tht; Pythagorean Property is introd}lced. here in order tp find the height

of the equilateral triangular faces.

It is merely recognized and used.

Many students are already familiar with the property
class is comfortable with it, the teacher may wish to move/on rapidly.

The property is not proven as a theorem.

hd if the entire

If not ,

famifl:!ar, guggest a student project--have each construct gquares of tagboard

3" square, 4" square and 5" square.

iliar Pythagorean triangle.
®

1. Show for each sef tha‘c the square of the first number is equal to the
sum of the squares of the other two .;umber&; for ‘example, in the set of
numbers 10, 8, and 6.
10° = 100 = 8% + 62 = 64 + 36 = 1

. &
thus, ~ 7

10: = 82 + 62.
(a) 5) h) 3 (C) 25} 7) 2k ‘.
(v) 13, 12, 5 () 20, 16412 ° - oo

Answers:

(e) 5° =42+ 3°
25 =16+ 9

. 25 =25

(b) 13° = 12° + 57
169 = Lk + 25

169 = 169

Exercise 7-la

(4)

a5
625
625

20

400
400

H

H

When placed toge;? r they form the fem- -

72 + 2102
49 + 576
625

162 + 322
256 + 1lhbk
400

Digcuss each stép. .

4

PN A
sy TN

- ~ va ~ e g
RIS S SR

RIS ,
P R

Y
)

IO

o ar e

% ATz e ns

S AT e

Ko mro, 5

Py

< T b

iy




au Make a drawing of the triangle with the sides of length given in part {a)
) " of Problem 1. ﬁmg your' protractor to show that this triangle is a right
.- triangle. (Use cm as the units.) .

, 4 em

-

Draw q;ght triangles, the lengths of whose shorter sides (in céntimeters)~
are: - .
{(a) L and 2 (b) 4 and 5 (¢) 2 end 3

Measure, to the ncarest one-tenth of a centimeter if possible, the
lengths of the hypotenuses of these triangles.

-

Answer:

376, .,

lom

<y
k3
s
H
s
A
H
i
3
kS
-

Y =g

n

<)

N

3 cm
Use the Pythagorean Property to find the area of the square on the
hypotenuse for each triangle in Problem 3.

PGSRt

R

(v) k1 o (¢) 13 cn®
he + 52 = 41 22 + 32

141




~ .-

Tne prdof of the theorem by ny;hagorés allows?us to yse it several ways.
It is sometimes difficult for an eighth grader to gee the difference betweéen a
theorem and its converse. Some simple illusfratio;is will demonstrate that not
all theorems work "both ways." R

© 1. ° All horses are animals. Are all anfmals horses?

2., A1l Pigh have scales. Do all scales have fish (even the scales in
your grocery store)?

Go over the three statements pertaining to the property with the‘ students.
The "If-then' should be émphasized. *

This approach to square root is bt‘ased upon. an iteration system. Many
. text bc;gke use this pmethod entirely. If you desire, this is also a logical
place for teaéhing square root by the traditional algorithm. By iteration, to
£ind the square root of a number, the student elternates division with averaging.

To f£ind the square root of 20:

(1) Divide 20 by the closest (5) Divide 20 by new divisor.
) guessed divisor. ’ . L.49
.45 | 20.0000
2 17 89 .
4120 5200
20
- 1 780
- 2060
(2) Average divisor and quotient. (6) Average: h.45
gt
2 L +5 =9, Averege = 4.5 2 E.Q_E_
7
(3) Divide 20 by new divisor. (7) Repeat until the desired number

~

4.4 of significant digits is obtained.
4.5 | 20.0
180

2 00
1 8 -

i

(4) Average divisor and quotient.

1

4.5
b b

2[%’_:—%

130
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Exercise 7-1&5

When approximate values are used in these problems, use the symbcl =
in the work and answers. :

1. Use the table of squares and square roots given at the end of this
chapter to find the approximate value of: :

Answer:

(a) -5 = 2.236 (a) /92 w 9.592 .
(b) VEL w 6.403 (e) T ~ 2.646

(c) V13 = 3.606 ¢ (£) Y3 ~1.732 ‘

root of the following numbers to’ 4 significant digits.

(a) V27 = 5.196 () /B85 = 8.276
(d) Y77 = 8.775 (e) +9.99 = 3.161

»

(e¢) 139 = 11.79

o B O Bgs -
2 2. T '
(b) fj§-=§~1.67 (2 "‘,—3'%"/'-1:2"'29

Use the Pythagorean Property to find the length of the hypotenuse for

each of these triangles.

(8) - Length of a s 1"; lengthof b is 2" .

< (b) Length of _a is 4'; lengthof b is 5' .
(¢) Llength of & 18 2"; lengthof b 1is 3" .
(d) Length of & 1is 5 yd, and the length of b is 6 yd.
‘e) Length of a is P unit and the length of b is 3 units.

T4y

Using the division method described in 7.4 find the approximate leq_uare;. o

T
i
H
H
%
)
p
‘
:

e TR RrSa g apian e B aiey gl 20

Using the table of square roots, find the approximate value of: (3 places)
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. 7 -Anéwers:
M wers

.

2

) @
02'-'- 5

# .

02 2

' 13¢ = 52

]

) 1 = b2

(a) ¢ - 15,

Ansvers:

N (a) "o? « a®
. 152 = 8,2
> 2 2
b 15" -9
5 225 - 81
P

5 . kh
i 12
I

%

"ERIC
§> ¢

.. {a) =0 %p

L@ =124 P
4

¢ =5 in,

a~ +b

2

!42 +52

2

2

+b

169 - 25 = b

2

P P P P O O

(1o TN 1 B AV I A B AV

c= Y5 » 2,236

132 - (+5%)_= v?

.

[ R

¢ = JIT = 6,403 £t.° -

(e) ¢
c

o

'

2
2

€

=44+9
= 13
=JI§=306%1“0

~

(@) c®=25+36 -

. 2 ¢ e
LSS ey

«
s At

¢ = /81 = 7.810 yd.

(e)

c
c
c

2
2

=1+9
= 10
= Y10 » 3.162 units

3

Se S?metimes phe hypotenuse an?. one of the shorter sides is known. How cdn
you find the length of the other side? As an example, use this problem.
The hypotenuse ;f a right triangle is 13 ft. and one side i
Find the lengf.h of the third side.

s 5 ft.

Substitute values-for "c" and "a.” -

c =‘26, a =

(v) 262 = 2k 4
676 = 576 + v°
100 = b

2

10=D%

132
144

v2

2 ' (e) c =39,

12 = b. Therefore, the third side is 12 feet long. Find the
third side of these right‘ triangles. The measurements are in feet.

b =15

a2 + 152

’

50
R
t3
K
a
-5
i
23

* b A
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Each wire 1s to be t -
above the ground and anchored

PRRERE

fante ped.t _fthe pole at e point 15 t.

&

5

.
K2

e
2 e R end o D b

oot s S iR ot

3 X17 £t. = 51 £t%-total

A roof op a house is built as shown. How long should egch rafter be if
1t extends” 18 inches over the wall of the house?

,clﬁft.

rafter = 15 ft. + 18 in. = 16 £i. 6 in. )

R 4 LA e

' N :

.

" an ety 0

Gimyeal, e

-8, A hotel builds an addition across the street from the original build.ing.
A passageway is built between the two parts at the third-floor level.

