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WHAT ARE THE STUDENT ACTIVITIES ASSOCIATED WITH THIS UNIT: (discuss
the amount of time as well as the characteristics of the
activities) . .

A wide variety.

Is there a written description of these activities? vyes

WHAT ARE THE TEACHER ACTIVITIES ASSOCIATED WITH CONDUCTING TAIS UNIT:

See Materials.

Is there a written description or manual documenting these
activities? _yes._ ,

WHAT PREPARATION IS REQUIRED OF A TEACHER PRIOR TO UNIT INSTALLATION:

‘Orientation, plus the manual.

IS there a written manual of description of the preparation which

could be used by a nevw teacher using this unit? _

HOW MUCH CLASS TIME IS REQUIRED FOR THIS UNIT: (e.g. hours per week.
Be sure to indicate if out-of-school time is required of the
students)

IS THE UNIT BEING USED IN OR DOES IT RELATE TO ANY OF THE FOLLOWING
SUBJECT AREAS:

_X English Social Studies ... Phys. Ed.

-_x Math . ___ Foreign Lang, —__'Health

- Science —tArt —. Other (specify)
- VOC. Ed. ——_ Music

ARE THERE ANY SPECIAL PROBLEMS, LIMITATIONS, OR, GOOD POINTS THAT
YOU FEEL SHOULD BE KNOWN ABOUT THIS UNIT:
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CODE # : School (x}: _HIGH SCHOOL

J “e v
Grade(s) : 9 - 12

Curr. Unit Inventory
HACKENSACK
TITLE: Industrial Prep

o e ————— - - —

GENERAL PURPOSE: To prepare students to meet all of their gsocietal }
rolls including work. .

SPECIFIC GOALS:

The student will apply his total education to.his daily living.

The siudent will understand himself.

The student will be a multi-faceted, flexible well-educated person.
The student will understand that cooperation is essentially more
important an attribute than competitiveness.

The student will understand that the total communitv is his education.

PERFORMANCE OBJECTIVES:

The student will understand that the interdependence of disciplines
should be an essential appreciation as well as being a truly visable
means of good teaching.

jpecific performance objectives have not been prepare for this unit.

WHATAMATBRIALS ARE REQUIRED FOR USE OF THIS UNIT:
WNIQUE '

The unit as prepared.

WHAT IS THE SOURCE OF THESE MATERIALS: (e.g. teacher constructed,
purchased from a publisher, donated from somewhere, etc.)

Teacher constructed.

WHERE CAN THESE MATERIALS BB SEEN OR OBSERVED: Career Education Center
' . Hackensack
HOW MANY STUDENTS ARE INVOLVED IN THIS UNIT: 70 2 |

HOW MANY TEACHERS ARE INVOLVFD WITH THIS UNITT "2~~~
HOW MANY COUNSELORS ARE INVOLVED WITH THIS UNITT _z_

IS THIS A NEW UNIT OR HAS IT BEEN USED BEFORE: ( if it is not new
then how many years/months etc. has it already been used and
in how many classrooms )

Q _ ] Used for six vear.
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Introduction

Industrial Prep is a prevocational, interdisciplinary prcgram.

It was developed in Hackensack lirh Schogi because of the need to

provide a curriculum that wauld be consistent with the demands placed
paople entering occupations in the 1970°s.

Educaters have jumped from one extreme to another during the last
tvo da2cades. In the 1950's the magic word was ‘ gifted™, and now ve
are becoming fully mobilized to meet the problems brought on by the
rdisadvantaged." Along the way we have neglectaed to stop and cons'ider
the majority of the population the so-called 'average" people. who
are to become the b—ackbone of our nation's work and life forces.

This program takes these people into mind as weli as the others.

He beliave that the develovment of manhood is more important than
the development of manpower. ‘e also feel that our obligation as
educators is to help people prepare to meet all of their societal roles,
including work. That means that we should be able to help young people
gat ready for a personally relevant vocational future. However, at
the same time we exvend much effort in seeing that this program
includes materials and cxperiencas that Work toward the total development
of the individual, |

Uhen consideration and planning for the Industrial Prep Prcgram
began, a few puidelines were established. Ve based the program on the

following organizational assumptions:

1. That we would receive no money to help us for either salaries,
materials, or equipment.

2. That our then existing facilities would have to be utilized with
no hope for medification or addition to them.

3. 'That teachers for the program would be recruited from our
present staff.




Bésentially we felt that no windfall would find its way to us and that

we would have to uce what we had, but in a difforent wvay.

The first yzar of preparation was devo_ted\to the pesearching apd
the gathering of insiphts so as to develop a relevant, logical
philosophy. Besides tha reading of books, journals, and periodicals
of all types, we spent a good deal of time in the field. The field being
many of the major and smaller businoss and industrial concerns in the
metropolitan area. Frequently individual and collective groups of
employers and employees were invited to the school for discussion. The
talk centered primarily on asking these people, mwhat are the basic
characteristics of a promising employea?' The responsas gathered from
these intervicus along with the materials read in the 1;esearch were to
beccme the foundations of our program.

Some of the tenets that we adopted because of this prelimlnary
work are:

1. That & person should be able to apply his total education to
his daily living and in order for him to do so he must be
taught well, with useful materials.

2. That as Donald Super sfates, “gelf-knovledge is prercquisite
to self-determination.” Before eithsr vocaticrnal or social

decisions are to be carefully made a person must understand
hinself.

3. That the technical world calls for a multi-faceted, flexible
well educatad person.

4. That cooperation is essentially more imnortant an attribute than
competitiveness.

5. That the total community is the educator of a student, not just
the school. '

6. That the interdepcndence of disciplines should bes an essential
appraciation by each student as well as being a truly visable
means of prasonting teaching material by the staff.
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'ra.ken one at a time, these are not earth shaking contcmporary thoughts,
but, absorbed into a prevocatioral secondary setting, they hecome a
unique set of premises on which to found a progranm.
In meetings with the people who work in #nd hire for industries,

we did not come across any who held that special skills taught in high
school were absolutely necessary for employment. JMobody told us that a
trads lzarned in school was the passport to instant industrial success.
In line with this is an article that appeared in the April 4, 1965 issue
of the Mew York Times. It told of a minority report of an extensive study
by an eleven man vocational education commission in ilassau County, New York.
A section of this study “pleaded for recognition that fewer occupations
than is genorally believed, accept specific school-acquired skills as a
prerequisite for employment." This 44 page report was never published
due to conservative opposition. %hat we found requested by employars was
a need for high school graduates who essentially could read, write, and
be able to apply mathematics and scientific fundamentals to work problems.

 Im developing the program, we bore Dr. Super's consideration in mind.
In the available literature that we were exposed to there was nothing that
corroborated the wisdom and stability of an early career choice. In fact,
everything cautioned against this. Therefore the Industrial Prep Program
offers ample room for the exploration of vocations along with provision
for self-understanding necessary to make such a decision.

So much has been said for the necessity for man to be educated for

change _that to elaborate on this would be presuptvous. However, I think
that Robert Hutchins, former President of the University of Chicago and

the prasent Director of The Center For Democratic Institutions advances




an observation that we Lrlieve iu. The rost ouvious fact-:méut sociaty is.
that the rcrz techrological it is the ror: ranidly it will ctanee. It
follos that in an advanced tichnoloriczl soci:ty futility dogs the
Footstops of those whe try to preparz the cw11d for a.y precise set
of conditions. Harce the itost imnracticel sducation is the one thet
looks most practical, and the ona that is most nractical in fact is the
ona that is corsonly rcrarda:d as remot: from reality, oue’ dedicat:é to
the corprehansior of thaery and srinciplas. In tha nrasent state of
technology . and evan wTore cexrtainly in any futwre stat2 theroof, the
kind of trainire and inforration that is cantral irn haricar sducatiog.
is obrcluscart, if rot obsolets. low, th: only nogsible adjvstment
that ve car. 7ive th.n child is that vhich arises through putting l.)im in
cornl:ta possession of 211 his powers.” Our air. is to provide as
cot nretesive as poneill. 2n exposure to life and the tcols of living
end vorkinr so that the Inrdustrial Prep studert 1311 bu eaquipped for
charre.

A quote from t‘.v.:'.- waisap Aluninum Fews of Novorioer 1, 1963 illustrates
the point to Lo nade iu nroroting cooparation. ~As the grads system
tes traditionally ) -~2n uvsad in the past. each student is <itted against
the othar. Yut in tha »2al world 2n vhich he will live as an adult.
his rost fimportant ability will be his willins;néss and skill in uor}.'i:.fi
cooperativaly with othnrs. Tids is particularly truvc in the business
world which is prudoninsmtly a cooperativa anternpisc end not A
coupatitive ona. g autorobile ever rot d.sisred, ecineclred, producad
ard <‘.i§tt~ibuted without tho coonaratiorn of litsrally thousands of people.

Compatition ocours only in the ultirate pmarkat place.




The Industrial Prep Projirar pacor:izes the 1imits aud falla2cy of
the school 2s beiny the solc aducator of a stud:nt and at the same time
appre¢iates the notential of the comrunity at laryre to take part in
education. Tapnine cormunity yresourcas {n an interral feature in
presenting many parts of the proFran.

Finally. in paviewing the prograk foundations, we come to the
heart of the msans of implementation; that being an 1nterdisciplinary
approach to zducation. DYy correlating the efforts betweaen core areas of
the progran we feel that we are better atle tO brivg significant meaning.,
interest, and enjoyrent 1O jearring. In potrospact, this has for the most
part buen borna out. To {dentify the natural relatiqnships bhetveen
disciplinzs and use ther to enhance 2 learning situation is the key to
the plan. |

that we in Industrial Prcoo are trying to do {s to present vhat
Robert utchins maintains is a 1iberal education put with a flair
toward tlre occupational. lle says, ‘elininate peither trainine nor the
imparting of {nformatior. but us2 them in a different gashion." This
we try to do.

The approach to the {nterdisciplinary schere is similar to the
Richmond Plan, but irclud:cs 2 diffafent gserios of tcaching units for
di£ferent paonle. The {nterdisciplinary team that we use {s made up of
people from the mathonaties, gcianca, English, and industrial arts
departrants. Resource peovle grom within the school that ar2 intemral
parts of the program CORG From thz social gclience, puidanen, and speclal
gservices arcas. OQur use of rasource people fron withiout the schiool

{ncludns men and women fron nurEYOUS epecialities an® fields.
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The method of corrélation focuees on central sroblems. Tach year
of the threz yzar prograr contains units that have & cormionality of basic
propertics that are relavant to the participating teaching, units. For
instance. in the fipst year (the sonhonore yecar) the basic theme is
measurenent and the ruiding subjzct is matharatics. In each of tha years
there is a Qiffarent guiding subject . on2 which sets the pace of
correlation by the depth and amount of work covered in that class.
Correlation in not done on a daily basis. nor ever forced. If a npatural
yelationship erists batween instructional areas in particular units it
{s capitalized on to rcinforce learnine and to make it commonly relevant
to the total jearning going on in the program.

For the measurcment there there are four nrojeccts that ars used
to explicity tring the taaching areas together. Thay include such
disparate names as duct work, geometric pattorrs. propertias of matals,
and packaging.

The first projzct of duct work is an effactive opener for us. It
works out to be 2 sealed dovm air conditioning cuct systam made out of
a few materials. tle like it lhecause it does a rood job of introducing
the interdisciclinary approach to the students, jt's qood for the
developrent of mathematical fgndamentals, {t enables tha youngstars to
achieve positivs tangible rasults from their theoratical learninz . it
{ntroduces the concept of cooparativa work, ard it pernits the
dévelopment of an-occupational plan. This is how it works.

The matheratics {nstructor brinzs the boys to a point vhere they
can lay out a duct sactior using basic apithmetic. FHe has then fabricate

this with cardboard in his classroom, giving them an opportunity to engage




in panipulativz work is an academic settinc. This is done on d froup
2fFort with studznts of yarying ab abilitics {ntermingled. t!hat happens in

that simpler pieces of the system arce made by slower students and rore

cor\plicated narts, such as a transitior vpizce, is construceed by 3
more able persorn. The boys in the group must have their pieces fit
together and this affects ctavacteristics of individual rasponsibility
as well as all-out coo':eration.

Ir the drafting room thz unit is sinply drawm giving the students
the opportunity to becomz attentive to precision as well as introcducing
basic drafting tcchniques.

Besides develoning a palated technical vocabulary with the boys, which
is a common enough approach to interdiscinlinary work and certainly
not an exciting part of it. tte Fnglish teacher creoates an {nter-personal
viork atmosphere by utilizing a Tale-Trainer borrowed from the Bell Sy Jstem.
This dzvice is used to role-play a problam condition set-up between a
custorer and an employee of 2 heating and ventilating cor-pnny. students
prepare and act-out a sitvation that might sound 1ike this: 1. the éustamer
calls to complain about jact of heat ina house, 2. complaint is accepted by
emj:loyee with tact and nndarstanding, 3, employee ¢ries to troubelshoot
"over the phone. §.z., ¢id you chack emergency switch?, 4. employee
then evaluates and acts on disposition of corpaint. A1l of this is
dramatized with ruch side-play of conversation ané is recorded and
played bac 1. for student analysis as to not only diplomacy, effect of
communication, but also for speech and style of delivery.

‘Biology is a echool required subject in the sophorore year. It

lends itself to this unit by providing the students with an exploratory
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series of cxnspiences vith tha hwen circulatoxy gystele ilothive in

depth. but just an overviau is offercc. Alon< with this, a tree's

duct systar: is also discussedi.

The metal shop {s reserved for thes2 students SO that they will have

some opportunity to fabpicatz the BTOUP duct systans in a shop. A1l

of the boys do not take metal shop at one time, they may elect other
industrial arts areas so cther arrangenents must be nade. For instance,
the matal and drafting classes might exchange periods and thus give the
industrial Prep students a chance to occupy the shop togrether. All
industrial arts instructors. that can be spared at that time, join
forces to give as much concentrated assistance as possible for the
project.

A yesource person from the social science departrent presants a
progr:m on the ways people heat and cool their buildings arcund the
world. This is done with a profusion of visual aids and delivarad in
a relaxed atrosphere as a general {nterest program.

An occupations urnit on sheat netal, air corditioning, and hcatirg
trades is corpelated to the mojor project. Represantatives fron
occupations in these fields are invited in to be intervieved by the boys.
lo spezches are eiven but pather thz students ask ohjective and subjective
questions of th: visitors so as to obtain a compreheﬁsive background
.about each of the jeb arecas.

To further rake the total project more pelevant, short, period

long field trips are taken to local business and shops that engafe in

reiated tasks to the units covered.

This type of correlation is not forced mor scheduled eo as to prove




jnconvenient to ti:2 narticinating tanchers. If en irnstructor in a
particular discipline fecls that he reads Love tire to devalop some
teaching natarial and that this might hamner +,2 corrclation schedule,
then at the weekly méetirgs other arrangercnt are rade. . Jhat we have
found is that trore have bren very Few occasions whera total involverert
was not possible. The extent of the interreiation of subjects in
any unit is dependent upon ths imagination ard creativity of the team.

| At weekly meetings the instructors themselves receive a broadened
education bzcause of the necessity of each of ther knowins what is going
on {n the other guy's class. In ordasr for a person to present a
correlated unit he must have an jdea of not only vhat is scheduled in
the other classas but should have a working understgmding of the

instructional matter.

To further demonstrate the methods used in ralating all of the

apeas we can surmarize the next sopliorore ys2ar unity that of geometric
patterns. In this scction the mathematics teacher devi:lops, what the teachers
fael is the foundations for building the acaderic proficicencies and |
methods of attach for further jcarning. lere thz2 math man combines the
abstract with the cormitive in having the boys sharpen their arithmetic
tools. The Inzlish instructor, with the assistance of both the drafting
and matheratic's people takes the students on a world tour, using elides
and narvatior to see the desiems ard patterrs of nature and those
dew}eloped by man in jnterasting scttings. At thz sams time the free
reading library in bis classroom fcatures books and magazines that

~ yeinforce this unit. vhile a field trip to th: thitre :-’ause;.m in Mew York

?
{s arranged with a guide to stow the boys th: geometric designs in art.

O e e T
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Occupationally. the ficld of architrcture fits wvewy uzll into this unit.

Inter-class correlation is easily wovan into 2 unity like ti:is because

the technrical nature of thz material plus the shundant availability of
similar subject matter in various sattirgs blend wcll topether.

" The junior year of thz progranm featuras ohysics as the guiéin:z
subject. This is an applied physics class. lope work tine is spent in
the laboratory than in 2 lecture room. The instructor of this class
has devalopad a detailed program guide for tlic apolied physies work
that is especially gearad to canitalize on the mathematical foundations

" acquired by the boys during thz sophomore year as well as thelr
increased abilities in problem solving <ituztions. The physics class is
a practical. oxnloratory experience for Industrial Prep students. Fany
of tr:z projects workad on in %the labs have been dssigned by ou> instructor.
Jiis mz=thods of teaching mechanical advantage ard other areas of physics
are most unioue. Hz usas everything from surf .casting rods to bottle
openers to get the voungsters to discover the basic, working theories
ir ohysics.

ge tie in second year mathematics very closaly with physics and
also include directly related English units on the senses, critical
thinking, Low to dasceribe ard define, and secience fiction.

- In the senior yecar, chonistry is the key subject. Again this is ..
an applied lab science with very raelevant units on foods and their
additives and apnlied, avaryday cherical exploratory experiences.

lic have found that because of applying theory to practical, relevant
experiences, both in physics and chenistry, that the studants comre away

from these classes with sound, fundamental science backgrounds. The

10
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shairran of the departriert takis a fesp souse of pride in the Industrial

Prep science students and often specks of tlen as being better equipped

than an averar? colleme nrep person in truly upderstar.ding science. Our

students are not reuwardad for merorization, but re;:eive their gsatisfections

in learning how to applir their knowledge.

Many of the Industrial Preo students erroll in a cooperative work

program in their scnior ycar. These younssters receive an opportunity

to enpage in or~-the-job training experiences in an occupational area

of their choica. The cooperative progran provides them with one half

day in school and ona half on the Jjob. Beside the specific work training

function of the progfram it also enables students the chance to become

part of an adult occupational environment and to try out their various

stren;ths and cheracteristics ir a nevw social situation.

I think that a glimpse into the tcaching paterials usad by some of

our tcachers would offer nore insights into vhat makes this program a

little different.

An interesting paragraph hzading of the introduction for our

second year English guide state that “The Automcbile and Television Set

Probably Teach the Studert Miore Than the School Teacher," Based on the

observations and expericnce that our instructors have had with the boys

} in the program they pealized that an entirely different set of educational

'  experience weras going to have to be steadily ¢evelopad so as to capitalize

on every changing stucent {nterests. Yorking toward student interests

: does not preclude teachers helping boys read, vrite, speak, 1isten, and

think with as much discermment and sensitivity as possible.

T s o TIOTE
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A unit approach tlhat is devzloped for tho junior year includcs:

work preparation t=1levision, physics, aconorics. and prejucdice.
P

A feature of the f£ipst unit (work _nrenaration) is a boy spéndir.g

sch00l timé outside of the building with a yepresentative of an

e almost litarally baconzs a shadow to

occupation of his checilce.

a working day and ir so doing gets to feel what the job

the person for

§{s all about.

Reading materials for our Cnglish classes include suchk items as
srs, and contemporary novels. ‘e

Consumer Reports, i'oter Trend . newspap

have found the mapgazine's tests and surveys are of considerable interest

to youngsters ané stimulate good reading habits as well as develop

eritical think patterms.
“he work of the Langston I'ushes 1s used, among othar sources,

Le is simple erough to read and

as material for the unit on prejudice.

yet the boys can be touchad by the sad, bitter-sweet humor of his

erial.

writing and can be introduced to more such work hy this mat

A follow-up on this unit is offered in the senior ycar by a

series of small groun sessions on occupational relations. These

sessions were developed hy an Inglish ard foreigh language teacher to

deal with possible sensitive 1nter—pei'son'al situations a young

erployee misht face in a work envirorment. The two teachers spant a

factual materials about <thnic and racial

summer collecting hard-to-find

ninorities and came up with a series of guides to the presentation of

nodified T-sessions. A major part of thc teachers' ressarch and

planniny time was spant with people affected by such confrontation

situations. s
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The senior yzar's Inglish rroprar vas units basad or work entrance,
the filr. crermistry, uas and poace. and luisure time activities.
yesine a philosonhy on tia sunpositior that the imasa is more
gimmificant to the student yaised 11l1 th: electronic ag2, than the printed
g:ord. the instructor brings into the profram a study of filn after the
junior year's work in television. For this school yecar the class produced
a short film study on the pollution of our anvironnant. that igs irtorestius
alout this is that these arc supposedlj 1imitad, non-college bound
yoyngstars vho are considered to have such limited ability.

The war and peace sectioa capitalized on a maturine hoy's broader
{nterests. The titles of parts of this unit are: The tany Faces of Yar.
Ideas From the Great ﬁooks , Film 8horts, Full-Length Films, Short.‘Stories
and De-ards, iovals, and Poetry. Sounds very acaderic, but what the
teacher does is to explore with the hoys insipghts into why people
fisht . through a sirnle survey of the precding modia. If this plus
the Girectly ralated material is presented, as lruner says, on a level
that speaks thc lanpuage to the individual it can be hLandled and understcod.

Should you vonser about a unit on leisure time as lein; relevant
subject for a pre-vocational »rogran I would like to quote the follouwing
from the Fobruary/i’sech 1968 issus of Steel Facts. "During thea next
" five years, each employ=e havins contirous sarvica on January 1, 1969,
in the lower half of his corpany’s suniority list will, fo:.' the first
tim.e._ be eligible for one axtended vacation ccnsistine of his regular
vacation plus three cxtra weeks. ZIrnloyees ir the top half of their
companies® seniority 1ists will, as they hav: Lesan in the past, b2 eligible

for one cxtended vacaticn of 13 weeks. including their vesular vacations,

b R
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durinz the five:-yszer neriod.”
The University of l:dlands in California ¢id a study on the senior

groun of steclucrl-rs who wurs on such an ortunded vacation. They found

that for the rost part the men did not travel, did not enfage in any

civic activities, nor ra2ad or go to the theatre. What they found was

that rost of the time was srent in sitting in the yard drinkins heer.

This is not an entire wastz of time, hut for thirteen weeks plus about

three or four for the norial vacation (which is something like four nonths)

this can he a grossly unproductive period of a person’s 1life, both as
a contributor ard as an ever developing {ndividual. It secens as if

schools have to do something about clucation for leisure time. The

unit developed by our wen hes sactions that include community involvement

as vcil as introductory exrcriences for individual enjoymont.

There is a sophomore year unit on simple psych.olosy that conbines

the efforts of the English, shop, anc Lbiolopy teachers &s well as that
of one of the school psycliolorists. Students build mazes, buy ricz, run
then throush under test corditions and thor enfaga in informal,
exploratory discu;sions on betavior conditionins. Nothing elaborate .

but the unit is preserted sirnly to the younssters and it is very

. well veceived. e have Found that they are quite interested in human

behavior and have a thrist for kroul-dee in this area.

* A probler that wo are starting to face is th: fact that many of the
students have had a rcawakening of academic stimulation bacausec of the
way that th2y have been troated in the pfogram. They have been provided

vith opportunities to succeed in the sare areas that they had previsously

Trerem et s e e

been less than successful in. Sonc have evprassed iuterest in college
and must., althoush they can comnate with r:any collese prap studants on

applying the knowledge that they have acquirsd in hich schiool. pay 2
b

2 e mane -
on s sare o er 3
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nenzlty breAuse t::eir classas bad nanzs tht coraoti industrial or
practical vork. Vowavir, with th: operiny of a corsunity coller= ia
our county this mroilam rew con I dzalt vitt ou a positiv: basis.

The prorra is a srall on:. evern thoush it Las lauzr said tht it
was 2:simed for a lare: nopuletion. Thire are 2 rurber of r:asors
vy it is srall. Liks nest schools in the matropolitasn arsa we Lave
npents and erildrern 1o thint that thara is nothingy reoally worthiwhiile
exceht a coll.c:z cc’trcat:f.oim. s are still battlin~ that concapt. I
think thet we ara nev in a nrositior to grow bceause word of - ut!';.
has spread an? ve find many mora neopl: interested all of th.
tire. Another voason that w: arz small in numl:2pr is thkat becauss of
thz naturce of the interdiscinlirery aeproach there is a dual
rasponsibility on tiachers. They still belong to a parsnt denartment
and yct rust belong in ¢ffoct to enother departnart. Hot all tcoachers
would like that type of arranvement ard we would rot like all tcachers
to be ir the mrograr. Those that fezl colline nran oriontad aré find
1ittls satisfaction in werixing with our studarts wauld not Fit into the
plans that = hava.

Yhat ve are trvire to do is to leok at tomorrow as bsst wz can
and to got students ready for it. U= as occupatioral ~ducators must
considay sorathine: thet Dr. =il Sullivan. thz Comrissior:r of
Tducation of liassachusatts recertly said, ™le arc in ar are whers we
car no lonrer bury owr mistakes in the lobor market." They just won't

aceept them:

15
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Technical Mathemati.cs Y: Introduction

The Technical Mathematics course, as part of the Industrial
Prep program, is geared to teach the basic concepts of measurement,
their applications, and the related mathematical concepts and
gkills. Basic topics from arithmetic, algebra, plane and solid -
geometry, and trigonometry are taught as they are related to
measurement. The full year is devoted to measurement as prep-
aration for further study in this three year technical program.
A strong understanding of measurement will be necessary for the
students when they study the more abstract concepts of units of
measurement in the eleventh grade physics course.

During the year the teacher develops the concepts of units
of measure for length, angle, area, volume, and weight. Each
of these concepts is developed as concretely as possible with
great sctress placed upon students making their own constructions
to illustrate the properties and function cf each unit of measure.
The students experience the use of an arbitrary unit for each
type of measurement. The teacher helps develop appreciation
for the contiroversy caused when two groups cf people do not
accept the same standard units.

The heart of the course lies in the development nf four
projects which delve into the various aspects of measurement.
The projects ezre: models of ductiwork, geor- 'ric sodids, densities
of metals, and paper box fabrication. Eac!. of these projects has
been adopted beczuse it provides a means of teaching the important
mathematical concepts which are related to measurement. Each
project can be readily adapted to the employment of manipulative
skills which have an innate interest to the type of student in
the course. The teacher creates a training atmosphere similar
to that in a shop-training program in which each apprentice is
expected to produce as he learns. In the situation the teachep
can adupt to individual differences depending upon the level of
competence of each student and, hopefully, help each student
develop to his potential. The projects lend themselves to both
individual and group contributions in such a way that each
student can meet success,

How will it be taught?

Each project will be preceded by several topics which contain
background knowledge for the completion of the project. Great
stress is placed, throughout the course, upon physical construction
.of meas_urigg tools and projects by each student. Each construction

\
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How it will be taught (cort.)

i{s used as a basis for further learning. The basic theorems of
geometry pertaining to the project are taught using a laboratory
approach, in which construction are made by teacher and class
together. When developing a geometric construct ion, the students
use their tools of construction in applying their knowledge of
measurement. The Geometric theorems related to the construction
are learned through the experiences of the students.

The teacher anticipates that the first attempts at construction
will be unsatisfactery., He uses the first attempts to help stu-
dents analyze the basic mathematical relationships which affected
the construction. In abstract mathematical properties they had
studied to produce successively better manually-constructed projects.

. The teacher introduces each topic by using very councrete,
explanations, The instructor relates the topic to practical
industrial applications, indicating some ramifications of the
concepts involved. The introductoxry terminology is elementary;
the tcacher avoids the use of definitions until the class has had
sufficient experience with the concepts under consideration.
Then, with the help of the English teacher of the program, the
mathematics teacher delves into the significance of the parts of

each definition.

