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Magnetism . ' G ‘

HUMAd RELATIONS , : ( 

Communlca: ons Skllls e ) : _ <
Feedback . b ) C . _ , .
Individual Strengths . S C - " - -

~ . i

Group Problem Solving, Goal-settlng and Deci31on-mak1ng
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whole Numbers . ' ‘ -
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Graphs . . v
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Metrics’
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Hydraulics - Lever
Hydraulics - Transmission of Force

Hydraulics - Symbols

Hydraulics
Hydraulics
Hydraulics
Hydraulics

. Hydraulics

ydraullcs

"Hydraulics

Hydraulics
Hydraulics -
Hydrau11cs

- Basic Systems .

- Pumps o

- Pressure Relief Valve :

- ReserVoirs

- Directional Control Valve

- Cylinders :

- Forces, Area, Pressure . .

« Conductors and Connectors '
Troubleshooting

.~ Maintenance  ~
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Refrigeration-
‘Refrigeration

Refrigeration
. Refrigeration
Refrigeration

Refrigeration
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Introduction
CampressqQrs
‘Temperature Controls
Condensers and Evaporation
Purge, Evacuate,.Recharge
Troubleshooting ‘

, MACHINE COMPONENTS

Machine Cmponents - Shafts
ents - Bearings '

Machine C

Machihe Cofponénts =.Seals and Gaskets
.- Machine Components - Chain Shafts
Machine Components - Belts and Pulleys

LUBRICATION
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Lubrication - Introduction .

LUbrication - Standards and Selection of Lubricants

(

. BORLERS

Boilers - Fire Tube "Iypes

!

A

Boilers - Watertube Types

* .Boilers - ConStruction

Beilers - Fittings

Boilers - Operation
‘Cleaning

Boilers

Boilers - Heat Recovery Systems .
“ Boilers -- Instruments and tontrols

Boi}ers

PUMPS

Plplng and Steam Traps

Pumps ¢~ ’I‘ypes and Cla591f1cat10n
Pumps - Apphcations
Pumps ~*Construction:
Pumps - Calculating Heat and Elow

Pumps - Operation

Pumps

Monitoring and Troubleshooting

Pumps - Mainténance

STEAM

Steam - Formatlon and Evaporatlon

Steam, - 'Lypes

Steam 'I‘ransport
Steam - Purification

TURBINES

St:aam Turbines -.Types

Steam ,‘Turbines - Camponents
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~18.1 Generators - Types and Construction
18.2 Generators - Operatlon
» AIR COMPRESSORS -
2 19.1 Air Compressors - Types ’
19.2 Alr Compressors - Operation ‘and Malntenance
MISCE;LLANEDUS . | |
, -~ ‘ i ) T s
20.1 Transformers '
21.1 Circuit Protection i
22.1. Installation - Foundations /
22.2 Installation - Alignment o
23.1 Trade Terms “
‘ .
~ .
L}
- '
. ;

.J
¢ » -
!
.
?
N\




.'Note‘ A11 reference packets are numoered on‘khe upper T]ghtrhGNd corne

: bupplementary
Packet #

RERPR

2o
| 1'2f'3 |
104
.-'12.'4 g
125"
12y
A

REXE
13.4~

13.6.

13.7. .

STATIONARY ENGINEER L
$UPPLEMENTARY REFERENCE DIRECTORY “

r of the Vesp
. Y "L\—

Descript1on

Cornespondence Course Lecture 1, Sec 2, " Steam' Generators,«Tybes
of. Bo1lers I, S.A, I T Ca]gary, Alberta Canada
, Correspondence Course Lecture'2 Sec. 2 StgaM’Generafors Typée

. of Bo11ers II Ca]gary, A]berta, Canada » . .
Correspondence Course Leeture 2, Sec. 2, Steam Generators, Bollen
Construct1on & Erect10n, S:ALL.T.

R

Calgarxz A]berta Cenada

Correspondence Course, Lectune 4, Se r 2, Steam Generatorsq Bot]er f_

12 w Bd11ers, F1tt1ngs ":';mfﬂ';z :
SoA.T. T., Calgary, AJberta Canada : e

Fittings II L
Corresondence Course, Lecture 4, Seg. 2 Sﬁeam Generators Bo11er ?fflégﬁ .QoilensfﬂFittﬁngs- L ‘i§'5-;'
F1tt1ng t SALT Ca]gary, A]berta, Canada : R [' i T

A
Corréspondence Course Lecture 10,.Sec

2, Steam Generat1on, Boi?et
Operation Ma1ntenamce, Ihspection, S.A.L; T., Calgary, A]berta, R

Correspondence Course Lecture 3, Sec 23 Steam Generat1pn BoiJer .
Deta11s, S.ATLT,, Ca]gary, A]berta Canada :

Refer to reference packet 14 3/12 8'

Correspondence @ourse Lecture 9, Sﬂc“ 2, Steam

qe"erator, Power el 3T
Plant PumP$. S A L.T., Ca1gary, A]berta, Canada 1 ' :

T 134 Ca

Correspondence Course, Lecture 6, Sect 3, Steam Generators Pumbs,
Ty Ca19ary, A1berta, , \

. . '. ",.7. . 'A"-:"_;:::' ' 'wl,." "‘ . o ‘l -. : ,
B ‘ e, ./l;/: S T
ethve cover paqg‘ A Y Al S
:'.“ E'.‘ 7 Lo
. R

"Rngted Tra1prnanodule

Bor’lers, FW&"' Tube, Type .' T
. -'. .. .- — f'

[ L ¢
Yoo e .

wez*amwaWuafaaaa:

\r‘." . SV -

oo 5. o ‘5
12 3 Bo1]ers Construct1oo L .

. LY .
Ul '-r' ’ ‘ 'y L ,-“",
™~ Yaw I

i " . : N
y, ,pl.-‘ S, R 2
s

L e e R A
3,

R cohi
12 5 Bpflers, Operet10n oy

B ‘ .:.'.' P - ' :
. f 2 f' i‘RJ- ﬂ;}RJR'
Boi]ers Heat ReqdvEry o
Systems e e _:_,_‘,j“‘
"1' c. ' .. ' v -
. (' S X L
3 Types 1ass1ficat10n Lo
_ 13 2. Apg]1c tions - ['kﬂ:”
' Culating Heat A& Flow » .
‘ “13 b Monitoring & Tvoub]eshoot1ng S
3 7 Malntenance ot
' f353 Construction’ . L T
13 5 Operation 7.l ir
SR ET

' . ) t . . . s‘\‘;




R o ) N
a

. . L :

‘ o ° ° ' (\" ! g

Stationary Eng1neer -

- o

"" ', Supplementary Reference'D1redtony R . . . y
L Paget2 LT JRI - '
L ‘ i ' RS P ;) ' s ) g’ . )
.o S o ..'“ e . .
Supp1ementary : o -}‘ 'fkf LT X .
~“Paqket # Descr1ptipn o ‘ : (r o
' 1A13 S Correspandende Course, Lecture 6, Section 3, Steam Generators, Steam-
12:8 . Generator Contro]s, S. A 1.7, Ca]gary, A]berta, Canada
v r‘.v . ) Yo - . L vt .
f14:4 o qurespondence Course, Lecture nm, Sect1on 2, Steam Generators,'
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l 17.3 | CofrespOndence Coufseﬁ Lecture 7, Sec. 2, Sféam Generatdrs, Boiler 17.3 Feed Watér, Testing \‘_'
' Feed Water Treatment, S.AV1.T., Calgary, Alberta, Canada - :
18.1 Corresporidence Eourse, Lecture 2, Sec. 5, Electwicity, Direct R R Generators, Types &
. : “Current Maghines, S.A.I.T., Calgary,. Alberta, Canadal ’ . Construction
. 8.1 .- i Correspondence Course, Lectyre 4, Sec. 5,lE1ectr1city, Alternating 18.1 Genewators, Types &’
< 18.2 ‘Current Geperatars, §.A.}.T.,;Cd]gary, Alberta, yCanada . - Construction
; . ’ ' - . . R » 18.2 'Generators, Operation
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19,1 Corrspondence Course, Lecture 5, Sec: 4, Primé Movers & Auxiliaries, - 19.1 Air Compressors, Types
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| N RECOMMENDATIQNS FOR USING TRAINING MODULES - -: -
7 s*% ‘ o : E oy,
The following pages list moqubs and the1r corresponding numbers for this \\“
particular apprent1cesh1p tr&de “As related tra1n1ng classroom hours - \\\\
vary for different reasons throughoutrt state, we recommend. that " ' l@_
“the individual apprent1cesh1p tomm1ttee ,d1v1de the tota1 packets to- -
f1t the1r ‘individual class schedu]es
There are over 130 modules available. Apprentices can complete the . B
whole set by the erd of their indentured apprenticeships. Some ' B
apprentices may already. have knowl]edge and skills that are covered
in part1cu1ar modules.  In those cases., perhaps credit could be
granted for those subjects, a110w1ng apprentc1es to advance to the '

remaining modules.

- -
4
L

- We suggest the the apprenticeship instructors assign the modulesnin ‘v

numerical order to make this learning tool most effective. : .



Tape 2:

an Tape 4 H

NO;E :

Tape \l. :

Tape 3:

LN ) > . . N
'_sugmem%XR&( INFORMATION

" ON CASSETTE TAPES
X o>

’

ol 1Y . . M

' \‘>

1 g

. ‘ ! -
] » ‘.

Fire Tube Boilers ~ Water Tube Boilers «
and Boiler Manholes apd Safety Precautions

Bmler Flttmgs, Valves, InJectors, .

Pumps and Steam Traps _ R :

!

Cambustion, Boiler Care and, Heat Tsansfer
and Feed Water Types | A ».(

s

L)

Boiler Safety and Steam Turbinesh

-

'The above cassette tapes are intended as additional

reference material for the respective modules, as

indicated, and not designated as a required assignment.
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) LINEAR -- MEASUREMENT
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\
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- Goal:

The apprentice will be able to
use the concepts of linear
neasurenent.,

J .
@grformance Indl_cators:

7

’ ] . .
1. Rq&d linear measurenent
to 1/32".
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T i . LINEAR MEASUREMENT -

Fundamental to any industrial vocation is the measurement of linear or strafght

ling distances. These measurements may be expressed in one of two syspems!
Apprentices for the most part still use the more familiar British system (of
which the yard is the $tandard unit of length) although the-metric is vapidly

~

gaining popularity in the United States. The problems in this module will assume

the use of the British system.

’
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Na F .