¢

The beams that support this passage are 48 ft. asbove the street. A
crane opez:ator is lifting these beams into place with a crane arm that
is 50 ft. long. How far down the street from a point directly under
the beam should the crane cab be?

s e i fenn e Ly Wb . AT

poae

Answer: . c2 = a2 + b2 .
£ 502 = 48 + 12 . “
g?“i ! 2300 - 230k = 2 .
- 196 = v° '

14t = b, & feet
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» Jl gurden gate s 4 f£t. wide and 5, ft. high. Row long should the

-

b

brace that extends fron'x C to D be? \ ) - i
.. \ & %
ﬁﬁl&’elﬁ c2 = aa + b2 \\ i
\ -7

c2 N 2 + 52 \ , N

2 . \ S

. =16+ 25 . \
N 02 = ':i:
. ec=JlI =64 0r 6 ft.5 in. ;

3

)

%

>

10, How long is the throw from home plate to second base in a spftd game?

"‘The bases are 60 ft. apart, and a softball dlamond is square 1n shape. (’”;
G;.ve your answer to the nearest whole foot. (Ignore the curve or arc\of *
. the ball.) W 7
Answer: ?.="a? ¥ b7 , *;
o @ = 60° + 60°
¢ = 3600 + 3600 Lo
‘ ¢® = 1200 .
= 7200 = 84.853' (85" to the neavest

whole, foot)

AN s
e !

St vt

o
oy 2 S

1l. Draw a square whose sides are one unit long. Wh t 1s the length of the
diagonal? Check by measurement. Now draw & right triangle with the o
sides 1 unit long. What is the length of the hypotenuse?

b 5

by

*
BITR
e umm AR UF LS ek nk

Answer: i

2

i

. 3 :§

1.h, N .

1 1 1.4 P

1 ) 1 . -

7.5 Surface Area of an Equilateral Triangle . 5

When an equi'latera.l triangle with 2" sides is divided into two right
triangles, then the line segment represented as b will be 1", (See
Figure 7-5a in student text.) When angle XZY is bisected, and the bisecting
line is extended through edge XY, two congruent right triangles result.

The discussion on construction of formulas is included to enable the

studants to arrive at surface areas of the models they have constructed.

134
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Exercise -5

What is the area of an equilateral triangle if the measure of its edge
18 3" ? . - A I3 ‘ h

Ansver: % 3.897 in.Z % 3.9 1n.2

’ r

If an equilateral t.riangle has an edge vith a measure of 4.1", what
would be the area? ‘

" Answer:  7.27873 1n.2 » 7.3 in.2

Given ‘gn equilateral triangle with edge measure of ]}f" , what would be.
the area? . : ' |
' ~Answer: s 0.027 1n.2

1

If the area of an equilateral triargle is 10.825 ;n.a, what would be
the approximate measure.of its edge?

Answver: = 5 in. ~ -

- ‘

Brain buster, Given equilateral triangle ABC, with altitude CD and
e LY s — —
area of 21.2770 in.°. Find the measute of AB and GD.

Answer: AB » 7 in.
TD » 6,06 in.

A regular tetrehedron with an edge measure of L4 cm.-  has a surface

area of® = 27.7 cm®.

Find the surface area of & regular tetrahedron whose edge measure
18 11". = 209.6 in.?

If the surface area of g regular tetrahedrorr is 339.472 in.2 s what
is the measure of its edge? ~ 1b in.

Surface Area - Tetrahedron, Octahedron, and Icosahedron.
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Kxercise T-51

)

Number of , Area of .
L ?‘aces Figure Measurexent Face Total S.A. .
. .Tetrahedron .« % Triangle 3 inch ~ 3.897 in®  15.588 in°
Hekahedron 6 Square -~ 3 inch  9.000 in®  54.000 in°
Ottahédron - 8 Triengle 3 inch  3.897 in®  3L.176 tn°
Dodecahedron 12 . Pentagon 3 inch  15.48 tn®  185.76 o
Icosaliedron 20 :’I‘riangle 3 inch 3.897 in 77.9% in? -

-
~

.

. JiF.F. This geametric figure when cut end realigned appears to change axea.
It can be put together as two “"triangles" 5" x 13". However, the
figures are n=o__.'_t_ trianglea}? The b;se is 5", the angle is a Fight
angle and ke other side
line. It goes "in" a bit. If put together carefully, the extra square

a N

' inch* can be seen in the gap between the sectors.

5!! 8“

3" -
|~ extra 8q. in. o

“5u -
. 3" 5

~ 4

Surfac€ Area of e Regular Dodecshedron -

The pentagonal faces of the dodécal}edron ;re constructed with a pro-
tractor and ruler. Soﬁe student may ask sbout construction of a pentagon with
onl‘y & compess and ruler. Thi's -ia an involved construction but can be done.
‘. The rsference to trigonométry seemed necessary to develop the fomule:

* * ror area of a pentagon. In Sections 9-1 and 9-2 of SMSG Mathematics for Junior
‘ High School, Volume 11, this concept of trigonometric ratios is presenteda very
nicely. Rather than lengthen the section on areas, we choose to use the
information and refer to later studies of trigonometry. -
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Exercise 7-6 .

L., - 1 "%'
--drn s regular pentagon with a side mzasurement of 5 in., find the area. 2
SR LAt . . i
% )43 1n'~2 ) . e B

s ) /’ : ' ,:'

It the #ide of 2 regular pentagon hes .a measurement of 7 in., find .
‘bhe u'e&. x 8k in,? : ;

ﬁi‘l}h a length of side 3-;— in., find the area of a regular pentagon.

N b2y W a3

~i»'21.1 1.2

Pl

S P
S n ar s b

If the ggrimeter of a regular rentagon is 40 cm., vhat would be
) the area? =110 cm ’

=

Ry

The perim‘pter. of a reg\flar pentagon is 25 in. Find the area.
» 43 in.2

If the area of a regular pentagon is 208.12 1n.2, find the length
of one side. = 11 in, . i

'
s

by

.
-
PR

e oy

s ol Tl e

Find the perineter of 'a regular pentagon if the area is }&97 .08 czn.a. .

:85 c!‘n- K ) “

A dodécghedron is a regular solid with 12 pentagons as its faces.

Find the surface area of a regular dodecahedron which has an edge with

- /
a measure of 6 cm. = TW3 cm.2 : .

TS
—

T
.

7.7 Yolumes of Regular Polyhedrons . '

The formulas for velume of regular polyhedrons required more mathematics
than vould be at the disposal of eighth graders. The Table 7-7 ig included
for them to use in finding and comparing volumes to volumes, and volumes to
. . T

T T

LA
¥

. surface areas.

137
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Exercise 7-7

Use Table 7-7 "Surface Area and Volume of Regular Folyhedrons" for needed

information.
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Aruitoxt provided by Eic:

Answer:

) Exemple: If an octahedron had an edge measure of 2 in., its surface

area would be computed by substituting into the formmla for surface

area of an octahedron. . "

: S.A, = 3.464 X se, s = 2 in., therefore,

S.A. ~:‘ 3.464 X 22 5 3,464 = 13.86 in.2
“Vol. = 7L x 23 8 0471 x 8 » 3.77 103

e

A tetrahedron has an edg:zeasurement of 2 in:”
(a) Find-its surface area.

(b) Find its volume.

S.A. = & X 1330 x ) Yol. » ,118 x 83
= b x 4330 x4 . % .18 x 8
s 6.928 in.2 w9k in.d

Find the surface area of a dodecahedron whose edge measurement is 50 mm.

20.656 x 52

20.646 x 50°
2

51,615 m°

11

S.A.

]

11

What is the volume of an icosahedron vwhich has an edge measurement
of 3 cm.? ’

Volume » 2.182 X g3
2.182 x 3
2.182 x 27
- : 58.914 o3

Answer:

1

'
1

u

Find the surface erea end volume of an octahedron which has an edge

measurement of 5 cm. .
Answer: ’ S.A. = 3.464 x 2

T 3464 x .25 & - (

x 86.6 cm®

Vol. = U471l X 83
7L x 125
* 58.875 cm

&k
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7.8 CTomparison of Surface|Ared and Volume

(1)

The cabe was returned to in this section because it

can be used as & good comparison of differences in ratio between

surface area and volume;
the formulas for surface area and volume of a cube are not involved;

the paper folding construction of cubes could be ecasily made
without glue;

in paper folding, the ratio of area of needed surface to coustruct

a finished surface is a constant.