As the topic is developed, the teacher builds the terminol-
ogy and the sophistication of his approach. At the same time, he
helps “he students develop their level of understanding aad

ability to analyze their mistalres. An atmosphere is created in

which the students use new ¥vocabulary and concepts in their dis-
cussion. They ave expected to keep notes in an organized manner
and from there on they are expected to apply their knowledge to

later projects.
The Technical Mathematics I gourse is developmental in format
and follows a "spiral" presentation of topics and review, Through.

a laboratory approach, students gain experience in applying a
variety of basic mathematical concepts related to the applications

of measurement,

RS
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Linear Units of Measure

The presentation of each topic dealing with measurement in
Technical Mathematics I follows a "spiral” format. In developing
the concept of linear measurement, the teacher first develops the
process of comparing line segments by superposition and then by

.copying one distance with a compass and comparing the compass

setting with the other line segment. The students gain experience

" in the techniques of comparing line segments under the guidance

of the teacher.

Next, the instructor chooses an arbitrary line segment as a
unit of length and uses this as a means of comparison. For
example, one line segment is considered longer than another if more
wnits fit end to end in the first line segment than in the second.
The students take this unit and construct their own number scales,
including fractional parts, and then use the scales to measure

line segments.

The instructor then pointec out that standard units of length
have already been accepted by whole nations of people. He
"introduces' the units of the English system and pays special
attention to the inch and the fracticnal parts of the inch. He
again has students measure with the Epglish units and helps them
analyze situations in which the various units would be most con-

veniently used.

Following this spiral procedure, “he teacher introduces the
units of the metric system and has his students use these units
to measure line segments. Finally, the students measure the same
line segments in the English system in order to establish the basic

ratios between the units of the two cystems.

The basic concepts of linear measurement are applied to the
construction of plane geometric figures and to the inductive
development of basic gecmetric theorems. The relationships between
various paris of constructed figures are checked by measurement to
be certain that the constructions have been done correctly. 1In
this way, the students experience the various functions of measure-
ment as they apply to basic geometric theorems.
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UNIT I

Lesson 1.

I. General discussion for need of mathematics.

A,

Mathematics used at home and in play.
1. By parents,

2. In summer jobs.

3. In industry.

Discuss correlation of Industrial Prep program with other

departments. .
1. Mathematics, drafting, science, and English.

1I. Introduction to projects.

A.

E.

Ve ey NP

Ducts
1. Discuisa individual céhtributions.
2. Discuss cooperative contributions.
a. Relate to industrial methods, i.e., need for

individual and group contributions,

Paper boxes or containers.
1. Made of box board.
2, Made of corrugated.
a. Precision of fabrication.

Weights and volumes. .
1. Display project showing pieces of bar stock which had

been cut to desirad weight.
2. Display raw materials used in making project.
a. Dlscuss involvement of mathematics in project.

Drawings and layouts from drafting classes to be on display
on bulletin board.

14




Lesson 1 (cont.)
| I1I. Tools required for the year.
A. Straight edge, pen, pencil, compass, protractor.

B. Notebook..

Assignment: Procure tools, notebook, and cover textbooks.

Lesson 2.
ﬂ I. Reqhirements of course.
:] A. Completion of assignments. .
1. Course is based on premise that assignments are products

’

of our industry.

II. Notebook requirements.

o A. Most classwork cannot be found in our textbook. Thus it
e is necessary to keep a complete notebook.

1. Pages must be numbered and dated.

2. Homework secticn separate from note section.

" 3. lotebook counted as part cf grade.
: a. Notebooks checked periodically, usually during
- ‘ ' tests.

b. Vocabulary (special section).

III. Basic geometric symbols and terms.

A. Understanding basic linear symbols.
D 1. Point .
' 2. Line Mmoo
i 3. Half-line * -- -3
iy 4. Ray omemmomemeemly
i 5. Line segment cj—-—m—emnimimey
6. Open line segment-——--——-—=~—1¢

7. Half-open line segment » <

f : B. Vocabulary

: 1. Urite definitions for above terms using concepts of
g modern terminology.

3
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Lesson 2 (cont.)

a. A point is an exact location in space.
b. A straight line is the set of points determined as
the path of a point which moves in one fixed direction.
¢. Two half-lines are created by removing one point
from a 1line. Each half-line extends indefinitely
in one direction only and does not include the
point that spparates the line into two-half lines.
A geometric plane is a set of points which form a
flat surface. A plane has length and width, but no
thickness.
e. A ray is half-line with the point of separation as an
endpoint.
£. A line segment is a definite part of a line, including
two endpoints,
An open line segment is the figure formed by
. removing the endpoints of a line segment.
h. A ha2lf-open line segiment is the figure formed by
removing only one endpoint of a line-segment.

3y =3
o~

bA

[P

| } Assignment: Study and memorize the new terms, symbols, and
definitions.

‘ Lesson 3.

I. Basic geometric figures.

: ‘e A L] QUiZ

7 1. Identify the following symbols.
: a. S ,......) o > < o o v - .

-2, Define:
a. line, half-line, ray, line segment.

Review
. _ 1. Geometric terms and symbols.
" 2. Definitions.

1 3. Keep notebooks up-to-date.

C. Linear geometric figures and their properties.
1. Point - has no measuvre, no thickness.
2. Line - infinitely long, cannot be measured, no

u thickness.

M
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Lesson 3 (cont.)

3. Half-line - relate to linn.
4, Ray - walate to line aud half-line.
5. Line segmeit - o definite part of a line, has a

given length, has endpoints.

1I. Identification of linear geometric figures and use of symbols.

A, Point
1. Labeled with a capital letter.

B. Line
1. Labeled with one small letter or two capital letters.

2)
a. g_.....___:i'_...._} read "line L".
S read "line AB" or "line BA".

¥:4 or BE

b. ¢
SA o

|
0
a i. Using symbols:
i
J
]

-

ii. WNote two names for the same line segment:

fv = 88

C. Lline segment
1. Label endpoints with capital letters.

a. & [ .pead "line segment AB" or
| "1ine segment BA"., Using symbols: fAB: or nEAV
] b. A line segment can bc named in two ways:
;
AB = BA
i
é III. Relationship between two linear geometric figures.

-
HE

A. Points
1. No dimensioms.
2. Used only to indicate location.

;- 1. Infinitely long.
i 2. Infinite set of points as the path of one point

b which goes in specific direction.

- ———
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Name Date

Quiz (Lesson 3)

For each problem, identify the symbol given.

=3
[
L J
»
i
i
s
-

Lo

|
b

-3
F
\
\

-

“? For each problem explain the meaning of the terms.
B 5. Ray

.

" 6. Point

7. Half-open line segment,

31
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g. Assignment (Lesson 3)
For each exercise construct a line segment equal to the L, 77
E given line segment on the given line, Use a compass. Show
your markings / -
| 1. .
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l Losson 3 (zoni.}

X C. Line segments
t 1. Each is part of a line, but has endpoints.

IV. In what ways can two line segments be compared?

' A. Line segment is part of a line, but has endpoints,
3

Z .

B. AB =D if, without stretching AB, it is possible to
' make point A coincide with point C, points of AP can
be made to coincide with CD and, as a result, point
¥ B coincides with point D,

l. Demonstrate using a tracing of one line segment,

E! C. To compare in an easier manner, set the points of a

; compass on the endpoints of AB: then, with the same

[} setting, place one point of the compass on C and observe
whether the other comnass point will coincide with
point D,

- ‘
[ |

l. To compare two line segments to tell if they match,
use compe=s as follows:
3 a. On b ackboard, construct three or more line
‘ segments, and label them. Then construct
equal number of lines, label with small letters.
oy Have students come to the board and reproduce
j , given line segments on each line.
= b. Speak of a 1-1 correspondence between the
line segment and the line segment constructed,
N and the line segment determined by the points
o of the compass.

) D. Discussion: In how many ways can two line segments be
: compared for matching?
e 1. By the method of matching up endpoints and
comparing the location of the other endpoints.
i 2. By using a compass setting or third line segment,
e 3. By comparing each line segment with a standard
scale, or markings on a nuler.

o4 E. What do we mean when we say "measure the line segment
Lo AB"? . .~ T :

' } l. We compare the line segment AB with a standard

» number scale.

a. We shall discuss this later.




Lesson 3 (couut.)

Assignment: Study new concepts and terminology in notes. On
hectograph paper coustruct three line segments
which arc equil to each of the three given line
segments on the hectograph paper.

Lesson 4

L4

I. The number line -

A. Quiz
1. Identify the followine geometric terms with their
appropriate svibols.,
2. Reprcduce line sepment AB on line m .

£ O &

B. Review to date.
1. Geometric terms and symbols, definitions.
2. Peproducing line sepment.

’ey 3. Equality of line sepments.

3

- C. Introduction ¢f a unit of m-asure and the number line,
. Given lira segment AK, and linem .
a. Choose an- appropria*e coint on the line m and
) call it “Zerov", O.
b. Mark off to the right of 0 a line seement
B equal in lenpth equal to AB. Call the other
’ endpoint “1%,
¢. Continue placing the unit end-to-end and
locate new endpoints, calling them 2, 3,
4, . . .
d. If a student has not submitted the remark that
“could we make the number line to the left of
Zero , encourage them to observe same.

L "l

i. Construct nutber line to the left of
zero and decide on nepative symbol for
numerals,

2. Class discussicn on tho distance between any two
consecutive points on tha constructed number line.
- a. This distance ir callz2 a unit distance.

D. Pass cut assignment shact containing unit distance AE
.. and Jire L with point 0 marked ou line L.




. s

| SN

P

ol

Name Date

Quiz (Lesson 4)

For each problem write the symbol which represents the
given geometric term.

1. "Line segment KL",

2. 'Half-open line segment NM",

3. “Ray TU.

For each problem name the geometric term represented by the
given symbol

4. 6‘ - : :':'
R
S.
L a;
Reproduce the given line segment AF on line n YR
6. I;
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Name Date

Classwork Assignment (Le~'.a 4)

For each erercisc construct a number line on the given

line using the given line segment as a unit distance.
at point 0" as the zero point.

Begin




Name

bate

- e

Assignment (Lesson %)

For each enercise corctruct a aunber line on the given line

using CD as a unit distance. Bagin at point "0 as the zero
poj.nto

1.

Develop a number line in unit lengths.

A

¢

2. Develp a number line in half-unit lengths,

\Jp‘

Devzlop a number line in guarcar-unit lenzths,

e
3.
é—
3
y,

“evelop 3 nuinber line in eighth-unit lengths,

w7
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Iessoa 4 (cont.)

1.

€tvdents constvucl & auwmder iine,

II. Bisect a line segment.

A. Compass and straight edge.

1.

Classwork and demonstration.

B, Application to number line.

1.

2.,
3.
M

Assignment:

Lesson 5

Construct number line using given unit, then
bisect each unit lerngth.

Repeat to form quarter units,

Repeat to form eighth units.

Discuss need for accuracy and neatness to obtain
good result,

On new assignment sheet, follow steps of part II
above.

I. Using a number line.
A, Peview of bisection of line segments,

B. Construction of number line, given arbitrary unit of
length,

1.

2,

Construct scale using units end-to-end, then
Disect each segment.

Bisect the given unit first, then mark off each
half-unit on the given line.

C. Ordering of numbers on a nuwber line; class work.

1.

Approximate the position of points on a given
number line which correspond to each of the
following numbers,

a. 5,1/2,0,2,13/4 31/4, 32/8
b. 3/8 ,23/4 ,2 1/4,2 2/8 ,3 3/8 ,1.6/8

1. Note that 2 1/4 and 2 2/8 are names for the
same point on the number line.

D. Introduce the unit of measure "1 inch".
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Lesson 5 (ccnt.)

1. Classwork 4. assignnent sheet.




ilame

Assignment (Lesson 5)

For each exercise, fill in the table at the bottom of
this page.

. 1. Construct a number line on line L using one inch

1 as the unit. Use point "0" as the zero point,
Refer to the lire segments through F . Estimate
the length of each line segment to the nearest
inch. Record your estimates in the first row of
the table,

7z |

L,
\ ﬁ A
II. Heasure each of these line segments to the nearest inch,
Record the results in the second row of the table.

=

Construct a number line in half-
unit parts on line M using one
inch as the unit, Use point "0"

as the zero point,

Now estimate the lenzth of each
line segment above to the nearest
half-inch. Record your estimates
in the third row of the table,

A
LY

—

P L
‘I

D
IV. Heasure each of the line segments to the nearest half-
inch. Record the results in the fourth row of the table,
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Lesson 5 continued
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Lesson 5 (cont.)
a. Unit of measave giver, line L: construct number
l : 1ine. S ) .
b. Heasure line segmenis on assignment sheet to

nearest inch.

€. HMeasure same line segmentc to nearest half inch.
g Assignment: Repeat steps in part D on new assignment sheet.
g Lesson 6
u I. Introduction to the English system.
A. Quiz
g 1. Order the following numbers on a sketch of a
number line.
2. Given AB equal to one irnch. Using compass,
- determine the length of the following line seg-

ments to the nearest 1l/4 inch.
B. Review homewcrk

C. Introduce English system of measurement.
1. Identify the different units of measure
7 a. Inch (standard unit of measure)
b. Foot = 12 inches
c. Yard = 3 feet = 36 inches

iy d. iile = 5,280 feet
1 2. Each of the above may be considered as a unit
! of measura,

3. Discuss situations in which these units are used.
a. Which unit should be used to measure:

i. the lenzth of my shes.
ii. the height of the room.
iii. the distance f.om here to New York.
iv. the length of a street.
v. the length of a percil.
vi. the width of a pencil.
vii. the distance to the moon.
viii. the thicknass of a fingermail.

9




ilame ' Date

Quiz: Lesson 6
@ .

1. Locate the following numbers on the given sketch of a
number line,

21/4,0,1/8,13/8,37/8, 15/8, 4 1/4

L A ) 2 {
\ : .

O i
g 2, Given AB equal to one inch, Using compass, determine
,.,z

N 4

the length of the following line segments to the nearest 1/4 inch.

43




Name ' : Date

Classwork assignment: Lesson 6

A — B

Construct a 12" ruler on cardboard. Make the scale to /4
For each exercise ‘guesstimate" the line segment.

.

Then measure with your scale.
List measures to the . t
right

\ f’ | b
4 . J
5 A
\ / e —— L.
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BN

Assignment: Lesson 6 1" .
A B

Date

For each exercise ''guesstimate" the line segment to nearest 1/8'".
Then measure with your scale. List measures to the right.
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Lesson 6 (cont.)

b. Discuss advantages of larger units of measure
and snaller units of measure.

f. Size of numoral used, convenience of
measurcnent, convenience in calculating.
1i. Convenience in using integral measures.

v, Classwork on estimating lengths of line segments
using inch as the unit.

4. Meaning and purpose of estimating.

i. To approximate the length of the object.
1i. To check the result of an actual moasurement.
1ii. To develop a better understanding of
measurenent. -

Assignment: Hectopraphed page, estimating and measuring line
segments using a 12" ruler containing 1/4" scale
on cardboard.

lesson 7

I. Introduction to the metric system.

A. Reviev different units of measure in Dnglish system.
1. Uses of each unit in two or three exarmles.
&. Discuss peasurement of desk top in three
different units of measure: inch, foot, yard.
b. Measure length of desk top in miles.

B. Introduce centimeter as unit of measure.
1. Construct ruler (12 inches long) using cn. as
unit.
2, Compare number of cm. in ruler to 12 inches and
nusber of centimeters.,

C. Develop concept of cm. as compared to inch.
1. Assigmment sheet containine various line
segrents. (in integral multiples of an inch).
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Lesson 7 (conmt.)

a. MNeasure each line semment to nearest inch.
b. lieasure each line segment to nearest half-ca.
¢. Compare corresponding measurements.

Assignment: On hectographed page, repeat part C above.

Lesson 8

I. The metric systen

A. Quis
1. Neasure given line segments in cm., using your

own ca. scale. :
2. Approximate each line segment for lens“h in
using results in step 1 as an aid.

B. Review homework.
1. Stres comparison of line segments in inches and cm.

2. HNumber of cm. in one foot (approximate).
3. HNumber of cm. in one inch (approximate).

C. Counversion: inches to cm., C® o' inches (use 1 inch =
2.5 m.).

1. Using scale on overhead projector:
A. Convert 3 inches to cm.
b. Have class convert following to om. @

1. 8, 25", 17', 6 1/2", 180 inches.
1. llote that number of ocm. exceeds number of
inches in cach measurement.

2. Using scale on overhead projector:
a. Convert cm. to inches (nearest inch).

i. 25 en.. 60 en., 900 on.,

35 cn., 165 onm.
11. i'ote that nurber of inches is less than number of

11




Naxze Date
Classwork Aésignment: Lesson 7

8) Measure each line segment to the nearest inch.
b) HMeasure ezch line segmont to the nearest 1/2 cm.
¢) What generalization can you make showing the relation between
the nunber measure in inches and in centimaters?
Measure
Inches Centimaters

\
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Name

Date |

Classwork Assignment: Lesson 7

a)
b)
c)
between

the auoder rcasure in inches and in ceatireters?

Heasure each line sewment to the nearest inch.
lleascme ez line segment to the nearest 1/2 cm.
‘!hat cener..{zation can you make showing the relation

Measure

Inches _ ICentimeters

p-
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Quiz: Lesson 8

Using ycu~ own r.cale, weasure the given l’ne segments in
contimeters, “Jaen &;broninite each line segmant for length in
inches using <he resv:its o your measurs in ceatimetors.

Measure
Centimeters| Inches

bo'

<.




Name Date

Assignment: 2sson 8

Fes eac: »exs_za fir. the reqired conve:sion.

2. Change 2 inches to the necarest en.

3. Chaace 35 ci:. to the nearest 1/2 inch.

4. Change 5 inches o th: neare:t 1/2 enm.

5. Change 3 1/2 inches t2 the nearest 1/2 cr.

H 1. Charge 2§ Cn, to the nearest inch.
ry
4

6. Change 2 3/4 inches to the nearest 1/2 cr.

¥

’
[ W

7. Change 60 m. to cm.

-y
4

8. Change 24 en. to tm.

Change 95 #m. to¢ om,

“J & r
®

10. Change £5 cn. <0 mm,

ed
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et
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Lesson S

Leosson 8 (cornt.)

3. Inteol.ce rmm. as a unit.
. 't 1afaot ruler with metric scale

LA I 2% U

e TL wotadnad by dividing 1 er. into 10 equal
par-s.
c. If I cm. i: divided in half, ecach ! a>f is

M, ?

How many m=. are contained in one mm.?

How many on. are contained in one rm.?

0f the follswine units of measure, which is the

largast In iength? cm. . mm., inch.

g. Of tne fo.lowing units of measure, which is the
smailest 1: leneth? «r., foct, mm., inch.

k. Spell word: reprcsentec by foilowianr symbols:
cm., am. .

i. ‘ther: is it practical to use mm. as a unit:
whe»2 is it not practical?

"o N

Assignment: Convert neazures:

Inches to ca. om. to mm., mm. v5 om., em. to inches.

. I. Corparison of weric units.

A.

Quiz
1. Change neasvres in metric to Ens'ish system.
2. Chenge reasures in Taoglish to mervic systenm.

Reviaw of rolationship of mm. to en.
1. cn. is 10 tires larzer than 1 m.
2. nma. is 1/1C cs large as one enm.

Introduce meter, ard relatior to other units.

1. 100 r)mo =2 1 1-:ctet‘.

2. mr. = 1 mater.

3. Use meter stick as model: _inches = 1 meter.

12




Name Date

Assignment: Lesson 9

For each exercise find the required conversion.

1. Change 38 mm, to the nearest cm.
2. Change 2 1/2 meters to cm.
3. Change 2 1/2 meters to mm.

4. How many meters are there in 68 cm.?

O O 00 53 =2 82

5. How many meters are there in 68 cm.?

: j 6. A meter is times as large as one cm.

. 7. A meter is times as large as one mm.

8. A kilometer is times as large as one meter.
K 9. Tne kilometer is equal to meters.

’ -

1 10. Ten kilometers is equal to om.

-

1

4
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Lesson 9 (cont.)

D.

F.

Kilometer, and relation to other units.

1. km. = 1,000 m.
2. km. = cme.
3. km. = m.

4. note: relation in multiples of 10.

Conversions (classwork): chanee:

1. one km. to meters.

2. 10 km. to meters.

3. 35 km. to meters.

4, 35 km. to mm,

5. 350 cm. to meters (nearest half-meter).
6. 2,500 cm. to nearest half-meter.

7. 2,500 cn. to mm.
8 2, 7500 meters to mm.

9., 2,500 meters to cm.

Reorder from largest unit to smallest.
1. meter, kilometer, centimeter, millimeter, inch.

-
- YA,

Assignment: Study today's notes. Review for test tomérrow,

Do set of conversion problenms.

Lesson 10

I. Comparison of English and metric units.

A.

B.

c.

D.

Quiz
1. Conversion of measures in metric systen.

Review kn. . m., em., and mn.

1. Largest to srallest in unit leneth.
2. ¥Multiples of 10.

3. Use reter stick for corparisons.

Conmparison of Enqlish and metric system.

1. 1 inch is approximately 2.54 cn.

2. 1 inch is approximately 25.u rm.

3. One meter g approximately 39.4 inches.

Class problens:
1. How many feet in one mile?

13




Lesson 10 (cont.)

2. How many meters in one mile?
B 3. Yhich is larrer, a yard or a meter?
4. How many yards in one mile?
5. How many meters in one kilometer?
6. Yhich is a larger unit of measure, 1 mile
g or 1 kilometer? -
7. A kilometer is approximately what part of a mile?

Assignment:

l. A line segment is 15 cm. long. How long is it
to the nearest 1/8 inch?

2. A line segment is 10 1/4 inches long.
How long is it to the nearest cm.?
To the nearest rm.?

3. Add 15 mm. to 65rm. How many cm. is their sum?

N 4. Approximately how many feet are there in one
' kilometer?
te S. John walked 350 meters. How many yards did he
- walk?
6. liow many feet are equivalent to 100 meters?
Lesson 11

I. Half-period test.
II. Review test and homework.
Lesson 12.
I. Review test
‘4 II. Angles, ldentification of parts.
’ A. Definition: an anpgle is a geometric figqure formed by

two distinct rays having a common endpoint.
1. Review definition of ray and identification of a ray.

| 2




Lesson 12 (cont.)

B. Demonstrate how an anglz is drawn and identified.
1. Draw one ray, called the initial ray.
2. Draw second ray having same endpoint, call it
terminial rav.
3. Show direction from initial ray to terminal ray

by

C. Class constructs angles, following above instructions.
D. Symbol for ancle is g{

E. Classwork: Construct an angle.
1. Draw AB, call it initial ray.
2. Draw AC, call it terminal ray.

F. Question: do the lengths of the rays affect the angle?
l. No, since rays are infinitely long., any representation
of a ray may be extended indefinitely.

G. Identification of varts of an angle.
1. Interior, anzle (rays), exterior, vertex--
(common endpoint).

H. Reproduce a given anrle.
1. Straight edre and compass.
2. Have class draw any angle.
3. Repeat construction of a gziven anele,
teacher demonstrating on board.
4. Have students repeat on own, teacher circulate around
class, helping those having difficulties.

Assignment: Reproduce anrles given on hectozraph paper.
Lesson 13,
I. Measurement of anrles.

A. Review of parts of an angle.

1. Vertex. rays, interior, exterior.

1S
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Name Date

Quiz: Lesson 13 For each problem, reproduce the
given angle.




Name Date

Assignment: Lesson 13

1. Reproduce this angle on the ray to the right.

A
Name each angle. 1\
L

K

For each exercise, name the pairs of adjacent angles.

63
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Lesson 13 (cont.)

B. Review method of reproducmg an angle w:Lth straight-~
edge and compass.

1. Choose one ray as the initial ray.

2. Then second ray is the terminal ray.

3. Draw a curved (circular) arrow showing the
interior of the angle from the initial ray to the
terminal ray.

4., Have class reproduce two angles on hectograph
paper.

-‘ﬁ P m -4..:_1 &

C. Review method of naming angles and parts of angles.
l. In naming angles the name of the vertex must
be written between the names of the
other two points,

T

a. Example: angle BAC: ?;BAC
or angle CAB: )i CAB B

or angle A 3 A

3

—
l 2. Thus, an angle may be named by the name of \%
its vertex.
- 3. An angle can also be named by Placing a smaJl
letter or a small numeral in its interior.
a. Exanmple:
N | AN 2
\Q\ \
."" \,\
- D. Class participation on board. )
- l. Draw an angle, name all its parts.
: 2. How many ways can the angle be named?
) 3. List the names (use the symbol ‘9: for angle).

7 E. Adjacent angles.

. Illustrate on board.

. How many angles are in the flgure"

. Name the angles. (note that A" is always
written in the center).

Can we nare any of these angles 4 A?

W N

|
F —4
.

a. Discuss. Note ambiguity.

16
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Lesson 13 (cont.)
5. BAC and X CAD are called adjacent angles.
6.9 BAD and ¥ BAC are not adjacent angles.
F. Definition of adjacent angles.

1. Two angles with a common vertex and a common
side between them.

G. Examples:

' . . 9—. /
- _v"/ '.’

i3
T~e &

1. <1 and ¢ 2 are adjacent angles. _
2.< a and ¥ b are not adjacent angles. Why?
w—r"
T *
~ (<4

3. Name the adjacent angles in the above figure.

a. How many angles are in the figure?
i. At this time, we are only considering
acute angles.

Assignment:
1. Reproduce the given angle.

2. Given sets of angles, name each angle, name
the pairs of adjacent angles.

17
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Lesson 1lu

I. Introduction to angle measurement.

A.

c.

D.

F.

Quiz

1. Reproduce the given angles.

2. Name the angle in the figure in two different
ways.

3. Define adjacent angles, -

4, Name two pairs of adjacent angles in the given
figure.

Review of adjacent angles.

Bisecting an angle.
1. By straightedge and compass.
a. Relate to reproducing an angle.

i. For bisecting
ii. Check for equal angles.

Repeat part C as classwork, using hectographed page.
1. Follow directions of teacher.

Angle measurement

1. Meaning of a unit angle tc measure other angles.
a. Relation to unit of length, unit of time.

2. Use an arbitrary unit of ancle measure.

a. Use hectograph page containing 10 or more
angles and an arbitrary unit of measure for
angles.

b. Cut out unit angle from hectographed page
and measure angles to the nea rest unit.

c. Discuss this unit angle as an arbitrary
unit; similar to the inch and cm.

d. Indicate that there is an accepted unit
of measure for determining the size of angles.

Note: the length of the rays do not affect the size
of the angle.
1. On hectographed page, have each student extend
rays of an angle to the edge of paper and then
measure the angle a second time.

18




Name

Quiz: Lesson 1k

1. Reproduce the angle at the right. R

2. Name the aagle In problem 1 in two different ways.

8. Define adjacent azagles.

4. Name two pairs of adjacent angles in the following figure.
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Lesson 14 (cont.)

a.

b.

How does the second measure
compare to the first measure?
Conclusion: the length of the
ray does not affect the
size of the angle.

Introduce the basic properties of a circle. Demonstrate
on bzard.

l.

Definition: the set of points which are
equidistant from a given point.

a. A circle is a closed curved iine.

L. ‘The given point is called the cent:sr of

the circle.

A circle cutz a plane into three regions.

a. Iaterior of a virecle {contains the center)
called a disk.

b. The circle (a closed curved line).

c. The exterior of the cir«le.

Special linear measures cf the circle.

a. Radlus: the distance firom zny point to the

center of the circie. (define distance)

i. Students draw a straight line
segment from a point, K, on
the circle to the center, P.
ii. Shortest distance between these
two points is the siraight line segment
PK.

b. The line segment drawn in (i) is also called
a radius.

i. An infinite number of such line segments
can be drawn in a circle.
ii. Conclusion: Every circle
has infinitely
many radii.

c. Diameter: <ihe distance from any point on
the circle along a straight
line through the center of the
circle to the point where the
line meets the circle.