This study gu1de is de51gned to help you successfu]]y complete this module Check
of f the. fo]]ow1ng steps to complet1on as you finish them, -

- ¥

, .;
A2

e % STEPS TO COMPLETION

1. Familiarize ydurself with the Goa] and Performance Ind1cators on the
t1t1e page of this module. ‘ ' K ,

: - .
> )

ol ____ Read the Introduction and study the Information section of the module -
' It is intended to provide you with the math s‘h]ls ecessary to |
sucessfully complete the assessment port1ons ' iﬁ ;
oS ) ) ‘ | f ' |
. 3. ___. Complete the Self Assessment section of the modd]e’.* You may refer 10
the Information section for -help. T ’
oo q, ..\ Compare youmVSe]f Assessment answers with the'correct'answers on the

Self Assessment Answer Sheet immediately following the Self Assessmdnt
exam. If you missed more than one of the Self Assessment exam questiions,
go back and re-study the necessary portions of the' Information section,

\ K or ask your instructor for milb.j If you missed one or none of. these

' problems, go on to step 5. '

hd -

1

5. Complete the Post Assessment section of the module. Show yohr.answers
' | to the instructor. It.is recommeneded that you score 90% or better on
. .those Post Assessment exams with 10 or more problems, or miss .no. more

than one problem on. those with fewer than 10 problems, before be1ng

LY

a]lowed to go on the next math modu]e
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~Information -

TABLE OF LINEAR MEASURE

-

T foot y -
1 yard A

»

S o ' 12 inches
| i ' . 3 feet
o - 5 1/2 yards
' ' | - 40 rods

it oon

1 rop

i

1 furlong - '(

1 mile I .

, - . 3 ' " 8 furlongs =
Apprentices have as a basic tool, a steel rule that measuﬁps_@o the nearest one-
.~ thirty-second (]/32") of an inch. In most shops a tolerance of 1/32" is allowed , |
" im mqit measurements. . C ’
. w )
) “To read measurements, merely calculate where on the rule the mark falls.
h ‘
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)
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ssessment

. R ‘ o
.,‘ ‘s . — R . . - N
Read’ the d’1stance from: the star‘t of the ruler to the letters A through 0] tzo the _1j_j‘
nearest 1/32"and p]ace your answers 1n the asslgned space below. ! cae T e
. \ .l. - . , , “y N op ‘ ‘
. A h ..‘. ‘ A -
.a; '.\. K . ] . - "\ .
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A N l.'"'.' ; ' et
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| Hssessment
Hnswers

o 6,
;:H;j

.

i J-

. | "

| L.

21/8

Yz

1 -

‘."‘.

JCER Y
ol

VA IR

3 3/8"

33/4%,

@«

4516,

4

3/32:
17/32
1 15/32

2 15/32

2 31/32

3 3/8

3.9/16

4 1/32 \

ERIC

Aruitoxt provided by Eic:
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4
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.)' o F1nd the length of each of.the'follow1ng 11ne segments to the nearest 1/32".

: LS (A]ways measure from the insvde ‘of endfmark on the 11ne segments. ) S R
) . .‘"' A ’ ‘0
- -4 . .. \ L)

| N A ‘2 v ' .

| . . \
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Draw a lme segment equal ‘to each'of the following lengths to the nearest 1/32"
\. Use the gwen end mar‘k "as the left end mar'k for t.be segment .
| ’ ) | | . ' .“ [
t va;r.ple S | " ‘o
v * ‘ A | ,
’ " - ?
.‘ . / 3
\ ‘A .
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4
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Aruitoxt provided by Eic:

('S

‘The aporentlce will be able to ! g
compute w1th whole numoers,v T T
LY . :" ’ :. o . A ’ ..::A' . -." 4
. ' : ,.A;-'-. . g .
. -b. b ;
",
. s ! . “._ '
' » . - S .
{ ' R

.t
@ 2
° .
. * N
-
¢ .

‘. .

.o .
. .2 .
A 3

-, , B
", RN

. B k3 £
‘.--. -~ . . ‘\. P

., Add whole numbers. .;1 *f

" . . -

Subtrac; whole numbers.

<

3. Wu1t1ply whole nuqoers.. *nf

4. . D1v1de whole nunoers. e

: . .. - £
[N - .

“w -

- Performance Indicators:
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fv I an, apprent1ce 1n.any of today\s sk111ed trades ts “to. achleve his or her goal.of:

.becom1ng a top-flight jousneyman, he.or she must have a'good Working. knowledge' of ff"_ o
‘-:; ealbaS]c mathematics. . Problems. 1"V0]Viﬂq comgon and’ decimal fractions, percent, s
. ratio and'proportion, compound numbers, and areas and volumes are regularly : ‘.
T encountered in- the trades. “Bécause of their 1mportance to ‘the” apprent1ce these C .

basic ooncepts'are taken up in turn 1n: subsequent modules of this, Un1t The
present module prov1des a review of the aﬂﬂ1tﬁon, subtraction mult1p11cat1on and

- jﬂ1v151on of - wh61exnumbers--numbers that do not conta1n fradt1ons and’ that are not SR
A in themselves fractions. e S o ; {_s IR
IR , L ; s T e
¥ g ' LN
. . | e o
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N
14 . .. N
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o
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. "
* A .
1 ¢
’ [y
o .
‘; )
“ N .
& . . .

. . - :

' * ..

" \ :

R .
. ad S i ‘ e - Il
! - P . - N
. v .
. | ' ' )
& . vy
* ' A . v
£y ’ ' o l’




This study gu’9e¢;§<des1gned to helo you successfu]ly complete this mogu1e
Check off th€™following steps to completlon ds yoli f1n152 them.

STEPS TO COMPLETION .

PO

« . * .
Familiarize yourself with the Goal and Performance Indicators on the .

- title pageiof this module.

‘Y ‘ .

- Read the Introductlon and study the Information sect1on of .the module.

It is qntended to provide you with the math skills necessary to
successfully” complete the assessment portions.

o 3 | |
Complete the Self Assessment sedtion of the module. You may refer to
the Information sectign for -help. - ‘ . '

w \ . .
Compare your Self Assessment answers'withtﬂuecorrect answers on the
Self Assessment Answer'Sheet'ﬁmmediate]y following the Self Assessment .
exam. .If you missed more than one of the Self Assessment exam questions,
go back and re-study the necessary portions of the Information section, |
or ask ydur instructor for help. If you'missed one or none of these

' problems, go on to step 5. = S .

Complete the Post Assessment'section of the module. Show your answers -
to the instructor. It is recommended that you score 90% or better on

- those Post Assessment exams with 10 or more problems, or miss no more

than one problem on those with fewer than 10 probleﬂ“\ before be1ng
allowed to go on to the next math module® ° ¢ : . .
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_WHOLEvNUMBERS , : B N

A whole number is_any one df the natural numbers such as l 2, 5 etc. Numbers *
represent quant1t1es of anyth1nq They can be added, subtract d, mq%tlplied or

. [divided. | - ' e

" ADDITION S | o .
~Addition is the process of comhining two or more quantities (numbers) ﬂb—find‘a
total. The total is called the sum. Addition is indicated by the plus T+) sign
and may be written as§ + 2." -The sum may be indicated by using the equal (f)fsign.

. RExample: 2 + 2 = 4, ﬁnother way of writing the same thing showing the sum/fof 4 is:
~ ' 2

4

{

~ The followtﬁg'problem is included tg refreshs your memory of basic addition in trade

L]

- terms. . -

‘

ADDITION PROBLEM -
Three br1cklayers work1ng tOgether on a job each laid the follow1ng number of brick
in-one day. First br1ck1ayer taid 887, second brtwllayer lald 1123, ‘and the thlrd
bricklayer laid 1053 brick. How smany brick did all three lay that day7
Answer: 887 + 1123 + 1053 = 3063 brick h
o - ‘ _ R L
SUBTRACTION - o o ) o
«“Subtraction is the process of taking sonethlng _away from the total The portion'
which is left aftey tak1ng some away is cal]ed the difference. »The sign which
1nd1cates that ‘one quantity (number) is to bg subtracted from another is the
. ~minus (-) sign. Example: 6 - 4; .In this eiample. 4 is being subtracted er
- - v?he-difference is2or6-4.=2, Another wayﬁdf writing-t%e.same thing is:

‘2 - SN % i o | o 't e i.b




e

-

SUBTRACTION PROBLEM é .
A mason -qrdered 75 bags of cement and used 68 bags on the job. How many bags of

cement were left? . . | Y
Answer: 75 - 68 = 7 bags » .o « ‘

MULTIPLICATION - | , | X}
4
r

.Multiplication is the process of repeated add1t1on using the same numbers

example, if 2 + 2 + 2 + 2 + 2 were to be summed the shortest method wou]d be to

-mu1t1p1y 5 times 2 to get the total of 10. The sign used to 1nd1cated multiplication

is the times (x) sign. In the prev1ous example, 5 times 2 equals 10, would- be

written 5 x 2=10. This may also be wrltten as: , .
2 . .
XS, !
10 .
. " L) N ' l
MULTIPLICATION PROBLEMS ' - y .
[f K bricklayer can lay 170 brick an hour, how many brick wou]d be lald in four, |
hours7 ' -* . ‘ S . 9
Apswer: 170 x 4 = 680 brick - P

One type of brick cost $9 per hundred. If 14,000 brick were ordered, how much'wnu]q

they cost? .
Answery  $9 x 140 = $1260 Note: The brick were 9¢ each, $9 per hundred or sgn

per thougand -Therefore, the answer could have been determined by multiplying
9¢ x 14,000, $90 x .14 or $9 x 140,

1]

DIVISION |
Division is the process of finding“how many times one number is Contained within E

" another number The division symbol is (')« For example, when we wish to f1nd how

many "times 3 is contained in 9, we say 9 divided by 3 equals 3 or 9 3 = 3. The
answer is called the quot1ent [f a number 1s not contained in another number wn

. equal number of tines, thje/amount 1eft over is called the remainder. The followiny

Y




problem illustrates such a situation: 9 - 4 =2 with 1 left over. For purposes of  °
calculation, the préblem is generally writ;en (his way: ) ‘ '

]
- . .

2.
479 or 2 1/4
8
1

remainder

" DIVISION ‘PROBLEMS : . . |
h LY
[f/a set of steps had 8 risers and the total height of all the steps (total ri;e)

was 56 in., what would the height'of eachy step be? SN
Answer: . 7 . »
8 56 or 7-in.