- Table 7-8a .
Volume and Surface Area of & Cube (S.A. = 652; Vol. = s3]
Measure of the Surface Ratio S:A: Decimal Equiv.
Edge (inch) Aree Volume Vol. of Ratio
-~
12 864 1728 1:2 .50
" 9 486 729 2.3 66
6 216 216 1:1 ' 1.00
3 5k 27 2:1 2.00
1 6 1 6:1 6.qo
.5 1.5 .125 12 : 1- 12.00
1 .06 .001 60 : 1 60.00
.01 .0006 .000001 600 : 1 600.00
.001 .00C006 | 000000001 | 6000 ¢ 1 6000.00
3
Table 7-5b
7
Length
Nurmber of Surface S;gface Volume
of Edge Ares eg Volume 3
Heuze Faces (in mm) Formula P Formula mn
SRS N A i S _ &
Tetrahedron “ 3} 1.732 x 5 | 6ikk 118 x 53 | 26,784
Haxahedron '; 50 6.000 x 5= | 5800 [1.000 x s3 | 27,000
Octahedron 3 38 3460 x 5= | 5002 A7 x 3| 25,845
Dodecehedron | 1% 15 20,646 x s° - | b645  17.663 x 55| 25,862
Icosahedron LG 3 8,660 x s° 4581 [2.182 x s° | 26,548
Q 134
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Table X

Surface Areas and Volumes of Regular Polyhedrons . -

Number* Shepe Surface

of Faces of Faces Area Volume
Tetrahedron u AN 1.76° 163
éexzhed.ron 6 D 6.00s° _ 1.083 )
Octahedron 8 FAN 3452 .88 o
Dodecahedron 12 O s 20.65° 7. 753
Icosahedron 20 . A 8.76° 2.183

If we try to see a pattern from the above table, it gives us most incon-
clusive results. The numbers of faces increases from 4 to 6, 8, 12, 20,
but if we use a unit value for s the surface area éOes from 1 to 6,
down to 3, up to 20 and down to 8. The volume also gees from .1 to 1,
down to .8, up to 7.7 and down again to 2.l.

Because of th’is seeming lack of a pattern, a unit volume was chosen
rather than e unit edge. Give a specific volume, the required surface area to.
contain it decreases as the number of faces increases. (See Table 7-21 in
Teachers? Commentary.) Sc‘alids constructed with edge measures suggest>d in
T7.21 wil{ have an approximete constant volume and decrease in surface area as
the number of faces increases. . | .

It has been demonstrated with the calculus, that a sphere is the optimum
shape to enclose & given volume of material. Soap bubbles demonstrate this
Tact clearly'. A film of scap encloses a given volume of air. Its natural
elasticity causes it to contract and shape itself into the least surface area
for that volume of air it encompasses. Continuing our table to include

spheres, we have.

Vclume of sphere = %n o If r =z 6.2, then
1000 = l&-«'!-891’3 Burface Area = 12.5T7 °* 6.22
239 = o Surface Area = 483 sq. cm.
6.2=r

Comparing the surface aYess of the 5 regular poiyhedrons, we f£ind with a
given volume each in turn requires less surface to enclose the volume. The
converse wouic also be true. With a given surface erea, the icosshedron would

enclose a lerger volume of materis) than the next, and so on.
140
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12

Number of Faces
12

Number of Faces

Exercise 7-8

7,000

g g

».
(umu axsnbs) woay ovBFaNg (wm opqno ) ammyop

Graphs of Data from Table 7-&, Student Text
141

4,000
34,000
32,000
30,000
28,000
26,000
24,000
22,000
20,000 ——

Aruitoxt provided by Eic:
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Exercise 7-8 { continued)

———

’

LY

* Answer the following questions:

+ 1. Do the roints plotted in Greph A approximate a straight line? No

2, Which figu. - has the greatest Surface Area? Tetrahedron

, o 3.  Whrch figure hes the least Surface Area? Icosahedron

k, Dz; the points plotted in Graph B approximate a straight line? Yes

5. What could you “generalize" from Graph B? Same capacity for all 5 solids.

ey

R R I 2

6. What can you generalizé from Graph A? Decreasing surface area 8s number

& of faces increases.

;( 7. _Ig_ a solid had 3 faces, would its surface area be more or less than the
}" . surface ‘area of & tetrahedron of the same volume? More. "If" is emphasized.
¢

8. Could a solid have 3 faces only? No. 2 faces? No. ) .

LT

9. As the mmber of faces increases, what could you say about the surface

o e

area? Decreases_ ' °

e T

. 10. 2ould a solid (not necessarily a regular solid) have more than 20 faces?
Ye

5

11. Could & solid have an infinite number of faces? Yes.

12. What solid would appear to approach having an infinite number of feces?

§2here
13. You have a contract for $10,000 to package 1000 cm3 of ambergris. The -

y

packaging materiel costs $20 per sq. cm. What "shape" package would
you like %o use? (You get to keep the money you don't spend on

packaging.) Sphere

1k, Tough - Using the 1nformatioﬁ}§in Problem 13, what is the most amount of
money you could expect to mske?

Answer: V = -g-n r3 Volume = 1000 cm3
y 3 2
1000 = 3" by Area of sphere = lnar
2000 - 3 3 =4 - 3.8 - 6.2° ($20)
. =T = $9656 cost of packag-
ing vith a
sphere.

$1000 - $9656 = $§1+u mex. profit

O ) . 12
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7.9 Applications to Blology

The answers to the problems where ~tudents are asked to determine the
ratic between surface area and volume of celle are:

Plant cell, a cube with a side measurement of .002 inches
would have a surface area - volume ratio of 3000 : 1

Animal cell with a diameter of .008 inches would have a )
surface area ~ volume ratio of Thl : v, '

Animal cell with a diameter of .0l6 inches would have a
surface area - volume ratio of 400 : 1

-

. These results could lead to some very interesting class discussions on
the subJect of cell sfze in various animals and plants. It is important that
the teacher realize that, in a discussion such as this, questions may arige
thé&wgply & speclalist in the field of cell physiology might be able to answer.
If questions of this neture arise, it might be wise to inform the students
that, in today's rapid increase of knowledge, no one individual could be
expected to 'know &ll the answers.

, If cells were to continue to grov indefinitely metabolism would become
slower and slower as less and less material reached the center of the celljgnd
less and less wastes were removed, until ultimately death would result. Ageain,
the cells in an elephant and in a mouse are the seme size, and very nearly
alike. One of the astonishing facts sbout living things is their basic sim-
ilarity. All of the cell processes (cell division, protein synthasis, use of
ATP for energy, etc. ; have been found to be basically alike in all living
things. It is only in specialization that one rinds the startling diversity
among singlé-celled organisms as well &s multicellular.

Some examples of specializetic:. in living things are given in the follow-
ing paragrapi.

A Paramecium is one-ceiled, slipper-shaped, has cilia (tiny hatr-l.ke
structures) for propelling itself through water., An Amoeba is one-celled,
constantly changing shepe, and pfbpels itself by a flo@ing motion., An
Euglena is one-celled, somewhat oval in shape, and has long thread-like
flagellae for locomotion. Euglena also have bhlorophyll for food manufacture,

" as well as a gullet for food intake. A jellyfish has tentacles for food

capture. An octopus has tentacles also, but is extremely complex compared to
8 Jellyfish. A starfish ejects its stomach lnto a bivalve (éuch as & clam
or mussel), digests and absorbs the tissues in the bivalve, then withdraws
its stomach. An aphid piercesithe plant cells with its "beak," then sits

Q ' W3,
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qpietly and lets »he pressure withia the plant pump sap ‘into its body. A
butterfly siphons nectar from a flower through a long tube. A grasshopper
chews grass and other leaves. A snake swallows its food whole. A baleen

. vhale takes a great mouthful of water, then allows it to flow out through

1ts "strainer," the baleen, and eats the plankton it has thereby t;apped.