19
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Lesson 14 (cont.)

e

Assignment:
1.

2.

Lesson 15

e e

Students draw a line segment through the

i.

center terminated by the circle at both ends.
i. The line drawn in (i) is also called a diameter:
i. An infinite number of such line segments

can be drawnm.

Every diameter is made of two radii.

Have students choose any point on the

circle, named point M. Trace a pencil point
alout the circle, (on the line) in a clockwise
direction until the pencil point returns to

Toint d. the distance traveled the ¢ircumference
~F th eireclz.

Reviev conscruction of a circle given center
and »odivs.

Study rnotes {quiz tomorraw. Students are
raspeasible for spelling.

On carcboard (8" x 8") construct a cincle with
a 7" diameter. Draw a line segment 7" long

on paper and mark it in inches. Cut out
circle #nd Siing it to ciuss.

I. Circumference of a circle.

A. Quiz

1. Define adjacent angles.
2. Name a peir of adjacent angles in the figure.
3. Nam2 the parts of a given circle and related parts.

B. Reviay

: parts of a circle.

1. Stress interior and exterior radius and circumference.

23
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Lesson 15 (cont.)

C‘

Qefer to homeworr assi-nment.

hold up the disk which he had cut out.

l.

Classwork. - teacher draws a line on board
about one rete» lonc. Ask
for student to brin~ his disk
to board.

a. Two studants hold neter stick a~ainst

line drawm.

b. First student nlaces his disk on
arbitraery noint on line and marks
point where disk touches line.

c. Roll disk on meter stick until point
on disk has arain touched line (one
comnlete revolution).

d. Mark new point on line.

e. Remove meter stick and count number of
diameters in the newly formed
stretchout of the circle.

f. This measure is the circumference
of the circle.

i. The unit is the diameter of the circle.
ii. Circumference = 3 Jiameters + 1/7
diameter.

Check to see that this works for other circles.

a. After more classwork conclusion (above)

should be acceptable.

b. Students will emphasize that 1is the

symbol for this factor: 3 1/7 is a
usable anproximation.

Classwork: find the circumference of each circle
for which the followins mzasures are
given.

a. 7 radius, 28° diameter_ 50 radius.

20 diameter.

Standard unit of measure for an anrle.

a. The de«ree is the standari.

b. Arbitrary division of a c1rc1n into

360 equal arcs.
i. A small ancle formed by drawin-~
radii from each endooint of an
arc to the center is called a degree.

21
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Name Date

Quiz: Lesson 15

1.

3.

Define: adjacent angles

Name a pair of adjacent angles in the figure below.

Name the parts in the figure:

a) Point P is

b) PR is

e) Y7 is

d) The lencth of the circle
is called

66
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Lesson 15 (cont.)

c. Have students refer to the disks which they

made.
i. Fold the circle along a diameter.
ii. How many degrees in hal€ a circle?

Introduce symbol for degree (0).
Open the disk again.

1. Construct the bisector of the diameter
and cut the disk along the bisector creating
two semicircles.
ii. Fold each semicircle along the original
fold, creating one-quarter of a circle.
iii. How many degrees in a quarter-circle?

Assignment:

1. Find the circumference of circles, given the
following:

o Qo

- a. radius = 56 miles, radius = 63 miles,
- diam. = 63 miles.

: 2. Study notes.

K Lesson 16

-y I. The degree

! . A. Review

1. Circle, parts of a circle, and related measures.
2. Angle measure, arbitrary units, and standard
= unit-the degree. :

L B. Develop concept of approximate size of one degree.
1. Using the quarter-circle constructed yesterday,
repeatedly bisect the angles down to 11 1/u
R degree angles.
2. On another quarter-circle, estimate 1/90th of
a quarter-circle.

d | 67
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Lesson 16 (cont.)

3. Student reaction: a degree is very small,

This is not so. Discuss.

4. Demonstrate, by showing a small angle constructed
in two concentric circles.

a.

b.

Emphasize that the arc cut by the rays on
the larger circle is longer than the corres-
p™ding arc on the snaller circle.

Tndicate that the further the rays are
extended, the further apart they become.
Illustrate at board.

Thus, a degree could mean a long
distance nT arc between thenm 2s we
travel miics from the vertex.

e
.

ii, This could make a big difference on a

moon shot, or some related situation.

C. Introduce the protra'tctor.
l. Demonstrate different sizes. Use overhead
projector.

-

= B

2. Use
a.

i
i

Show circular protractor.

i. Show two directions of measurement of
angles.

i. Clockwise

i. Counterclockwise

of protractor.
Draw angle, label initial side and terminal
side, show direction in which you will
measure. Si

68



Assignment: Lesson 16

I. Label the initial side and the terminal side of each angle.
Then measure each angiz and record the mecsure.

) ! < q

angle

i
measure }

II. Label the right side and the ieft side of each angle.

Then measure each angle and record the measure.
N 7
)
- l

(3 3 &3 39 OO &3 3

I‘.

III. Measure each angle and record the measure.

angle l‘ | | J K L. ™

measure ' j

69
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Lesson 16 (cont.)

D.

3.
a. Axays measure from initial ¢idi 4o
taminel side.
b. Ve ray ryissre  clockwise or counter-
cineviise,  Slaw exansles.
c. We may warer To sides of angle as right side
arl Jeit eiidn,

i. Demensirate: Arpproach vertex
from exterior »naxt
of name vizht -1 lelt
side.

On Lizctormohed gize hoting various anglos drawn.

shov. initiul side sné terminal side on <azh angle

and drav arrow to indicate direction in wiiich to

measure, Y

1, Yarn students that terminal side mu:t be
drawn long enough so that it will Zaversect
the derree scale of the protractor.

2, Name right side and left side in first five
angles.

Assignment: Complete classwork assignment (part D) for homework.

24
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Assignment: Lesson 17

I. Measure each of the following angles. Indicate your
measure on the inside of each angle.

81 o
II. Construct one line for each exercise which will be(J

parallel to the given line. 3

/ & :




Lesson 17 .

I.

Angle measurement

A.

B.

C.

D.

Review measuring angles.
1. Use overhead projector and clear plastic protractor.
a. Indicate two scales on protractor.

i. Clockwise and counterclockwise.
ii. Scale used depends upon choice
of initial and terminal rays.

2. Compare markines on a circular protractor and
150-degree protractor. '

Review homework.

Classification ¢f angles.

1. Demonstrate on overhead projector with classwork. '
a. Zero degree angle. '
b. 90 degree angle -~ right ancle.
c. 180 degree angle -~ straight angle.
d. Acute angle

i. An angle whose measure lies between zero
and 90 degrees.

e. Obtuse ausle

i. An angle whose measure lies between
ninety and 180 degrees.

f. 360 degree angle.

Measure of angles between 180 and 360 degrees.

1. Compare methods of measuring these angles using
a circular protractor and a 180 degree protractor.

2, If such an angle is of interest, an arrow will in-
dicate such.

Parallel lines.

1. Definition: two lines in the same plane which
do not meet no matter how far they
may be extended.

2. Demonstrate construction of two parallel lines.

i. Use the theorem that if two
lines are perpendicualr to the
same line, then they are parallel.

25




Lesson 17 {cont.)
Assignment:

1. Yeasure the following angles.
(Angles given vary from zero to 360 degrees).
2. Construct lines parallel to the given lines.

Lesson 18

I. Angle measurement and terminology of triangles.
A. Quiz on terminology of angles.
B. Review quiz.

C. Review of homework
l. Yeasurement of angles.
2. Construction of parallel 1lines.

D. Terminology of triangles.
1. Definition: a triangle is aaclosed plane
figure formed by three line segments.
2. Demonstrate with a figure the names o7 the
parts of a triangle.
a. Three sicdes.
b. Three intorior angles.

l i. At this time, omit exterior angles.
c. Vertices (named with capital letters).

i. When naming the triangle, one nust always
give the names of the vertices in
clockwise or counterclockwise order.

d, Sides: demonstrate names on diapran.

i. Named as line segments with vertices

as endpoints.

ii. May be named with small letters corresponding
to the names of the opposite vertices.

26
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Lesson 18 (cont.)

E. Property

1.

Demonstration to class

a. Draw an acute trianrle,

b. Construct a perpendicular from any vertex
to the opposite side.

¢. Cut out the triangle.

d. Fold triangle so that the three
verticesare concurrent with the foot of
the altitude which you constructed.

e. lJotice that the three angles fit in a
straight angle.

Other demonstrations to class.

a. Perform same work with obtuse and right
triangles.

i. Draw perpendiculars from the vertex
which locates the obtuse angle or right
angle.

b. Observe same result as above.
Conclusion: +the sum of the interior zngles of
:ay triangle is 180 degress.
Classw.rk, with aid of overhead projector.
a. Given the measure of two angles, find the
measure of the third anrle of a triangle.

i. { A= so° iB = 50°, find angle C.
ii, R = = 309, find angle C.
1ii. &' B = {?A = 45°, find  C.
iv.F B = 20° is a right angle,

find A,

v. { BO'O, ol

vi. 4)\ 25°, B
vii. If two angles of a triangle are equal

and the third angle measures 80 degrees,

what is ‘the measure of one of the equal

angles? How do I go about solving this
problem?

60°, find angle B.
25°, £ind angle A,

0>
nn

27
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Lesson 18 (cont.)

F. Hethods of solving problems involving geometric
concepts. '
1. Draw a picture or sketch showing the conditions
given in the prcblem. Thus:

i. Draw a triangle and label the
parts given. Try to have given
parts of the figure appear in
proportionate sizes.

Example:
Given: Triangle ABC with
80

g,

Problem:. Find i’A =

/j

iii. Having listed the information, a sketch, and
the desired measures, then analyze the ppoblem.

t:" B =
’

Assignment: On hectograph pages.

1. 1If two angles of a triangle are equal and the third angle
measures 120°, what is the measure of the other twc angles?

2, If two angles of a triangle are equal and the third angle
measures 30°. what is the measure of the other two angles?

3. If the angles of a triangle are related such that the
second angle is twice as large as the first and the third
is three times the size of the first, find the measure of
each of the three angles. (Do not put too much emphasis
on this problem).

Lesson 19

I. Construction of triansles using compass and straightedge.

A. Quiz
1. The sum of two angles of a triangle is 85°/ Jpw ‘arge
{s the third angle? Show your work.
2. A triangle has two equal angles. The third angle
measures 40 . How large is one of the equal angles?
Show your work.

28
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Quiz: Lesson 18

For each problem write the correct name which will complete
the statement. Credit will be given for spelling.

1. A ninety depree anfle is called (a, an) . angle.

2. An angle whose measure is 180 derrees is called (a, an)

3. An angle whose measurec is between zero degrees and ninety
degrees is called (a, an ) angle.

4. An angle whose nmeasure is between ninety and 180 derrees is
called (a, an) anale.

76
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Lesson 19 (cont.)

B. Review homework
C. Classification of triangles.

1. Scalene: a triangle in which no two sides have the
same measure.
a, Give examples.

2. Obtuse: a triangle in which one angle is an
obtuse angle.

3. Acute: a triangle in which all angles are acute
angles.,

4. Right: a triangle in which one angle is a right
angle.

5. Equilateral: a triangle in which all sides are equal.
a. HWote that all angles are also equal.
Specifically 60°,

6. Isosceles triangle: a triansle in which two sides
are equal.
a. Note that the two angles opposite the equal
sides are also equal in degree measure.
b. Note special isosceles right triangle.
Remind them of the special plasti:z triangle
used in Mechanical Drawins.

7. XNote special right trianele 30 - 60 - 90 degree
right triangle also used in Mechanical Drawine.

D. Demonstration and classwork on construction of triangles
using compass and straightedge.
1. Draw a scalene triangle on board, and reproduce
the triangle usins compass and straightedge
as a demonstration.

2. Repeat construction of another scaiene triangle
with each student participating step by step.

3. Repeat construction by students as classwork.
a. Teacher helps students at thei» seats.

29
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Name

Assigrment: Lesson 19

Date

For each exercise reproduce the given triangle using
Begin construction on the given line.

compass and straightedse.
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Lesson 19 (cont.)

4. Construct an equilateral trianrle, given one side.
a. Discuss, what is meant by beinm given
one side.

i. Since all sides are equal, we are
really given 3 sides.

b. Complete the construction as classwork.
Assignment: Study definitions and spelling (quiz tomorrow).
On hectograph page. reproduce equilateral
triangle, and acute triangle, an obtuse triangle,
and a right triangle.
Lesson 20
I. Altitudes of a triangle
A. Quiz: definitions of terms pertaining to types of triangles
B. Altitudes and bases of a triangle.
1. Identification of parts.
a. Lvery trianrle has three altitudes and
three corresponding bases.

i. Note generzl meaning of "base'.

b. Demonstrate at blackboard starting with an
acute triangle.

i. Label sides a, b, e.

1i. Label correspondinm altitudes
h , h , h,
a b c

iii. Explain use of subscripts.

iv. Exnlain use of h representing height,
or altitude.

¢. Have students practice naming sides and
altitudes of triangles, using examples on overhead
projector.
30
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Quiz: Lesson 20

1. Define: scalene triangle
2, How can I identify an obtuse triangle?
3. Define: right triangle

L. Define: acute triangle

5. A triangle with three equal sides is called (an, a)

triangle.

6. A triangle with two equal sides is called (an, a)

triangle.

7. Define: obtuse triangle




Name Date

Assignment: Lesson 20

For each exercise construct a triangle having the parts given.
Label all vertices appropriately. Then measure the angles of
each triangle and find the sum of the angles.

1. Given: a

b

c

2. Given: 8 = §5°
= 3.2 cm.
¢c= 4,5 em.

3. Given: a =1 1/2 inches
b = 5 inches

c = 3 inches

4, Given: a = u0°
5. Given: 342
60

2 1/2 inches

o wo
"numn
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Lesson 20 (cont.)

2. Classwork
a. Construct the three altitudes for each given

triangle.
b. Begin with obtuse triangle, in which base must

be extended.

Homework: Continue work assigned in class.

Include obtuse triangles, equilateral triangle and
right triangle. -

Lesson 21

I. Cecnstruction of triancles.

A.

B.

Muiz* Construct 211 altitudes for the given trianeles
and label each side and each altitude.

Review quiz and homework

1. Does the altitude always fall inside the triangle?
2. Do the altizudes meet at a commor point?

3. What is the sum of tha angles of each triangle?

teview construction of a triancle given three sides.

1. Scalene with acute angles.

2. Scalene with obtuse angle.

3. Equilateral r~iven one side.

a. In this case what is implied vhen
' one side is given?

4. Discuss: how many parts (sides) must be given
so that we can corstruct an isosceles
triancrle?

5. Construct an isosceles trianrle given

base and one of the equal sides.

Review method of laheline vertices and sides of triangles.
1. Use the drawin~"s maie (ahove) to rractice this.

Classwork assignmen®
1. Cnnstruct triaurles given certain parts.

Assignment: Corntinue classwork and complete hectoeranhed nage.
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Quiz: Lesson 21

For  each problem construct all altitudes for the given triangle.
Then label each side and each correspondine altitude.
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Name Date

Classwork arnd assisnment: Lesson 21

Tor each exercise construct the required triangsle using the given
parts. Lahel the sides and vertices of the comnlsted trianrles.

1. Construct an iscsceles right 2. Construct an equilateral

triargle given 1la¢ 2. triangle given side c.
Refer to notes for parts of a right
trianzles. a c

3. Construct an isosceles triancle U4, Construct an isosceles

given the side b and the altitutde triangle aiven side b as base
to side b. and the sum of the two equal
b sides (a + ¢).
h
- b
(a + ¢)

5. Construct a right triancle civen 6. Construct triancle ARC
leg a and hyvotenus

e ¢, eziven a, b, and ¢. Measure
the anrles of triangle ABC
_.a_ and classify the triangle.
e a
e
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Lesson 22

I.

Renrcducirr triancles

A.

N I8

Review homework

1. In problem six. what is the sur of the angles of
the trian~le®

Quick review of reproducine triangles ziven three sides.

Introduce method of raproducing a triancle given two sides
and the included angle.
1. Use two scalene trian~les, one of which has
been traced fror the other. '
a. Compz.,e sizas of correspondine anales.
b. l!easura two anrgles ask for nradiction
of the size of the third ancle.

i, Use intuitive concent that the
sum of the anrles of a triansie
must be 180 deerees.

2, Classw.: and demonstraticn: given sifes bard ¢
and ar, "2 A of triangle ARY, coratruct o triancle
with tio same shane and si.e.

a. Cowrare the triancles usin- tracing paner.
b. #Fote that the *wvo oiven sidss must he

sides of the given anzla,

3. Classwork: construct triancle ~iven:®

(B}

0

é{a =52% b= 2", and ¢ = 2 3/u",

Demonstra*icn and classtiork: construct a trianrle given
two angles and their common side (A.S.A.)

1. Given- );/\ =30°, ¢c=2', and 2}3 = 70°,

2. Comnare the “inished triangle with the oririnal
by usina tracine pnapzr or by cuttinc one of the
triangles out,

a. Label corresnondine vertices
usine nrime marls,

&85
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Lesson 22 (cont.)

E. Introduce term corgruent‘ firures and anply to the
concent of congruent triancles which were constructed.
given certain narts of the trianrle.

1. Conrruent: a term referrin- to the nroverty of
two figures which have exactly the
same shane and size.

Assirnment: Construct trianeles havineg the varts given. Lezbel
the vertices ammronriatelv. Then measure the anrles
of each trianrle and find the sum of the ancles,
Review for test.

Lesson 23

I. Constructing triancles

A, Nuiz
1. Conmstruct a triangle given an antgle and the sides
of the anrle ia the triangle.
2. ™sasure the size of the ancles of the triancle.
B. Mefer to hcmework proklem number 3.
1. Hew many were able to construct the triancle?
a. Try the construction on the board.
b. Show that the sum of any two sides of a
trianrle must be sareater thar the third side.
c. Relate this concept to practical situations.

i. Cutting across a lot to
make walkin~ distance shorter.

C. Review other homework: mroklems on board.

1. Have trianrles dravm for homework cut out and compared
for conrruency.

D. Review for test
1. Vecabylary: Isosceales triancle. symbolism used to
mark equal parts of triangle, definitions,
ete.

Assignment: Study and review for test.

33
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Name

Quiz-*

Lesson 23

1. Construct a trianvle having the given parts: Label the

vertices anpropriately.

Given: a 3.7 em.
¢ = u3°
g 4.2 en.

L

2. Measurs the size of each anzle constructed in
problem 1. Mame them here.




Lesson 24
I. Test on topics to date.
Lesson 25

I. Special angles.
l A. Review test.

B. Introduce comolementary angles.
’ 1. Definition: two anrles are complementary if their
: sum is ninety degrees.
2. Give exanmples:

t a. Separate anrles whose sum is 90°.

b. Adjacent anrles whose outer rays

form 2 richt anegle. : .

l ' ¢. Indicate that complementary refers to a

relationship between two angles.
3. Question: what type of triangle always contains a
pair of comnlementary anrles (a right

o triangle).
4, Refer to figue at right.

Lines L an? M arc vpernendicular,
Lines a and b are permendicular:
a. !lame six pairs of

comnlementary aliacent 8%

angles. t

' AN {

b. Name a pair of complementary 5

angles which are not adja

c. Mote that if two anrles
are complementary then each
anele must be acute.

- C. Supplementary angles S ’
1. Definition: Two angles are
supplementary if their sum is 180°. \-
: a. If two ancles are sunplementary,
' ) then one of the angles is called
the supplemant of the other,
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Lesson 25 (cont.)

b. Three angles whose sum is 180° are
not supnlementary bezause this term
refers to 2 relation between onrly two angles.
2. Give examnles:
a. Two separate surplerentary anzles.
b. Two adjacent sunplerentary ancles.
3. Quastion: are the angles of a triangle sunplementary?
(no). : . :
4. Refer to the Tigure at the risht.
a. What kind of line is line L?
b. %het kind of line is line M?
c. Neme the pairs of adjacent
angles in the figure.
d. ‘Yame all pairs of comnlementary aneles
in the figure. (none).
5. XName all the pairs of supnlementary aneles.,
a. Discuss how it is inmnossible for a pair of
adiacent supplerentary angles to be acute.
b. Twe possible sets of angles.

{. Two right ansles.
ii. One obtuse and one acute anrle.

Assignment: On hectograph pace, nive diagram of intersecting
lines (+wo merrendicular) and ask stucents 1o name
2ll comrlementary arsles and sunplementary angles.

Lesson 26

I. Snecial anflies.

A. Quiz
1. Define comnlementary annles.
2. Define sunplerentary angles.
3. Define adiacant anales.
4. Two zdjacent angles avre sunplementary. The
acute angles measures 889 How much Goes the
obtuse anvle measure?
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Lesson 26 (cont.)

B.

Review quiz
1. Discuss problem #4 i{n detail.
a. Stress meaning of the term sunplementary.

Review homework

1. Refer to 4 and “5. Are three angles supplementary?
Hhy?
a. Refer to definition of sunplementary.

2. Explain #6 by assioning numerical values to the ancles.

Vertical anrles

1. Definition: Vertical angles are two angled formed
by a pair of 1lines in a plane and whose
sides are opposite half-lines having
the same vertex.

2. Demonstrate the definition with diapgrams.

Refer to the diarram above. .
1. What relationship do the angles
1 and 2 have?

2, What relationship do angles 2 ana
3 have?

3. What relationship do angles 1 and 3 have?

4. Suonose X2 = 160°
a. Pind the measure of gl and §3.

5. Vhat relationship do the anfles 1 and 3 have?
a. Conclusion: vertical angles are equal.

6. Repeat the steps 2 through 5 to develop concept again.

Assignment: On hectozraph page, present diagram of intersecting

lines, some at right angles, and ask students to
identify relationship between certain angles.
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Lesson 27
I. Construction of rectancles.
A. Review homework.

B. Review types of and relationships between angles.
1. Acute. obtuse rirht.
2. Adjacent, suonplementary, comnlementary
3. Supplementary, cornlementary.
4, Vertical

C. Review types of triangles. _
1. Scalene, obtuse. acute, right, equilateral, isosceles.
2. Special risht triangles
a. Scalene: 30N-60-90
b. Ilsosceles: 45-45-90
c. Other

D. Rectangles.

1. Definition: A rectanrle is a four-sided nolygon
whose onposite sides are equal and whose
adjacent sides are pernendicular.

2. Demonstration and classwork on construction of a

rectangle.
a. Starting with convenient line construct
a line permendicular to it at a convenient
point.
b. Mark off 5" base from foot of perrendicular.
c. Construct nernendicular to base at endpoint

of 5 base.

d. lark off 3' on each perpendicular from €oot of
pernencicular,

e. Connect endnoints on nernendiculars, label all
vertices.

3. Class repeat construction with 1 = 4 , w= 2°,
E. Introduce property of thes diaronals of a rectangle,

usinr rectancles already drawnm.

Assignment: On hectorrarh. have students construct rectangle
and ansver questions concernine it,

Lesson 28

I. Construction of the stretchout for a rectargular section of
duct.
A. Review homework.
37
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Lesson 28 (cont.)

B. Diagonals of a quadrilateral,

1. Definition: Diagonal of a quadrilateral is a line
segment joining vertices which are
not endpoints of the same side of the

- quadrilateral.

a. Illustrate with diapgrams.

Diagonals of a rectanzle.

a. Refer to homework problems #3 and #u,

b. Diagonals of a rectangle are equal.

Diagonals of a square.

a. A square is a rectangle in which the
adjacent sides are equal,

b. Diagonals of a square are equal and
pervoendicular,

4. Use this pronerty for the diaronals of rectangles

" to see that a rectangle has been constructed correctly.

C. Rectangular duct
1. Definition: The models we shall construct are.
similar to the rectanpular ducts used
for heating and air conditioning in
large buildings.
“Ducts are used to transport air to
different parts of a building.
Other types of ducts are used to control or
direct water or fluids.
Relate to field trip taken by members of
class.
Properties of rectangular Aducts.
a. Parallel faces or planes.
b. Perpendicular faces or planes.
c. Parallel edsed.
d. Perpendicular edges
e. Faces are a set of rectangles satisfying
given measurements.

D. Constructiorf of duct
1. Laboratory approach for construction of rectangular
duct.
a. Analysis of models previously constructed.
b. Sketch isometric view of
duct.
c. Label dimensions
d. Examine stretchout of model.
i. series of rectangles
having common sides.
check ovarall measurements
iii. check diagonals for equality.
38
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Lesson 28 (cont.)

E. Example of stretchout

1.
2.
3.

Check diagonal of each rectangle.
Check diagonal of stretchout.
Check lengths of all parts.

a. Note equal lengths.

= " » ' e 6 '
G b —=.IF

_‘.\‘; f‘/’ l
F. ﬁ;’np'le"'cff layout should be constructed on blackboard
as students construct at desks. '

1.
2.

3.

Check all diagonals for equality.

Check overall measurements and diagonals AF and GE
for equality.

Note the names .given to the dimensions of the duct.
a. Base and height are interchangeable.

b. Length of duct is a standard notation.

G. Repeat layout of duct by class.

1.
2.

3.
4.
S.

Display model, a oblique view of board.
Give and label dimensions of cblique view.
a. Base = 3", .eight = 2", lenght of duct = 4",

Have class lay out duct on unlined paper.
Cut out duct
Teach scoring and folding of duct.

i. Ideal to have scoring dies From

paper box plant.
ii. Use quarter to score.

33
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Lesson 28 (cont.)

6. Discuss need for flap for gluing or stapling.

a. lake sketch on board showing flap.

Assignment: Construct ducts given following dimensions:

1. Base = 2 1/2" 2. Base = 4 cm.

h = 1" h =3 cm.

1=3" l=28cm. N
Lesson 29 ‘

I. Construction of rectangular duct.

A.

B.

D.

Review layout of duct constructed for homework.
1. Review notation: ase, height, length.

-2, Use of flap.

Cut out ducts from paper.

1. Fold and glue.
2. Discuss need for patience to do neat and accurate job.

Connecting ducts (new project).

1. Discuss ways to connect ducts, :any ways can be
employed.
a. Decide on location of flaps.

2. Sketch layout of duct with connecting flaps.
a. ’F_,_:ggmple L

» \.. ’ -\lf -—5
"~

L 3,
) VA ‘c- 3> i)

Classwork: on cardboard layout, then cut and form a
duct including connecting flaps.

3%

sS4




Lesson 29 (cont.)

1. Dimensions: base = 6 cm., h = & cm., length = 10 cm.
2. Have students orint their names on all fabricated
ducts or layouts.

Assignment: Complete classwork.
Repeat classwork as assignment with given dimensions.

Base = 4%, height = 3 1/2", length = 6%,

Lesson 30
I. Connecting completed ducts: group project.

A. Glue ducts formed for yesterday's classwork and homework.
1. Examine ducts for neatness and accuracy in
measurement
a. Place several ducts next to each other
to spot inaccuracies. :
2. Check ducts for parallel faces and perpendicularity.
a. Does the duct lie flat on a desk
when placed on any face or end?

B. Check dimensions of connected ducts.
1. Assisn (3 or 4) students as groups
and instruct them on connecting their
ducts by gluing to create ocne long rectangular
duct.
2. Check connected ducts for dimensions and joints.
a. Duct connections should be smooth, not in
"'steps ° or onen joints.
b. Surfaces of connected ducts must lie on
the same plane.
i. Use flat surface to check to see that
each sidz of the connected duct lies in a
single plane.
ii., Stand the connected duct on end to
check construction.
iii. Stand several of the ducts next to
each other to check overall
lengths. All should be approximately
the same lencth.

c. If an individual's piece is unsatisfactory,
his partners are expected to help him construct a
new piece in order to complete the project.

41
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Lesson 30 (cont.)
II. Introduction to area measure.