* - If a.brick veneer wall requires five brick to lay up 1 sq. ft. how'many square
feet would 587 cover?® . VAR 17 -

Answer: 117 2/5 sq.' ft. of wall 5/587 .
o . 5 '
8-
5_
~ N . 3 7 4 ]
N
2 , )
¢ | l -
K f
7 o q
3
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ey

¢ Self
- ‘Assessment

L

. P s e
N L4

f”‘_' L1sted below eacH problem are four p0551b1e answers. Deciﬁie which of the four is
correct, or most nearly correct; then write the letter for that answer in the blan[&
space to the left of.the problem. T A "p -
' : e o ' . o ‘ .‘; o
1. The est1mated cost of a roof on a small building was $1, 553 The actual -~
cost was $1,395. What was the amount saved? :
: a. $146 - . c. $168 ‘ ., . .
P . b. $158 : d. $185 a - -
2. A contractor buys 637 ft. of éaves trough for a four family apartment.
On completion of the job, he finds he has 48 ft. of the trough left. How
. many feet of the material has been used? » ,
| a. 569 . sbg - | .
b. 578 : d. ' 598 ’ ,
3. A contractor buys #00 sacks of rock for three different jobs. On the ¢irs’
: job he uses 78 sackg; on the second, 85 sacks; and on the tH1rd 205 )
sacks. How many sacks are left? ) (L
a. 30 _ ’ c. '32
. b. 31 d. 33
4. A contractor's bid on a school building is $78,265. When one wing is
thted to cut costs, he is able to cut his bid by $16, 228 . What is
the new figure? | .. .
a. $60,039 : c. $62,037° »
b. $61,038 _ d. $63,063 .
5. If a de&ler gets a sh1pment of 24 QOO lbs of tlle how many t:ons does
| he receive? . | " ] .
a., .12 ' c. 120
' 6.~ A roofer works 40 hours at $3.00 per hour and 10 \ours at $4.00 per hour. )
. How much does the roo’Fer earn? K o,
~ a. $140 s ~c. $160 - o |
b, $150 | d. $170 R
e e —— S

Ju
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b, 17 d. 19

If a bundle of rock lath weighs 35 lbs and it is permissible to place’
700 1bs. on any one aroa on a floor how many bundles can be placed on
any one area?’ - , i

a 20 - e -
b. 22  d 28

If 5 1bs. of putty are required to install one lpght of.glass, how many
1ights can be installed with 85 1bs?

a. 16 . c. 18

. /..

-
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o Self Assessment.
~RAnswers B
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o POSt
Assessment

Listed below each problem are four possible answers. Decide which of the four'1s
correct, or most nearly correct; then write the letter for that answer in the blank
space to the left of the problem '

. 686 + 240 + 1,320 + 16 + 400 =

A, 2,452 oo 2,662 N
b, 2,653 .. | . d. 2.762.
2. " 16+ 480 + 26+ 15 + 6,000 = L '
a. 6,436 . : c. 6,536 L
b. 63437 d. 6.537 - ‘
® ; . 29 #15+ 26+ 13+10= . . - o .
a. 90 c. 92 o b
b, 9] d. 93 \ .
4. . 280 - 116 = .
a. 154, ° c. 164
b. 163 4. 174
5. 40 - 16 = |
a. 21 c. 23.
b. 22 d. 24 /-
6. . 220 - 38 = . |
a. 172 . c. 181
b. 173 d. 182
7. 292 & 16 =
‘ a. 3,573 c. 4,672 g
b, 3,772 d. 4.772 : . ) o
| : ¢ . - s
@ __ woxi5= - o J
| "+ a. 5,900 - ¢, 7,900 . o
b. " 6,900 d. 8,900 o .,

Y
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ADDITION -AND SUBTRACTION. OF COMMON . -

‘o  FRACTIONS AND MIXED NUMBERS

. Goal:

a8
!

The apprentice will be dble to add
"and’ subtract common fractions and
mixed numbers,

A

Performance Indicators:
o _ e

]

1. Add fractions and mixed

numbers,

2. Subtract fractions and mixed
numbers. '




- » { / s £
| " INDIVIQUALIZED LEARNING SYSTEMS - |

N | '

Introduction -

w RO

- In so]v1ng the many kinds of mathemgtical problems that are encountered in the
_sk1lled traﬁes, the mechan1c will oftén find it necessary to work w1th fractions

as well as who]e numbers . The Infophation sect1on for this topic introduces -
common fract1ons--fract1ons in whlchqboth the numerator and the denomlnator are
expressed, as in 1/4, 3/8, or 11/32--and includes pract1ce problems in the
addition and subtract10n of common fggct1ons and m1xed numbers (numbers that .
consist of whole numbers and fractIOns) ' '
£
- . e §
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INDIVIDUALIZED “LEARNING SYSTEMS

Study Guide

. S ..
' \ "'v “a

Th1s study gumde Ts-dasigned to help you sucqessfully complete th1s module.
" Check of f'the  following steps to complet1on -as you f1n1sh them. B

C\\ .:' . o N | .. ’w:
. S -S«TER‘S’_Tini'CO'MP;_L}ETION' P L

A}

1. . Fam111ar1ze yourself withtﬁm'Goal and ‘Performance - Ind1cators on the t1t1e

[

‘////—‘nn_lggge of this module. Sl | , . .

2. Read the Introductlon and study the Information sect1on of the module
It is 4ntended to provwde you with the magh skills necessary to

. successfully complete the assessme.nt port1ons.
3. Complete the Qelf Assessment sectlon of this module " You may refer to
the Informat1on section for help /' | '
T4, ' Compare your-Self-Assessment answers with the correct answers on \ the '

Self Assessment Answer Sheet:immediately fOIIOW1ng the Self Assessment
" exam. - If you missed more than one of the Self Assessment :exam
s questions, bo back and re- study the necessary portions of the Informat.ion
- section, or ask your instructor for help. If you mlssed_one or none of
these problems,igo,on to stéo’S. | ' .
5. _ Complete the Post Asse?sment section of the module. -Show your answers
nded that. you score 90% or better on
10 or motre problems, or miss no more : &

_ to- the 1nstructor.., It is reco
' ~ those Post Assessment exams wit
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i

ERACTIONS . | T

-

¥ Y ) . .
A fract10n is one or more parts of a whole. ~ Fractions are written with one number
PR

" over the other Lég or 1/4 ar 3/4) J

The top number is ca]]ed the NUMERATOR, and the bottom number is called the .

: DENOMINATOR The denominator identifies ‘the number of parts into wh1ch the whole
is divided. The numerator indicates the number of parts of the who]e which is of
concern, In read1ng a fraction, the top number is always read first.  For example,
1/2 would be read "one half"; and 3/4 would be read "three fourths" and 3/8 would
be read "three e1ghths " '

A fraction should always be reduced to 1ts Towest denomlnator. For instance, 3/2
is not in correct form. It should be 1 1/2 because 2/2 1 and 1 + 1/2 =] ]/2.
The T:1/2 is ca]led a MIXED NUMBER. A]ways when the numerator and denominator are
- the same number as 1/1, 2/2, 3/3, etc. they are eQuaT,to_]. )

e : LI " B
ADDING FRAGTIONS e

The easies fractions to add are those whose denominators (bottom numbers) are Lhe
same, as 1/8 \ 3/87) Simply 4dd the numerators (top numbers) together ang keep the |
. For example, 1/8 + 3/8 = 4/8 or 1/2. (Reduc1ng the fraction ¥
to its lowest dénominator-is preferred.) Another example of reducing to the ]owest

denominator is 8/24 = 1/3 because 24 may be d1v1ded by 8 three times.

b

same deneminato.

When fr fons to be added have d1fferent denom1nators (bottom numbers). multlply
both nu

denomina’

rs equal For example: 1/3 + 3/5 = 9/15. 0bservat1on indicaled
that 15 was the smallest. number that cotld be divided evenly by both denominators.
To complete the example, §/15 9/]5 14/15. Therefore, the sum of 1/3 and 3/% ¢

is 14/15,

r and denom1nator of each fraction by a_number that will make the L



_‘..'PROBLEMS IN ADDING FRACTIONS _ :

.' What is -the 1ght of one stretcher course of bmck 1f the brick are 2 1/4 in.
h1gh and the ortar joint is 3/8 in? _
Answers: 2 1/4 + 3/8 = 2 2/8 -+ 3/8 ~nf 5/8 in. height‘for one course

. v . N _ . : .
‘A mason estimated the following amounts of.mortar required for a job: 5 1/2 cu.
yd., 11:1/3'cu. yd. and 6 1/4 cu. yd. What is total amount of mohtar_required
for job? o : e . :

Answer: S22+ 1/2+61/4 ) e

5 6/18 + 11 4/12 + 6 3]12 : | )

22 13/12 = 23 1/12 cu. yd. of ortar | |

H

4

LR Y

SUBTRACTING FRACTIONS
. Change all fractions to the same common denominator as was done for add1nq fract1on<

when the denominators are the same; subtract the numerators
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o Sef
Assessment A

N C : ‘ . o N
o o : y_
. ' Note: The value of a fraction 'is not chanaed when both the numerator and denomina-

tor are multiplied or divided by the same number.

Reduce to halves. (A denominator of 2)

48 = "  8/16=__ . 16/8 = | B

4 ’ A d

Reduce to 8ths.

V————

° . 46 = 16/32 = 32/64 =

‘ " Note: Divide the numerator and denominator by the same number. When both the
numerator and the denaminator cannot be divided further by the same number,
the fraction is expressed in its lowest terms.

a9

- Reduce to lowest terms: . | ~ -

Y16.= 1816 28/64 = __ 16/32= __ 12/16=__ 24/12 =

Note: To reduce an improper fraction (where the numerator is larger than the
denominator) to its lowest terms, divide the numerator (above the line) hy

-

the denomlnator (below the 1ine). | | , 'w

Reduce the resulting, fraction to its lowest terms.

5/2= __ 10/3=___ 10/5 =

Note: "To change a mixed fraction to an improper fraction, multiply the denominator
by the whole number and add the numerator. Place the result over the

. ' denominator,

TN e E LR PRSP UOUINADY I
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Change to improper fractions.

- @ - L BB= 314 = 1023 - | T

e

. [ ] ‘ ’
XS

How many eights=of an inch are there in each of the following lengths of steel?

—————

13/8" =, 4 3/8" = 73/8"= o  _—~ ‘ _ ‘ :
Note: The smalleét number that can be divided by all the denominatoyrs is called
1 ' . " the LOWEST COMMON DENOMINATOR ' _
‘ ' To reduce fractions to the lowest common denominator, divide the number -
selected as the lowest common denominator by the denominator of each given

. fraction.

'Mult“ply both the numerator and denominator by this quotient.

Note: To add fractions, change to fract1ons hav1nq a least conmon denominator,

. Add the numerators’ . Write the sum over the conmon denomlnator Reduce,the
result to its lowest terms, | o

‘ Addition of common fractions: .
) ‘ ) V/ .o : .

"1/6 + 5/6 = O 1/3+1/16 = 5/8+ 3/4 4+ 3/8 = ,

| _ ' ' b

Addition of common fractions and mixed numbers: )

a

121 7512 = 117/64 + 1 13/64 + 9/32 =
' " ,
Note: To subtract a fraction from a whole number, take one unit from the whole
sumber and change 1t into a fraction having thes same denominator as the
\ fraction which is to be subtracted. Subtract the numerators of the original
. fraction from the one unit that was changed to its fractional value. Reduce

the resulting fraction to its lowest terms. Place the whole number next Lo

»
the fraction.
) 4 7
-3/4  -15/16 - ¢

Note: To subtract a mixed number from a whole nunber borrow one unit from the
whole number . and change it to a fraktion which has the same denominator a«
_‘I. ‘ the mixed number ., Subtract the fraction part of the mixed number from (he
fraction part of the whole number. Subtract the whole numbers, and roduce

. .
. ’ .
L4 . \
/ ' o t -

. 42




the.resulting mixed number to lowest terms.