.<‘f'.‘

N

Green plants manufacture their own fcod, but some are tiny (like mosses),

have no true roots and reproduce by spores instead of seeds. Such examples

e St B SRR A
IR G Y

- could go on and on, but the point here is that despite these numerous special-

izations, the cells making up.these organisms are basically alike and dependent

r Rt
P .

upon the same basic chemical reactions.

In answer to the guestion pertaining to yeast: * Metsbolic rates vary

2

according to temperature in what is known as the Qlo ratio. As in some
other chemical reautions, the rate approximately doubles as the temperature
is increased 10° C. Student tests m{ght show this tendency, but probably not

o ot R ST g A T

to this degree of precision.

The rate of metabolism in larger adimals is in general related to the
surface area avaeilable.for heat dissipation. Hence, the smaller the animal
and the greater the surface area per unit of volume, the greater the loss of
heat per unit of volume. For this reason more food must be teken in and the
heart must beat faster for circulation of fodbd and oxygen and removal of

o~  wastes.

Hummingbirds and bees are among the smaller land organisms which demand

a very high rate of metabolism so need either more food or more highly con-

centrated food.

Semple Test Items - Chapter 7

Given: Surface Area Volume
s Formula Formula
Regular Tetrahedron 1.732 X 52 118 x &
Regular Hexahedron 6,000 X 52 1.000 x 53
Regular Octahedron 3.074 % 52 AT X s3
Regular Dodecahedren 20.646 X 52 7.663 % &5
Regular Icosahedron 8.660 X g2 2.182 x &
Sphere 12.56 X r° 4.187 x
l
O lbh 4 !
i |




Use the sbove table to f£ill in the following chart:

{
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Sﬁrface Area
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7.

Volume

Edge’ |Surface Area Volume

'Regular Tétrahedron |20 cm. '
Regular Hexahedren [10 cm.
Regular Octahedron 13 cm.
Regular Dodecahedrorn| 5 cm.
Regular Icosahedron { 7.5 cm,
Answer: Surface A. cm2 » Volume cm3

693 guh

600 1000

585 1035 ‘

Pt 958 .

487 921

Use ihe above irformation to complete the following two graphs:

Round off to
the nearest
unit

e

3 4 4
T T A |

Number of Faces
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‘8. What is the surface area and the volume of a sphere with a radius‘ of

§~ 1l om.? ,

f; (3 pleces) = = 3.1k

g ‘ ’

EN Answer: S.A. = lmr2 s b 3.1 12 = 12.56 cm.2
‘; Vol. = %’nr3 =-l% < 3.1k ¢ 13 ) 417 cm.2
& 9. What is the surface area and the volume of & sphere with a radius

L of 4 em.? (3 places) ms 3.3

: o
i Answer: S.A. = lmr2 s b o« 3,14 * 16 ~ 201 cm.2 201 cm.”
% Vol. = )-:-;- nr3 = % < 3,1h ¢+ 64 = 268 cm.3 268 cm..3
oy

ZE - 10. If a sphere has § surface area of 420 m. .end a volume of 1400 )
§ whét is the appro:dmate ratio of surface area to volume in decinal
£ - notation (nearest tenth).

i = 420

’ Ansver: Tieg = 3 3

146
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Use the Pythagorean Property to find the length of the hypotenuse for
each of these triangles. Find answers to nearest tenth (a2 + ba = ca).

11, Length-of a is L"; length of b is 6%; 7.2 in. .
12. Lenéth of a 1s 13"; lengthof t is 15" 19.8 in.
13. Length of & 1s 60'; length of b 1is 60%; . 84.9 ft.
14, Length of a 1is T"; length of b is 12" 13.9 in.
15. Length of a 1s 32%; length of b is 23¢; ‘ 39.4 £%, :

Find the third side of these right triangles. Find answers to
nearest teath. (a.2 = c2 - b2)
1

16, ¢ = 1% ft.3 b =7 £t.; , 12.1 ft. E
17.. ¢ = 128 ft.; b = 13 ft.; ' 127.3°ft.
18.c=7ft.;b=3ft.; 6.3f1;;;

:2 19, ¢ =9 ft.; b = 2 ft.; 8.8 ft. .

. 20. c=5ft.; b= b ft.; ’ 3 ft.

£ N Find the area of the following equilateral triangles.
i (Area = .4330 x 82). Find answers- to nearest tenth.

11. Length of edge (side) = 5 inches 10.8 sq.in. i
N 12. Length of edge = 8 inches 27.7 sq.in.
3 13. Length of edge = 11 inches 52.4 sq.in.

Find the area of the following regular pentagons (five equal sides).
Area of regular pentsgon = 1.720 X 32. Find answers to nearest tenth.

| 14, 8ide length = 4 in. 27.5 sq.in.
15. Perimeter = 50 in. 172.0 sq.in.
’ 16. Side length = 9 in. 139.3 sq.in.

“x
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Find the area of the following dodecahedrons (12 faces , each face a
\regular pentagon) (20.646 X 32) Find angwers to neavest tenth. . :

;’I. Rdge =13 em.
18, Edge = 3 cm.
19. Edge J= T m.

20. EAge,,,: 2 mm.

- Complete the following table:

Edge of

/Civs:

Surface Area

4+ Yolume in

Ratio-

S.A./Volume °

3489.2 em.? %
185.8 cm.a
1011.7 m.2 ;

82.6 m.2

Foo g

-

~
¢
-

7’

PR

X

Cubic Inchei

Answers:

.

R

!

T

s

T A T

- <f.(8). _ |in sq. inghes

oo A

13,82k

15" 1350

-

C

12" 86k

1,728

9" y E

729
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Chapter 8 ’

. . GIANT TREES: §

FORMULA CONSTRUCTION FOR VOLWME OF CYLINDER AND COJNE, ‘
IRDIRECT MEASUREMENT :

Teacher's Commentary
Introduction ‘ —

The-information on the big trees was obtained from two articles in the

Kational Geographic and "And the Gients were Named" reprinted from the ) ;
Kaweah Magazine and sold as a booklet in the Kings Canyon &nd Sequois National
Parks ip Californie, ' ‘

The Genera‘_l Sherman tree is cQnueidered to be the.largest tree in exist-
ence because of its volume, not height. It is located in Giant Forest, a part
of 8equeia Nationsl Park. Jemes Wolverton named it August T, 1879,' in honor of
General Sherman under whom he had served. Only about 4O per cent of the live
wood still hes contact with the ground. The trunk does net have the usual taper
of conifers. This fact accounts for its large size. It was surveyed in 1931
and’ found to have a height of 272.4 ft, a diemeter of 30.7 f£t, and 49,660
cu ft of volume, excludihg the limbs, and containing aspproximately 60b,OOO
bd ft. Estimated sge, found from borings, is 3500 to‘ LOoOO years,

The General Grant tree is the second largest tree in existence. It is
267.4 ft in height, 140.3 ft in base diameter, and contains 542,000 bd ft. * -
Estimated age is 2500 years. It was named in 1867 after General Grant,’ who
was then in coxmngnd of the Union Amies. In 1926 it was formally dedicated
‘a8 the "Nation!s‘ Christmas Tree."

<

The tallest trees are not in the Sirrra Nevade Mountains of Celifornia.
The tallest are called coast redwoods, Segquoia sempervirens, and grow in a belt
barely 30 miles wide and 500 miles long on the Pacific Coest.