A. Review of the development of measurement in earlier lessons.
1. Ask students to compare the length of a set ’
of line segments.
2. Remind them of the use of an arbitrary unit
of length to compare line segments.
3. Remind them of the benefits of using a
standard unit of measure.

B. Draw a set of closed plane figures on the overhead projector.
1. Ask the students to compare these geometric
figures by imagining placing one upon the
other.
a. Indicate the difficulty of finding
whether one figure is larger than
another when they overlap in different
places. v
2. Remind students of the feasibility of using
an arbitrary unit of measure.

C. The teacher presents the use of a ndisk' the size of a
penny for an arbitrary unit of measure for plane closed
geometric surfaces.

1. For any of the figures on the overhead projector,
how many pennies will fit, without overlapping
each - or the edges of the figure, inside
each figure?

a. Note that we cannot completely cover
the inside of the figure.

b. MNote that a pocket full of pennies may
be necessary for demonstration.

D. Using a disk the size of a penny as a unit of measure,
students are to measure the size of each of a set of
plane figures. (Constructions should not create the problem
of fitting parts of units).

Assignment: Complete assignment started in class dealing with
step i above.
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A.

Lesson 31

I. Area measurement
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Review homework

1. Stress problem #7 for development of concept of
multinlication as a shortcut for repeated addition.
a. This is the basis for the area formula: A=lw.

FRTTRppRY

Indicate the dissatisfaction with the coin as a unit

of measure because it leaves much of the closed surface

“unused'.

1. Discuss or demonstrate the possibility of using more
of the surface as a baker would, by kneeding the
unused dough, rolling it out to the same thickness
and cutting more disks from it.

a. The teacher could demonstrate this with play
dough.

Define area: 'the number of units of a fixed shape and
size which fit into a given closed plane
- figure'.
1. Refer to the homework assignment and tell the
area of each figure.

As in the unit of linear measure we can have an arbitrary

unit of measure for area.

1. The sole of a shoe.

2. Washers stamped out of metal.

3. Hany other industrial examples which students should
be able to recognize.

The square as a unit of measure.
1. Minimize the problem of using all the surface
of the figure.
2. The inch square, or square inch as a unit.
3. The square centimeter cm. by cm. in linear measure.

Discuss problem {7 from homework acain and summarize the
process of finding area without counting all the units:
1. Find the number of coirs which fit in one row.

2. Find the number of rows which will fit in the figure.
3. Find the area by repeated addition.

4. Apply this to any rectangular figure.

Classwork and assignment: Determine the number of inch
squares vhich will fit inside each given figure without
overlapning each other or the edges of the figures.

u3
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Lesson 31 (cont.)

G

Lesson

Classwork and assignment:

1. Find the number of disks the size of a penny which
will fit in each rectangle. Do this without drawing
all the disks.

2. Determine the number of inch squares which will fit
inside each given figure without overlapping each
other or the edres of the figures.

32

I. Area measurement

A.

Quiz

1. Define: area

2. Find the number of inch squares which will fit in
this figure. (4' x 67)

3. Find the number of centimeter squares which will fit in
the following figure.

Review homework
1. Stress the process of repeated addition to shorteut
the process of counting the number of units.

Classwork®: On hectograrhed page. Using the unit of
measure riven, determine the area of each
- polygon. Print on graph paver having
1/2" squares. Use 1" squares as the unit
of area drawn on graph paper. Stress
16 small 1/4" squares form unit.
1. One problem involves the area of a triancle.
a. Have students cut out the triangle.
Then cut alonc the altitude of the
isosceles triancle, nut the parts
together to form a rectangle. and
calculate the area.
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Lesson 32 (cont.)

b. A second fisure will be a tranezoid as the
comnosite of a square and 2 right triangle.

i. Find area of parts separately.

Stress 1-1 correspondence between:
l. 1length and * squares in a row.
2. width and # rows in rectanrle.

Assignment: Hectogravhed page printed on graph paper having
1/4' squares. Determine the number of inch squares
and/or fractional parts of an inch square which '
will Fit in each closed figure.

Use the technique of judiciously cutting un each
firure and rearranging the parts to form recti-
linear figures - thus making it easy to count
the number of squares which will fit in each
figure.

Lesson 33

I. Develoving formula for the area of a triangle.

A. Review homework
1. Stress technique of cutting each figure in such a
manner that the parts can be arranged to form
rectilinear figures.

Arza of rectansle renresented by a formula: develop

formula for area of a triangle.
1. Draw the diaconal of a rectangle and observe the

creation of two rirht triangles.

a. The area of each triangle is half that
of the triangle.

b. Give particular examples and determine the
area of both rectanrle and resultin~ triangle.

Given a parallelogram, find its area based upon the area

of a rectangle.
1. Drew a line from one vertex perpendicular to and cutting

the opposite base. Thus a right triangle is formed.
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Lesson 33 (cont.)

D.

2. Cut off this right triangle and place it
next to the other side of the parallelogram
. so that the hypotenuse of the right triangle

lies on the other side of the parallelogram

forming a rectanrle.

a. The area of the rectangle can be
determined from the length of the
parallelogram and its height,

i. Thus. A=bh for narallelorram,

ii. Stress 1l-1 correspondence
length to # squares per row
width to ¥ rows.

Classwork:

1. On hectosraph page, give the basic formulas
for area and have students find the area
by calculation of several polygons. Show
your calculations.

Lesson 34

I. Area of basic geometric figures.

A.

Review homework

1. Students should indicate the process of finding
areas of compound figures.

2. Review calculations.

Finding the length of a rectangle when given the area

and the width of the rectangle.

1. Example: Stress 1-1 correspondence of linear
measures to ' square units.

2. Given: A = 96 sq. inches, L = 8%

a. Use the 8% to tell the number of
squares per row.

b. Sketch a rectangle with lencth of
8 .

¢. Using your knowledre of division,
find the number of rows needed in
the rectangle to have an area of
96 squares.

- 46
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Lesson 34 (cont.)

i. 96 (number of squares contained by figure)
8 (number of squares per row)

ii. Quotient (12) is the number of rows needed.

2. Thus: 96 = 8 w
a. Replace 96 by 8 x 12: 8 x 12
b. Therefore: 12

8 w
W

C. Introduce basic axiom of division fcr solution of
linear equations.

1. Example: 96 = 8w
9 = 8w
8 8
12 = w

D. Classwork in practicing and applying the axiom for division.

Assignment: Complete classwork assignment. Practice finding
missing dimension by using division axiom.

Lesson 35
I. Cross sectional area of ducts.

A. Quiz
1. Find the area of a rectangle 10 cm. by 80 mm,
2. Find the area of a triangle whose base is 14 inches
and whose altitude to the 14 inch base is 9 inches.
3. If the area of a triangle is 64 sq. cm., and its
_altitude to side a is 8 cm., find side a.
B. Review homework
1. Stress different approaches to problem /7.
a. Find the area of each separate rectangle
and add.
b. Find overall dimensions and determine area
of large rectancle.
c. Stress 1-1 correspondence between:

i. length and Y squares per row.
ii. width and " rows. :

u7
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Lesson 35 (cont.)

C. Gross sectional area

1.

D. Cl

1.

E. Construction of the p»

1.
2.

3.

frtr et - -— - v — — Cer e ame —

Definition by demonstration

a. Imagine cuttins a duct by a saw whose
surface is perpendicular to the edges
of the duct. ‘

b. The ends of the two pieces form rectangles
satisfying the Base and altitude of the
given duct. The area of this rectangle
is the cross sectional area of the duct.

i. Give other examples of cross sections
by cutting a 2" x &' board with a
saw.

asswork: Find the cross sectional area and the
lateral (surface) area of a rectangular duct
with dimensions of 12 cm. x 8 cm. x 25 cm.

Note: dimensions are given in the order:
base yaltitude x length.

r‘gj!l'<a 90 degree elbow.

Use demonstration model and parts from another
model.
Purposes of an elbow in duct work.
a. To direct the flow of air in a
different direction. :
Terminology
a. Four parts to an elbow.

i. Two cheeks
{i. A throat
iii. A heel ‘ /'e /\3*

bas\e?' W“f

48
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Lesson 35 (cont.)

b. A flat elbow is an elbow for which
the ends of the cheek act as the
base of the duct. i.e., one edfe
of the cross section of the duct.

4, Dimensions of the narts.

a. The lenzth of the heel equals the
sum of the length of the throat plus the
base of the duct.

b. The length of the throat determines the-
length of the elbow.

BA@E Cheek

LENGTh
¢ of _
. +hroat { W

5. Forming the parts of an elbow.
a. Form the heel in one piece.
b. Form the throat in one piece.

F. Classwork: construct the parts for a 90 degree elbow.’
1. Dimensions: base 12 cm. (——- 20 LnN———>
height 6 cn. —
throat 8 cm.

2. Construct the cheeks.

< i1z>

<A
d P l¢&gem ‘?‘ "

3. Construct the flaps on the'ELéekS“-:}u

103
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Lesson 35 (cont.)

4. The pattern for the throat is ore long rectangle
with a total lensth of two inside edzes of the
cheek. No flaps needed.

b.

= ILeduelEt ST

7
BASE

R

Throat in this example is (8 + 8) cm. by
16 cm. .
Must score fold line for an outside fold.

B — o
| 6em
l

| ¢

| &—8cm >/ ¢Fem 5

—

5. Pattern for hzel is one long rectancle with‘
total length of two outside edges of the cheek.

a. leel in this example is (20 + 20) cm. by
6 cm.
b. Must score fold line for an inside ¥old.
Demonstrate
e,

’ J

Assignment:

1.

< A0Cm —| & a0cm —-—%'

Construct and cut out all parts for a 90
derreec elbow to fit a duct whose cross
section is 10 em. x 5 cm. Include flaps

on the cheeks.

Calculate +the total surface area of the parts.
Be prepared to 7lue the narts torether in
class tomorrov.

50
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Lesson 36

=32

Constructior: of 90 decree ar.l 45 demree clbovis.

£33 =3

3 £33 =3

| S ]

[

Assirnment:

Neviaw layout oF 90 Jderree elhow

Damonstrarte technique of paner foldine to Form the
pieces for fabrication of elbow.
1. Stucdents raport areas of each part.
a. Check® throat elbow.
“b. Total surface arza.
¢. Cross sectional area
2. Students glue parts tormether.

Discuss cost of fahricating straight duct in comparison
to elbow.

l. Material wasted in constructines elbov.

2. Lsbor time required FTor clbow is greater.

3. Fittings. such as elbows require more

knorrledre
a. The better the mechanic. the better his
pay.

Repeat the layout techniqua Ffor a 45 dermree elbow.

1. The use o¥ T-square. 3N-60-90 degrze and ot
45.piht trianvles should bhe used for these : ' = =
constructious. o

Heed for commectinr flans on ends of ducts
1. Include connecting flaps or fittings. same as on straight

duct.

Layout the narts for a 90 derree elbow with

connecting flaps. Base 4%
Height 3"
Throat 2

-
L}

2. Cut out the parts.

3. Layout a 45 derree elbov with connecting flaps
Base ¥ hejirht 3, thro~t 2°

4, Cut out the parts.

5. Determine the total surface area of each fitting.

6. DNeterminc the cross sectional area of each.

51
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Form and construct homework proiect

Lesson 37
I. Elbows
A.

l.
B.

1.

2.

3.

4y,

Check for neatness of work. tolerances.

Pair up students and have them connect their elbows

Examnle:

Check for dimensions.
a. Connected elbows should lie flat on table
top, when placed on cheeks.
b. Stand ducts on bases. The bases should
lie flat.
c. Lie ducts on top heels. Surface should
lie flat.
Pair four students to connect their elbows to form a
comnlete square loop of duct.
a. Example:

I

b. Discuss: good and poor conditions

{. Point out pronerties which bring
success.

ii. Point out shortcomines in nmeasurement
for proiects vhich do not fit
correctly.

Check U5 degree elbows

a. Check for flat surfaces.

b. Check for dimensions by stacking one
next to the other.

c. Glue two tosether tn see if heels at
extremities form perpendicular surfaces.

52
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Lesson 37 (cont.)

C. Construct a 30 degree elbow.
1. Meaning of 30 degree elbow’. .
a. Examnle: External angle measures
30 dearees.

b. Demonstrate construction of elbow using
T-square and triangles.

Assignment:

c::a:::zc:.arm

1. Construct a 30 degree elbow: 4 parts with flaps
on cheeks. Cut out and fold.
Base: 8 cm., Height: 6 cm.. Throat: & cm.

2. Construct a 60 degree elbow using the same
dimensions.

4
)

r
—

Lesson 38
? I. Elbows for duct work

A. Fabricate last night's project
1. Check for dimensions and angles.
2. Check for flatness.

B. Review method of layout for elbows.

C. Classwork and assignment.
1. Fabricate a 90 derree elbow. Base 9 cm., height 4 cm..
throat 3 cm.
2. Fabricate a duct 10 cm. long to fit the 90 degree
elbovr.
3. Fabricate a 60 degree elbow to fit the 10 cm. duct,
same dimensions as the 90 degree elbow.

4. Layout, cut out, and fold all parts.
5. Find the total surface area of the 3 pieces.

53
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Lesson 39
I. Branching ducts
A. Check total swurface area for last night's assignments.

B. Fabricate (put together) pieces according to directions
with peices in the sequence indicated.

0 | @ | \®

C. Introduce Y-branching, using a display model.
1. Examnle: concept is very similar to a fork in

a road.
a. Straight road branches to right or left from

the main road.

[ oo

b. Straight road branches in both directions.

COHEE K

2. Purnose for branchine,
a. Control flow of air or fluid

D. Application of measurement to Y-branching to duct work.
1. Total cross sectional area of branches must
equal the cross sectional area of the trunk
(main) 1ine.
a. The branches are called ''take offs".
b. Reason for maintaining area: to maintain
a constant pressure and constand flow of
air through all ducts.

54
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Lessor 39 (cont.)

E. Classwork with dermonstrztion _
1. Layout Y-branch riven these cross sectional
dimensions and an~le of branching:
Cross sectional dimensions: e,

A is 4' by 2%, B is 3" by 2%, and C is

A CHEEK B

O ERAJOH T == ONE « ST DE
2. ‘“Yhen layin? out the pattern for Y-branch, keep
sides of take-off parallel.

a. Use krowvledge of elbows-construction.
b. Supplem2ntzrv zngles, indicated on the
draving . are used to keep sides of

branch parallel to each other.

c. Note that for the given dimensions the
areas of B and C add up to the cross
sectional area of A,

d. Tools of zenstruction: T-square,
right triancles, straight edse, ruler,
protractor {not needed here).

F. Classuork: Layout a V-branch to snecifications given above.
a. Students follow instructor's demonstration.

i. Desien a right and left cheek with
flans which fold in oprosite directions.
ii. Design stretchout of strans or
wrappers as recfandles.

H
4 ’:-:} *’I
Assignment: Layout afii cut out a Z-branch rrom boxboard to
specifications given on hectograph. Three strans
are in the form of rectangles. '

1C9
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Lesson &0

I. Desirsnine a Y-branch with attention to cross sectional area.

A,

Assi mment:

Discuss homawork and ccllect patterns,

Review layout of Y-branch.

1. Students talk the instructor throurh the
design of a Y-branch of 30 degrees with
trunk 4° in heisht. N

/}', ] - ' aw

jan

Classwork: Layout of Y-branch with dimensions given

in diaesram below:
0
0 } |
J‘f em.

25 C N
a. Students discuss how to determine the cross
sectional area of the 60 degree take-off,

JOLM

i, Using subtraction of areas. or of
heights.

b. If time allows, start assignment.

Layout and cut out from box board a Y-branch and
strars includins connectine flavs accordingz to
schemztic helow:

Ais 5" x 2 B is 2° x 27




Lesson 41

I, Desifnin~ Y-branchas fo. cinss sectional area.

A, Cormmlete homework assigrment
1. Assemble Y-branch :
2, Check for correct construction and correct measurement
by commaring Y-branches.

B. Special Y-branch called a "pair of pants'.
l. Demonstration model of the branch.

g

X

., 5\\
: 3 c.P-r-' e
2., Purnose of a valr 'of nants?
a. End of trunk line. '
3. Discuss the different forms possible in a pair

of pants.

3 O &3 B3 &3

o3

a. The cross sectional areas of the branches
can be equal.

b. The cross sectional areas may be unequal.

c. The anrles of the branching may be equal.
6 and

o d. The anglee of branching may be unequal.

e. Combinations of the four poss1b111t1es can

" be used.

f. Note that the sum of the cross sectional
areas of the branches must equal that of

N the trunk line.

N

- -t

: C. Demeonstration of layout of a pair of pants where

b the cross sectional areas of the branches are equal and the
’ angles of the branches are equal.

l. Draw a center line for the main trunk line.

2, Mark a convenient point on the center line, call it A.

3. Construct a perpendicular to the center line at A.
a. Use T-square and right triangle. .

57
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Lesson 41 (cont.)

4,

5.

6.

7.

8.

10.

11.
12.

13.

Mark off 1/2 cf the base of the duct on either side of A
on the perpendicilar. Lebel these points B and C.

Draw lines parallel to the center line through points B and C.

Mark off desired length of main trunk from B and C. Label
these endpoints D and E. ' '

Determine the size of the anrle of branching. Layout this
angle at points E and D using BE as one side of one angle
and CD as one side of the second angle. The angles are equal.

Determine the length of second side of angles, mark off
distances from vertices and make new endpoints F and G.

Draw perpendiculars to lines EF and DG through points F and G
towards center lines. :

Mark off opening of ducts along these perpendiculars such
that openings will each be 1/2 the width of the main trunk.
Label openings GH and FI.

Draw line parallel to EF through point I.

Draw line parzllel to DG through point H.

Note that point K is concurrent with a point of the center

3

line of the main trunk.

0‘9

@"g)«

¢
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Lesson 41 (cont.)

D. Classwork: Levout Y-branch (pair of pants) given the

 following dimensions: ‘ll
250

4

k—y'

1. Discuss symmetrical properties of the layout.

>

Assignment: Layvout and cut out three Y-branches > including
straps from boxboard, as shown on hectograph.

Lesson 42
I. Designing a Y-branch

A. Fabricate Y-branches constructed for homework.

1. Entire period spent on assembly and problem-
solving involving construction and layout of
Y-branch.

2., Determine the area of cheeks of a Y-branch.
a. Note set of triangles at intersections.

3. Solve for area of each”Y-branch given for homework.

59
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Lesson 42 (cont.)

Assignment: Complete work on last night's assignment and layout
and cut out following Y-branch, determine its
area (surcace).
A is 4 cm. x 3 cm. Area at © = Area at C

B
A : s —F
‘ L \/ 35'\
C

Include connectins flaps on end of openings.

Lesson 43
I. Design of reducer

A. Complete last night's assignment
1. Discuss expectation for completion of all
assignments on time. After school time
ezpectated if projects are not completed.

B. Reducers (transition pisces). '
1. Examples: nozzle for a hose, end of an eye dropper.
2, Purposes: to chanee pressure, to conserve material,
others.

C. Teacher displays models of reducers. Types:
l. On center:

60
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Lesson 43 (cont.)

2.

Straight-cn-one siie:

- D. Demonstrate layout of reducer

1.
2.

E. Classwork: Layout patterns for reducers of each type.

1

-

2.

F. Collars on reducers.

l.

2.

Classwork: Construct patterns for each of the following

1.
2.
3.

i

On center
Straight-on-one side.

On center: One end 4 1/4" by 2", other end 2 1/2" by 1",
length 6.

Straight-on-one side: One end 3 1/4" by 2 1/4",
other end 3 3/4" by 1/2",
length 5'.

Purpose
a. To make connections neater - having no gaps.
Example:

cellar

collar reducer
\y

e

reducers with collars. (On hectographed page).
On center
Flat-on-one side.
Compare the two reducers.
a. Discuss how each can be used.

i. On center, runnineg down center
of room,
ii. Flat-on-one side, hugeing wall.

61
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Lesson 4% (zont.

AssiFnment:

1.

2.

Lesson u4

I.

Layout an! cut out the following reducers.
the lateral area an? cross sectional area of each end.

Find

On center:

Collars 1" lonc

Distance between collars 5"

One end 3 1/2 by 3° (large end)
Other end 2 1/2" by 2 (3mall eud)

Flat-on-one side
Same dimensions as 1.

Areas of the surfaces of reducers

A. Complete reducers assigned for homework.
l. Peview methods for finding area.

a.

By separatine surface intec rectanrles and
trianales.

b.

By developing the formula for the area cf a
trapezoid.

8. Trapezoid: A quadrilateral having two sides parallel

and two sides not parallel.

1. Develop formula for the area of an isosceles
trapezoid by bisecting the figure with an
altitude and reasscmbling the parts to form
& rectangle.

62
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Lesson 44 (cont.) | Lo
~b 124 !
of : 729, \ V2 2y
—
a. Area of trapezoid = h(Bl + B2)

2
2. Area formula can bc tested for a trapezoid shaped
like the flat-on-one-.ide reducer.

C. Classwork: TFind the arca of zach of the following
reducars:

l. On center:. collars: © cm.
distance between collars. J cm.
~aree end: 5 cm. by 4 cm.
small ecnd: o cm. .y 4 cm.
«es dake a skatcn of the rsducer.
b. Xkequire two cheeks and two Straps.

i. Look for shortcuts in findinz areas.

.+ Jlat-on-ong side: ..ollars: .*
.istance between collars: 8
larcer end. S by 3'.
~mall end: 4" by 3°,
a. ..ote: cheeks are consruent, .ut
straps are not.

..ssignment: Hectographed sheet: Find the total arca of each

of the given duct systens.

63
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Lesson 45 through u8.

I. Group projects in developing systems of duct work for display.

A.

Assign groups of class members projects in designing
and fabricatine models of systems of duct work.

1.
2.

Refer to the Mechanical Drawing project.
Each student is expected to contribute a part to a
system of duct work.

The duct system may be complicated, yet each student
can contribute according to his ability.

Tncourage originality in the design of patterns.

64
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UNIT 2

GTCOMETRIC SOLIDS




Unit II Geometric Solids

This topic extends the use of linear measurement and precision
of measurement vhile offerinc students further opportunity to ex-
perience the relation between linecar, area. and volume units of
measure. A "reat deal of manual work as well as calculations are
recuired as part of this topic of study.

First, the teacher develops the concept of indirect linear
measurement throurh the use of the Pythaporean theorem. This em-
ploys the knowled-e of area units of measure to determine a related
linear distance. The students learn to use a table of squares and
square rcots in order to facilitate their efforts. This knowled~e
is then employed to desipgn and construct numerous patterns for a
variety of ceometric solids. Area formulas are devaloned and used.

The concept of volune is then developed as the process of
counting. The teacher uses dramatizations to illustrate the concept.
He has students count the number of marbles which fit in a tea cup,
the number of polf balls which fit in a bucket, or the number of
mathematics textbooks which fit in a carton.

The teacher next introduces a standard unit of volume: the cube.
Usine this unit, the students count the nurber of cubes which fit in
a right ractar~ulay nrisms., From this sta~ve they learn a shertcut
for countin- cubes. T!.2 arsa of the base corresponds to the nurber
of cubes which fit in a laver. Thus a one-to-one corrssponcdence is
ma'e bettieen area units an? volume units. The heirht of the solid
indic tes the nurhar oF lavers of cubes which can Le placzd In the
s013.:. The students develop the hasic volune Formula- V = (area of
F15+) x hei~ht. Colculations are repeatecly male “or surface area
an:d valumeof a variety of solids.

The final proiect of this unit is the febrication of a set of
seometric solids from £olding paper board, which is sunnlied by local
paner manufacturers. 4 small aroun of students will decorate the
Christras tree o a local husiness firm with these ornaments.

The concent of volume will be employed throurhout nuch of the
remainder of the course. The topic is basic for the stuly of den-
sities of metals ani. later. in the study of measurerant as apnlied
to paner box fahrication and desim. The concents cof area and volume
arsa used in a wide variety of skilled trades.
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Lasson 1l

I.

Introduction to the Pytha~morzan theorem,

A.

E.

F.

Brief raview of the sauares of nurbers.

1. Definition* the area measure of =z square havinz

given side measures.

2. Alternate definition: the number r._ultin~ “rom
multiplvin~ a civen rurber
by itself”.

a. Examnles of perfect squares.

Introduction to the concept of squzre roots of intecars.
1. Definition: the measure of the side of a squere
havin= a given area.
2. Alterrate definition: the nurber vhose square is
a riven nurher.
a. Examnles of square roots of inta~ers.
b, Estimstes of square roots of integers..

Introfuction to the use of the tables of squeres and

square roots in the textbook.

1. Show the use of the tables and -ractice with then.

2. Show alternate use of the tables of squares to find
or apnrozimate the square root of 2 eeiven nurber,

3. Show altermate use of the square rcot tables to find
or arproximate the squares of certain numhers.

Intorduce the meaninT of the statement- c2 = a2 + b2
1. Indicate the or'er of orerations. mearin~ of
exnonert.

Review the method of labelinm of parts of a right trianZle.

1. Hypotenuse' the side onposite the rigzht anrle.

2. Legs or sides: the sides formine the richt ancle.

3. Use of capital letters to name vertices, small letters
to name sides.

taacher develnns the meanina of the Pytha~orean theoram.

1. Teacher deronstrates students corstruct a rirht
trizprle with squares on its sides using granh pavner.
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Nane . Date

Assirnment. Lesson 1

I. Find the mrasures of all sides of each richt trianrle.

1. 2. 3.

10"

\‘ : - | C/ . 6'!
16

/ 6.
o 35 om

g 7

II. Is each of the following sets of measures the measures for'j‘s‘ides £\
of a richt triangle?

7. 7, 10", 127

8. 31 em,. U2 em., 55 e¢n.

9. 20 mm,, 52mm, 48 mm,

10. The three sides of a triangle measure 60 mm., 144 m., and 156 mm,

122
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Lesson 1 (cont.)

2.
a. Review symbolism for namins the na.r‘c“s\ of each

square.

b. Use numericzl examples of right triangles
with intecral side measures.

i. 3.4, and 5
i. 6,3, and 10"
i. 57,12, and 13"

¢. Students should verhally state the meaninc
behind the Pythagorean theorem.

G. Classwork and assignment: Hectographed sheet.
1. Find the measures of all sides of =zach rieht triangle.
2. Is each of the followine sets of measures that for
the sides of a right triangle?

Lesson 2

I. Pytharorean theorenm and its aoplicatiens.

A. Quiz
1. Vrite the formula for the Pythe~orean theorem
2. Usine the tables of squares, find the sauares of:
a. 65 b, U433 c. 912
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Lesson 2 (cont.)

3. Usinv the tables of square roots find the square

root of:
a. 41 €16 b. 539 c. 866,761

B, Review homework
1. Include a brief review of the area formulas for right

triancles.

C. Avpplication of the Pythagorean theorem to findings altitudes

of triancles.

1. Find the altitude of an equilaterz) trianrle «iven
its side measures.
a. Pronerties of an altitude

i. Bisects the base. perpendicular to hase .
ii. All tnree altitudes are equal
iii. Method of namine 2ltitudes using subscripts
} b. Teacher demonstrates method to find measure of
altitude.

! i. Construct percendicular from vertex

to onposite side, forrinr two confruent
triangl=s.

ii. Aonly the Pytharorsan theoren to one
o the rirht trianrles formed.

iii. Show the 1l-1 corresnondencn with the
terms of the general equation of the
theorem,

2= a2 + b2, 102 =52 + K
iv. Solve for'h
v. Usiny tables, aoproximate
h to nearest tenth.
vi. Using area of formula, find
area of triangle. ‘_‘ 0

2. Use sirilar method to find area
o" an isosceles triancle, 7iven
side m2asures.

5

Assirnment: Find the altitude and area of each triancle.
(Hectographed pare).




Mama Date _

— - -—

Assiernmante ILecsson 2

Find the area of each triancle usine the given measures.