() 'é» 2 3 27t o s | o | v

-11/3 -1.3/8  -15/16

'Eydfef To subtract two mixed numbers, change the fractional part of each mixed
: number to the least common denominator. Borrow one unit, when necessary,

wrt

to make up a larger fraction than the one being subtracted. Subtract the
fractions first, the whole numbers next, and redu&e the result to lowest
, "terqf. )
. - ' ' ¢
Note: To add and subtract fractions in the.same problem, change all fractions to
the least common dekominator. Add or subtract the numerators as required.
Reduce the result to lowest terms.

13/5 75/6 187/8 . .
-11/5  -21/6 . -943/8 -
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0 Self Rssessment |
Answers P

] -

‘Reduce to halves:  1/2 1/2 4/2

. vy . . :
Reduce to 8ths: 2/8 4/8 4/8
. . { .

!

Redice to lowest terms: 1/4 ° 7/8 7/16 1/2 " 3/4 251

Reduce the resulting fraction to-its lowest terms: 2 /72 31/3 2
. . ' a " .
Change to iMproper fractions: 7/4 71/8 13/4 32/5,
. . ' ,
‘ How many eights of an inch are there in each of- the fo\Howmg lengths of steel:
11 35 59 ‘ s ’ : .

Addition of coimon fractions qnd mixed numbers: 128 5/12 2 48/64 —

&4
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. Post -

/
ssessmen ]
-]:T
/I
Listed bélow each problem are fodr possible answefs Decide which of the four is » j .
correct, or most nearly correct; then wrlte the letter of that answer in the blank j 4
- space to the left of the problem : _ A ‘;- éi
1. The improper fraction 48/32 expressed as a mixed number is: ,
- a. 115/32° o c. 15/8 - .
b, 11/2 ooode 21/32
2. The mixed number 4 3/16 expressed as an 1mproper fract1on is:
a. 16/8 c. 67/16 " )
" b. 43/16 E d. 35/8 ' '
3. What is the least common denom1nator for ,the fol]ow1ng group of fractions:
/8, 1/2 1/4 and 1/12 ‘ _
a. 12 - c. 24 ‘ |
{ | b. 18 - ‘ - +d." 48 :
4, What is the sum of the following fractions: 1/2, 1/3, 1/8 and 1/12?
a. 13/12 . c. 11/24
b. 11/12 - td. 11/48 |
5. ... If 1/2 is subtracted from 7/8, the difference is:
“a. 3/8 . E c. 11/8
b. 5/8 ' ‘f ' - d.-13/8
6. ~_ The sum of 1 1/2, 5/6, 14, and 20 2/3 is:
a. 362/3 . ‘o 37 1
b. 36 17718 | d. 37 2/9 :
o ~ |
7. One roof is 1/3 larger in area than another. The gmaller roof takes 74

squares of roofing mater1a1 How many squares of roofing material will'.
%

- the larger roof take? . . .
a. 32 ' ©c. 36 o ’

b. 34 d. 37




B,

" !

One-third of a 'box of glass is needed ‘to glaZe the north elevation of

. "a bu?lding; 2/3 of a box is needed to glaze the south elevation: 1/6

10.

11,

of a box is needed to glaze the east elevation; and 1/2? of a box is _ :
needed to glaze the west elevation. How many boxes are needed to glaze °~

all four elevations? : § o ’
a.. 11/6 - | c. 1.1/2. '
b. 1 1/3 - d. 12/3 o

From a bundle containing 101 linear feet of moldang, a cabinetmakeyr
uses the following amounts: 11 1/2‘.?;13/4', 12 1/8' and 9 5/8'. How

many linear feet of molding does he usk in all?

a. 381/2 - c. 39 3/4°

-b. 39.1/4 d. 41 5/6 -

How many linear feet of'holding remain in the bundle in problem 3?
a. .59 1/6 c. 61 3/4 ’ '
b. 61 1/4 _ d. 62 1/2

From a roll of hanger wire weighihg 100 1bs., a lathér uses the fo][owidu :
amounts: 6 1bs., 18 1/2 1bs., 9 1/8 1bs., and 22 1/4 1bs. How' many
pounds of -the wire does he use in all? .

l L]
a. 541/4. . c. 551/4
b. 54 3/4 - "d. 557/8
\ »
°}
4 - . _'1‘_5:‘-.’-,
\
3 - . | |
\ :
) a
, .
P ’

.
.
- Y
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MULTIPLICATION AND DIVISION OF
COMMON;FRACTIONS AND;WHOLE'&ND MIXED NUMBERS . °
“ . . . . ' .\
“ B ' . l v R A . 4 . N
. . ‘ i . . e ; -‘, .. . : l [] |
Goal: o | Performance Indicators:
The apprentice will. be ale'tO' - 1. Multiply fractions.
multiply and divide common . 0 - o
fractions and whole and mixed ' 2. Divide fractions.
numbers. .o ' . ' SN -
o 3. " Multiply and divide problems
: that contains both fractions
: and whole and mixed numbers, '
N
. _
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Introduction -

( o .

The previous module reviewed the rules and procedures for some fundamental.
operations with common fractionS' reduction of fractions, fmdmg the 1owest
common denominator, -and adding and subtr‘actmg fractions and mixed numbers. The ™
study assignment for the present module concludes the review of common fr‘actions,'
covering the rules and pr‘ocedures for multiplying and dividing common fractions .
and common fractmns in. co(pmatwn with who]e numbers and m1xed' numbers . ' ‘ g

L]

©

o’
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Studg Gui de

This study quide is des1gned to her you successfully complete this module
 Check off the fOIIOW1ng steps*U)complet1on as you finish them.

STEPS TO COMPLETION

1. . Familiarize yourself with the Goai and Performance Indicators on the
title page of this module.

2. . Read the Introduction and study the Information section of this module.
[t is intended to provide you w1th the math skills necessary to.

successfully complete the assessment portions.

3. _- Complete the Self Assessment section of the modu]e “You may refer to
the Information section for help. .
4. Compare the Self AsSessment answers with the correct answers on the
.Se1f Assessment Answer Sheet immediately following the Self Assessment
exam. If you missed more than one of the Self® Assessment exam questions,
*go back and re-study'the necessary portions of the Information s\ction,

P

or ask your instructor for help JIf you missed one or none of these
prpb+ems, go on to step 5.

Py

5.  Complete the Post Assessment section of the module. Show your answor;
to the instructor, . It is recommended that youdscore 90% or better on
thOSB\POSt Assessment exams with 10 or jore problems, or miss no more
than one problem on those with fewer ‘than 10 problems, before breing alTowed
to go on the next math module.

] ' -

»
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MULTIPLYING FRACTIONS

The procedure for multiplying fractions is to myltiply the numerators together

to find the numerator for the answer. Then, multiply the denominators ‘together to
find the denominator for the answer. The answer is ca]]ed a PRODUCT and the fraction
is reduced to its’ lowest form Examplé: A‘times'5[8 =4/ x 5/8 = 20/8 = 2 4/8 =
'21/2. . | S - l

_ PROBLEMS IN MULTIPLYING FRACTIONS ' "

If standard brick are used which are 2 1/4'15. thick to lay a wall with 3/8 in. © -

“mortar joints, wﬁat will the height of the wall be after nine courses?

Answer: First, add the thickness of one mortar joint fo the thickness'of one brick
(2 1/4" + 3/8" = 2 5/8"). - Then multiply 2 5/8" times 9 to find the height. 2 5/8"
= 21/8 x 9/1 = 189/8 = 23 5/8 in. ' ~ -

If a set of steps are f1ve risers h1gh and each riser is 7 1/4 in., what is the

total rise of the steps?

. Answer: 7 1/4 % 5/1 = 29/4 x 5/1 = 145/4 = 36 1/4 in.

v T . |
What is the length of a'28 stretcher 'wall if each stretcher is 7 1/2 in. and Lhe

‘mortar joint is 1/2 in.?

Answer: 7 1/2" = 172" = 8"; 8" x 28" = 224"; 224" 212 =18 2/3' (2/3 x 121 24/3f/“

= 8 in.) Therefore the length is 18'8" ‘ o ' |
DIVIDING FRACTIONS ' - | . /
The process of d1v1d1ng fract1oh§u1s accompl1shed by 1nve|t1nq (turning up side down)
the divsor and then multiplying. For examp]e, 3/8 - 3/4 is solved by chanq1nq the
3/4 to 4/3. Therefore, 3/8 : 3/4 = 3/8 x 443 = 12/24 /2.




: » | - 'o”’::‘f-':"." ‘
PROBLEMS [N DIVIDING FRACTIONS
How many risers 7 1/2 in. high wou]d be required to construct a fl1ght of concrete

] u ') . 'S

steps 3' 1 1/2 high? ' |
Aqswer. Change 3'1 1/2" to 37 1/2"; D1v1de 37 1/2" by 7 ]/2 75/2 =~ 15/2 =

' 75/2 «x 2/]5 = 150/30 = 5 risers ' :
If a brick mantel is,éorbeled out 4 1/2 in. in six courses, how much does eac

course project past the previous course?
| Answer: 4 1/2 = 6/1 = 9/2 «x 1/6 = 9/12 = 3/4 in.

If a story pole was g8'11 1/2" long and d1v1ded into 39 equal spaces, whatf is the
length of each space? ' '
‘Answer: 8'11 1/4" =39 =107 1/4' = 39/1 = 429/4 x 1/39 = 429/]56 2/M7/156 =
2 3/4 in.
L]




*Self |
Asses mc—:nt -

A

Y How many pieces of 10° 5&16“ flat bar may be cut from a 12-foot piece of stock if
. you allow 3/16" for thé kerf?

L ( . ' \ b d
. . L .

. How many pieces of stock 7/8" long can be cut from a 30“ bar of dr111 rod 1f 1/16"
is al]owed on each p1ece for kerf? . o '

Determine center distance A. iﬁw“

A=




e poe A 1 i oy . a4 = o e " L) i
v R | ' . LN R B I Vg SR [ R D
A : b " i

. . ) X ) :1‘1. - "o . . . - .- 4- o : . ". . : Jo ) ,,' R
S INDIVIDUALILEDY LEARNING J121civa ‘ o o .

[}

o Self Assessment
~ Answers.