The world's tallest trees are 1rl1 Humboldt County of nofthern Celifornia.

The Hafional Geographic magezine hes @ chart in the July 1964 issue:

149
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location / Height in Feet -

Redwood Creek grove - 367.8

Redwood Creek grove 367.4

Redwood Creek grove - ' o 3643

. Rockefeller tree,

Redwood State Park : - 3565

Founders tree, . . 352.6

Redwocd State Park - N

Redwood Creek grove To352.3

A few other tall trees are:

Douglas fir,
; Washington State i i 32h
;‘:‘ Eucalyptus, .. . ' . .
? Tesmanis i = 322 .
i Fucalyptus, ' . 305

Australia

“y-‘\ & e

The main o&{}tives of this entire chapter are:

To show the efficiency and value of formuls manipulation. Devise a

Y
£,
-
3
W
5
-
T
.
=
k3
3
&
]

formula for the. calculation that uses the information most easily ob- .
- tained.
"Be iazy mathematicians, not Jjust lazy." Seek cut the most efficient

way to do a series of prublems-
To develop formulas for volumes of cylinders and ‘cones .

To intreduce board feet as 8 unit.

To introduce indirect measurement ss a tool.

= ]A. R
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Exercise 8-2b

.Answer: 248¢

Ansver: : 360

6

Answver:

febl;Ie and their shadows ere used as the legs of B

8-28

1.

a

el

imilar triangles.
iene
S

. .

What ‘is the ratic of the
base to height? -gg = ,3;

the measurs of - £1 ?.

1%

xc is c"3oi'°. What is cl ?
2L m

2

a. meagures 37-é]= rm. What
18 the meagure of xe? 50 mm

Find the measure of an if

% = 10 mz. 7% m

.

|

i

ﬁ.n.l&é mm

-

The "Rockefeller tree," a coast redwood tree, casts a shadow of 60
feet when a man 72 inches tall casts a shadow of 12", What is the
approximete- heigh'. of the tree?

)

"big man" in that part of the country), standing beside the tree, hes a
. shadow 12 feet long. What is the height of the tree?

“If xf is 60 mm, what is

.

Bob, a man 6 feet tall, hus a shadow measure of three feet. A,ponderoéa
pine tree by his cabin has a shadow measure of 124L*. What 1é‘the approx-
imate height of the pine?

-A young sugar pine's shedow is 9 feet. Frank, a man eight feet tall (a

L




Joln, a hiker, ammed with two meter\s_ticks and a leégl, measured the
shedow of a tall tree ss 63.36 meters. He then measured the shadow of
cne meter' stick held vertically to the earth as 72 cm. What ‘was the,
height of the tree? - , . N h
. Answer: 88 meters '

.

5. The shadows of Bill, Pat, and & white fir tree are in‘the ratip of 18,
16, 360 respectively. If Bill is 6 feet tall, how tull are Pat and’the
tree? } ™~ ’ ’

Answer: Pat ig 5%4", tree is 120" .

6. C.hoose a tree in theEschool yard (or “legpole if no t.ree). Working ‘with '
a partner, messure your shadow and the tree's shadow (a) vefore school
(v) at-noon lunch hour and (c) efter school. Your height and the tree's
height remsin the same. Only the shadow lengths vaxy. )

Solve each separate proportion for the tree height. Find the average. *’

Does this seem like a good wey to closely approximate the-heiéht of the-'_'

tree? .

Answers depend on objects chosen for measurenent., -
/ . .

-

i
B

8.3 Volume

LY a

This section is a general rslieu of the units of volume based upen area

¥ .

ok, TR Y g e S P

. of the base .times the height.

In the Figure 8-3b the dimensions of the base are: length 5m &nd
width % m. The area of the base of the box would bte 20 m2

S ge RSP SRS
it
"

" Filled to & height of lm the
/ . volume would be 20 m3. 2 -'n
l h  Fig. 8-3b height would give 40 m.
) = . . .
- ‘ S In Figure 8-3c, if the ares of the
. I‘ /’/ B} m bese is - m®  the ‘volume would
N again be computed by finding the

product of:
(eres of base) X (neignt)

¢ " Fg. 8-3¢
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8.4 Arves of & Circle Given the Diameter
- *

The slgebra of these suhstitution formulas should not be too difficult
for the student to follow. He is not expected tu be able to derive his own
formulas bitt merely to follow the develomment in the text. The object is not

to teach glgebra. but rather to show how s different version of the same
formula can be more useful to him.

Piercise 8-4

1. The dismeter of a circle is 2 feet. Find the area.

:3.10 ft2
1t
2. If the dismeter of a circle is 14 , what is the area?
75153.86 in2
3. Oiven the diameter of a circle as % ££. Find the area in square fect.
= ft2 ~
4,  If bk in2 = 1 1‘t2 , give the answer to Problem 3 in square inches.
1hb x 196 = 26.2 in° ;
5. If the radius of & circle is 2% feet,
find the aree using the formuls
A = 785 @ . »
R19.6 ft

6. A washer has dimensions as shown in
Pg. B8-ka. Find the surface area of
the shaded portion. (The ansver is
not .785.)

Angwer: A = %

dia. b cm

16 9
A ofregionznxl—-nxh-
16-
= 7 -'-65-2 )
=k m 5.5 cm2 Figure 8-ka
153
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T. In the Grant Grove of Kiugs Canyon National Park stands the General Grant
tree with bgge diameter of 40.3 feet and the Texas tree, equally tall,

o S Ay

fe
Z’ but with base diameter of 22 feet. What is the ratio of the cross
z sectional areas of the General Grant tree to the Texas tree?
;‘: Answer: A of Grant tree  ®.785 X l#0.32
: 2
' 812749 £t 197L .
: ‘ T I
: A of Texas tree .785 x 22
. 2
: ~379.9 £t
H
% 8. Gary stepped off the distance around a giant redwood stump. He measured
; his step et 30" and it took 38 steps to completely circumvent the
s -
Y tree. What would be the area of the top of the stump?
£ : -
: Answer: 30 X 38 steps = 1140" circumference
C

= d, therefore 1140" cir. = 363" diameter & 30 ft

A ® 7065 rt° o

8.5 Area of & Circle Given the Circumference

1
\
Recommendstions for development of this section are as follows: go

slowly and easily with the algebrsasic development; be sure each step seems
reasouable to the class; do. not expect these formulas to be memorized; if
guestions based upon the use of these formulas are included in tests, put all
of ‘the formulas on the chalkboard or on a chart.

4
(The common formulas, e.g., A = xr? , A= %‘-bh , etc., should be

memorized by students.)

- 7]
Exercise 8-5

1. The circumference of @ given circle is 2 feet. Find the area.

A .08 c© m.08xh ™ .32 £t°

2. If the circumference of @ circle is 8 feet, what is the area?

2
12 £t

ERIC . o
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3.  The measurs of the distence sround the trunk (circumference) of the
Colonel Rerman cedar at Hume Iake is 23.2 £t. What is the ares of

such & circle?

> 13 a?

%. Smorgasbord - (Take your choice.)
. 2
A= xr2 or A =£%— or A.= .'.’85hd2" or A= .08¢2
n ™ 3.1L
When A = area of & circle, r = radius, d = diameter and
.c = circumference

Answers

A= ﬂr2 2

a. Fdnd A ifr=3 om

b. Find A 1fd=5m

¢. Pind A 1if

c&0m

or AS 3,14 x 32 orss 28.26 om” -

A m.785d2 or A 8.785:25 orm19.6 mm2

A “.0&;2 or A ®.08'81 or = 6.48 m2

d.If d =6 f£ind A FA m.7850° n 28.26 £t2
e. If r=T" find A A w3.1hr2 B 153.86 in2

2

£f.If c=6% find A A z.08c2 ~ 2.88 ft

5. Erik, a qine year old, and his 15 year old brother Andy, could Just
touch each other's finger tips when they reached around & sugar pine.
" Then they measured their combined reach. I% was 10.5 feet. What would
be the cross secticnal ares of the tree?