1. EFcuilateral ' [e.n 2. Isosceles
triancle ¢ trian-le
y L

6. Isosceles

trian~le
\J ‘;\/\
/
Ploem
7. 8. )
]
7
)‘,?‘F’ ' 2 T
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Lesson 3
I. Hero's formula: area of a triancle

A. Review homework. Discuss:
1. Problems () and (h).
2. Yeed to exanine and classify the data siven for ‘
each problem.
3. !lead for nlannine a method for findin~ the area.

B. Review the use of the Pytha~orean theoren.
1. To identify rieht triancles.

a. Students should construct the trianrle
with piven parts to confirm that the use
of the theorem does correctly identify
rizht trianfrles.

C. Hero's formula
1. Yhen siven a scalene (oblique) trianrle and the length
o each side.
2. A =,/ s(s-a) (s=b) (s-c), where:

a. A represents the area measure of the
B triancle,
b. s renresents 1/? the perimeter.
c. a.b and c are the sides of the
triaacle.

3. Teview the meaninz of the symbols:
a) y and b) .

; a. Square root operation (function). 4
b. Vinculum: a symbol of inclusion.
, indicatin~ order of
operation.

4. Demonstrate the use of Mero's formula.
a. Find the area of a triancle whose
side measures are:
a=7 Hh=5', and c=10
’ b. Must always draw a sketch of the
triancle, label and identify all
parts.
¢c. review technique of Findine the
square root of pumbers.

i. A 2u ii. Vi~ q s.

Classwork and assignment: Find the area of ezch trian~le usins the eiven
data. (Hectorraphed sheet).
5




Name Date

Assionment: l.esson 3

Use Hero's formula to £ind the area of each triancle, unless you can

identify an easier method already taucht.

1. 2.

I

3. 4, Find alti;ude ha
" . 'o"
A '4H B
5. Find altitude h, . 6. Find the three altitudes of

b this trianrle.

[& "
A

&

/ Ten
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Lesson 4

I. Pronerties of =ltitudes of triansgles.

A. Quiz . @

1. Yrjte Hero's formul: ‘

2, Describe the information necessary to use Hero's formula

3. Carefully draw the three altitudes of an oblique
trianrle and name them: h, . hb s hc

1. Review the theorem: the altitudes of a triangle
e concurrent,

2. Review the theorem: the area of a triancle can
be found by the formula A = 1/2 bh where three
choices can he made for the base and correspondina
altituce.

a. JPemonstrate the theorems usine homework
problens as examoles.

J
i
0
}
I b Review guiz.
i}
|
J

3 12 C

i. Find the ar=a of each triancle

usin~ Hero's formula.

ii. Find the measures of the three
altitudes of the triancle by
construction.

iii. Find the ar:a of the trian-~le
using the basic area formula:
use three different sets of base
and altitude.

iv. Compare the results by each
method used. They should be the

sane. ;

C. Review homework
1. Show that it was not necessary to have used Hero's
formula for rroblems (a) and (e).
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rnmant Lasson U

Neterminn which trian~les ara right trianales.
Find the =arez of each trianzle.
Find the three altitu'es of each triancle.




Lesson & (cont.)

a., N
t

CW
vt -

(7]

90

s tha techriques tc checlk to see
trispcle is a ricpt trisncl-.

)

ol Y

. 2 2 14
i. e = =2 +b2 can ke used in a few

seconds with the heln of a table.

2. It was not necsssary to have used Hero's fcrrula for ()

Assianment:
1. Datermine which triarrles are risht triancles
2. Find the area of each triancl=z.
3. Find the three altitudes of sach trianrls.
(hectorranhed nare.)

Lesson 5
I. Circles and velated lines.

A, Quiz
1. Find the area of the triansle for the measures

C

35"

o =
B. Review ouilz and homeworl:. H

given.

C. Introduce the mronerties oF a circle and relatad ficures.

1. Dafinition- <the set o noints on a nlane which

ave at a constar® distarce from &
fixed point ir the plane.
2. Related lines.

2. Radius: based uvoor raldial linss vr2ys havine

b. Center a comron encdnoint.
¢. Diameter

130
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dane

Classwork
Assi-mment: Lesson 5

7.

Apororvimate the circ

Calculate the circumnm
3 1/7 ovr 3.14 as an

Date

umference for each of the following circles.’

fgpence of each of the above circles, usinZ
anproximation fovr .



Lesson

5 (cont.)

. Circumferencs
. Chord
. Secant

g. Tanrent

Parts of a plane rzlated to the circle

a. Interior exterior of a circle

b. Concentric circles

Circurference of a circle

a. Relate to the perimeter of = Dolygon.

Relationship of circumference to the djameter of

a circle.

a. Students construct three diffarent
sized disks and use them for their
own demonstration.

i. Draw a straieht line on the
board and hold z straizht
edre acainst it.
Itark the point where the disk
first touches the line (or the
disk and the line) and roll
the disk alonc the straichtedse.
Roll the disk until the vpoint
on the disk =cain touches the
line. Mark this voint on the
line.
Trace the disk so that the
center of the disk lies on
the line ard the edre of the
disk lies on one endpoint of
the line. Trace other circles
tanrent to the first so that
the center of each circle lies
on the line.

8

S S
Establish that anproxinately 3 1/7

diameters are contained in the
circunference of a circle.




P e ol
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= 2 Lot
“
-@agsi mets | 13S0 5

SiaY €0 circv:ferance for each of t'we 7followin:
circl=as,

l. 2,

A

s. Tou-ference of a circle is 77 c.. :sing
22/7 for 7, f£in’ the fianeter of tna circle.
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Lesson 5 (cont,)

Je

- -
~2880" ..

., Repeat with a circle having a Aifferent
Giareter,
c., Develop the ratio 3 1/7 of 22 as an
1. 7
approxiration for ..
a, .usta’ lish the Jdeci.al eguiraleat,

Class-ror':: .»sroxi.catz the circuv.:ference

- of sach circle for thez <Ciauweter given,
s83irntaat:  3tuy the neir ter:s

sing the circuiference for each of the
followvin:, circles (hactograshad ;+acC P

I. ron for .vla for circles

Y

Ce

L1z ane each irart of the circle an? related
linas (hecto)

2eviaw criz an? hooewor’ :

1., stufents “sionstrate tecamigue of shou-
i the relatioashi: ¥F'etveen circuv..forence
and “ixseter,

a., @fer to iesson S,

rovieer Aafinitions of warts ra2lated to a
circlz,

savelo Anc; arsa for:ula forx circlas,
1., Cut circle into s..all sectors.

2. 2eass2 . la scectors into R cuasi-~rectancolax
8™ D
a. Jiscuss aal cdevelo, area for:wle ° aged
v,.on thae forwula for the arec of a
1\ rectonsla,

Ralivus

\l' J ci rcw ferencs:

134
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Classvior” assi¢nientt

1. >
[N\
~~—""

rasson

~moroxi.ate the area (esti~a

circles,
2.' .—""\\

3, ,

Cslculats the arxrea ror the follo"1ﬂ'
"

3 1/7 as en aHgroxi.ation for 7
et

R,

vsing

Mt is the raelationshiy T otv2en il regius
01 £12 circle in ‘5 to the rativs of the circle

e, et is the r=2lctionshin of the areszs of the
in £ to the arez oF the circl=2 in #5%

S, Jind tz ared of cach circle. Then co i &xe

rasii anc reiSe
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. amne Jate

.ssignments TLesson 5

#ind the circunference and arza for cach of the
following circles,

1, 2,

3.

B
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Lesson % (co

i,

3. Tea
are
Qe

“~

Ce
A,

Co

3e Cla

~88igmaents

Lesspn 7
I, Circles

Ne  WIZ

=0

nt,)

Indicate that sectors can e cut
s:wallar.,

chzr explains the Jevelopment of the
a forruvla:
=1 y
n = 3 (circvaference) x radius,
since: ¢ = 7d, then o = 72

2
iioe=PdAd r

2

Thus: A= r

io O] ’”’r X X
ift, .. =rmrel

sswozins LhproxXimate the area of each civen

cizrcla,

Calculate the circumference and arca of each

circlo,

-

and related line secments,

Jraw a circle,

a. draw a radius in the circle,
he Draw a ten:ent to the circle.
Ce. Jxar & chord in the circlie.

10

157




. ame Jate

uizs Lesson S

‘rite thie nane of cach line or line s2
related to the circle,

cnent as it is

™onNno S
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Name

Assignment: Lesson 7

Solve the following problems concerned with circunference and
area of circles.

1. Find the racdius of a circle whose diameter is 28 1/4 feet.
2. Find the circumference of a circle whose ﬁdius {s 8 1/4 inches.

3, Find the circumference of a cirele whose diameter is 12.3 inches.
Find circumference to the nearest hundredth of an inch.

4, Find the area of a circle whose radius is 2 }_ cm.

2
5. Find the area of a circle whose diameter is 3 1/2 cm.

6. A pipe 6% in diameter supplies water to a small community.
Another community is eight times as large in population. What size
pipe is required to supply water to the larger community, if their
water requirements are eight times as great?
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L.esson 7

Ce

Je

(cont,)

24 ansver the follorin~s

a. Is a ciameter a chord of a cizcle?

-, 1is a racius a chorl of a circler

Cc., 1s a tancent a chorc?

d. Is 3 1/7 the sare (s 7

e, Is 3,124 the sa~e as 7

f. 7ind th2 circumference of a circle
with a radiuvs of 74",

g. Find the area of the sare circle,

Review cuiz
1., oLtress the ancroximnations for .

seviewr horeavwvor™
1., .,hen is it most convenient to use 3 1/7

and when to use 3,14 as approxizations for .

Revievr the relationshir of areas of circles

accordinc to the size of their -adli or diareters,

1. hot effect on the area would occur if the
racius were douried:;

2., .ow many 3/:" fiaiceter (inside) garden hoses
are racuiced to Five the sane cross-—-sectionl
area as one 3/4" diameter hoses

3, . rour” wive has a ciameter of 42 inches,
r.ow many rovnd pipes with {iameters of 7
inches 2re recuired to have the came cross-
sectional arcav

assicnrent:s 3o0lve the following ipro*lems concaerned with

fl.esson &

circumference ani area of circles. (..ectogragh).
stucdy for a test, '

I. ireas related to circles,

Ae.

Ce

ieview lines ans line secments related to a cixcle.

leview for~ulas for circuxnference and area of a
circle.

Aavierr homevior!:.




~ate

- ate

.88isir-ents Lesson £

solwre nrach =ro“la: usinu the arad for-vlas for circles,
triancizs, =" rectrrncles, ~in< the area of the shacel

nortion of each Zicvra.

1, |‘1 2,

N

Y/

e —

Scuare with
14" giles

-age is th2 dianeter of a
seicircle,
Q = 1"

14




ane

Lesson £ (continued)

7e




= e

.are Jte

Assign:ents Lesson 2

Tind the arec of the shialal Hrortion of each
figuvre, ‘M2 outline of cacn fizure is that of a sexl-

circlo,

G QO 9 O B3

—3

b

/5-,. /3"
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Lesson 8 (ecentinuoed)

L. Classwork and assirnment dzaline vith irreerular
arcas related to t-n tasic tlanc figures.
1. Solve fer th: arra of the shade” nortions of
each fimme. (Moctorrat).
2  Toaacher - av aleo dravw irvermlar ficures on tha
*oard vit> sem2 Adirersions and ask students to
estimate arias.

Lesson ¢
I. Areas relatsé to the circle.
4, Feview Lorework
1. 1Ir probtlem “2 Iscuss the right triangle.
a. A trianrle inscriked in a sericircle
(vith its sicas passing throuph the
endpoints of the sarme Ciameter) is a
richt triancle.
B. Classwork assicrnrent -
1. Solve two pro:lems dealine with trianrles insaribed
in a samicircle.

Assignment  Study for a test.

Lesson 1C

I. Test of material to dat~ (M2ctograph)

Lesson 11
I. Teview test

II. PFeview of areas of circles and triangles.

12
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. ace Jate

dests Lesson 10

1. DJofina circles

2., ~ind the circunference of a circle vith a 4 inch radiuvs,

3., -inl the aroc of = circle witia & 70 foot lianete

4, ‘'dv=an 0 conceatzric circles.
F4nd the arza of the shaded portion.

5, .» one~-inch car’an hos3 f2livers thairty callons
of water por nour. .ith the sase Trossurl How
-;any ¢nllons TGr our will a nali-inch garden
hosc Geliver?

€, ‘The circu-ference of a circle is 47.1 i
- ow long is the ¢iaceter of tue circle?

Per each of the following orollzas, reiex to
t4e figure at the rights

-?inet' K
7. by y
€e h-k 4

c. hg

10, 7ho area
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Classwor:: and hor:avor:s wosson 11
vind tha arsza and circuviforenc2 of each circle,

NS
>

rind tha arca and altituces of zach triancle,

7. 8.




Lessoa 11 (coat,)

.« Classworizs (..ectocra:h)
1, Jind the arca ‘2" circuliarsice of each

circla.
2, 7ind the area snw altituds of each triancle.

-’

;.ssignents Cozlete the hectorsra hed classvozr: assicnent,

iesson 12
I. Surface area of cylinders
se 2eviaw nomewort:

. Introduce right circuvlor cylinder.
1. (Using dcwonstration zoflel, Cavelo.s the layout
for the attori. -
a, DJis:i-s for :as2s, eriwetar is the
circu ferenc2 of the cylinder,
+, Llateral surince is a ractancle, length
is the circrfercnce of tihe crlindor.
2, iayout the Dattern for tia crlinler waich
nag Fase of 4" cianeter anl asight of 5%,
a. :ina the circuzfer=snca of the Fase.

i. Iy forwla

ii. Using o flexi™lo stri: ol
car-*oart to co:y circr-ference 4
of the circle. .

*, iavout lataral surisce as a ractansle
wita £la . o one en onlite

Circumference 12.6°

height 5"

c, Cut ovt two disls of 4" M esetar.

\
) 13
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iesson 12 {cort,)

3, ~a ricate .attern vsinc scotch tare or
wvhite cluz=.
z.. ./ pot folil tho £la: on tha stretchovt.
-, -iscuss the need for sr.all £la:s or
ta' 8 on the rectanguld. - 1lz:rout for
attaching the asas.

c. 31ameat layout fer cvlinfer wita a 3" ¢iaeter
and 4" 7qzicht.

ASRL

heicht \ fla. (4o not fold)
—tar

1. Students discovoer need for scalloped
flass on elges.
a, Lrirst layout £1lans withouvt scallotinge.
Try foriiing,.
¥+, Stu-ents rscognize Aifficulty in forixdny
nattern.
c. Oeroastrate nael for cvts on £1l2:8.
2, Cuvt out Tasss, for. and glua the attern.
2., .0 not Zold the fla»> on tha lateral
gurface,

Cclasswozs onl assignnents
1, Lavort an? falricate A cylinder from moxroarde
a., JAx-ater 2%, hnicht 5"
1, Finc the lateral gurfaca are= and
total surfn~ce arec.

i, &ind aresa of perts s2nrately
ané& add,.
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Lesson

I,

13

ratterns for cones

Reviey ho:zvor'

Introducs richt circular cone uvsing a Cermonstration
no'al,
1, >iscuss orthiogra;hic ;:rojzctions o a cone,
a, Do viaw is a circle, sile viww -S an
isosceles triar.ln,
2, Identify imvsortant sarts of cross section.
a. zaliuvus of rase.
', fereniaicular heicht,
c. 3lant neighat,

{se deonstration rocdel to :lavelop the layout

of a cone,

1, =0ll cone on its lateral surface to show that
the pattern is a sector of 2 circle,

stv ents, with teacher, construct a coao vith

civer naicht and radius for :ase,.

1, Start with two perpendicular intersecting linas,

2, Kark off radius on one line Irow point of
intersection,

3, iarxlk off height on second lins froi: point ot
intersaection, '

4, coin eninoints of these lino seuents,
, aasure this lina sacment os thiz slant haicmi,.

5, ;ar: canter and, using ths slant naicht as
raivs, Jdraw a circle.

6, Clrou-feranca of sactor for attern wust
ecval circurZersnce of cone.
a. Calcvlate circunferance of circle (Tase).
*, tse a stri» of caritoard to Zit around

-ase to coy clrcuvmferonca.

c. Cousnre tas two resulis,

7. Cut our nattara for cona, including £lai: on
gide an< ta’s along “asa 8dC2.
a. 30 pot fol? flan on lakeral =d¢e.

S, .as2 is & ish, with circumferanco calculated
arove.

Classworli:  ollow instructor in constructing a
cona wiose rasa Jdipuster is 3" and pare
poniicular height is 3", :

a8signiient:  Lay ouvt and cuvt patizrne for conas with given

éironsions. (se foldiny loxroard.
. 15
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Lesson 13 (cont,)

1, rase ¢iaroter & e, 3 nerjendicular holcht & cm,.
2, asc Tiemater § <i, 3 oerreadicular haight 1C cme

ILesson 14

Te Surfaca arca of cones

~e Collect Latterns from hornavor!:

1.

.ateh set of patterns for conzs to ciect sizes,

. o 2eview layout of ettern for cones,

Ce founuting lateral surface arad ol a cone,

1.

2,

igtallish the ratio of cizcu.ference of hass

of conz to circurierence of circls having slant

heicht as ralius,

a., U'se as exaryles ratios of  and 3.

e vulti;ly fraction »y the area of a circle
haring the slant heiat as radiuvs,

studants to comnmute lateral surface araa of

cones from last nicht®s assiinrent.

a. ixampla: .ase racdivs 4 ci.y hedght © coo

circu..ferance
of ase of conz

*e Commlete prollem on Leard and have class
rocord wor!: in notaloolks,

i, 2 ( 20)%= __g_ .30
i..os ?09
15
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Lesson 14 (eemt.)

D. Classwork and assignment: Iraw cross section of a cone. Then
lay out nattern for cone and base. Compute the lateral area
and base area of each ccne for the given dirmensions.

iameter of hase is U4 slant heiczht is R
jamater of base is 6 cm. . nerpendicular height is

3. nNiameter of base is 3 cm. slant heicrht is 6 ecm.
4, Slant height is 5 perrendicular heicht is 4 .

Lesson 15

I. Ccnes - surface area,

A. Quiz- For a richt circular cone with a slant ‘heisht of

13

W N =

cr.. and permendicular height of 12 em. find
The circumference of its base.

The diemeter of its base.

The total surface »rea.

B. Review quiz and homewror’

1.

Discuss different tynes of patterns for right
circular cones accordinz to the dimensions of the

cones.,
a. Conpare #2 and “3 fvom the homework assirnment.

C. Classwork: Introduce ri~ht rectanrular nrism as a

l.

nEwN

Assignment -

l.

2.

piece of duct with ends.
Paquired: Fabricate a rectanpular prism whose base is
2 by 2 and has a length of 2.

How meny faces dnes the prism have?

Hotr many verticzs does it have?

How many cdrses does it have?

Comnute the lateral sum©ace area o” the prism.

Lay out and cut out a »ectensular orism with dimensions
3 cm. by 4 1/2 cm. and ¢ cm. long. Find its total
surface area.

Lay out and cut out a wattern for a cone with base
dizmeter of 7 cm. and heirht of 9 cm.  Find the area
of the base and lateral surface.

17
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Lesson 16

I.

Patterns for a right triangular prism.

A.

B.

Review homework. )
1. Form rectancular rrisms. and check measuremeuts by

matching heights.

Using a demonstration rodel, show propertieg/o%' a right
triansular orism. '

1. Sides are rectanyles,

2. Bases in this c7se are equilateral ‘trianrles.

Teacher demonstratas stretchout of nattern, notine
location of f£lans.

Classwork: Students construct pattern for a triancular
prism whose base ed7e is 2 (equilateral)
and whose ner~endicular heicht is 4 .
1. Students to predict the number o vertices, cdges.
and faces. /
2. Students calculate total surface area.

Classwork and assignment* '
1. Lay out and cut out nattern for the following geometric
solids and find the total surface areas.
a. Cylinder* base 5 cm. in diameter, height 8 cm.
b. Rectanzular nrism* 1 x 1 x1.
c. Triangular orism: base an equilateral triancle
with edpe of 2 cm., heirht 2 cm.

18
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Lesson 17

I. Pattern For a totrahedron.

A. Quiz: Find the number of:
1. Edges in ‘a rectan~ular nrism.
2. Vertices in a rectanzular prism.
3. Faces in a rectan-~ular prism.
4, Paces in a trian~ular orism,
5. Vertices in a triangular »rism.

B. Review quiz and homework.
1. Assemble solids from patterns made for homework.

C. Using a demonstration model. show the properties of a
tetrahedron.
1. Definition: A solid having four congruent faces.
each an equilateral trianrle.
2. Demonstrate: The development of a pattern by:
a. A stretchout of the pattern for the model.

b. Construction by compass and strairhtedre.

D. Classwork: Construct a tetrahedron with an edre of 2
a. Bisect each side of the triansle.
b. Connect midpoints, formine four equilateral
triangles.
c. Draw flans_ one flan for each pair of adjoining
edges.

2. Discuss propertiese— 7
a. Type of face.
b. MNumber of vertices, edges, and Taces.
c. Find total surface area.

i. By sum of four areas.
ii. By area of total pattern (less flaps).

13
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Lesson 17 (cont.)

E. Classuork and cssi-mment: Lay out and cut out vatterns
for the solids in- icatzd. Find the totzl surface area of
, each*

1. Tetrahedrvon' Ldrz 5 em.
2. Trianwul»r nrism: Base edfe 5 cm.. perrendicular
g : height 8 cm.,
Lesson 18
f I. Review properties of a tetrahedron

A. . Students fabricate patterns.

E 1. Discuss wroverites of a tetrzhedron.
2. Check Aimenions by matchine tetrahedrons.
' II. Imntroduce pattern for a pyramid.
A. Usine a demonstration model, develor the definition of a
~ recular nyramid.
1. Base is a recular nolyson and znex is on a line
~ throur~h the center of the base permendicular to the
base.

2. The lateral fices ar=» isosceles triancles havine a
common vertey. called the anex of the pyramid.

} B. Usinc a denmonstration model, demonstrate the three
| different heights of a nyramid.
1. Permendicular heisht of a reculzr nyramid
\ is the distance from the center of the base to the
. anex.
2. Edee heisht is the len~th of one of the equal sides
£ the isoscelss triangles that constitute a face of
: the pyramid,

3. The slant heisht is the altitude of one of the
o trianzular faces drawn from the anrex.

———

C. Use the method of trianrulation to determine the

. true lensth of an oblique line serment.

) . 1, Find the ed~e heirht of a square pyramid whose

; base is 2' on each edre and whose base is 2 on each
d edre and whose pervendicular height is 4.

; a. Construct a drawing of the base.
4 b. Draw the diaronals of the square.

J 20
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Lesson 18 (cont.)
¢. Using half a diagonal as base for a right triangle

and perpendicular height (4") as the other leg, the hy-
potenuse will represent the length of the desired edge

height.,

'\ Zde 2 ' 'r = 1L

Vo d'n‘.-)goNAl

/L di«:\aoN/-\l
D. Classwork: Construct a pattern for a square pyramid as
described (above).
1, Construct the square base.
2. Construct an isosceles triangle on each gide of
the square using the edge height as the length
of the equal sides.
3. Locate flaps.

Assignment: Construct pattern for a Sfluare pyramid with the given
dimensions. Edge of base 6 cm., perpendicular height & cm.

1. Find the slant heizht of a triangula: face.

2, 'Find the edge height. J

3. Find the total surface area, (Not flaps).

4, Construct the pattern for pyramid and cut it out.

.
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Lesson 19

I. Review parts of a square pyramid.

A. Use acetate overlay for overhead projector.

1.

Pictorial view of pyramid: draw altitudes.

II. A better pattern design for a pyramid.

A.

B.

Using a demonstration model:

1.
2.

3.

Cut off the base and cut along one lateral edge.

On overhead projector reassemble the four faces

meeting at the apex and attach the base to the base edge
of one isosceles tpi .

Note that sincé :erE'E&Ee heights are equal,

the vertices at the base edges lie on a circle

with center at the apex.

a. MNote similarity to the pattern for a right cone.

Demonstrate the construction on blackboard.

1.

2.
3.

LR

5.

6.

Choose an appropriate point for the apex.
Name it A.

Set compassopening to the edge height.

With point A as center draw a circle with this
setting.

Set compass to length of an edge of the
base of the pyramid.

From a convenient point on the above circle
mark off four equal arcs of the circle.
Draw the chords of these arecs, forming the
bases of four isosceles triangles.

22
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Lesson 19 (cont.)

7. Construct a square on the base edge of one 6f

the triangles. .
8. Draw the flaps, making one flap for each pair

of adjacent edges.

C. Compare the two methods for ease of fabrication.

D. Review homework.

E. Classwork: Construct a pattern for the same pyramid in
the homework using the second method of

construction.

Assignment:

l. Complete classwork.
2. Construct a square pyramid with a 5 cm. base.and 10 cm.

perpendicular height.
Lesson 20
I. Introduction to the triangular pyramid. - =

A, Review identification of par‘té' of a 's'd-uare pyramid.
1., Number of faces, vertices, edges, apex,
three altitudes.

B. Review homework

C. Using a demonstration model, introduce the triangular

pyramid.
1. Differentiate from the tetrahedron, due to

perpendicular height variation in the pyramid.

D, Construct the pattern for a right triangular pyramid with
an equilateral triangle for a base..
1. Demonstrate construction using a base edge of 2"
and edge height of u",
a. Label all vertices.

E. Classwork and assignment:
1., Construct a triangular pyramid with base 4" and
edge height 6'".
2., Construct a square pyramid with the same edge

dimensions as Problem 1.

23
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Lesson 21

I.

Introduction to the hexagonal prism.

A,

c.

Classwork

1.

Construct a triangular prism with base edge 3"
and edge height 5",

Introduce a hexagon.,

1.

2,

3.

Definition: A six-sided plane figure in which all
edges are equal and internal angles
are equal.

Construct an inscribed polygon with edge equal to

a radius of the circle.

Explain the dimensions:

a, Across the points or across the corners.

b. Across the rlats.

b

Y

Using a demonstra;cion model, introduce the hexagonal prism,

1.
2,

3.

Indicate the two bases as hexagons, six sides as
rectangles,

Develop the stretchout on the board by rolling the
pattern and tracing the faces.

Note that the hexagonal bases can be made as six
equilateral triangles.

24
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LearsAn 2 (remrt.)

D. Classwork: Construct a hexagonal prism with the distance
across the points 6" and height 4",

1. Construct the lateral faces as adjacent congruent
rectangles.
a. !f;ach base edge is half the distance across the

lats.

2. Construct bases, beginning with one equilateral

triangle, to locate the center of the construction

circle.

Assignment:

1. Construct a right hexagonal prism: distance
across the points is 12 cm, and height is 10 cm.
2. Find the surface area of the hexagonal prism.

Lesson 22
1. Intorduction to the hexagonal pyramid.
A. Quiz: Tell the number of each part in a hexagonal prism:
1. Vertices

2. Faces
3. Edges

—— Guanll . G

-

B. Review construction of a hexagonal prism.
! ' 1. Fabricate the pattern. Review homewprk.

C. Introduce the pattern for the right hexagonal pyramid.
) 1. Relate to the square pyramid.
a. Review the three altitudes of a square
’ pyramid (Lesson 18).
b. Similar properties for the altitudes
of the hexagonal pyramid,
c. Again stress the method of trianguiation
to £find dimensions of oblique line segments.

D. Classwork: Lay out on paper a pattern for a hexsagonal
yramid having a perpendicular height of
6" and 4" across the corners.

n . 2
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Lesson 22
E.
F.

Lesson 23

(cont.)
Discuss octagonal prism and pyramid.

Classwork and assignment: Lay out and cut out patterns
for two conpruent hexagonal pyramids and one right
hexagonal prism. Dimensions of each: base 8 cm. across
the corners and perpendicular height 6 cm.