~ | .

re ’ A . . ' : : |

¢ 13 piéces of)flat bar TR ' . | T

- Qh
32 pieces of stock
) o . . e o
A =1 25/64 . X
] ’ b l
P »
V-
¥
! ’
. A - v N
. . :
- L ] p— -
W /
7 N »
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ePost . - . -
Assessment

“Listed below each problem are four possible answers. 'Decide which of the four:és
correct, or most nearly correat; then write the letter for that answer in the

" blank space to the left of the problem. I /
‘ . | | . |
1. The product 0f ]/2 x 7/8 is: . . *
a. 1/8 | . c. 7/16
| ’ ' b.-'5/16 - d. 11/8
2. The product of 3/8 x 2/3 is: 3 .
1 A 5/12 "' c. 5/7
* b. 172 | d. 8/9
. 3. . The quot1ent of 1/2 : 1/4 is:
‘ - a. 1/8 - e 1
; ;o b e dl 2
| 4. ___' The quotient of 1/4 - Veis o B
a. 1/2 : c. 5/6 -
b, 4/6 d: 13/18
, 5\ W
6. __ " The quottent of 1/4 : 1/3 s
¥ FNES VL R Lol e 3y
/ O R G
. .
6. If a roll of carpet we1ghs 467 1/2 1bs. and a running foot of the carpet
_weighs 2 1/8 1bs., how many, running feet’ are in the- ro]]?
a. 200 " - e ‘374
b. 220 L9 v,
7. A type. of l1no]eum weighs'-1' b6 lbs “per ‘running foot. How many pounds
' does a roll conta1n1ng 59 2/3 running feet weigp? -
a:_ %103 1/6 S 109 7/8 ' PR

09 2/3 : a. 116 7/18

\piece of p1ge must be cut to 3/8 the length of another pipe, whlch is
9'™ong, How long a piece must be cu;
4‘

a. 31/4' ’ S - e, 4
v b. 3 3/8' : -, d 4 s
. o T e i

" % 54 "




- 9.

10.

7

&

v v

What is the height of the second floor above the' first if the stairway
connecting the floors has 16 risers and each riser is 7 1/4" high?

a. 810" - - e, 96"

b. 9'0" . ‘ d. .9'8"

A truck rated at 1 1/2 tons™is to be used to pick up- surplus grayel at
five local job sites and return it to the yard. The amount of ‘surplus
gravel at each site is as follows: job A, 3/4 ton; job B, 3/8 ton:

job C, 1.7/8 tons; job D, 1 1/2 tons, and job E, 2 5/8 tons. How many
trips to the yard must the truck make to return all the gravel? .

a. 3 ' ‘c. 5

b. 4 h d. 6 s
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. . ., COMPOUND NUMBERS . .
' A , . 4 . A . | '
| ' ® . . . .
‘l'; : | ' - ' ‘ “‘. .
\- ] _ ‘ .
: P | N . .
‘Goal: - | Performance Inglcators:
The apprentiéc will be able to 1, Reduce conpound numbers.
compute compound numoers. '
2. Add compound numbers.
/7 * A : -
B 3. Subtract compound numbers.
- _ : e
: : 4, Multiply compound numbers by
vhole numbers.
) ' ‘ 5. Divide compound numbers by
\ /‘_ ‘ whole numbers..
' v . ’ .
_ . ) O0. Add and subtract compound .
' 1 . mixed numbers. ‘. .
[ 3 ‘ :
-
‘ *
2 . |
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Introducton | _J|

-
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-

Workers in the‘skilled trades frequently must solve problems involving the addition,
ii\ subtraction, multiplicdtion, and division of compound numbers, which are expressions

containing two or more unlike but related units of measure, such as 6 ft. 2 1n or

4 1b. 3 oz. Each of the two or more parts of a compound number is called a denom1-

nate number. In the examples given' above, 6 ft., 2 'in:, 4 1b., and 3 0z. are all

denominate numbers. | ' | o | '

- S ' S - . Ve

[

-
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* Study Guide

This study gu1de is deSIQned to help you successfully complete th1s module.
Check off the following steps to completlon as you finish them.

STEPS TO COMPLETION

1. Famlfquylze yourself with the Goal and Performance Indlcators on the
title page of this module.

- 2. Read the Introductlon and study the Information section of the module.
It is -<intended to provide you w1th the math skills necessary to
successfully complete the assessment portions

o o

3. Complete the Self Assessment section of the module You may refer to
} the Informatlon section for help. -
4. Cbmpare'your Self Assessment answers with the correct answers on the - &

Self Assessment Answer Sheet immediately following the Self Assessment
exam. If you missed more than one of the Self Assessment exam questions.,

" qo back and Fe-study the necessary portions of the Information scction,
or ask you instructor fdr help. If you missed one  or none of these
problems, go on'to step 5. '

4
"

5. Complete the Post Assessment section of the module. Show your answers
to the instructor. "It is recommended that you score 90% or better on
thosé Post Assessment exams with 10 or more problems, or miss no more
than one problem on those with fewer than 10 problems, before bevng
allowed to go on to the next.math module. , ‘ .
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REDUCTION OF COMPOUND NUMBERS . |
The'principles of adding, subtracting, multiplying, and dividing compound numbers
are outlinéd in the illustrative problems presented in this .topic, Each problem
is accompanied by its step-by-step solution. ‘The units of measure ?hosen for the
problems are feet and inches, but the principles demonstrated apply ‘equally to
compound numbers involving pounds and eunces, hours and minutes, and the l1kef
Except in the case of the simplest add1tlon and subtraction problems, the reduction
(changing) of related but unlike units is an essential setp in working with com-
pound numbens ‘This is so because only like units can be combined in an arithmet-
ical operation. After this reduction has been accomplished, operat1ons 1nvolv1ng
compound numbers can be. performed in the conventional way.

Reduction from nigher to lower denomination units
Broblem: Reduce 13 feat to 1nches

Step 1. 1' = 12" | | - v
Step 2. 13 x 12 = 156"

-~
Reduction from lower to higher denomination-:units
Problem: Reduce 216 inches to feet
Step 1. 12" = V! ' rS .
Step 2. 216" :.12 = 18" \
“ADDITION OF COMPOUND NUMBERS . ' !
Problem: Add 2'7" and. 8'10" - |
Step 1. Add the «inch column. : 2'7"
.. 7ll + ]00! - ]7:!. +§:]0"
step 2. Reduce the inches to feet and inches o (1117 -~
]7“ - ‘I 5ll . "
S' ‘Write the 5" in the sum and carry the +g ]70..
remaining 1' to the foot co]umn 17757




SUQTRACTION OF COMPOUND NUMBERS

' Praoblem: Subtract 3'4" from 9'2" o
Step 1.- Since 4" cannot be subtracted from 2",
f _ borrow 12" from the 9' and add to the
<} ~2", thus changing 9'2" EP 8' 14"
Step 2.  Subtract both columns °
" ]4" 4"'._ 'IO"
g8' - 3" = 5§

'v

 MULTIPLICATION OF COMPOUND NUMBERS BY WHOLE [JUMBERS

902u
-3'4"

81]4" .
_3]4"
5710"

3 7II
x O

Problam: Multiply 3'7" by 8 . .
Step 1. Multiply the inches by 8. '
- 7' x 8 = 56"

Step 2. Reduce the: product to feet.

56" = 4'8"
Step 3. _Mu]t1p]y the number of feet in the mu]twp]wcand by 8

Step 4. Add the reSults of Steps 2 and 3. g, \

4‘8" + 24'8" =

NDIVISION: OF COMﬁbUND NUMBERS BY WHOLE NUMBERS TR
Problem: Divide 31'3" by 15. - L f;ég
Step 1. Reduce the feet tg-inches. 31' = 372"
~ Step 2. Add the total number pf inches. 3" + 372" = 375"
Step 3. Divide thg sum by 15.k\375" 215 =25
Step 4. Reduce.the tuotient to feet. 25" = 2"

ADDITION AND SUBTRACTION JOF COMPOUND MIXED NUMBERS

<@

247+4'8" = 28'8y"

T

If the lowest- denomwnatwon units in an addition or subtpaction problem 1nVOIV1nq
compound numbers are expressed in fractions, we mﬂst first reduce the fract1onq to

the lowest common denominator before proceeding with the calculation.
following addition problem 1]1ustrates this point,

Problem: Add 12'8-1/2", ]7 4-3/8", 5'5- ]/4“, and 2'10-5/8".

Step 1. Reduce the fractions to terms of the , |
_..Jowest common denominator

Step 2 Add the fractwon column and reduce the sum
- to inches. = 4/8" + 3/8" + 2/8" + 5/8" = 14/8"
14/8" = 1-6/8" = 1-3/4". MWrite the fraction
] 3/4" in the sum and carry the 1" to the
inch column.

4

h .

R 60 "

The

¢

v

LCD = 8
1/2 = 4

1/4 = 2/4
() |
12 8-4/8" -
17 4-3/8"

5 H-2/1"
20 10-5/8"

4



a

M

Step 3. .Add the inch column and reduce the sum 0"
to feét and inches. 1" + 8" + 4" + 5" 12' 8-4/8"
+ 10" = 28". Write the 4" in the “sum ' 17" 4 -3/8"
’ . V and cafry the 2' to the foot column. o 5' 5-2/8"
' ' ' , ' . 2’ ]0 5/8"
Step 4. Add the foot column.. 2' + 12 + 17" +5 -
+2" = 38 ' e
MULTIPLICATION OF COMPOUND NUMBERS BY COMPOUND NUMBERS . - -

To find anarea for which both the length #nd width are expresses in compound
numbers, one can multiply the compound numbers, but this can be time consuming,
especially if fractions are involved. It is often suff1c1ently accurate to reduce
the compound numbers to- the nearest mixed denominate numbers to simplify multiply-
ing them. For example, to multipty 2'6" by 8' 3-3/4" to find the area of a panel,
change the 7" to 1/2' and 3-3/4" to 1/3'; then multiply 2-1/2' by 8-1/3". In
fact, for estimating purposes it would probably be suff1c1ent]y accurate to
mult1ply 2-1/2' by 8-1/2'. If a more accurate answer is essential, reduce both
compound numbers to feet and twelfths of a foot, then multiply the resu]tlng
denominate numbers; or reduce both compound numbers to inches, then multiply. The
result will be square feet or square vnches, depending upon the. method used.
(Remember that'a square foot contains 144 square inches.) '

DIVISION OF COMPOUND ,NUMBERS BY COMPbUND NUMBERS A
Occasionally the need arises to divide one compound number by another compound
number, for example to find out how many times one shorter fength is included-in
another Tonger length, as in the problem that follows:

Problem: Divide 12'8" by 3128,

Steo 1. Reduce the feet to inches ‘in each compound number. 12' = 144",
. 3l - 36"-

Step 2. Add the inches in each reduced compound number 144" + g" -
: 152"; 36" + 2 =.38", '

Step 3. Diwvide the resulting denom1nate JNumber. 152" = 38" = 4.
4 x 3'2" = 12'8". . '

¢ Note: Any remainder in such a ‘problem will be in inches. For example,
\ if the divisor in the above problem were 3'6" irstead of 3'2",
' the answer would,bé 3 plus a remainder of 26". ' |

o

.
"2
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o Self )
Assessment _

.
Write the answer to each problem in the corresponding space at the right. .
1.. Chaﬁge 372" to feet. —
2. Change 16'8" to inches. | ‘ Vo
. ._.‘ a . : ’ A '
3. Add 4'8", 17'3", 11'5", 44'2", and 32'10". o
4. Subtract 23'8" from 57'2". o
5. Subtract 28'11" from 32'10". . e
- -
6. Multiply 3'8" by 9. I
7. Multiply 22'4" by 37'11". ———
8. Divide 11'6" by 3. e
9. Divide 19'2" by 3'10". | : - -
! . : p , ’ j
10. Add 7 hr. 18 min. and 3 hr. 47 min. e |
N Q‘ ~
| ) p 4
h ) ’ P
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1?. - ,
e Self Hssessment
'~ Answers

) R

]
2. 260"
3. 110'4"
4. 33'6
s 3

10.

approximately 5.? Q.