A~ .08° m .08+ 10.5° ~ 8.82 f£t°

8.6  YVolume of & Cylinder

Yor lumbering purposes, lcgs are considered to be cylinders. They are
not actually circular &t sny one point, nor is the diemefer constant. A log
would more closely resemble the "frustrum of & cune" (the part of the cone
bounded by the base and a plane parallel to the base).

The volume of the frustrum of a cone =

%‘1(31 +B, + /B B, ). hs loggers

do not go into this detail, we will not
either. The %‘ loss due to berk, slabs,

and saw dust must be accounted for by

155
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using the diameter of the smell end; loggers are assured that they do not
overestimate. If a log were measured from the larger en"d, it would assume a

board could be cut from the entire length. This woulé not, of course, be true.

. . Exercise 8-6

1. TFind the volume of & log 20 ft long and L4 ft in diemeter.
Answer: V =.785 deh \

~.785 x h% x 20

nos1 3

2. Tn Sequois National Park, & home built in & fellen giant redwood tree has
been nemed "Tharp?s Log." It is not known for sure if Hale Tharp actually
lived in the tree, but James Wolverton, another eerly day trepper and
cattleman lived in the log fo. several years. The hollowed-out part is
over 56% lcng and varles in height from 8' to 4%. Wolverton had it
furnished with furniture, doors, and & fireplsce. Befere the tree fell,
i1t was estimated to be 311 ft tall and with a base dismeter of 2 ft.
Assuming it was solid, what would be the volume of wood in the base ko ft
cylindrical section of Tharp's Log?

Answer: V = .78 deh

~ .785 X 2&2 X 4o .

=~ 18086 ft3
®

3.  Calculate the volume of wood in the bottom 24 ft log of the newly dis-
covered "tallest tree in the world" having e base circumference of L
feet and a height of 367.8 feet. .
~ 2 v 11,2 3
;/~.08xch & .08 /x W x 2k & 3717 ft ‘ .
L. Calculate the volume of wood in the bottom 24 ft log of a Michigen pine
_tree having = 39 1inch base diemete., end & height of 90 feet.

2 12 3
v x .7854d°h = .78 x3F x2k ® 199 ft-

5. Wnat is the ratic of the volumes of problems 3 and 4 7

37
B~ 187

156 '
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‘8.7 .Board Feet

More discussion may be desired here about board feet. Your school's
wood shop teacher would certainly urge it. It 1s a good topic E‘or extensive
uces of multiplication and division. "Finding of beard feet" for a given
plece of lumber is e good exercise. You mey desire to have the students de-

velop their own formulas for converting different sizes of lumber to bd ft.

For e).le.mple: ) s,
3 2

A 2"'x 4" twelve inches long would contein 96 in° or 3
b

1
-

a bd ft.

Thus to change 18' of 2" X 4" to bd ft, multiply length
12 bd ft.

of
2

Yy = . This gives

3 Y

A LY x 6" twelve inches long would contain 288 in3 or ®va ft.

To chenge 8 4" by 6" to bd ft, multiply length in ft by 2, etc.
Shop teachers often use a formula

_ length (ft) X width (in) X thickness (in)
. 12

Board feet
N or

Board feet

Iength (in) X width {(in) X thickness (in)
1hkL

In this discussion, we omitted dimensions other than feet. Logs would
not be considered otherwise except for the diameter measure. It is suggested

that dimensions given in inches should be changed to fractions of a ft

{decimel preferadly).

Work carefully on the chalk board _uth ways of solving for the volume of
a cylinder. One probtlem is impressive but each one becomes more impressive if

the student is required to do it.

A bette;' development of the entire idea would be to have in & student

exercise a series of problems requiring tae student to do over and over again

the same computation. Thus this portion (n - % <12 - ?3-) would need to be

repeated in each compatation. This has been reduced to 6.28 in our form..a.

Exercise 8-Ta

v

) 1
1. Find the ussbie td fr in g log 18% long and with a diameter of 3-2- ft.

‘\ Use both methods =5 described sbove.

O

Aruitoxt provided by Eic:
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Ansver:
First method Second method

A= nron X 12 X -§- A = 6.28 a°n

‘ 2 R 7.2
A:sj.lhx({-) x18x12x-‘§- Am6.28x(-2-) x 18
. o) 2 ko
Az3.1hxigx18x12x-3- AN6.28x-h—x18
A =~ 3.1b x 522 ‘x 18 A z.138h.7h ft3

A s 1384.7TH ft3 )

Mr. Fremch has six logs on his truck. Three logs have a dismeter of
42 inches each; the other three have diameters of 148 inches each.
‘They are all 18 feet long. What is ‘the value of the load at $55.00
LY
per thousand usable board feet? Use the short method!
Answer:
‘ 2
B ft = 6.28 d°h

2 .
m 6.28 x (33) x 18 + 6.28 x (¥)% x 18

1,2 2
~ (6.28 x 18) (35) + (b))
1
~ 113.04 x 28 x 3 (3 of each size log)
& 9580 bad ft
9.580 X§55 per m & $526.90
Find the useble board feet in the following logs:
(a) Base diameter 4 ft, 1length 14 £t;,

(v) Bese dismeter 14 ft, length 22 ft;
(c) Base circumferenze 18 ft, length 16 ft.

Answers:

(a) Bd £t =~ 6.28'x 12 x 14 =~ 1407 bd £t
(b) B ft ~ 6.28 x ¥ x 22 & 27,079 b ft

(c) BIft = 6.28 d°h when 4 =

Aalo

B ft = 6.28 (%)Zh

~ 6.28x-1§: X 16 = 3—";%%2 ~ 3302 bd ft
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Diameter 'in Feet

Answerg - Table B8-7

Length in Feet

L | 8os 1005 1206 1407 1608 1809 2010
5 1256 1570 1884 2198 2512 2826 31ko

6 11809 | 2261 2713 3165 | 3617 | o069 1522

%
\ .

. Exercise 8-Tb -

Interpolate or extirapolate fron Table 8-7 for the following problems.

A 16 ft log measures 52 inches in diameter. Interpolate from yocur
table to determine the usable board feet contained in the log.
Ansver:
L8 1608 bd ft l—z- %‘T or x = 301
52" ? .
60" 2512 ba ft Therefore 52" aiea gives 1909 bd ft

Compute the usable boerd feet for the log in Problem 1 by .sing your
fom_ula for the volume of a cylinder, the factor of % to account fer
saw mill loss and compare your answer to thet of Problem 1.

Answer:

v 2

6.28 xd° xh vd ft

Q

12
vV = 6w28x(u§) X 16
Vo~ 6.28 x Lgi x 16

Vo= 1887 bvd ft

, i1

8 10 12 | o | .16 18 20 )
1 50 63 75 88 100 113 126
2 f 201 251 | "301° 352 | hoe fis2 | 502
3§ b2 565 678 91 S0k 1017 1130
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3. How much difference in dollar anrd cent value does this represent at
$30.00 per thousend Ybd ft?

Answer: -
1.909 X $30 = $57.27
1.887 X" $3C = $ 56.61 i

. difference = $..66

i Interpolste from your table to determire the lumber in an eightéeﬁ-foot
1bg 68 inches in diameter. 3655 bd ft

R TR PRI

PN

5. Extrepclate frgm your table to determine the useble board feet in a log

T
.