I. Introduction to the octagonal prism and pyramid.

A.

c.

D.

Check homework: Match a set of patterns to check accuracy.
1. Students glue a pyramid to each base of the
prism.
2. Check for accuracy of desizn and neatness of
fabrication.

Introduce properties of a regular octagon.
1. FEight sides, vertices, equal anrles.
2. Method cf construction.
a. Draw a circle and locate its center.
b. Construct perpendicular diameters.

i. Extend bisectors through ce.ater
of circle.

. Connect consecutive points of
intersection of these four diameters
with the circle.

- Classwork: Construct a pattern for a right octagonal

prism.
1. Dimensions 4' across the points, altitude 8",

Construct a pattern for a right octagonal pyramid.
1., Same dimensions as abova.

2. Deternine the slant height by triangulation.

8. Construct the side faces as sectors of a circle.

Fabricate each pattern.

26
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Lesson 23 (cont.)
Assignment:
1. Find three different altitudes of the octagonal

!’ - pyramid in part D above. Check your calculations
tomorrow with the measurements of the pyramid. .
y 2. Construct (lay out and cut out) two octagonal
E’ gyramids and one octagonal prism with dimensions
4" across the flats and 5' altitude.

Lesson 24
I. Introduction to the right pentagonal prism.
A. Assemble last night's patterns.

1. Evaluate work for a grade.
2. Form one compound geometric solid by gluing

[} octagonal pyramids on the bases of the octagonal
prism.
a. Check for tolerance in measurement.
[ ] . .
) B. Using a demonstration model, introduce the pentagon.
) 1. Properties of a regular pentagon.
- a. Five equal sides which form chords of a
; circle. '
b. Central angles determined are each 72 degrees.
2. Discuss technique for finding the size of each base
.} , angle in one of the five congruent triangles of a
S ‘ pentagion.
360 - 72
) a. .
i 2

C. Classwork: Construct a pentagon with edge of 2".
1. Start with a convenient line sefment 2" long.
- 2. 'Using a base of 2" construct an isosceles triangle
with base angles of 54 deprees each.
1 3. Draw a circle using the apex of the isosceles triangle
as center and one of the equal sides as radius.
4, Complete marking off equal chords and draw chords.

. D. Classwork: Construct a pentagonal prism with base edge

-~ of 3" and altitude 3°.
! Assignment:
¥ ' 1. Complete classwork
| : 2, Construct two pentagonal pyramids base edge 3",
: height 2%, .
L) 27
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Lesson 25
I. Designing the pattern for"a compo_imd figure.
A. Assemble patterns assigned for homework.

B. Classwork:
1. Construct a star, using your own individual design.

a. Pentagonal prism having squares for faces.
b. Two pentagonal pyramids to fit bases of prism.
c¢. Five square pyramids to fit faces.

Assignment: Complete classwork. Record total time required.

Lesson 26
I. Introduction to the octahedron.

A. Complete homework assignment. Find average time required.
1. Check for accuracy by matching parts.
2. Discuss tolerance when fitting parts.

B. Using a demonstration model introduce the octahedron.
1. Definition: A solid having eight faces.
2. Develop pattern as two square pyramids with
a common base.

C. Classwork:
1. Construct the pattern for an octahedron with

edge 2.
a. Construct pattern as that for two square
pyramids but do not include the bases.

Assignment: Construct the patterns for three octahedrons.

Include gluing flaps. Record the total time
required. _

1. 4" edge 2. 3" edge 3. 25 mm. edge.

28
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Lesson 27

=3

I. Introduction to the icosahedron.

A. Complete fabrication of octahedrons.
1. Record average time required.

B. Using a demonstration model, introduce the icosahedron.
1. Definition: A polyhedron having twenty faces.
2. Develop stretchout with students.

Classwork: Construct a pattern for an icosahedron with
2" edges.

Assignment: Construct patterns for icosahedrons with:

l. 1" edges 2. 35 mm. edges

C3 £33 0= =323 =3
o

The mathematics teacher will now place special emphasis on

the design and fabrication of Christmas tree decorations for a

. <
—

local business office which had already been contacted by the

-

students from their English class.

Beginning with the next lesson, the class will design and
‘ fabricate decorations using aluminum-laminated paper supplied by
a local manufacturer. The teacher will emphasize the need for
" careful work, since the decorations will be put on display in an
office building. The students will be expected to record the
number of minutes required to complete each geometric solid, so
that the class may develop an accurate record of the man-hours

of work required for the entire project.

e EaEd B B3

29
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Lesson 29 (cont.)

B. Teacher emphasizes importance of economy to an industry
and this project.

11, Teacher reviews techniques of developing the frustum of a
pyramid.

A. Students assigned to design a frustum of a pentagonal
pyramid from 3-view drawings. '

1. Edpe of base 2', height of pyramid u4*.
2. Cutting plane parallel to only one edge of the base.

B. Students assigned to draw patterns for a set of six
3" cubes.

Lesson 30
I. Students fabricate patterns of last evening.

A. Students again record time, material, number of patterns.

1I. Teacher introduces the parallelepiped.
A. Demonstrates stretchout of pattern.

B. Students assigned to draw patterns for parallelepipeds
with 2' edges.

I1I. Students assigned to draw six (6) patterns for cubes wifh
4" edges.

Assignment: Complete work assigned in class. Keep record of time,
material used, and number of patterns completed.

Lesson 31
I. Students fabricate patterns from last night's assignment.

A, Record time, number of patterns, amount of material used.

31
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Lesson 31 (cont.)

II. Introduce concept of those triangular pyramids which will fit
inside a right rectangular prism using all the space inside
the prism.

A. Students assigned to design original patterns for the
project.

III. Students assigned to draw a set of three parallelepipeds
haying 3" edges.

Assignment: Complete work assigned in class. . Record time,
material, and number of patterns made.

Lesson 32
I. Students fabricate patterns from last evening.
A. Again record data.
II. Introduce the dodecahedron.
A. VFirst, as two hexagonal pyramids with a common base.
B. Construct four dodecahedra with 2" edges.
1. Discuss construction of the pattern.
2. Look for shortcuts in construction.
Assignient:
1. Complete patterns for dodecahedra.

2. Construct pattern for a set of three (3)
parallelepipeds with 2 edges.

Lesson 33
I. Volume of geometric solids.
A. Teacher develops intuitive concept of volume.
1. Using a marble as a unit of volume, estimate the

number of these which will fit in a piven container
(cup, box).

32
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Lesson 33 (cont.)

B.

C.

2.

3.

a. Use a viriety of containers, but

use ma~bies of a constant size.
b. Test some estimates by filling the

contdiner with marbles and counting

the number required.
Introduce the concept of units of volume as used
in industry. .
a. The number of cans which fit in a carton.
b. The number of cars which fit in a car-carrier.
c. The number of ice cream containers which

fit in a frozen food locker.
Introduce the 1" cube as a convenient unit of volume
because of the ease in picturing an array of cubes.

Display the building of rectangular solids using 1" cubes.

1.
a.
b.
C.

2,

Determine the number of 1" cubes which can be
stored in a rectangular prism 3" x 4" x 5",

Draw a 3" x 4" vectangle on the overhead
projector. _

Show how a cubic inch is built upon each

square inch of the base.

Build layers of cubic inches that fill.

the 5" height.

Students repeat the demonstration with rectangular
prism 2" x 3" x 4%,

Develop the formula for the volume of a right rectangular

prism.
1. Stress the 1-1 correspondence between:
a. The number of square inches in the base
of the rectangular prism and the number
of cubic inches which will fit in the
solid.
b. The number of inches in the height and the number of
layers of cubes which will fit in the solid.
c. The volume formula then becomes the product

of: (the number of cubic inches of these
which will fit in the height of the prism).

33
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Name ' Date

;.ssignment: Lesson 33

‘A

Determine the volume of each of the rectangular prisms.
Find the volume in two ways, using two different bases.

/
‘*u / L .
3. . ,
5" |7(n‘:!. /
.)u \l.f aMe.

=

1.

(¥
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Lesson 33

D.

(cont.)

Demonstrate the volume formula.
1. Given a rectangular prism with dimensions: 2" x 4" x §".
a. Determine which dimensions shall be used
for the base.
b. Stress the 1-1 correspondence between
the area of the base and the number of
cubes in one layer.

i. Thus the conversion: volume
equals the product of the area N
of the base times the height
of the prism (in the same
basic unit).

2. Choose a different pair of dimensions for a base
and develop the volume of the same prism.

3. Students should demonstrate the volume formula for
other rectangular prisms.

Assignment: Determine the volume of each of the rectangular prisms

Lesson 34

for vhich their dimensions are given. Find the
volume two ways, using two different bases.
(Hectographed page.)

I. Geometric solids: wvolume.

A.

Assign project to class - one week's work.
1. Patterns for six basic geometric solids to be drawn
and fabricated for display.
a. Right rectangular prism.
b. Right circular cylinder.
¢. Right circular cone.
d. Right hexagonal prism.
e. Right hexagonal pyramid.
f. Right octagonal prism.

"2, Teacher assigns dimensions with heights the same.

3. All fabricated projects are to be mounted on
display board.
4, ljaterial is folding boxboard.

3u
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Assignment: Lesson 34

Find the dimensions which may be missing from each object

represented.
1. Find volume. 2.
qil 1
1

G-H

3. Find width of base. 4,
e 0 V= 29a on']
/ 5.!0
o
§. Find leaxgth of base. 6.
ERE. N //‘
e | .é.
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Find height.
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" =600 L.
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o
Find height. /

I2eh

Find height. |_2&M- |

V= 206
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Lesson 34 (cont.)

B. Review homework.
1. Discuss units of wvolume and their relation co other

units.

C. Formula for volume of a right rectangular pritm.
1. V= (area of base) x height.
a. All measures in the same linear unit.
e V2lxwxh,

D. Classwork on finding missing dimensions of rectangular

prism.
1. Develop concept of dividing a number for area

by a number representing a linear measure to
obtain a number representing a linear measure.

2. Develop concept of dividing a number for
volume by a number representing area to obtain
a linear measure.

Assignment: Find the dimensions which may be missing from each
object represented.

Lesson 35
I. Volume of geometric solids.

A. Quick review of formula for volume of a right rectangular
prism,

B. Review homework

C. Volume of other basic prisms.
1. Classwork with demonstration using other right prisms.

Assignment: Complete hectographed assignment. Continue work
on project.

35
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Name _ Date

Assignment: Lesson 35

Find the volume of each of the following geometric solids.
.se the formula V = (area of base) x height.

. 2.

i
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Lesson 36
I. Volume of geometric solids.

A. Quiz . 4
1. Find the volume of a rectangular prism 3" x 6" x 9",
2. Find the measure of a side of a square prism whose
altitude is 8 cm. and whose volume is 72 cubic cm.

Review quiz and homework.
1. Review volume formula for prisms.

Introduce volume formula for a right circular cylinder.

Introduce and develop volume formula for a cone.
1. Laboratory approach, using previously made models.
a. Models of cylinder and cone each with
4" diamter for the bases and 4" altitude.

" b, Fill cone with sand and pour into cylinder.

i. Develop concept that a right
circular cone has 1/3rd the volume
of a right circular cylinder
having the same base and altitude.

c. Volume of a cone = 1/3 (area of base) x
(perpendicular height).

Classwork: Find the volume of each of the cones

for the dimensions given:

a. Base diameter 14", perpendicular height 10".

b. Base diamter 8", -erpendicular height 12".

c¢. Base diameter 12", perpendicular height 8'.

d. Base diameter 8', slant height 10".

Assignment: Complete classwork and projects.
Lesson 37

I. Volume of geometric solids.

A. Quiz
1. Find the volume of a cone 12" across the base
and 12" in perpendicular height.
2. Find the volume of a circular cylinder with a
base of 12" and 12" in perpendicular height.
3. Find the volume of a hexagonal prism whose base
edge is 3" and perpendicular height is 8'.
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l.esoon 37
B. Review quiz and homework .
C. Classwork: Find the volume and lateral surface area of
each of the following figures:
1. Right circular cone: base 20 feet and perpendicular
height 25 feet.
2. Hexagonal prism 5 cm. on each edge of the base and
35 cm. in perpendicular height.

Assignment: Complete classwork and continue work on projects.

Lesson 38
I. Volume of geometric solids.
A. Review homework and review for exam.

B. Begin to collect projects and display them on board.

Lessons 39 and 40

I. Collect projects and review for exam.

37
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Unit 3 of Shop Mathematics I
Densities of Materials

Lesson 1. IIX

I, Special similar right triangles: Introduction to Trigonometry

A, Similar triangles.
l. Illustrate and define similar triangles.
a. 1l-1 correspondence between parts.,
b. Corresponding angles are equal.
¢. Correspondence of sides must be in the same ratio.
d. Corresponding sides need not be equal but may be,

2. Property of Isosceles right triangles.
a. On graph paper draw series of isosceles right
triangles.
b. Students observe properties.
i. All isosceles right triangles are similar.

3. Property of 30-60-90~ degree right triangles.
a. Construct a 30 - 60 - 90 degree right triangle on
graph paper using a protractor and straight edge.
i. Labél vertices A, B, C.

b. Double the legs of the triangle in 3a, construct
triangle label A! B! D! _
¢. Triple the length of the legs in triangle 3a,
construct triangle label A", B", C",.
d. Cut out smallest (lst constructed) and match angles
with other 2 triangles.
i. Conclusion: Three triangles are similar
ii. cConclusion: All 30-60-90- degree triangles are
similar.

B. Classwork and assignment

l. On graph paper draw a right triangle with legs 40 squares
long and 20 squares long. Draw the hypotenus=.
Draw perpendicular to the 40 unit- leg at these distances
from the vertex having the acute angle:
10, 16, 20, 24, 30, 36.
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Lesson 2

I. Ratios of corresponding side-lengths of right triangles.

A. Review definition of similar triangles.
1. All isosceles right triangles are similar.
2. All 30-60-90 degree triangles are similar.

B. Discuss ratio of the legs of the smallest acute angle in

last night's assignment. _
1. Discuss the angle @ (theta) belonging to all the right

triangles. A ABC, AABlcl ’ AAB2C2 , etc.
2.9=9-02=03=04=95.
a. %‘Wo acute angles of a right triangle are complementary.
b. Complements of equal angles are equal.
3. All the right triangles in the figure are constructed

for homework are similar.

4. Compare ratios of the smaller leg to larger leg of each
triangle by counting the grid units for each.

BC _ Blcl ) B2c2 ) B3Cg ) B,Cy ) BSCS

a. Observe:
AC ACy AC, ACq ACu ACg
i. In each of these triangles, 6 is +he smaller

acute angle.
{i. 1In each triangle, side opposite vertex A is thé&

smaller leg and the side adjacent to vertex A
is the longer leg.

b. Conclusion: in similar right triangles, the ratio

of the side opposite the smaller of the acute angles
to the side adjacent to the seme angle is constant.

5. Construct a series of similar right triangleé by drawing
lines parallel to side AC of the triangle in last night's
assignment. Then points BS’ By, B3, B,, By are determined.

a, Compare ratio of shorter leg to longer leg in each
right triangle. '
b. Conclusion: ratios are equal.

C. Classwork and assignment.

1. On graph paper construct four right triangles:

178
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Lesson 2 (continued) -

° a. Llegs: 8 units and 10 units.
b. Legs: 12 units and 15 units.
c. Legs: 4 units and 5 units.
d. Legs: 16 units and 20 units.

2. Measure the angle opposite the shorter side of each

triangle. .
3. Measure the other acute angle.
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Lesson 3

I. Variation in ratio of sides with change in an angle of a triangle

A, Review homework:

1. Note: In similar right triangles the corresponding ratios
of the shorter side to larger side (legs) in all the

triangles is constant.

B. Develop the concept of the change in ratio of the opposite side
to the adjacent side of an acute angle of a right triangle as

the angle increases from 10° to 80°.

1. Construct a series of right triangles with a constant
adjacent side (4'") Increase the acute angle 10° in each

succeeding triangle.

a,.

. 3 o .

a for 10°, ratio a
u'l'v'

-4

.

10

S

b.

a) for 20°, ratio ay )
ull ‘

c.
' / for 80°, ratio 29
T

N\
Qﬂl

3
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Lesson 3 (cont'd)

o R )

2. Discuss: The change in the ratios of side lengths would be the
same regardless of the lengths assigned to the adjacent

side.
3. Discuss the other ratios

a. Opposite side
hypothenuse

b. adjacent side
hypothenuse

4, Make chart with approximate rules for the acute angles 10° |
20°, 30°, 40°, ... 80°.

g OO 29 L3 &3

a. List the ratios of lengths of sides corresponding to the
angle sizes. :

""'""\

} Name Ratio 10° 20° 30° 40° 50° 60° 70° 80°

o opposite side
’ adjacent side

? opposite side
hypotenuse

adjacent side
hypotenuse

et st e g+ ~eetn”
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Lesson 3 (continued)

S.

8.

Names assigned to the 3 ratios in chart.
b. sine of an angle
€. cosine of an angle
d. tangent of an angle
Discuss 1-1 correspondence used in establishing a ratio.

@. Names of sides of a right triangle and numbers substituted
for the names.

Introduce trig tables
a. Examine table for sine of an angle as decimal fractions.

b. Compose sine of certain angles from table with common
fractions previously used.

Using table, find ratio for:

a.  sine of 10°

b. sine of 20°

c. sine of 30° etc.

d. compare with common fractions in the table of part 4 above.
Discuss approximations of ratios

a. Due to round off from division.

Assignment: Study the trig ratios

l. Sine of an angle = opposite side
hypothenuse

2. Cosine of an angle = adjacent side
hypothenuse

3. Tangent of an angle = opposite side
adjacent side

182
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Lesson 3 (cont'd)

Using table 11 in text, £ind the number assigned to

4, sine 15°= 7. sine 45°= 10. sine 88°=
5. sine 2u°= 8. sine 66°=
6. sine 39°= 9, sine u4°=
\
3
;
4
7

1’83
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Lesson 4

I.

The three basic trigonometric ratios.
A. Quiz
Give ratios according to opposite side, adjacent side; and
hypotenuse.
1. sine of an angle =
2. cosine of an angle =
3. tangent of an angle =
" B. Review quiz

C. Review homework

D. Develope general definitions for 3 trig ratios with
abbreviations.

1. Use iriangle for model on board or overhead prbjector
2. Lable vertices and_sides
3. Abbreviations
a. sine of angle A is abbreviated sin A
b. cosine of angle A is abbreviated cos A

c. tangent angle A is abbreviated tan A

4, Symbolic representations:

a. sine A = a/c = opposite side

hypothenuse

b. cos A = b/c = adjacent side
hypothenuse

¢. tan A = a/b = opposite side

adjacent side
5. Have students in class give answers for

a. siu B = b. cos B.= c. tan B =
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Name Date

Assignment' Lesson 4 List on seperate tables:
1. The size of the acute angles of each given triangle.
2. The length of the sides of each triangle in millimeters.

N >

3. List the ratio of the sides (in pairs) of each triangle:
a) as common fractions b) as decimal fractions.
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Lesson 4 cont'd

E. Classwork:

Assignment:

Ditto sheet:

List sine, cosine, and tangent for each
acute angle in the following right triangle.

Complete Ditto Sheet

Problem

Size of angles
(Degrees)
B C

Study trig ratios

Length of Sides

a

(mm.)
b c

1.

2.

4.

5.

Ratios of sides

As common fractions

Sin A

Sin " , Cos A

Cos B

Sin A

As decimal fractions

Sin B

Cos A

Cos B
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Lesson 5

I. Using the tables of trigonometric functions.

A,

B.

C.

E.

F.

G.

H.

Quiz: Given the following right triangle, state the >
ratios for: ¢
1, Sin angle *
2. Cos angle ® A
3., Tan angle #
4y, Sin? = X-
5. Cos ? =
6. Tan ? =

*
Review quiz, review homework. ? A

1. Complete the table of ratios.
a. Review method of changing common fractions to
decimal fractions.

Introduce: Using the tables of trigonometric functions
to find the sine ratio of an angle.

1. Compare decimal quotients for problems to trigonometric

ratios in the tables.
a. Show that the decimal numerals express a ratio.

Classwork: Practice use of trigonometric tables. Find:

l1. sin 18°

2. sin 11° 25'

3. sin 58° 50!

4, sin 73° 33'

Finding cosine of an angle, using the trigonometric tables.
1. Relate to finding sine of an angle.
2. Find sin 30°.
3. Find cos 30°.
4. Repeat for 42°, 59°, 60°, 1u', 19°, ut,

Finding the tangent and cotangent of an angle, using the
trigonometric tables.

Classwork and assignment:
1. Complete Slade and Margolis: page 286, #1 to 20.
Reference: Slade and Margolis, Mathematics for Technical
and Vocational Schools, 4th edition, John Wiley, 195S5.

10
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Lesson 6

I. Using the trig tables.
A. Quiz: Using table, find:

1, Sin 18° 21!
2. Cos u46° 39'
3. Tan 2° 8' =
4, Cotan 59° 18' =

B. Review Quiz
C. Review homework

D, Classwork: Slade and Margolis
page 2t7, 1 to 15

Lesson 7
I. Addition and subtraction of angles
A. Quiz: Using tables find:

" 1. Tan 71° 43°
2. Cos 71° 43!
3, Cot 38° 1' =
4, Sin 43° 53' =

B. Review Homework

C. Review Quiz

11
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Lesson 7 cont'd

D.

1.

2,

3.

Lesson 8

Review addition and subtraction of angles whose measure
are in degrees and minutes. Classwork: i

add 37°41 " y109' ygog! 302! 22045?
18011 815! 40052 8°53' 114956
subtract 37°41"' y1o9" ygog! 63°2"' 222045
18°11° 8015 40°52'  go59! 114°56!

Classwork and assignment: Page 85: 1 to 12
in Slade and Margolis

I. Using the trigonometric functions

A,

B.
C.

D.

Quiz: Add: 1. 6°42! 2. 46°18!
12° o agoyy!
Subtract: 3. 75°52! 4, 8uy°19*
ygoyy! 53037

Review quiz
Raview homework
1. Sum of interior angles of triangles = 180°
2, Complementary angles
3. Two acute angles of right triangles are complimentary.

Introduce: technique for finding the lengths of sides, size
of angl:s of a right triangle when two parts are given.

12
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Lesson 8 (continued)

1, Construct triangle on graph paper.
a. Lay off given side, using grid line.
b, Find compliment of opposite angle.
d. Construct compliment at one endpoint, right
angle at other endpoint. i
e. Extend sides of angles to form triangle.

E. Classwork: Find the missing parts of the given right
triangles. Use the Pythagorean theorem for those where

L0 QO QO OO 82 =3 &2 &3
N

applicable.
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. Assignment: Find sine, cosine, tangent, and cotangent ratios for
- each acute angle in the four triangles above.
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Lesson 9

I. Using the trigometric functions:

A. Review homework.

is time-consuming.
B. Finding missing parts of the right triangles:

G Fe————

1,

e
a.
b.

.’
Pl
Py

iii

B
¢ =i /

0o

L
angle B = 90° - 36°

check missing sides of triangles.

i "a" is one of the missing sides

ii In what trig function does a appear in

a ratio for angle?

iv Use sin A =a
c

a. Calculate for '[a_"

b,

C.

d.

Always start with trig function
sin A = a
c .
Make necessary substitutions
sin 36° = a
12

Substitute .58779 for sin 36°

.58779 = a
12

14

sine and cosine.

Stress that the process of construction

Discuss one unknown using sin A
but 2 unknown using tan and cot of angle A.

i) Note a is less than 12.
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Lesson 9 (continued)
. 58779
e. 12 a so a= 12(.58779)
3. Generalizatipn.

. _a = a
a. Sine A = = thus .58779 = )

b. c(sinA) = a thus a = 12(.58779).
4. Repeat the process to find side b. o
5. Find angle B as the compliment of angle A, /
C. Repeat with class for this triangle. ¢ - 10/ /
l. Find a, b, and Angle B. 4 «‘/---I-ZL---- ¢,
2, Use relations: a = ¢(sin A) and b= c(cos A).

D. Classwork and assignment (Slade and Margolis)
Page 287 and 288. Do the examples for the
figures 237 and 238.
1. Carefully construct each triangle on grach paper.
2. Measure all sides and angles,
3. Then calculate to find missing parts.

Lesson 10

I. Using the sine and cosine functions.

A. Review homework.
1., Stress the purpose of the trigonometric ratios:
to save time.
2. Stress sequence of steps in calculating with the
trigonometric functions.

a. Sketch figures and label given parts.

b. Write the trigonometric functions for which
two variables are given and the unknown is in
the numerator of the fraction.

c. Make substitutions.

d. Solve for remaining variable by multiplication.

15
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Lesson 10 (continued)
B. Classwork and assignment: Slade and Margolis: Page 290,
#7, 8, 90

1. Make a sketch of the triangle and label parts.
2. Use appropriate trig. function to solve.

Lesson 11l
I. Introduction to Secant and Cosecant functions.

A. Quiz: Give the four functions studied to date for angle 6

in the following right triangle.
o = S

»

- \l.'

-

B. Review quiz and homework.
1. Determine unknown lengths and angles in each problem.

2. Must draw right triangle and lable parts given.

3. Determine function for which the unknown is in the
numerator and the other parts are known.

4, Set up each problem.

5. Find solutions.

C. Classwork: Slade and Margolis, page 290, #1
1. Given: a = 2u° 36' and a = 7" in triangle ABC.

Find: B, b, and c.

a. Draw figure and label 8

given parts.

i. Note: C is 90° angle
— 4l

b. Determine functioms e a= 1t

needed to solve for

missing parts.

g P A i c

2. Using method taught, solve for side

¢ (hypotenuse).
a. Can solve using Pythagorean theorem after

finding side b.
b. Cannot solve with trig. functions and method

taught.
15
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Lesson 11 (continued)

¢. Introduce secant and cosecant ratios.
d. Tables for secant and cosecant.

3. Complete solving for side C using secant of angle A,
a. Secant of angle A is the ratio: hypotenuse
hyp. adjacent side

b. sec A = adj.
c. Thus: sec 2u4° 36' = ,7°.

d. ¢ = 7(sec 2u° 36')

e. ¢ 7(1.0998)

4, Use same plan for cosecant A.

5. . Review relationship of six trigonometric functions.

.

E. Classwork and homework: Slade and Margolis: pg. 290
# 3, 4, 5. Draw figure for each problem.

(-

- Lesson 12

' I. Using the secant and cosecant functions.

A. Review homework.
‘ 1. Stress sequence of steps in solving for missing parts.

' B. Classwork.
} 1. Practice for firding missing side lengths using

secant and cosecant functions.
2. Use problems like those in Slade and Margolis,
pgo 290 #1"60

Assignment: Slade and Margolis: pg. 290 #3, 6, 10

17
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Lesson 13
I. Using trigonometric functions to find angle size,

A. Quiz: Write six trig. functions for angle & in the

> arvmam
'

given triangle, et

-
0.5 A

e mme

B. Review quiz and homework.
1, Stress need for a drawing of the figure.
2, Label known and unknown parts.
3. Determine function required for solution.
a, Use function which will have unknown in the
numerator,

C. Solving for angle when only the sides of a triangle are
known. 1
1. Find angle A vhen sinA = =,
a. Change 1/2 to decimal?form,
.b. sin A = ,5000
i. "Find the angle whose sine is .5000".
ii. From the tables under sine we see that 30
corresponds to the sine ratio .5000.
iii. Note an 1l-1 correspondence.
2. Find missing parts of right triangle. Classwork.
a. Given: a = 7.5" and b = 8,75". Find A, B, and c,
b. Draw figure, label all given parts, solve.
¢. Note different approaches to problem: Pythagorean
theorem.
Assignment: Slade and Margolis: page 291 (top) #2-10.