3l'|0ll
approximately 4'9"

11 Rrs. 5 min.

ft.
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® Post -
Assessment

£ 4

-

Listed below each problem are four poss1b1e answers. Decide which of the four is -

correct, or most nearly correct; then write the letter of that answer in the spaqe

‘a. 42'e) ' , .c, 49'3" : : ‘.‘

. . * . f
At et e et - iy stk i e - - | N g
” ( R PR Y S i e e e by £ es <F b e g
' . \ ‘# avon
A 7 X
. ‘ '

to the left of the problem. | ' , _ ' /
| /
p. 9_'6“ + 3'6" - /
a. "13'0" *.c. 14'Q"
' b. 13'6" d. 14'6"
2. 6'3" + 6'8" + 51" = v
| a. 1Z 0" - e 17'9" : !-
b 7! 6“ ' d." 18'0" /
3. I'f the he1ght of a ceiling above the floor is 9' 6"Jand the distance from

from the top of the casing to the ceiling?

a. 2'6" c. 2'9" )
, 27" ' d. 2'm" /

the floor to the top of the window casing is 6 1}/, wh‘t 1s. the distance

Three identical metal frames are needed to com 1ete a glazing. job. The

fo]low1ng pieces of metal extrusion are requived to make these frames:
8 pieces 10'7" long; 9 pieces 8'4" long; and 3 pieces 3'9" Tona. How
many inches of the metal will be requ1red foy each frame? “

a. 572 - . 681 : - \
b. 614 i d. 724 | |

" How many 16" lengths of hanger wire can be cut from a ro]] conta1n1nq

97'4" of the wire?

Ca. 73 T .

b. 75 ‘ | d. 80

Four- boards, each 12'9" 1n lehgth are vid end to end. What is their\
total length? : |

b. 45'0" s d. s1'0",
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"~ The following pieces of m terial are cut from a stock of 10 pieces, cach

21' long: 2 pieces 4' )aghg; 3 pieces 6 1/3" long;" and 4 pieces 54" tong,

How many feet of the matfrial remain in stock?

a.. 164 : - . c. 166

b. 165 ' 4. 167

Metal trim for a job fas purchased from two different suppliers.
Company A supplied the following: 4 pieces 5'11" Tong; 9 pieces 12'2"
long; and 18 pieces §' ! long. -Company B supplied the following: 19
pieces 1'3" long; 18+yieces 9'4" Tong; 2 pieces 1'10" Tong; 10 pieces
5'5" long; and 4 pieces 1'3" long. How much more trim was supplied by
Company A than by Company B?

a. ~|n C._']O" ; . ’ ¥

S h, 2 - | d. 20"

A alass shop receives an order to replace the tops on 6 showcases.
Each of these showcases requires a new piece of green felt 2" ‘wide and
6'3" long under the rear edge of the glass. How many square inches of
green felt will be needed to do the entire job?

a. 850 . c.. 950
b. 900 d. 1,000

What is the total length ‘in feet and inches of the following pieces of

- flashing: 2 pieces 18" long; 10 pieces 78" long; 1 piece 29" long; and

6 pieces 10" Tong?
a. 69'9" | L c Bt
b. 75'5" , d. 88'3"
R . . .
In making a batch of mortar, a workman usad lime an an amount equal to

12 percent of the cement. How many nounds} of 1ime are necessary if
995 1bs. of cement are used? |
a. "119.4 c. 123.5 4
bt 1%}.8 , ~d. 130.2

4 éc ;

L 4

v g
‘.




PERCENT\ / ST

.- Goal:

The apprentice will be able to
compute percentage problens.

‘

. .%erformance Ihdlcat_ors:

e

1. Change percent to decimal., ,

2, Change decimal to percent,

4

3. Change fractions to decinals. i
B /

4. Compute problems with percent.

\
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e i g

The word "percent," an abbreviation of the Latin "per centum," literally means
"for each-hundred" or "by the hundred." "Percentage" means the_methods of
.expressing a part of a whole as hundredths -of the who]é. Thus, 12 percent means
12 parts of a whole that is tHought of as consisting of 100 such parts; 100 percent
means all 100 parts of the whole taken together and 108 percent-means all 100
| parts of the whole plus 8 more such parts.
Since percents are expressions of the parts of a whole, they can be converted to
jons or decimals: 12 percent is equivalent to 12/1Q6: or 0.12; ]00 .
perc nt is equivalent to- 100/100 orA. 0; and 108 percent is equ1va1eht to 108/100 T

(1-8/ 00) or 1.08.. It can be seen that percents greater than 100 .become mixed
~ numbe s in such conversions. °

Skill in working with percents is necessary .for estimating costs, discoUnts,‘and
profit margins, and it is vemsy useful in calculating proportions, for examp]ﬁ in
determ1n1ng the relatwve amounts of materials needed for fluid mixture of a
\given compos1t10n
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This study geide is designed to help-you successfu}ly'complete this module.
- Check off the follow1ng\§teps to_#ompletion as you finish them, '

STEPS T0, COMPLETION

‘

Familiarize yourself with, the Goal and Performance Indicators. on. the = & ¢

,tﬁtle page of this module. « -

-

Read the Introduct1on and/é%udy the Information section of the module
It is 1n%§nded to provide you with the math skills necessary to

sucessfully complete the assessment, portlons o - e

-’ba '
g ot o

Complete the Seif‘Assessment.section of the module. You may refer to
- the Information section for help. ", = . o

¢

¥

Cémpare you; Self Assessment answers with. the correct answers on the .
Self Assessment Answer Sheet immediately following the Self Assessment
exam. I[f you missed more than one of the Self -Assessment exam questwons
go back and re-study the necessary port1ons of the Informat1bn section,
or ask your instructor for hg}p [f you mlssed one or none of these
problems, go on to step 5.

-

“n

”

Complete the Post“Assessment section of this module. Show your answers
to the instructor. It"is recommended that you score 90% or better on

lh- those Post Assessment exams with 10 or more problems, or miss no more
than one problem on those with fewer than 10 problems, before berng
a]lowed to go.on to the next mdtp module.

‘

¢
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Information

To change a percent to a dec1mal, rgmove the % sign, then place a decimal p01nt
two d1§1ts to: the left of the number for the given percent. (If the percent is a
mixed number, change the fraction to a decwmal and place- this value hfter the

whole number,) - : .
Use the decimal'value f given percent the same as any other dec1mals to *
perform the required mathematical Qberatlons - L

N
> ) .

To change a decipal to a percent move the decimal point two digits to the r1ght
Plage the percent s1gn after this number. - ) : 1

- e
- NN
AW A
] : - . .
- . .
L}
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. =
The %111 for a certain Job is $332 20. If the customer wishes to pay 15% on
the original b11l what should she pay? 3 ¢
. \
oy _ L L
\ ~

During the f1rs§ four days of a work week, the total daily output reached 276, 320
342, and 286 welds of a certa1n type. The rejects each day of these totals were
. 5%, 4.5%, 6% and 5%, respectively, The weekly quota to meet a contract is 325
berfect welds per day. How many welds must be produced the fifth day to meet the
schedule? (Assume that the rejects on the fifth day is the average percent of
the other four days. )

e

Write the ‘letter of the correct, or most Rbarly correct; answer in the blank
at the left of each problem.

‘The fraction 9/16 is equivalent to what percent?
.

a. 9.16 " c. 56 1/4
b. 56 d. 565
__.. The fraction 3/32 is equivalent to what percent?
LA, 3.1/32 . c. 93/8
b. 3 30/32 S d. 93 1/8 .
L The fraction 9/32 is equivalent to what percent?
a. 28 ! - ¢. 28 3/32, | ‘
b. 28 1/32 d. 28 1/8
: \ I
/ »
, ' 70
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N Self ﬂsseqsment

"4
ﬂnswers :
She should pay 332.20 X .15 or %9;83 : ~
< E
490 welds - A . _ | g /
' .. , | _ e . | o
9/16 ='c/ - - o .
3/32 = ¢ '. N o ,
o o~ -
9/32 = d ;
[
)
.
I‘ '
]
7
) { ~
. , ’
- . _
. | ‘
/ | e | |
o
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e Post . ] |
- "Assessment

LAY
.
N
A}
L/
“

A

Listed below each problem are fous possible answers. Decide which of the four is

. correct, or most nearly correct; fhen write the letter for that answer in the = W
o space to the left of the problem. [
L) . ‘
1. Expressed as a fraction in lowest terms, 43 3/4 bercent is:
a. 7/32 - . . c. 43/40 |
~b. 7/16 d.” 46/4 .
2. Expressed'as a fraction jn Towest terms, 62 1/2 percent is:
a. 5/8 ) c. 62/80
. b. 6/8 S . d. 62172
3. __ Expressed as a fraction in lowest terms, 83 1/3 percent is: .
a. 5/6 o c. 89 '
b. 10/16 C -d. 14/3 '
. . . »
4. A certain type of glass is composed of 63 percent silica sand, 23 percent
soda ash, and 14 percent lime. The totat™eatch of glass weighs 1,600
1bs. How many pounds of soda ash are in the batch? -
a. 224 : c. -472 "
b. 368 , d. 592 ‘
5. _ Two glaziers install 2,100 lights of glass, but 84 lights turned down by
the inspectars have to be reputtied. What percent of the job has. to
be done over%\\/ ) .
a. 2 - . c. 20 ' . -
b. 4 d. 40- . o
6. The finished width of a certain shiplap sheathing boardiis 1 5/8". What '
is this width in decimal form? ‘
a. 1.525" c. 1.580"
', b. 1.575" v d, 1.625"
*- . : ' . * ' .
.. A roo?‘has an area requiring 476 running feet of a certain kind of ,
. , insulating material. If 28 percent is to be added for cutting and wante,, \.
how many running feet of the material should be ordered, to the nearct
foot? - - '

‘“ | ‘ . 72 .
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a, 606 P c. 609 .
b. 608 ‘ d. 623 - -~

A tilesetter purchases a table sawvat $475 less separate discounts of
15 percent, and 3 percent. What is his actual cost? '

a. $389.65 c. $392.74 - ;
b.  $391.64- d. $394.46 R

A portable e]ectr}c circular saw has a speed of 4,000 rpm under full
load. Under no-load conditions, the saw's speed increases 15 percent.
What is the no-load speed? : .

a. 4,250 rpm - ¢, 4,550 rpm . B
b. 4,400 rpm d.- 4,600 'rpm g AL T
\ - N T SN

The total cost of a new building is $35,450.“ I[f the cost of thé'rod?H PLheer

is 2 percent of this total amount and if the roofing'matngals;rnpresent_
27 percent of the .cost of the roof, whag. is the cost of “the yoofiny.
materials? C _ B o S

L
. .,'.' ' : . ' Ve ’ ‘a
7a. $152.97 c. $175.21 Tl
b. $167.50 d. $191.43 | T
: - : Pl .
. AN T B . .
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The apprentice will be able to use / 1. Describe'signs‘of ‘operation
" formulas in electrical and eleqtronic o for additign, subtraction, . )
calpulations. ' multiplication, division and l
.. o . equality, . - ;
' ' ‘ i ' "2, Convert rules into formujas, L I
L A ) 3. Describe order of operation .
i : ) * ™~ for solving -a ‘formula problém. * _
: y ) «. 4, Describe use of signed - " oo
' v , o b numbers in formuld. - Lo
Ly . . R S5, Zalculéte ‘formulas' with , )
Y o xponents, ' S .
‘ ) Calculate formulas that u#a R
v o | SRS U powers of ten, ) EERE
. Ly L N 7. Describe rules for working o
) . . . . . ' .with equatipns. : e &;éJ
v ‘ ' 4 ' ' ¢ . ..' ) K/ @ ..
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m  f T LA 1.4 . e . .
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Read the goa] and performance indicators -for this package to determ1ne what you are.
expected to Tearn from the package.