16* ‘long by 7% in diameter.
A4

: , | Ansver: { ’ N . )
B 5! ats ' 2512 ‘bd ft S = 82 x - 220
P ‘ 6' date 3617 bd ft ) :

T ats . ? “herefore, dia = 41&722 bd ft

) 6. FExtrapolate from your table to determine the usable board feet in a 22°
: . log which is 5' in diemeter. 3454 bd ft

S KAty 1

T Interpolate from your tabie to find the usabie board feet in a 15% 1log
5% feet in diameter. .

N Ansgwer:

. First, for a 1h? log, interpolate for 5—% ft. Bd ft = 2682
, s N

: Second, for a 16' log, interpolatve for 57 ft. Bd ft = 3064
. Third, for @ 15% log, interpolate

f 3064 2682

i -2682 191

X L)782 2873 nd £t Answer

. 191

8. Check the validity of your interpolations or extrapolations in problems
L, 5, 6, and T by the use of the formula.

Answers:
Problem &
B4 £t ®6.28 4%k

~ 6.28 x (5%) x 18

~ 3630 N




PRI

Problem 5
Boft N6.28 X T° X 16

W

s hoe3 -
Problem 6 ’
Bd ft N 6.28 x 25 x 22
- ~ 3hsh . .
Problem 7

l

B ft = 6.28 X (5-;-)12 X 15
& 6.2§3 X 30.25 X 15 : ) ;
& 2850 7 :

4

8.8 Yolume of a Cone 3

1

The article on the tallest living tree is exgellent for class reference.
It is in the July 1964 issue of the National Geographic.

MRS

reh

.

Only the trunk is considered for the volume measure. Many limbs may have

wTR AT

STy PR
T a

a large volume, but they are not usually considered usable for lumber.

We have used the geometric shape of a cone in the approximation of volume
of trees. We appreciate that a typical cone, as seen Dy students, has a much

. larger base area in relation to the height than a tree.

The final step in the development of the board foot formula for av tree |
(cone) is left up to the student in the text. Perhaps some gtudents will not
be able to develop their own but the intent was for all to try. If after a

.
Vi,

reasonable length of time soni®~cen not, please develop it on the chalk board
for all. It is reccommended thqt Section 8-8 be introduced near, the end of a
period and allow the students to develop the formula as homework.

S A = .0265 C?‘h V of cone given circum -ence snd height

V= .0265 Coh X 12 Bd ft in a cone ' :

ey e gt

N LR T T

V= .0265 C°h x 12 x% Usable bd ££ in a cone

L0265 x 12 X —§- 02h Commutative property of multiplication _ -

PrC T

\

i

[V = 212 hn  is the formula for usable bd ft in a tree (cone)]

.
1 , ' b

" .
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Exercise 8-8a

Using the formula V =~ .0265 C%x, 1 cuft = 12 bd ft and % loss of
total volume at the mill, find the spproximate usable bd ft in the following

problenms. .

1. A sugar pine is 200! tall and has a base circumference of 30¢.
: “Bd Pt m.oe65x12x-§-x302 X 200

& 212 X 900 X 200 s 38,160 ba ft

2. . Ared fir has a base circumference of 14* and a height of 120¢.
- *
Bd Tt "=5.0265><12x-§-><1!;2 X 110

™ 212 X 196 X 110 = 4571 .bd £t

N

3. A ponderose pine with a height of '220* has a circumference at the base

of 31°%.

B4 ft $=t.oe65><12><:“3-><312 X 220

N ,212 X 961 X 220 s K¥4B21 bd ft

- N
4. A Jeffrey pine yb' tall has a base cirecumference of 10%*. Find the

usable bd ft.
Bd ft 8,212 X 1o2 X 120 = 2544 bd ft

&

5. Norm, a "timber cruiser" (title fqr the men who estimates the value of
trees), found a tract of ponderosa pines: five with an average height of
200% end a cir.cumference of 25%; seven with an average height of 100t
and & circumi:erence of '20%; fifteen with an average height of 159' and
e circumference of 12%. How meny usable bd £t of lumber are in the
tract? \ ) \
Answer: ’ ‘

B3 £t/ = .212 C2h
N 212X 255 x200X5 ® 132,500

N 212X 20° X100X7T 5 59,360

212 x 12° X 150 X 15 = 68,688

260,548 bd £t 1in tract.

a




&

TN

Fop onergs T
A

i tr b L
s

ot

Pt 4 b ke A2kt T
Y v

>~

EEtuy

T v
Wt

Ty

G ALY
i

AEERIES

s

AL AT e i K

. 7.

[

If a lumber mill bids § 20 pe; thousand board feet for pondérose pine,
how much would be the bid.for the tract described in problem

260,548 x 20 = § 5211

5 1

For the following problems use this informetion when necessary.

sugarxgéne

ponderosa pine
. fir and cedar

One thousand acres are open for bids on the timber rights.

numbers of trees are marked for the -following:

3000 suger pines~ . gt an average of 12,060
7000 ponderosa pines &t an avergge of 15,000
9000 cedar

17000 fir

at an average of 8,000

at an average of = 4,000

bd ft
va £t
bd ft
bd ft

$ 30 per thousend ($30 per m)
. §$ 20 per thousand ($20 per m)
$ 9 per thousand (¢ 9 per m)

each
each
each

each

Find the bid on the timber rights. ({Would scientific notatior help?)

Ansver:
3000 X 12,000 X $ 30 $1,080,000
7000 X 15,000 X $20  $2,100,000
9000 x 8,000 X $ 9 ‘t 648,000
17000 X - 4,000 X $ 9 $ 612,000
$ 4,440,000

8.9 The largest Living Things in the World

-

Most of the material in this section can be smplified by referring to
the National Geographic megazine mentioned, elthough this particular erticle

does not discuss the giant sequoies. .

available in the biology textbooks mentioned in the list of resource materials.

that need to be answered. This is one of the most importent concepts in the

The following

Information perteining to growth rings end water transport in plents is

Reemphasized here is the extremely important point that scientific in-
vestigatioﬁ is constantly proceeding. There are meny things still unknown,

areas of knowledge still unexplored, questions still to be answered It has

world of science today and cannot be too strongly emphasized, regerdless of

been noted that each time one question is answered, many more questions arise
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the level at which one may be teaching. This idea of "worlds" yet to be ex-

plored can hé one of the most exciting challengés a tegcher can use.

Sample Test Items

Indirect measurement Ansvers

" 1. Jim's shadow was 50" long vhile at the seme

time the” shadow of his school flsg pole was

50! long. Jim is- 5'10". What is the

height of the flag pole? . 70 ft.

& 2. At noon on July U4 my shadow i's L or my

i “height. The shadow of g radar tower at ]
5 ' the same time (and the same place). iz 63 ft. .

‘: How high is the tower? 315 ft. L.

$ 3. Steve, Sally, Gary, and Carol lined up for

a photograph. The ratio of their shadpws
wvas 4.4, 84, 88.8, 81.6 respectively.’

If Steve is 627 tall, how tall are . Selly TO"
r Sally, Gary, and Cerol? ‘ Gary  u¢
- Carol 68"
i .

} L. Given the area of the base, the formuls for G

: the volume of a rt circular cylinder is

5. Given A (of a circle) N.7853> (d=dia)
and 1 s 3.14 ’

Find the area of a tircle with-dia of 1% cm 154 cm2 ull
‘. l . . .
6. If the radius of & circle-is 35- feet, find .
’ the area uséng the formula, "o
A s 7854 38.5, ¥
7. A circuler walk at Roosevelt High School has
dimensions as shown. What is, 561 ’
- the arees of the walk? . ) '.2 .
(Use A =~ .785d%.) 40! 1206- ‘
2 2 — 2
Given Asz3.1h rS; A = .785d%; AR .08c
8. a. Find A vhen r = 39 mm ) 47.76 052
b. Find A vhen d =25 o 490.6 cm,, -
c. Find A ‘when c = 42 yds. . 1.1 ya
9. A large Ponderosa pine has & 34,000 ba ft - -
" of lumber. A T5 yeer old Banzei Pine has .
1
. - —————— 1e P .
I 119,000, 000 the bd ft of the Ponderosa .
) How many bd ft 1in the Banzai Pine? 3 bd ft |
N . |
’ 164
. O .
"ERIC | i0 ‘
. : : {7 . -
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L




7.