<4 & T OO 3O 3 83 63

,
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Lesson 14

I. Using trigonometric functions to finding angle sizes.
A, Quiz: Slade and Margolis, page 290 #10.
B. Review quiz and homework.

D. Classwork and homework., Slade and Margolis, page 291 (top)
# 5. Page 291 (Bottom #1, 2, 3, 4.

18
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Lesson 15
I. Finding angle sizes, given side measures of a right triangle.

A, Quiz: Slade amd Margolis, page 291 (bottom) #5.
B. Review quiz and homework.
C. Teacher introduces concept of determining angle sizes,
given two legs of a right triangle.
1. Students construct right triangle on graph paper.
a, Measure acute angles.
2, Students next establish tangent and cotangent ratios
for acute angles, using given measures for legs.
a. Use tables to find corresponding angle. .
3. Students ccmpare results of (la) and (2a).

D. Classwork and homework: Slade and Margolis, age 291, bottom
#6 to #10 inclusive. Follow plan used in class.

Lesson 16
I, Finding the altitude of an isosceles triangle.

A. Quiz: Find the missing parts of the given right triangle.

1. Given: a = 6.5", ¢ =11" *’53
{
fl

|

B. Review quiz and homework.

C. Finding the length of the altitude of an isosceles triangle.

1. Students construct the altitude of an isosceles triangle
using compass and straight edge.

2. Review properties of an isoscelse triangle and the
the altitude from the vertex of the angle opposite
the base,

A, Altitude to base bisects base and is perpendicular
to the base. '

18
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ilame

L

Assignment: Lesson 16

Construct the altitude to the base of each isosceles

1,
triangle.
i 2. Calculate the altitude by measuring the sides and using the
ﬁ " Pythagorean Theorem.
- .. 3. Calculate the altitude by using the trigonometric functions.
fe . “ 4, Compare your results. <
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Lesson 16 (continued)

D. Classwork: Construct an isosceles triangle, legs 10",

base 12",

1.
2.
3.
4.

S.
6.

Draw triangle on graph paper.
Construct altitude from C to AB.
Measure altutude h.

Calculate fgr h, using Pythagorean
Theorem: 6 + h? = 102

Solve for h using trig. functions.
Ccmpare results of (3), (4), and (5).

Assignment: Problems on hectograph.

1.
2,
3.
4,

Lesson 17

Construct triangle and altitude.

Measure h.,

Calculate h using Pythagorean theorem.
Calculate h using trig. functionms. h

‘0"

Dt O

I. Finding the area of a hexagon.

A. Review homework.

1,

Compare results by three methods.

B, Discuss the need to know both techniques of calculation.

1,

2,

Indicate which given conditions make the Pythagorean
theorem use ful (two sides given).

Which given conditions make the trig. functions
useful (side and an angle given).

C. Introduce application to area measure.

1,

2,

Find area of hexagon with measurement across the
corners of 18 inches.,

b. Analyze problem.
i. Six equilateral triangles. ‘______/
Reproduce one of the six equilateral triangles.
a, Construct an altitude.
i. Base angles are 60°. A
b, Solve for h: sin 60° = 3 '
t:

ey
1]

a, Draw figure, label given dimension. 'Y ORI

20
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Lesson 17 (continued)

c. Area of triangle by formulas: A = %bh = %-Qh
d. Area of hexagon is six times larger.
D. Classwork and assignment.,
1, Slade and Margolis, pgs. 294, 295 #1-3
2. Find the area of a hexagon which can be inscribed
in a circle with radius 6".

Lesson 18

I. Finding area of a regular polygon, given the distance "across the
corners'',

A, Review homework.,

B, Develop technique for findirg area of a pen.agon inscribed
in a circle of radius 10",

. Gy - O

1, Draw pentagon, /’\\ /
a. Label parts givei. IS An
2, Find central angle: 360-, ,,. } v

5 /
3, Find base angle: 180" - 72°= 54- \

. //

4, Five isosceles triangles form the pentagon.

5. Reproduce one of‘.;the 3sosceles triahgles.

)

xS
0]y sk

) Al

SR Y

,I
gty

ceomam oppulowm

6. Use sine function to calculate altitude of triangle,
7. Calculate area of triangle, multiply by five.

C. The same method can be used for any regular polygon
when distance across the corners is given.

Assignment: l. Find area of a pentagon inscribed in a circle
of radius 12 inches.
2. Slade and Margolis: page 294, 295: #4, S, 6.

21
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Lesson 19

1., Finding the area of a regular' polygon, given the distance

A,

C.

D,

"across the flats'",

Review homework, / \
1, Stress meaning of "across the cormers" '
\__/

as the measure of the diameter of
a circumscribed circle. —

Introduce the concept of the "distance across the flats'".
1, Stress the meaning as the measure of the

diameter of the inscribed circle. ;=

Develop the technique for finding the area of 9
a hexagon if the distance across the flats is ’"x -

1. Draw the hexagon and label parts.

2. Draw one cof the six equilateral —
triangles which can be fitted in \
the hexagon, (\..

3, Find the central angle: ,?_5_2°= 60°,
4, Find oneobase gngle: 6
180 - 60 = 600
5. Find half of base using cosecant function: “/ |
! .
csc 60 = S /;,i:_

6. Find the length o% the base.
7. Find the area of the triangle and multiply by xix.

Classwork and assignment.
1., Find area of a hexagon if the distance across the

flats is 8",

2, Find the area of a pentagon if the distance across
the flats is 8",

#3, Find the area of a nonagon (9-sided regular polygon)
if the distance across the flats is 10".
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Lesson 20
I, Application of trigonometric functions to volumes of prisms,

A, Quiz: Find the altitude of an isosceles triangle with
a vertex angle equal to 80° and base equal to 20",

B. Review quiz and homework

C. Introduce use of area concepts to find volume of right
regular prisms,
1. Volume = (area of base) x (height of prism).
2. Review concept of fitting one layer of cubes on base,
then determine the number of layers needed to fill
the prism,

D, Classwork ‘
1. T[ind the volume of the following geometric solids,
using trig. functions where applicable.

a. Right pentagonal prism, base inscribed in a 2:
radius circle and altitude of 4",

b. Right octagonal prism, base inscribed in a 2"
radius circle and altitude of 4%,

c. Review terms: 'across the points''and"across the
flats".

Assignment: Find the volume of a right pentagonal prism,
base inscribed in a 3" radius circle and altitude 5",

Lesson 21
I. Angles of elevation and depression.

A, Review method of solving for area of any regular polygon.
l. Given dimensions across corners.
2. Given dimensions across the flats.
3. Given radius of inscribed or circumscribed circles.,

B. Introduce angle of elevation and angle of depression.

1. Relate angle of elevation and angle of depression
to parallel lines and a transversal.,
2. A film or film strip on the topic is helpful.
C. Classwork: Determining distances using angle of elevation
or depreession

23
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Name

Assi

1.

2,

3.
4,

Se

6.

7.

9.
10,

11.

12,

Date

gnment: Lesson 21

For each exercise, draw a figure, label all given parts,
calculate the desired distance using the Pythagorean theorem
or trigonometric functions.

A dam 15 feot high backs up the water in 2 lake for a horizontal
distance of 300 feet. What is the average slope of the ground at
the bottom of the lake from the base of the dam?

A railroad track rises 320 feet in one mile of track. What is the
angle it makes with the horizontal?

A stay wire from the té:p of a telephone pole to the ground is 117
feet long. If the wire forms an angle with the ground of 43 20',
how high is the pole?

An airplane is directly over a town, while an observer is 4 miles
distant from the town., If the angle of elevation of the plane is
17 14' when sighted from the observer, how high is it?

A straight railroad track rises 200 feet in one mile of track. What
is its inclination to the horizontal?

From a balloon, the angle of depression of a road intersection was
41 40', If the balloon was 855 feet high, how long was the straight
1ine from the balloon to the intersection?

A captive balloon is fastened by a cable 1,000 feet long. The balloon
is blown by the wind so that the cable makes an angle of 63 50' with
the ground. How high is the captive balloon?

The distance, AC, on level ground along a stream is 83 feet, Point B
is on the opposite shore across from point C. Angle C in the triangle
determined is 90 and angle CAB is 33 1n', How long is CB?

What is the angle of elevation of the sun when 2 monument 346 feet
high casts a shalow 210 feet long?

The sides of a rectangular field are 830 yards and 540 yards. Find
the angle formed by a diagonal and one shorter side of the field.

A lighthouse rises 289 feet above sea level. As observed from a
ship, the angle of elevation of the top of the lighthouse is 9 26°.
How far is the lighthouse from tne ship?

An airplane is one mile from a tower in a horizontal distance. The
navigator of the airplane sights the top of the tower and measures the
angle of depression of the top of the tower as 28 35', If the plane
is 3,500 feet high, what is the height of the tower?
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Assignment: Lesson 21 (continued)

13.

4,

15.

A ladder leans against a house and stands on level ground. If the
foot of the ladder is four feet from the house and the top of the
ladder is eleven feet from the ground, find, to the nearest

degree, the acute angle which the ladder makes with the sround. How
long is the ladder?

In order to calculate the height of a mountain, a surveyor meastred
the angle of elevation of its top from point A and found it to be
17 18'., He then walked toward the mountain a distance of 3,200
feet in the samé horizontal plane and‘found the elevation to be

22 6'. How high was the mountain above the plane?

What is the angle of elevation of the sun when a tree casts a
shadow 1/3rd of its own height?

203




Laesson 21 (continued)

1., A man standing 120 feet from the foot of & tower
finds that thg angle of elevation of the top of the
tower is 51.3 . Find the height of the chimney.

160.2 feet high, the
ar on a road is 26° 20'.
£ the building?

2, From the top of a building

angle of depression of a ¢
How far is the car from the foot ©

solve the problem.
0 feet from the base
on of the top is 72 10'.

make a sketch and

1. At a horizontal distance of 112.
of a tower, the angle of elevati
Find the height of the tower.

Assignment: For each problem

£ the sun when a tree

e of elevation o
w 116 feet in

2. Find the angl
is 96 feet casts a shado

whose height

length.

1

j 3. What is the angle of elevation of an inclined plane
{f it rises a foot {n a horizontal distance 1f 12'?

high. What is

! 4, The Washington Monument is 555 feet
hen viewed at a

j the angle of elevation of the top W
distance of helf a mile?

[Lesson 22

' I. Finding angles of elevation and depression.

A. Review homework: {11lustrations and problems on board.

Finding angle of elevation and depression.

B. Classwork.
1. A garage is made using gable rafters 10 feet long,
with a pitch of 20° . The pafters project one foot
beyond the walls of the garage. Find the height of
the ridgepole and the width of the garage .

) Draw the figure for each problem,

(hectographed page.
No #2, 3, U4, S.

Assignment:
jable all given parts.
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Lesson 23
I. Introduction to the concept of slope,
A. Slope is the ratio of the "rise to the run",
1. Recognize this ratio as the tangent ratio.
2. Illustrate with sets of stairs,
a. Give height between floors, horizontal length
across stairwell opening.
b. Show use of equivalent fractions and decimal
value to tangent ratio.
B. Classwork: Hetographed page: #1, 2.
Find the slope of the ground in each problem,
Assignment: Hectographed page: #6, 7, 8, 10, 13,
Find the slope of the oblique line in each problem.
Lesson 24
I, Application of trigonometric functions to slopes.

A. Quiz: Find the angle of elevation of a 40' long ladder
against a building if the foot of the ladder is 6
feet from the building. Draw figure showing the
situation,

B. Review quiz and homework,

1. Draw illustration of each problem, analyze, and solve,

C. Classwork and assignment: Hectographed sheet.
Complete #10, 11, 13, 14, 15, 16,

Lesson 25
I. Application of trigonometric functionms.

A. Quiz: Find the angles of an isosceles triangle if the
equal sides are each 12 inches and the base is 18 inches.

B. Review homework.

C. Classwork and assignment. New hectographed sheet, #1-7.

25
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Name Date

Assignment: Lesson 25

1. Which of the following triples of numbers could be the lengths of the
.sides of a right triangle?

a) 10, 24, 26 c) 7, 24, 25
b) 8, 14, 17 d) 9, 40, 4l

2. Find the length of a diagonal of a square whose sides have length
twelven units.

3. When propped against the side of a house, a ladder 18 feet long just
peaches a window sill. If the window sill is 15 feet above the ground,
how fapr from the side of the house is the foot of the ladder. Find

the angle of elevation formed by the ladder with level ground.

4, Two cars leave a town at the same time. One travels north at an
average rate of 30 m.p.h. and the other travels west at the average
rate of 40 m.p.h. How fa» apart are the cars at the end of 1.5 hours?

d  Gomd  Cnid  Cod et

A
. 5. IN the figure at the right: ’_,..""'
j AB = 38', BC = 60', and CD = 2'. T
. Find the length of AD. . _-= -
"'c-'-:"::: — 0-1 [OCPRN ‘.‘."
- _
J I TP e m e s vem e
i 6. The lengths of the legs of right triangle ABC are 15' and 8'. Find:
04 a) The length of the hypotenuse,
, b) The length of the altitude on the hypotenuse.
( 7. Refer to the drawing at the right. ; L 'i

! Given a rectangular prism in which any .‘,-"' L .

: two intersecting lires are perpendiculary e . '.’L i
find the lengths of AC and AD' using the ! { Tt
given information. *; L y - ;/

v g’.-":’f"';-// E ‘..‘
8. Refer to the figure at the right. i

- In the right rectangular prism, find
the length of AY if AB = BC = 2' and
AW = 1!

€ oo s e e ma o,

'» o

¥ | PEAEN

. s 'J,-.-.o - 0.5 o o woe= = -!
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Lesson 26

I. Review of trigonometric functions.
A. Review homework.

1. 1Include question and answer period for test review.

Assienment: Study for test.

Lesson 27
I. Test.

A. Include for extra credit: In the rectanpular prism
illustrated. find AY if AP = BC = 2, and AV = 1.
2

|
|
{

Lesson 22 o)
I. Introduction to properties of materials.

A. Review test.

B. Basic materials from metal and wood shops.

1. Models of iron, aluminum, brass, -opper, wood, ~inc,
plastic.

a. Select one set of models havine the same cross section
and length.
2. Discuss the characteristies of the materials.

a. Metal -~ wood - plastic.

i. Different cclor.

ii. Different feeling of softress, hardness, ~old,
warm.

iii. Different weight.
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Lesson 28 (continued)

¢. Discuss forms of each of the above materials.

1, Wood
a. Trees, boards, furniture, plywood, paper.

2., Metals.
a, Sheet, bar stock, beams.

D. Uses of materials.
1., Varied, interchangable.
a. Metal has replaced wood.
b. Corrugated (paper) board has replaced wood.
c. Plastices have replaced metal, wood, paper, gleass.
d. Industry locks for usage of materials for
new applications. '
e. Factors involved with choice of materials.
i, Strength, resistance to corrosion, cost,
weight, etc.

D. Weights of iron, brass, copper, aluminum.
1. Weights of each given in tables for one cubic foot.

Assignment: Given one cubic foot of iron in the form of a cube,
1., How many cubic inches are there in the cubic foot?
2. If iron weights 480 1bs./cubic foot. Find the weight
in pounds of one cubic inch.
Show all calculations and pictorial views of the objects described.

Lesson 29

———

I. Introduction to concept of weight and density.

] A, Review homework.
1. 1-1 correspondence between one cubic foot and
cubic inches.
9, Conversion from lbs./ cubic foot to 1bs./cubic inch,

] . B Weights.

1. Meaning of weight.
] a. Use two boys, one light and another heavy.
4 ' b. Comparison by lifting each off the floor.

¢. Student interpretation of weight.
} d. Definition of weight.
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Lesson 29 (continued)

2, Weights 2nd measures.
a, Standard. . |

3. Using pound as a unit of measure.
a. Refer to previous topics for meaning of a unit

of measure.

4., Some symbols for English system of weights.
a., Pound (1b.)
b. Ounce (oz.): 16 ounces = 1 1b,
¢. Ton.
i{. Long ton 2,200 lbs.
if. Short ton 2,000 lbs.

C.. Weights of materials.

1. Refer tc Table V, Slade amd Margolis, page S56l.
a. Compare weights of:
iron, aluminum, brass, copper, white pine.

b. According to Table VY,
i{. What material weighs most?
{i. Uhat materials has the least weight?

Assignment: Display a piéce of bar stock. Students take necessary

measurements to:
1. Compute the base area (cross sectional area).

2. Compute surface area (total).

3. Compute volume.
4. Determien weight to nearest hundredth of a

pound.,
5. Determine weight to the nearest ounce.

Lesson 30

I. Calculation, using density, to find weight of an object.

A. Review homework.
1. Inform class of need to review area and volume of

geometric forms.
2. Student review of homework problems at the board.
a. Isometric view of prism.
b. Compute volume and weight of prism.
{. If volume is in cubic inches, change density
to 1bs./cu. inch.
43. Discuss simplicity of problem when corres-
ponding units of measure are used.
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Lesson 30 (continued)

B. Classwork and homework.
1. Comnute weirht of the followine objects:
a. Hexagonal iron bar. 1" across the corners,
4 lone. :
{. Assume the density of iron is 480 1bs./cu.
b. Flat iron stock with 1'' x l/u' base, 5" lone.
{. Assume the density of iron i., 480 1bs./cu.

Lesson 31
I. Calculating to find weight, given density.

A. Review homework.
1. Develop format for problem solvino.
a. Order the steps in find a soulution.
2. Students put homework problems on board.
a. Isometric view included.
b. Use of formulas for volume included.

B. Classwork and assignment.
1. Display model of square aluminum bar stock.
a. Dimensions: 3/4" x 3/4 cross section., 5 1/2

2, Find density of aluminum in tables.
3. Compute weight of stock.

4. Display model of flat iron stock.
a. Dimensions: cross section W X 1/2-. 6° long.
b. Complete drawinrs and calculatlons.

Lesson 32
I, Calculations for wéicht

A. Review horework.
1. Two students at board for each problem.
a. One for drawing and other for computation.
B. Classwork and homewiork
1. FPind the surface area and weizht of each object.
a. 1/2' round stock 8" long, made of iron.
b, 2" x 1/2" flat stock 3*' long made of copper.

29
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Lesson 33
I, Weight of materials.

A. Peview homework.
1. Stress neatness. orocedure in solving problem.

B, Classwork anrd homework.
1. Find weight of each of the following:
a. Octagonal stock: 1 across the corners, 6" long,
made of brass.
b. Octaronal stock: 1" across the flats, 6" long,
made of aluminum.

Lesson 34

I. Introduction to determining length of bar stock having a required
welsht.

A, Develop the technique for finding a length of required

weiceht. .
1. Volume = (area of cross section) x length of prism.

2, Yeight (1bs.) = volume (cu. ft.) x density (lbs./cu.
ft.)

3. Thus:
Weight = (area of cross section) x lengsth % density.

L4, Make all substitutions, simnlify calculations, then
solve for length usine division axiom.

B. Classwork and assignment:
1. Find the len~th of bar stock to give the required weight.
a. Hexaponal iron stock, 1/2" across the corners.
=. Round aluminum stock, 1% diameter.
c¢. Square iron stock, 1l on each edre.
d. Rectanrular iron stock: L x 1/2" in cross section.

J,esson 35

I. Determinin~ lenath of bar stock havinm a required weight.

A. Review homework,
1. Stress technique of substitution and using the diviuion

axiom to solve for lencth.
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Lessorr 35 (continua:)

B. Classwor'-® Fin . th2 longth o” ar stoeix to give the required

weight.
Laxaconal iron stcel*r 1/2 aerecss ths Flats.

“ound iror stoel: Y/t in Ilarmater,

Squarz i»on stoech: J/4 - on each edgs.

ractangular aluminws stock:. 5/4 x 1 1/2¢ in cross

saction.

FTWwN e

Lassons 36 - 3¢

I.

i 2 cts on <ietarinining the leaatl.
0% stock h-vin: = vaoniny !

A. Sac. stuent is assirned thrsa f S7ypant typas avd sizes
o? bar stock anl} -
Tach must calculate ti:» lenzth of stock necessary to
yield a nieca of »squiral weigit.
2. Each must d»aw orthogranhic nrojecticn and an
isomatric ‘rarinr of the.required niece of bar stock.
3. Each stulent mwust go the metal shon, cut off len:rth
o7 eac!: har stock raquired.
4, Tmeh studiant must weight nieces of bar stock.
a. In scienca »oom,
5. Tach stulent commaras actuzl weight to dssiveld

waisht

Lasson 29

I.

Test or use of trigonometiv in determining ths volumes and weisht o

nrisns,

81
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MATHEMAMATICS OF PACKAGING
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Project 4 Packaging

Mathematics topic: Paper box desf.gn and fabrication.
Lesson 1. .’

I. Introduction to paper box design and fabrication.

A. Universal use of paper packages, cartons, and paper boxes
throughout this country.

1. Demonstrate samples, indicating the variety of
companies, variety of shapes and sizes.

2, Open discussion with students concerning the varied
uses of paper cartons.,

3. Indicate the size of this industry and its relation to
other industries.

B, Indicate the type of materials used and their functions:
1, Boxboard. '

a. For containing small items with advertising.

b. For cont~ining.hats, suits, cakes. .

¢, Note the qualityof printing possible,

2, Corrugated board.
a. For containing larger, heavier items.
- l. For protection.

b. For convenience in shipping many items.

¢, For convenience in stacking, inventory, and
retrieval.

d. Show the corrugated sleeve which is used to
contain a light bulb. Discuss the purpose of
the corrugation,

e. Discuss the type of printing on corrugated.

f. Display a carton made with 1/16th thick
corrugated,

3. Blister packs
a, For display, advertising, protection, to avoid
} thievery,
4, Styrofoam
a., For protective inserts.
I Preformed. :
II Solution poured in box, expands around contents,
5. New products, new developments continually being sought.

C. Outline the plans for this unit of study.

1. We shall study the application of measurement re-
quired for the desisn and fabrication of the basic
types of patterns developed by the paper box industry.

2. We shall analyze and study the dimensioning of patterns
using actual commercially-made patterns.
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3. Related to dimensioning, we shall study the use of
tolerance of measurement used in foldine-box designs.
This will apply to our work with corrugated board.

4. We shall construct cartons from folding box board
and corrugated board.

a. Supplied a local manufacturer.
b. Ve shall use hand-scoring tools, as used
by designers.

5. We shall expect groups of students to work together
on developing cooperative projects in packaging.

II. Introductory Project.

A. Students are to learn the basic concepts involved in
fabricating a paper box by applying their knowledge from
earlier work.

1. The students should, upon completion of the project,
realize the inadequacy of their knowledge when applied
to this new study.

B. Classwork assignment:

1. Students design and fabricate a paper box from folding
boxboard to hold a wooden dowel (cylinder or jar) with
diameter and height given. (Suggest d=2", h=5",)

a. Introduce pattern design for a paper box as
"a length of square duct with ends attached",
from folding box board.

i. Students will tend to make
flaps too narrow,

ii. Call on students who may have
investigated package design on
their own.

b. Teacher purposely avoids teaching special
techniques.

¢. Teacher and students discuss and sketch a
pattern for the box including all flaps.

i. Top and bottom are purposely
attached to same lateral face.

ii. All lines for faces are drawn

in only two directions

(perpandicular).

PR 4141, Note: The terms length, width,
| and depth are always given in

that order.
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Lesson 1 (cont'd)

d. Remind students to score all lines.
i. Use handle of spoon or coin.
331, Score the lines to be cut also.

Assignment: Using regular instruments: T-square and triangle

is possible, draw pattern for a box to hold a

dowel with base diameter 2" and depth 5". Score

and cut out.

1. Find the area of the pattern by finding area of
parts. Treat flaps as though they were rectangsles.

2. Find area of smallest rectangle from which
pattern can be cut.

3. Find the surface area of the box. Find volume
of the box.

4, Find the volume of the cylinder and the volume
of the space remaining inside the box.

Lesson 2

I. Introduction to paper box design.
A. Review homework.

1. All calculations and related sketches on the board.
a. Compare area of nattern and total area of box.
b. Compare volumes of cvlinder and box.

2, Students glue side and bottom flaps. Check

measuraements.
a. Teacher checks by setting several boxes on desk
top and compares heights.

i. Teacher and students can readily spot
dimensions which are "off".

3. Teucher and students observe and analyze problems in
their design and fabrication.
a. Do all folds have a sharp radius bend?

i. Teacher reviews use of scoring die and
hand tool for creating a sharp radius
bend.

b. Are all faces flat? Do top and bottom fit
flush?
c. Does box wobble when face is placed on desk top?

i. Edges are not parallel, opposite edges
are not parallel.

ii. Adjacent edges not perpendicular.
d. Does the cylinder fit snugly in the box without
bulring? “
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Lesson 2 (continued)

e. Would the bottom,_unglued, hold the wooden
cylinder? ,
{. Let it drop through once to demonstrate i
the need for "locks" on the covers of a L
box.
£. Note that the sides of the box are rigid, but
the top and bhottom c2n be easily bent in before
the box is glued together.
i. Show the strength and rigidity of paper
when creased and folded.
1i. Stress the need for a flap at top and
bottom of the box to ''tuck’' in, as found
commercially-made boxes.

e et

fi

-~

Assignment: If the first pattern was not satisfactory, construct a

second
1.
2.
3.

k.

5.

pattern to fit the same object.
Pattern should have tuck flaps at ends.
Find the area of the smallest rectangle from which the pattern
can be cut.
Find a way to fit copies of this pattern on a rectangular sheet
of paper 18" by 20, Make a sketch.
Extra credit. Sketch four (i) other patterns for the same box
and determine the dimensions of the smallest rectangle from
which the pattern can be cut.
Fabricate one of the patterns in fi.




Lesson 3

I. Introduction to first pattern: The Regular Slotted Carton.
A. Review homework
1. Sketches on board showing how to fit patterns on
18" x 20" rectangle. Students can demonstrate with an
actual shecet.
2. Sketches on board showiny variety of patterns for the
same box.

a. Show overall dimensions.

3. Students complete gluing second pat :m. Check by
comparison with othzr boxes.

B. Students and teacher examine a commerical sample of a
Regular Slotted Carton, made of corrugated board.
1. Note use of large flaps on each end of side panels.
a. For rigidity and strength, and to kezp box square.

2. All edges are straight lines. All lines go in either
of two perpendicular directions.

a. Describe that these box patterns are made in two
operations, passing the pattern through rollers
and then through a die board.

3. Do not consider the type of scores or allowances for folds.

3 C. Pass out boxboard (not corrugated).
1. Students assigned to fabricate a box to hold a object

using the Regular Slotted Carton design.

a. Students receive a copy -of the pattern.

3 b. Give dimensions of the object.
' D. Show students a variation of a regular Slotted Carton used

for milk containers.

—w—
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Lesson 3 (cont'd)

Extra Credit. Design and construct a pattern for the variation
of the RSC shown in the lesson. Use your own
measurements. Determine how to fold and fabricate

this pattern.
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Lesson 4

I. Introduction to the Reverse Tuck pattern.
A. Review homework.
1. Glue boxes together at sides only.
2. Calculations and related sketches on board.
a. Show comparisons in area of pattern and box.
b. Show comparisons in volume of cylinder and box.
3. Display designs of variation of pattern for RSC.
a. Discuss the amounts of material needed for the
different designs.
B. Teacher demonstrates samples of Reverse Tuck Box pattern.
1. Students make observations.
a. Reverse tuck has flap or top on all but two edges.
b. Dust flaps (at top and bottom of box) are not
rectangular, as on the slotted carton.
i. Reason? To keep dirt and dust out.
ii. Demonstrate idea of a lock later.
¢. Top and bottom faces are attached to opposite sides
of the box, causing top and bottom to be "tucked in"
in opposite, or reverse, directions.
¢, Reasons for wide spread use of the Reverse Tuck design.
1. Rigidity of sides, due to folds and flaps.