Study the examp]es and rules for the use of equat1ons and formu]as in the 1nformation
sheets. " . . . . R A VRSN .

Complete the prob]ems on. the ass1gnment sheet (see refe /hce) to'get pra@ficeiin
using formulas. . .

re

)

Complete self assessment and check answers.

. Complete post assessment and have inétructor scorg th answers.
. \ . , W, _

.
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:
e,

" Vocabuloty

: ® fquation . o ' | . —
L ogoments

'”""ﬁg;ag};'"'m"' § ; . - ,
Negative signs

Order of operations

Positive signs o '

Powers of Fen ; . ) m. - : | ‘ . _
Rules | : , - - : i > N\

Signs of operation

»

Substitution | - | | N
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Introd CtOI'\ '
- i o
. Formulas are a form of shorthand that are used in making calculations in electrical =
' work. Those working with electricity and electronics must know the basic formulas and
how to transpose information into a formula. They must also be able to correctly B
calculate the figures that have been transposed into the basic formulas. A
This package reviews some_basic rules oflhathematics as they apply to the use of
fofmulas. / | :
L
C
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" l _ - ' _ ' .\\
i
5
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’ ' w
N
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M_p& formulas are used~fn\making calculations in electricity and electronics. A.
- technician must know how to work with formu]qs on an everyday basis. “Formulas are a
" method of shorthand used to express rules :

. ‘$1IGNS- OF OPERATION -

Al tormu]as are held together.by one or more of the following:
o ) ,

.

+ Add (Sum of)
- Subtract (Difference between)
; X Md]tiply (Product of) - - K .
. | o ~ Divide (Quotient of)
= Equality (Equal to)
Some of these operetions may be written in different ways: : S |
* Mu1t1p11cat1on may be shown as 3 X-2 or with a dot between numbers 3 * 2
or, if it is a number and a 1etter, nothing between the number and letter, such
as 3X. - '
* D1v1s1on may be_shoWn as 3;}-2 or sepereteq by fraqtion bar 3/2'or

» 1

CONVERTING RULES TO FORMULAS -+ '* '

In order to change rules into formulas, replace each quantity with a letter. Letthrs
are substituted for words in the rule. Signs,of operation are placed between letters.

EXAMPLE: The current is eq;al to the vo]tage de1ded by the re51stance : | s
| Replace underlined words with letters: -
| Currentl=tvo1tagg . resistance
| | 1= ER i
. : , v
‘ . ' and add the signs of operation.
o — _ \\ + . s | . ' |
g . 78 ’ ‘ - { . . .
e L ‘ ‘__ N '.‘ _ ) * 1 ) . - ) . h




ORDER OF

OPERATIONS

Numbers can be subst1tuted into formulas in place of letters. To work with formulas,

an order of operations should be followed:
1) Substitute numbers for 1etters,..
©3X 4+ 4(X+2) = 12
2) Find value of all'expressiuns in parentheses_ _
-+ + 8 = . : .
3) Do all mu1t1p11cat1ons from left to right \
‘ 3X 44X + 8= 12 s " |
. (In this case, the multiplications was completed in step 2). c
4) Do all divisions in order from left to rightes
5) Do all additions and subtractions in -order from left to right.
. . ! A
3X + 4X = 7X
X+ 8 =12
X =12 - 8 . ‘ .
X =4/7 N
POSITIVE AND NEGATIVE NUMBERS ~ | \
. : \
Positive s1gns (+) show ga1ns, increases, d1rect1ons to the right and direction upward.
Negative signs show losses, decreases and directions to the left and downward. Theﬁb
are some simple rules for working with signed numbers:
1) Adding (+) and (+) = Positive : ' ..
2) Adding {(-) and (-) = Negative - . ‘ . R,
. : ' » : * N
3) Adding (+) and (-); (Subtract and use sign of larger) >
4) Subtraéting (Change sign of number being subtracted and add.) ¢
¢ ’ .‘.}
’ , .
\
¢ .
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(+) S ooy
n ,_(-) + (+) = _.H_,

FORMULA§ WITH EXPONENTS

Exponents are often found in e]ectrlcal formulas. For example, the small number to
the right of this number (52) tells us that the number must be squared If we take

5 X 5 tp square the number, we find that 5% = 25.  If the exponent is 53, we must take
5 X 5 X.5 to-get the answer of 125. Whatever the exponent, it means that the number
must be mu]tlplled against itself that number of times. For example,

‘ ' 108= 10 X 10 X 10 X\lOXlO X 10 X 10 X 10

<

© Exponents are .shorthand expressions that saves. us from lengthy forhu]as.

-

POWERS OF TEN

. Powers of ten are used in electronics to express numbers that are in very large or
very small units.

/

10 = 10

o 100 = 10* . ) .
1000 = 10’ IR ;
10000 = 10 | "

In order to multiply by numbers w1th powers of ten, move the decima] to the right as
many p]aces as shown in the power (exponent) |

EXAMPLE:  10° X 20 = 20,000,000 B

In order to divide numbers by power of* ten, the decimal point will be moved to the
‘left by the same number of p]aces as shown in the exponent :

EXAMPLE: 20—+ 10 = .000002

L4




EQUATIONS

. N 4 ' . ~
An equation must be kept equal on both sides of the euglity sign. If we perform an
operation on orie side of the equatiom, we must do the same on the other side. The
same numbers may be added or subtracted on both sides without wrecking the equation. -

"This also holds true with mu1t1p11catian and d1vis1on In an equation that shows
+ 5E =.500 we must solve by .

5E = SQO ) - e . .
, E=500+5 : o ' \
E = 100 '

or divide both sides*by the sameumu]tiplier:

5 5
13 _1300
£.= 100
Jv.
L
W
4 -
. b
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® Read all information in package. ) ‘ o R
» . \ ) .
*. @ Work problem sets in reference book, Basic Mathematics: for E]eétmmty and Electromcs,

pages 82-83, Answers are shown in baCk of book for odd numbered quest1bns N !

. | . \
® Complete self assessment sheet and .check answers. - ' g (
I Complete post assessment e;nd have instru'ctor c'heck answers. |

' q
’ * . -

N v
R .
. .
. v v
. . .
. R "
.
- [
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hd Self o
Assessment

Use the following, basic formulas to solve the problems listed be]dw:

a) -E = IR (Ohp's Law) o w
* b) P= %~ (Watt's Law) ({ | - a
~‘? c) E, + By + E, = IR, + IR, + IRF (Kirchoff's Voltage Law) ﬁ

1. A 12-volt automobi]e battery operates a cﬁgarette lighter of 6 Ohms of res1stance.-
*  How much current is used?

.,‘

n

2. A dryer operates at 240 volts and 12 Ohms. How.much current, is ‘used?

0

’ ~

‘. What is the resistance of 'a toaster that draws 6.amps of 120 volt e]ectm’ci'ty?

. Write the formula for Kirchoff's Current Law. The algebraic sum of the currents ,
entering any point and leaving any point must equal zero. . _

—

-

5. A lamp operating on 120 volts has a resfstance of 2 amps. How many watts of
power is:tised by the lamp? '

© v

" 6. Six batteries supply 2 volts each to make up a 12 volt‘systeﬁ This s§stem
supplies two camper 1ights that have a resistance of 1 Ohm each and pull 6 amps
at each 11ght ~ Show how this f1ts with Kirchoff's Voltage Law.

o '“ . . . ‘ . . ..’ ) ‘ .
7. Write a formula to fit this rule. The vo]ume of a cyl1nder is equal’ to the area
of the base times the length of .the cyl1nder '

v

oo B
8. 10 =

5

9. Complete the following equation: -6X + 3 = 15
. Divide -12 by -24. |
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X ) o
Self Hssessment S
Answers .

1. 2 amps |

2. 20 amps - !
3. 20 Ohms

b 1, 41, 41y =lgq+ 1+ Ic=0 |
5. 60 watts - Q | | . L
: \ «2 : : N "|
6. E(+Ey+ g+ Ee+EstE = IR+ IR ' S | !

2 +2 + 2 42" 4+2 +2 (6X1) +-(6X1)

‘. V=arr?x L - | o
8. .
9

1l

L]

1,000,000,000 '
X = -2
10. +i
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*Post
 Assessment

ettt 8.

Using the basic information and rules from the information éhéet, complete ‘the following
‘problems using the prescribed order of operation. ' : ‘

A,
.- 1. Divide Powers of Ten '
< a) 102 ) - 'b) 0.00015 .
4 } 103 ' . ST | 3 X 10-2. _‘
2, Multiply Powers of Ten
4 - )
: - -3 ' o -5 ¢ -
| . .a) '0.005 X5 X 10 X 0.02 . fb) 3X10 X 4X10
: ‘ N
\
. . “.
. 3. Signed nE;;ers: . )
® .. a) +16.43 and -64.86 , o
b) -36 and -43 | g
c) +82 and +14 , B
L 4 Y e . . Q
Subtract: d) -16 minus +38 ] v -
’ ~e) - 63.minus -71 k . o- ‘
Mu]t%p]y:; f) '-3R times +3 . ,
g) -2R times -6
Divide: h) * 6R® by -2R | | o L
i) -18 by -6 | - L e \

4. Find value of P if E = 100 and R ='50. Use formula P = E*/R.

’

. 5. Write a rule for the following formula: 1 = E/R
{

6. Write a formula for the following rule: h\ : i\\)’ o

The vo]tége df a circuit is’équa1 to the current nmultiplied by the resistance.