TR e Vo

Given V of eyl w3.14 ron -
w.78§"d2h S

“ ¢ . ¢ .

%08 C @

t

10. Find the voiume of & pipe which has én inside ¥ 3

*  diemeter of 3 ft and is 60 ft long- . SR I S

¥* © 117 The linear @ccelerator at Stanford is approx-

#, imately 2 miles long. The inside diameter . .

of the tube through which the charges are .
"shot" is - 1 inch. Vhat is the volume of & . 3

. the.tube in.canbic inches ? ' ~ 99,500 in

2-'"  12.- A heavy concrete irrigation pipe has wails .

2" thick. The inside-diemeter is 30". Find 3

. the volume of concrete in & section of pipe ~ 140 ft °§ -
100 ft. long. s 241,000 in

3 13, A corn silo- has en inside circumference of 651 3
S and & height of 30', what is the volume? 10,140 ft

¥ N

-
Ll

’k"&w'ﬁ.'k_‘f‘g‘: RIS A T T

- SAMPLE FINAL TEST ITEMS

LA
‘¥

Answers

”
-

1. Measure the length of this segment to the nearest cm.

. - 2

g pAney

. ) (A) 5% em, (B) 6 em, (C) 67 mm, (D) none.of these, (E) 7‘<:n. B

e 2. Change 3 squere feet to an equael measurement having &
different unit. <{A) 27 cubic feet, (B) 9 cubic feet,

(C) 1728 square inches (D) 432 square inches (E}none of
: , these E~

H 3. What unit of measure would be commonly used when
N measuring the width of a window to fit glass? -
: (A) square feet (B) squere inches (C) feet (D) T inches D
: (E) meters .
4y  If a.,leaf had @ w/f ratio of .05 and e width of v -
35 mm, what would be the expected length?

5. What is the greatest possible error for the follé'wing
measure: 2.08 om ? (A)Y .005 em (B)t .0k cm
(C)* 1.04 em (D)t .16 om - (E)none of these o, A

ERIC

A 11701 provided by ERIC

(A) 54 mm (B) 538 mm (C) 22.95 mm (D)227 mm (E)185 mn A \\




6.

Bubtract the following:

65 mm

pA
t

lom
=32 1am -1 mm

() 97 om
(B) 33m
(C).33 m
(D) 33 1m
(E) none of

lmm
O0mn
1 mm
2 mm
these

7. The prefix, milli- means -
(AJmiliion (B)1000 (C)100 (D)IOOO (E)Yé-o ) R

8. H square centimeters are there in & squsre ¢
meter? (A)100,000/ (B)10,000 (C)1,000 : L
{p)100 (E;none of these B

9. How many mm3 are there in a cc.?
(A; 10,000 (B)100,000 (£)1,000 (D)100
{E) none of these . o

v

‘
A

P v\;-‘; b

10. The volum® of a jar is 352.8 cc. What is the maas
of the water it can contain, expressed in grams?
(A)352.8 (B)35.28 (C)3.258 (D)3528 (E)none of thesge A

TRl
N ¢

Y1. Write the following in scientific notetion: 6687
[4)56.87 x 100 (B)5687 x 0" ()5.687 x 10°
(D)5687° (E)none of these - c
Sl 12, Multiply. Be-sure the ansver. has the correct number of
significant digits: 487 X 5.9 (Assume these are messurements.)

(8) 29713.3 (B) 2900 (c) 2870 (D) 2873
(E) 3000

prTyeey
Yy

e

AR v 45

e
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13. Bob's weight increased during the school year from
72 1lvs to 81 1lvs. What was the percent cf increase?

2 (x )11-;- percent (B )12-;— percent (C)IS%- percent BN

s (p) 868 perdent

9

-

(E)ll% percent

4. The temperature for cach day one week was:
62°, 65°, 56°, 57, 61°, €2°, and 86°. Find tge -
(4)62° (B)6=° (c)8E° (D)6h~ (E)62.5°

mean temperature.

* 15. The temperature for each day last week was:
: 86°, 8°, 88°, 19", 76°, 8&°, end 85° -
“ (3)82° (c)88° (n)ae={

The mode is

(a)82.3° (E) none ‘of these
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16. If the normal pulse rate was 80 end the pulse rate
{immediately after exercise was 100, what was the
] percent of incresse in the pulse rate?
: (AJB0 percent (B)125 percent (C)25 percent
. (D)180 percent (E)none of these
;... 7. (23,49) snd (27,65) are ordered peirs. Find a
s ) second- temm for (26, 7 ).
(12 (B)6s (c)61  (D)23 (E)none of these

18. Find the volume of & rectangular object that is
L4 cn wide, 8 om long, and 2 cm high.

(A)lb ca (B} > (C)16 em®  (D)3Y cud
M (E) none of these

19. Find'the velume of ‘the right cylinder. The
oo dimenslons given are the
., ' xadius shd the height,
t+,, - 3 feet and % feet.
o . (A)15.8q £t (B)30 cu fu

Lo (C)30 et (DYUS cu ft

s . " "{E)none of these
L. : : 5.1
o+ ..20. The volume of ges in the syringe wes 6 gc. Expregs
P this ss cubic mm. (A).06 m3  (B).6 mm> (C)60 mm
¢ D ,600 mm®  (E)none of these

21. Wnot point hes been located on this line (x) 2

.

[l

\

3‘ - +
WD @B ©F

22. In which quardant would you find the point represerted
by the foll: wing ordered pair: (7,-1)
(A) I (B) 11 (€Y III (D) IV (E)ncne of these

(D>(%) (E)none of these

23. An iéosah\{edron has how méhy faces?
(A2 (B0 ()8 (D)s (E)none of these

‘24, The tetrahedron has @ face with which shepe?
{A)trisngle (B)square tsc)pentagon
‘D) hr:-xagon {E)none of xhese i I

i
i

.25. Use the Pythsgorean property to find the hypotenuse
of a right triangle if one of the legs is 9 feet
long end snother leg is 12 feet long.

(A)12 eq £t (B)15 £t (C)25 ft (D)2l sq ft
(E) none of these

26. .If the srea of an equilateral triengle .4 .4330 X 82

then wha* is the sres of an equilateral triangle if

the measureoment of ils edge is 5 lnches?

(A) 3.987 sa 1n  (B)1.299 eq in  (C}2.165 sq in

{p)10.285 sq in (E)none of these . 1

!
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27. If the area of a regular pentagon s 1.720 X s° ! ! .
then what is the arvea Of a regular pentegon with
a side which measures 7 inches? 5 o 4
(4)12.04 in. (B)84 in (C)172 in' (D) 96 in ‘B
(E) 24.08 in
28, What solid would appear to approach having an infinite
number of faces? {A)cube  (B)sphere
(¢)icosahedron (D)tetrahedron (E) dod ecahedron 3B
29. If the radius of a sphere becomes twice as large \'
the volume is (A)20 times greater (B)B times
greater  (C)4 times greater (D)twice as large : B
| (E) stays the same i & o~
30. Plot the ordered - pair represented by eac.h point: .
* Point A ‘
Point B F 4.1 < A
Point C vl 9 ¢ E .
Point D
Point E '
Point F ’
Point G
‘Point H
A . H
I B G
g .
,-
A ]
. ]
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