6
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Lesson 4 (cont'c)

2. Economy of material in fabrication.
a. Demonstrate the placement of several copies of
a Reverse Tuck pattern on a large sheet of paper.
b. If possible, show dieboard or picture of a
dieboard for Reverse Tuck patterns.
3. Discuss the design of locks on the dust flaps.
a. Offset of flaps at corner to put pressure on the
tuck flaps.
b. Measurement must be carefully made.

Classwork and assignment: :
1. Students design and fabricate a reverse tuck box to hold a
cylinder with diameter 2" and height 5".
2. Find the area of the pattern, surface area of the box.
3. Find the number of patterns which could be cut from a
rectangular sheet of paper 18" x 20".
4, Compare results to those for first pattern of Lesson 1.

[~ T

Lesson 5

I. Reverse Tuck design.
A. Quiz.

1. Teacher gives isometric drawing of box and its dimensionms.

Students are to make a sketch of a Reverse Tuck pattern,
indicating dimensions. Or students dimension a pattern
supplied by teacher.
B. Students analyze projects from homework.
1. Students glue only side gluing flaps. Ends tuck in.
2. Compare dimensions of boxes by matching.
3. Area and volume sketches and computations on board.

a. Compare area of pattern to that of earlier pattern.

7
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Lesson 5 (cont'd)

b. Compare number of patterns which can be cut from an
18" x 20" sheet. '
c. Discuss overall cost and possible loss.
4. Teacher demonstrates the use of flaps, locks, and their
design. '
a. Place a brass or heavy dowel of given dimensions in
a box which was not well fabricated. (Watch your
toes)
b. Dramatically stress the need for flaps and locks
which fit snugly enough to hold a heavy object.
c. Demonstrate and discuss various lock designs.
i. Slit on flap at top. Butter cartons (1 1b.)
ii. Offset on flaps.
iii. Mailing flaos.
d. Note different types of locks used on bottoms of boxes.
i. TFor convenience in openine the correct end.
C. Assign students to measure a flask from the Science Department
and form a pattern for a Reverse Tuck box pattern to hold the
flask securely. '
1., Find the area of the pattern.
2. Find the area of the box.
3., Find the volume of the bux.

Extra credit. Estimate the volume of the flask. Base your technique
on volume of a cone with the same base.

_<1




Lesson 6

I. Interliners to protect contents.

A. Review homework.

1. Calculations and sketches on board.

. Some students demonstrate the number of patterns which
can be fitted on a rectangular sheet 18" x 20".
Students glue side flaps only. Close top and bottom.
Check measurements of boxes by matching a set of them.
Stress the importance of obtaining the greatest possible
number of patterns from each sheet.
B. Discuss the use and design of protective inserts.

1. To keep neck of bottle from rattling.

2. To cushion the bottom of the bottle.
C. Discuss the design of a box to include cushioning and protective

inserts.
1. Students begin planning, sketching patterns.
2. Discus: allowances which must be made to have inserts fit.

anEw N
.

Assignment: Plan and sketch a pattern of a Reverse Tuck design to hold
a flask, including protective cushion and a protective top. Use the
same flask as used for today.
1. Find the area of the pattern. Do not account for holes
in the protective insert. .
2. Find the surface area of the box.
3. Find the volume of the box.
4. Using the volume of the flask determined today, find the
volume of the space not used (outside the flask.)

Extra credit: Design a pattern for a box and all inserts from one
piece of paper. Do this in place of the required pattern if you think
you have a workable idea.

Lesson 7

- I. Quiz. '
A. Give students a hectographed page displaying the layout for a
Reverse Tuck pattern. Give the dimensions of the box.
1. Students are to write in all dimensions for the pattern,
if it is to be made from foldines box board.
2. Find the volume of the box and the surface area of the
box. -
B. Review quiz.

1I. Review homework assignment.
A. Calculations and sketches on the board.
1. Compare areas and volumes of this carton with those of
the first carton for the flask.

9
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Lesson 7 (cont'd)

B. Students display samples of one-piece patterns.
C. Students glue side flaps only, place inserts and test
function of box with flask.
1. Discuss the different methods of cutout for protective
inserts.
a. Circular hole with slots radiating from edges.
b. Perpendicular slots so that corners can be
pushed into the neck of the flask.

III. Introduce the pattern for the '"Tuck Top with 996 Bottom" design.
A, Purpose: to create an especially strong bottom with a
strong lock.
1. Students receive a mimeographed drawing of the pattern.
B. Challenge students to devise a method for fabricating the
pattern.
1. Glue side flap first. All other panels fit together if
. correct steps are used.
2. Present a commercially-made patterr and challenge
students to follow the sequence of steps which they
developed.

Assignment: Construct a second pattern for a Reverse Tuck box with
protective inserts.

Extra credit: Design and fabricate a Tuck Top with a 996 Bottom to
hold a cylinder having a base diameter of 2" and height
of 5". Use 5" as length and 2" as depth. Find the area

of the pattern.
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Lesson 8

I.
A.

B.

4,
Teacher poses problem encountered in the paper box industry.

Introduction to estimation of material.
Review homework assignment.

1.
2.
3.

Students glue side gluing flap only.
Teacher compares boxes for dimensions by matching.
Students demonstrate their designs for inserts.
Extra credit projects demonstrated.
1. How many sheets of folding paper board will be required
for a given job?
a. Refer to problems from earlier homework
assignments.
b. Name the various patterns and the number of each
which can be cut from an 18" x 20" sheet.

2. Present one type of problem,

a. If we can cut x patterns from each sheet, how many
patterns can be cut from y sheets? (x and y are
integers.)
C. Classwork: Give each student either a set of commercially-
rade patterns or set of hectographed copies of
various sizes and shapes.
1. Students are to determine the number of each patterm
which can be cut from an 18" x 20" sheet.
2. Some students should trace each type of patitern on 18" x
20" paper.
Assignment: Determine the number of each pattern which can be cut from
each of the following numbers of sheets of 18" x 20" paper:
2, 5, 10, 50, 100, 1,000
Pattern N
from Number of 18" x 20" sheets
Lesson 2 5 10 50 | 100
#
1
2
y
*s
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Lesson 9

I. Introduction to estimation for materials needed.

A. Review homework calculations and sketches on board.
1. Some students demonstrate their layout of patterns
on 18" x 20" paper showing the maximum number obtained.

Introduce problem of estimation used in industry. '

l. If we are required to cut m patterns and we can cut x
patterns from each sheet, how many sheets will be
required? '

a. Discuss feasibility of selecting larger or smaller
sheets of paper to minimize waste.

b. Discuss feasibility of cutting other patterns
from the same sheet to minimize waste.

Classwork: Find the number of sheets required for each
given number and type of pattern.
1. Use the patterns from the homework assignment.
2. For each pattern determine the number of sheets needed
to produce each of the following number of sheets:
a. 30, 200, 1,000, 15,000, 40,000
3. Refer to these problems. If each sheet costs $.05,
find the cost of cutting each number of patterns.
a. Relate this concept to other industries.
i. Vood, metal, plastics, clothing.

Assignment: Refer to the patterns used in last night's assignment.
Determine the number of sheets 18" x 20" to cut the following
number of patterns: 100, 5,000, 25,000, and 35,000.

Find the cost of paper if each sheet costs $.04.

Pattern
for i  Number of patterns

Lesson 200 1,000 15,000

#
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Lesson 12

I. Half-period test.

A.

Bl

C.

How many patterns of a Regular Slotted carton with
1=3 , w=2, and d=4 can be cut from boxboard measuring

16 x 21 ?

Hov many patterns can be cut from 400 sheets of boxboard
if 15 patterns fit on each sheet of paper?

We can fit twelve patterns on each sheet of paper. How
many sheets will be needed to cut at least 23,000 patterns?

II. Review test and homework.

A. Calculations on board.

III. Introduction to the use of corrugated board in paper box
fabrication. :
A. Discuss special uses of corrugated hoard.

1. Protection in transit, ease of stacking (storing).
2. Savings in cost compared to wood or metal.
3. For transporting larre and/or heavy items.
4. When vaterproofed, for vegetables, frozen foods, meats.
5. Reusable boxes, due to chemical treatment.
6. For cushioning or protection when made in layers.
7. For displays in stores
a. Show a sample
8. Corrugated paper is used to hold light bulbs.
a. Discuss reason for direction of fluting.

Introduce problem of measurement with corrugated board.
1. Each student receives two strips of corrugated bcard
approximately 11° by 3 from B flute (1/8" thick),

a. TFluting runs lengthwise on one piece, along width
on other.

Assignment: Score each piece in such a manner that it will form

Note:

.o .

a sleve which will fit snugly, without bulging or

binding, on a 2 x 4 block of wood. Actual dimen-
sions are 1 3/u4 by 3 3/4". :
Teacher may need extra strips for those who make errors.

13

<6



Lesson 11

1.

Introduction to the use of corrugated board in papex box
fabrication.

A. Review homework: Teacher anticipates that students did not
make allowances for losses in folding corrugated board.
1. Teacher seeks students who were able to make corrugated
board fold and fit correctly.
a. Discuss why some students failed.
i. Lack of effort and thought.
i1, Did not allow for shrinking of material when folded.
2. Teacher keeps first attempts for a demonstration of
strength of the material in later lessons.

B. Teacher presents composition and characteristics of corrugated
board. ~
1, Construction: fluting, liners, glue.
a. Technique of making fluting at the mill.
2. Kraft paper: classified by weight per 1,000 sq. ft.
a. Show samples.
3. Classification of corrugated board.

Number of
: Corrugations 3
Type Thickness per foot. i
A 3/16" 36 ;
B 1/8" 48-52 !
c 5/32" 42 - /
E 1/16" 96 ;

a. Show examples of these as used in commercially-made
cartons. '

C. Students are asked to re-measure the dimensions on each piece
of B flute.
1. Next fold the board at one fold and measure each panel
which has the fold line as an edge.
2. Note that each panel loses 1/16" when folded.
a. Where does the 1/16" go? 1Into the fold.
3. Measure outside dimension of each panel which
has the fold as an edge.
a. Note the panel gains approximately 1/16" when folded.
D. Students should observe these characteristics of B flute
regardless of the direction of the fold.
1. Inside panel loses 1/16" at each fold.
2, Outside of panel gains 1/16" at each fold.

14
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Lesson 11 (cont.)

E.

Classwork and assignment:

1. Using pieces of B flute 3" wide and about 12" long
measure, score, and fold the board to form a sleeve
which will fit around a 2" x 4" board (actual
dimensions 1 3/4% x 3 3/4").

2. Make a sketch of the sleeve showing the inside
dimensions and outside dimensions of the sleeve when
it is folded.

3. Make the sleeve so that the ends but-join on one face
of the block of wood.

4. Find the inside area of the sleeve. Develop an
easy way to find this?

5. Find the outside area of the sleeve. Develop an
easy way to find this?

Lesson 12

I. Continue s™uiy of allowances for folding corrugated board.

camprap s b sems & Mumepgte

A,

B.

Students - present sleeves and discuss problems.
1. Test sleeves by fitting them to a 2 x 4 block.

Students show sketches and dimensions of pattern.
1. Show calculations for area.
a. Quick way is to find total area of pattern and"
area of part lost due to folding and subtract.
2. Dimensions of pattern.

741 33+ 13+ 1 8,1 1.1
5T Tv® i gts 7 a8

- -

3. Dimensions of inside of sleeve.
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Lesson 12 (cont.)

A
B

T.
3"
l

4, Dimensions of outside of sleve.

3+ 1 7 1 1 .3
STy gty Wty Wt

)
!

Again calculate inside area and outside area by
finding the total length of each and multiply by 3.
a. Students will need help with addition and multiplication
of fractions. .
b. Compare results with other methods.
¢c. Discuss the fact that the total outside area of
the sleeve is greater than the total inside area.
Classwork: Show sketches and dimensions for a pattern of
sleeve to fit around a block 1" x 4" (actual).
Calculate the area inside and outside.
1. Dimensions of the pattern.

1 1 ! 2 +l
- + = l+ =
* Y6 "t 3 8 6

| | |

2. Dimensions of the inside of the sleeve.

2" 1" u" 1"

|

| .




Lesson 12 (cont.)

3._ Dimensions of the outside of the sleeve.

BEY

1 ' 1 1 1 1
jg—o 4 ¢ 7 | 2 + 5 1 g 4i-£. 1 ¥ 2+3

) -[ [

D. Teacher generalizes, with students, the dimensions for
sleeve based upon length and width of block.
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Assignment: Teacher demonstrates a sample of a book mailing package
made as two sleeves, each of which butt-join on a face,
folding at right angles to each other so that all edges
of the book are covered.

Make sketches of an outer pattern for the sleeve made
in class to fit a block of wood 1" x 4" x 3",
' Draw, score, cut out, and fold the outer sleeve from
B flute.
Find the inside area and outside area of each sleeve.
Find the area of each pattern.
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Lesson 13

I, Making allowances for folding corrugated board.
A. Quiz. ' ,
1. Sketch a pattern and show the dimensions for each

panel to fit a sleeve around a block 2" x 3" with

a butt joint on one face of the block.

a. Make a sketch showing the inside dimensions of the
Sleeve.

b. Make a sketch showing the outside dimensions of the
sleeve.

B. Review quiz.
C. Review homework.
1, Sketches and calculations on board.
2. Students demonstrate the fitting of one sleeve around 2
the other.

D, Teacher can demonstrate the strength of corrugated board.

1. Select four sleeves of B flute (Lesson 11) having
the fluting in the short direction. Place them,
nested, on the floor with the long edge down and folded
as sleeves. ‘
a. They should hold the teacher's weight.

2. Select four sleeves having the fluting in the long
direction. Nest them and place them on the floor with
the long edges down.

b. The teacher's weight should easily crush them.

3. Conclusion: corrugated board has great compression

strength in the direction of the fluting.

Assignment: Teacher challenges students to design a sleeve having
a gluing flap at one edge to fit a rectangular block. The
block is to fit snugly without bulging the sleeve. The
flap is to fit inside the pattern.
1. Sketch the block and dimensions ( 2 3/4" x 3 7/8").
2. Sketch pattern for a sleeve and list dimensions of each
panel. '
Draw pattern, score, and cut out pattern from B flute.
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Lesson 14

I. Review homework. L

A. Students glue sleeves at glaing flap. With flap inside
adjacent edge. :
1. Teacher anticipates poor choices of allowances in
dimensioning of sleeves.
a. Sleeves will be trapezodial in cross section.
i. Teacher checks to see if block fits in sleeves.
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b. Required dimensions of pattern from B flute.
i. Teacher helps students analyze dimensions.
ii. Students should check the dimensions on their
sketches.,
.iii. Note a space (on left side of sleeve above).
iv. The sleeve has the shape of trapezoid.
2. Students should make a second sleeve if the first was
not satisfactory.
a. Develop allowances for flaps with the class.
b. Flap is to fit inside.

B. Teacher introduces third type of sleeve design with flap
fitting outside adjacent side.
1. To avoid putting sleeve out of square allowance must be
made on the panel “to which’'the flap is attached.
a. Cross section of sleeve.
i. Allow for thickness of panel adjacent to the flap.
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Lesson 14 (cont.)

Assignment: Complete the sketch for sleeve, draw, score, and cut
out pattern for sleeve to fit block 2 3/u" x 3 7/8",
having gluing flap outside the adjacent panel. Use

[ I o= R vvor- %>

a B flute.
Quiz Tomorrow.
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Lesson 15 .
I. Quiz.

A. Sketch pattern of a sleeve to fit a block 1 1/2" by 4" and
indicate allowances for a flap which is to fit inside. Use
B flute.

II. Repeat study of allowances for folding corrugated using C flute.

A, Teacher demonstrates patterns made from C flute.
l. Thickness is 3/32".
B. [Each student receives a rectangular piece of C flute with
dimensions 3" x 5",
1. Measure 1" in from each short edge.
2. Mark, score, and fold.

- ———

3"

lll 3" 1"

3. Measure each panel where folds were made.
Hold panels perpendicular,

4. Note loss of dimension is a little less then
1/16" on each panel at each fold. (This
can be only approximate).

5. Note gain of measurement on outside of each panel
is a little less than 1/16" at each fold.

C. Students should recognize same generalization:

1. Half of the thickness of the corrugated is lost
on each inside panel at each fold.

2. Half the thickness is gained on the outside of
the panel at each fold. :

D. Classwork: Each student sketches pattern, draws, scores,
and cuts pattern for sleeve made from C flute
to fit a 2" x 4" block. (2 3/u4" x 3 23/u"),
Make pattern with ends which butt join on one
face.

Assignment: Draw, score, and cut out two more patterns to fit the
same block.

1. With flap fitted inside adjacent panel.
2., With flap fitted outside adjacent panel.
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Lesson 16 i

I. Review lvuewusle.

A. Teacher tests a few sleeveo v determine fit.
1. Notes where panels are short o 1aag,
2. Helps students analyze dimensioning or y---~1g,

II. Classwork: Students design two sleeves from C flute so
that inner sleeve will £it a block of wood 4" x 1"

x 3",

A. Second sleeve fits at right angle to first so that block
is covered on every end. -
1. Refer to the book mailing package of past lesson.
2. Students must make allowances for folding of C flute.
a. Pattern for the inner sleeve with the flap
glued to outside of adjacent panel.
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b. Pattern for flap glued to outside outer sleeve.
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Lesson 16 (cont.)

Assignment: Complete two sleeves, score, and cut out.
Calculate the area of the outer surface of the inner
sleeve and the outer surface of the outer sleeve.

Lesson 17

I. Quiz.

A. Sketch a pattern for a sleeve and indicate the allowances to
fit a block 2" x 3" with a flap fitting inside the adjacent
panel.

The material to be used is E flute - 1/16" thick.
1. Sketch on regular paper.

II. Review quiz and homework.

A. Students glue flaps, teacher tests sleeves by attempting to
slide block into each. :
1. Students compare dimensions. Sketch made on board.
2, Calculations for area on the board.

III. Analysis of designs for patterns from corrugated board.

A. Each student receives a copy of a commercially-made pattern
from C flute (3/32" thick.)
1. Reverse tuck design.
2. Each student is to measure all outside dimensions of every
panel of the pattern.
a. Write each dimension on the pattern as one would on a
plan. .
b. Also measure the gaps in the pattern and indicate
these. (Gaps for locks on the dust flaps.)
Next students write below each of the (above) measures
the corresponding dimension when the box is to be folded.
a. Compare results with their predictions.

Assignment: Complete dimensioning of the panels of pattern and your
predictions for dimensions when the pattern is folded.
Repeat the classwork procedure in determing dimensions
of each panel of the box if the box were to be made of

A flute (3/16").
23
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Lesson 18

1.
2.
3.

4.

1.

Bl S A , _ N

2.

3.

R

I. Further.analysis of corrugated i)ox patterns.

A. Review homework.

Students predict inside dimensions of panels.

Students predizi inside dimensions of the box.

Students fabr.cate the box and trace the outline

of all overlapping parts onto the panels which they touch.

Open pattern and examine the pattern.

a. Analyze the effect of two or three layers of corrugated
board have in offsetting the outside measurements of
the box. :

B. Observations and analysis of the pattern.

Note: on C flute 3/64" is lost by each panel at-
each fold. '
Note the direction of the fluting to give greatest
strength to the box for stacking.
Note the way flaps are made to create locks on the
tuck-top box.
a. Note how loss in dimension caused by folding a dust
flap caused the gap to be reduced in width, creating
a lock. N ,
i. Example: Gap of 3/32" on the pattern will be
diminished to 3/6u4" when flap is folded over.
This causes a tight fit for the tuck top and creates
lock. (See diagram below.)
Note. offset in scoring of edges of side panels so that
flaps will fold under top and top will fold flush.
a. Estimate amount of offsét in these scores.
i. Use previously learned knowledge in gains and
losses of corrugated according to thickness.

| C. Classwork and assignment: Each student receives a second box
r pattern made by a commercial manufacturer. Use C flute.

1.
2.

3.
b,

Reverse tuck with a slit lock bottom.

Measure all edges of each panel. Write the dimensions on
the panel as you would on a plan..

Measure the gaps which provide for locks.

Determine the inside dimensions of each panel and

those of the box.

/'/
3" ___._
32 ' E
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Lesson 19
I. Review homework.

A. Students discuss various aspects of the pattern given for
homework as discussed in Lesson 18.
1. Be especially careful of allowances for the panels.
a. Note allowances for offset of fold lines to provide
for neat folds of one panel upon another
2. Observe allowances for gaps for locks.
a. Note loss of 3/64" in gap when dustflap is folded.
at right angles for C flute. '
3. Students preduct inside and outside dimensions of the box.
4. Students fabricate box and trace outline of all over-
lapping parts onto adjacent parts.
a. Students measure inside and outside dimensions and
compare with predicted measures.

II. Teacher challenges students to design and fabricate a. Tuck Top
S1lit Lock Bottom carton to fit inside the carton used for home-
work.

A. The material must be C flute.
B. Students make sketch of the patterﬁ, including cdimensions.
Assignment: Complete design, cutting and scoring of TTSLB box to next
in original box used in homework.
1. Material must be C flute.

2. Find the dimensions of the smallest rectangle from which
the pattern can be cut.
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Lesson 20
I. Quiz
A, Write in the required dimensions of a pattern for a Reverse
Tuck design made from B flute. The inside dimensions of the
box are indicated on an isometric view. The gluing flap is
to fit on the inside of the adjacent panel.

1. Drawing on hectrograph.

II. Review quiz and homework.
A. Students glue flaps and test their pattern for fit into the
commercially-made carton.
1. The teacher helps them check their design and construction.
B. Some students will be required to make a second attempt.
1. Students should compare their patterns with others by
matching.

Assignment: Those students whose design was not satisfactory should
make a second attempt.

Fxtra credit: Those whose designs were satisfactory should design two
boxes which fit, side-by-side in the commercially-made
box.

Use folding box board instead of corrugated board.

Determine the number of these patterns which can be cut from a
rectangular sheet 18" x 20",
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Lesson 21

I.

II.

Review homework..

A. For extra-credit work: Students demonstrate the design and
fabrication of the boxes to nest inside the large one:
1. Sketches and dimensions on the black board.
2. Number of patterns cut from a sheet 18" x 20",

Review of allowances f-equired in proper dimensioning for folding
corrugated board, :

A. Each student receives an undimensioned drawing of a Bumper
End Book Folder.
1. Students predict method of folding, purpose of the design.
2. Obtain such a box pattern for demonstration.
3. If the pattern is made from B flute, determine the inside
dimensions.
a. Teacher assists in the process of analyzing the
-dimensions. .
4. Note the type of lock, called a Mailing Lock.
5. MNote protective features of the design.
a. All corners of the contents ( a book ) are protected.

Assignment: Teacher assigns two more problems, Give inside

dimensions for a Bumper End Book Folder.
1. Students are to determine the dimensions of the pattern:
a. made from B flute; inside dimensions: 2" x 6" x 5",
b. made from B flute: inside dimensions: 2 1/2" x 8" x 6",
2, Each problem is to be presented on a different copy of the
drawing for the pattern.
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Lesson 22

I. Review homework.
~ A. Sketches and dimensions on board.
1. Teacher helps students analyze an actual pattern to
determine the dimensions of the pattern to give the
desired inside measurements.

II. Generalizations in dimensioning patterns for design in corrugated.

A. Each student receives an unmarked drawing of a Bumper End Book
Folder.
l. Based upon the last assignment, dimension each panel
for general dimensions 1, w, and d of the contents.
a. Note which dimensions are not dependant upon 1, w, d.
2. Represent the outer dimensions of the smallest rectangle
from which the pattern can be cut.
a. Note that these should be developed in general terms.

Each student receives an unmarked drawing of a Reverse Tuck design
1. Based upon the thickness of the fluting used (B flute)
and the general dimensions 1, w, and d, of the contents,
represent the dimensions of each panel.
a. Note which dimensions are not dependent upon 1, w, or d.
Represent the outer dimensions of the smallest rectangle
. from which the pattern can be cut.
a. Note that these should be developed in general terms.

Classwork and assignment. :
1. Dimension all patterns given in these drawings based upo
the general dimensions 1, w, and 4, of the contents. Assume
the material is B flute.
a. Students receive an unmarked drawing of a Regular
Slotted Carton
b. Students receive an unmarked drawing of a Tuck Top
S1it Lock Bottom Box
For each pattern represent in general terms the dimensions
of the smallest rectangle from which each pattern can be
cut.
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Lesson 23

I. Representing algabrically th2 overall dimensions of a pattern.

A. Review homework.

1.
2.

3.

Assignment:

Follow
expressions

Sketches and dimensions on the board.

Test the overall dimensions repr:sented algebrlcally

by comparison with the actual patternc used in earlier

lessons,

a. Substitute measures from pattern and evaluate algebralc
expressions for dimensions of pattern.

b. Heasure overall dimensions of pattern and compare
results with (a).

¢. Add measures of panels to obtain overall dimensions
and -.mprre results with (a) ndd (b).

Repeat .nis process with other box patterms.

Use the drawings of patterns used in Lesson 22 to represent
the overall dimensions of the pattern using algebraic
variables for 1, w, and 4.

the same steps used in class to test that your final
for overall dimensions are correct.
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Leséon 24

I. Quiz.

A. Each student receives an unmarked drawing of ‘a Bumper End
Book Folder.
l. Determine the dimensions indicated based upon the inside
dimensions of the box and the use of B flute.

II. Review quiz and homework.

A. Algebraic expressions on board and calculations of overall
dimensions for comparison.

cooky BBt b i il

III. Introduce plans for cooperative projects for the next ten
lessons.

A. Part of each period will be used for the study of introductory
algebra based upon the concepts introduced in the last two
lessons.

1. Homework assignments will be made on hectographed pages.
Reference will be made to the textbook.

B. The remainder of each period will be devoted to cooperative
planning by small groups of students.
l. Each group will be expected to complete at least two
projects. }
a. Plan must be first approved by the teacher.
b, Sketches in isometric and sketches of patterns must be
made by each student.
¢. Students must agree upon the type of paper board to use.
2. Each group must submit the first project, completed
within one week, including:
a. Drawings carefully done, with dimensions.
b. Objects fabricated and fltted to specifications.
c. Pages of calculations, complete with explanatlons.
d. Above set up ready for display.
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IV. Teacher descrlbes possible projects for the first week.

A. Carton made of three pieces, one for each student.
l. Bottom made of B flute, with open top.
2. Top, made of B flute, open at the bottom.
3. Sleeve, made of C flute, fitting full height of the box.
a. Sleeve fits tightly inside other parts.

B. Large carton which folds two smaller cartons.
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Lesson 24 (cont.)

C.

1, For a group of three students.
a. Large carton of B flute.
b. Smaller boxes of C flute. These cannot be the same
gize. The two smaller boxes nest inside the larger
cx.

Similar to part (B) with the use of trapezoidal patterns
for paper boxes which nest.

Develop three inter-lining sleeves to protect two thick
books. (May use our large Shop Mathematics textbook. )
1. Inner lining wraps around side edges and binding of
the books. Made of B flute.
2. Middle lining wraps around bottom and top edge of books.
Made of C flute. :
Outer lining wraps around edges and binding of book
and encloses the first two liners.
Each lining has a gluing flap.




Lesson 25.

I. Further experience with addition of algebraic expressions.

A. Each student is given a hectographed page of a different pattern
for a paper box. '
1. Students analyze the pattern to determine how it is

fabricated. _

2, Students then attempt to fabricate an actual copy of the
pattern.

3. Students represent the dimensions of each panel of the
pattern algebraically in terms of 1, w, and d of the inside
dimensions of the box.

4, Students represent the overall dimensions of the box in
terms of 1, w, and d.

a. Note which panels are not dependent upon 1, w, or d.

II. Continue plans for cooperative project. /
Assignment: Complete part I (above). /

Lessons 26 through 29, Follow siinilar plan to Lesson 25.

Lesson 30.

I. Quiz on areas and allowances for folding of patterns for paper boxes.