7.: Solve the §0T1owing equations for value bf unknown letter. _ X
a) 20 = 100 R - d) 35S +5.=20
'l. b) 4T = 12 _ e) 7 -2=10
“c) W =20 S | ' A
- , , ) &‘i A

-
-

i
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ePost ., -
Assessment

8. Find total resistance of a coil that draws .010 amps from a 6 volt battery. Show

operat1ona1 steps.
\

Write_the formula:

Substitute numbers: L - - C
. o, ] ' . ’ . .
Solve -for R : o A \
f v
- | 3
v '
..
e : 1
. \
[
- \\
. X
s )
I/ ’
‘. ¥
0 )
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.Instructor

Post ﬂssessment Hnswers

&
§
1. a) 10°
, -3 .
~b) 5X10 ;
b)ZXIQ Q | t‘.)
3. a) -48. 45 B | |
y b) - ! -
c) 496
. d) -54 ¢ : ‘
. e) +134 . .
f) - 9R "
g) +12R N
h) --3R : .
i) +3
4. 200
5. The current of a circuit is equal to the voltage divided by resistance. - ' x
6. E = IR »
‘ W, ’
7. a) R=1/5
b) T =24
c) W=40 o
d) =5 . \
e) 2-=28 . .
. <!
8 E=IR R = 6/.010
= 010 X R R = 600 b
B A
@® - .oov : §
- I
R . |
87 .
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Goal: «+ "~ . B Performance Indicators: . = ..
. { : : - ! * ' E 7
. . ) ..‘ : “ l.‘ » o : . ‘ )
R "-’I‘he apprentice will be able to .~ - .} Solve prolilems involving .« ’
, compute rdtio and proportion, o . 0 ratio.and propertion.
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g Problems in ratlo and pro‘portwn are frequently encountered in the skilled traQes
For example, a machinist employs the concepts of s1‘mple and compound ratlym
. ) solvifg problems relating to gearing, and a carpenter employs the concepts of ratio
« a_nd~propartlon in working from bl_uepmnts or other scale drawings. '
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This study guide ig.designed to help you successfully complete this module.
Check off the fo¥lowing steps to complegion as, you finish them.

1 \
1

STEPS'TO COMPLETION .

. X
' N

1. Familiarize yourself with thg Goal and Performanceﬁlndicators on the
~ title page of this module. . /?
/ -
v ) | ’ ;{
2. ’ Read the Introduct1on and stday the. Informat1on ection of the module.
- It s 1ntended to prov1de you with the math sk1yﬁs ‘necessary to
successfully complete the,assessment portjons. T e
3. 'Comp]ete the Self Assessment section of this module You may refe;afo

the Information sec;1on for help. -
4. * Compare }our'Self’Assessment answers with the correct answers og the
*Self Assessment Answer Sheet immediately following the Self Assessment
exam. If you missed more than one of the Self Assessment exam questions,
-go back and re-study the necessary portions. of the fhformation section,
or ask your instructor for help. If you missed one or none of these
problems, go on to step 5. ' '

. b Complete the Post Assessment section of the module. Show your answers
to the instructor. It is recommended that you score 90% or better on

" those Post Assessment exams with 10 or more ﬁrqb]emss or miss no more
than one problem on those with fewer than 10 problems before being

allowed to go on to the next math module.
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Information ~~

® .’Ratio is a reans of expressing a re]afionship between two or more things mathe- /f
matically. A ratio is the quotient of two numbers, and it can therefore be 7
expressed as a fraction. The fraction 3/4 expresses t e ratio of three to fou%

| _which may also be written 3:4. Whan a ratio is expressed in words,. the th1ngs

being related and the numerical terms of the ratio aré listed in the same order,
" for examp]e, if a worker is told to mix sand and ceme*t for a concrete batéh in the
ratjo of three to one, he or she will know that the mixture must include ‘three

sacks of sand for every sack of cement, not the: reverse. : ‘
, | | . - . R
. Proportion is an expression of equality between two ratios. The fraction 3/4 is:
equal t6 the fraction 678; this is a statement of proportion. The relationship
between these equivalents ‘can also be written 3:4::6:8, which is read "three is ,
do four as six is to eight." This simply means that three bears the same Fe]ation-
' ship to fgur that éjx doe# to eéight. If all but one of the terms of a proportion
equation are known, the rémaining term'can be found. Thi kes possible a useful
_ A short method for solving brob]ems like those in which an object must be propor-
. tionéi]y\increased or reduced in size but where one of the needed dimensions is

not known.
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* Self
Assessment

~— '*“
Listed below each problem are f00r~possib1e answers. Decide whiéh _of the four is j
correct, or most nearly correct ‘then write the letter for that answer in the f
space to the left of the problem _ : %
| _ - ‘ k
1. . The ratio of the he1ght of a building to the length of its shadow is .
' 5 to 9. What is ghe he1ght Of the building -if it casts a shadow 90' long?"
a; 50' - ? c. 60' .
b. 55 o d. 65 ' . ’!k ' o
2. An arch1tect indicates a 1/8"-= 1'0' scale in the drawing of a swimming

/ pool. What is this scale expressed as a ratio? _

‘ a. 1:58 c. 1:85

b. 1:75 -, d. 1:96 >
3. A tile subcontractor prepares a shop drawing to a scale of ¥ = ' O“
- What 1s this scale expressed as a ratio?
. - a. 1: 10 _ ¢, 1:14
' _b.) 1: 12 . : d. 1:16 .
q. A contractor estimates that 10 cents of every dollar of his bid will be

required for exterior and interior glazing of a building. What is the ,
ratio of the g]az1ng cost to the total building cost? ‘ '

a. 1:1 - c.. 1:100
b. 1:10 d.. 1:110.
' . . : : . - .
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' isted below each problem are four possible answers.. Decide which of the four i%
o correct, or most nearly correct; then write the lettey for that answer in the °
" space to the Teft of the problem.’
a 1. . _On'a tile job in which fireclay is to be used, a tilesetter tells his
' -~ helper to mix mortar according to the following formula: 6 buckets of
river sand, 1 bucket of -fireclay, and 2 buckets of cement. - What is the
ratio of sand to fireclay in the mixture? : .
a. 1:6 A ' S el 3 DR v
. b. T:2 d. 6:1 ' . : -
. 2. Referring again to the above problem, what is the ratio of cement to -
. , sand in the .mixture? . ‘
- a. 1:2 . ' c. 1:6
. b. 1:3 - d. 1.8
3. What is the missing term in the proportion 46:30::92:x7?
a. 20 - c. 60
b. 40 - - d. 80
. 4. What s the mjssing term in the proportion 42:x::30:2,5?
) a. 1.75. .. T -c. 425 o
b. 3.5 - d. 5.75
-~
5. . Lf 5 cu. yd. of concrete cost $60, what will 3 cu. yd. cost?
a. $36 ) c. $48 . '
b. $42 . d. $54°
6. >__ If ten cement masons can placé and finish 6,400 sq, ft. of concreta /
4 sidewalk in four days, how many cement masons will be needed to place . \. '
- and finish 3,200 5q. ft. of concreté;sidewalk in the same. amount of time?.
*a. three w .' c. seven :
. b five - d. nine - B .
f’ - | oo . | | \\
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PERIMETERS, AREAS AND VOLUMES N

)

<

. Goal: Ty ~ Performance Indicators:

v

-

b -

The apprentice will be able to I. » Compute area of a rectangle. &
compute areas and volumnes of ) , PO
regular and irregular shaped - - 2, Compute area of a triangle.
ob jeels., . -
. 3. Conputed arcas of irregular
~N .. . | . shaped objects.
. . ' 4. Mehpgure volumes of regular .
- - and irregular shaped objects,
& ’
’ 12
’ -,
. . . "
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Problems involving the measurement of perimeters, areas, and volumes are frequently

N encduntered on the job. A skilled worker in the construction trades, for example,
may need to know not only the length and width of a room but also its perimeter’

T dnd the areas of its floor, walls, .and ceiling for'estimating'material and labér
costs for interior fifish work. He or.she may also need to know the volume of
air space’of the room for heating and Céﬁtilat{hggcalculations. Measurements of
perimetefs, areas.land volumes are b§pic to eVery craff. and the apprentice must
therefare become_thoroughly familiar with the rules and procedures for making them,

(RN
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This study guide is designed to helRg/ou sucéeszu]]y'compik@e this module.

Check off

-~

.the following steps to completion as you finish them.
_ o . ,/\
. STEPS TO COMPLETION

P

Familiarize }ourself with the Goal and Performance Indicators on the
title page of this module.

Read the Introductidn and study the. Information section of the modulc.
It is ~intended to provide you with the math skills necessary to

successfully complete the assessment portions.

Cohp1ete the Self Assessment section of the module. You may refér to

the Information section for help, )

Compare your/Se1f Assessment answers with the correct answers on the

Self Assessment Answer Sheet 1mmed1ately following the Self* Assessment

exam. If you missed more than one of the Self Assessment exam questions,

go back and re-study the necessary portions of the Information section,

or ask you 1nstructor for help. If you missed one or none of these

prob]ems qo on to step 5. A - '
| i z | P . .

Complete the Post Assessment section-of the module. Show your answers

to the instructor. It is recommended that-you score 90% or better on

those Post Assessment exams with 10 or more problems, or miss no more

than one problem on those with fewer than 10 problems, before Being

allowed to go on to the next math module.

’

»
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MEASURING PERIMETERS )
The perimieter of an obhject--the distance around it--is found by adding the lengths
the perimeter of, a building lot 60' x 180' is therefore 60' +
The perimieter of the 1rregularly shaped Structure

will be found to be 68' if the dimensions of al} its

sides are added. A “ . . : ' P
f - . ’ [N >

—~

of all its sides;
180" +60' + 180', or 480" .
in the plan view, F1g. D-1,

MEASURING AREAS L oy
Measurements of areas are exphessed in units of squakre. measpre--square\lnches.'

square feet, square yards, and the like. The'area of a square or othér rectanqle

is found by multiplying its length by its width.
For example, ;he area of a plywood

The result }ill always be in-

anel ‘4' wide by 8'

-~

units of square measure: .
long is 32 square feet.

-
*

Since a linear foot is equal to 12", a square foot (1 foot each way) contains 12"
- . \
x 12", or 144 square inches./ (See Fig. D-2.) Expressions of square measure

must be read carefully if m1stakes are to be avoided:
(ane square measuring 10" x 10") is not the same as 10 square inches (ten squares,

note that 10-inch square

each measuring 1" x 1"),

. —————————, |
——— e -

e — e . a
e e e

! g
- 3)12

Fig. D~1.Perimeter measurement

Fig. D-2 A 12-inch square
(one square foot) contalns.
144 square inches

S



AREﬁfQF A BECTANblE . .lflﬂfﬁﬁm--? T yun-;l; Q “wfius: o e ) =
' - Multlpfylug gwo adJacent sides” oiv~es the ar'ea of a sduare or qther rtmﬂt;anq.lea-x:-,,-"_'.%'»
i ¢ e Yy

other rectangles differ from the square 1n that thelr s1deseymfénhs are of unequal

vh. ' square, all fod?*%adeﬁ;lre of equal Tength® and a1l “four corners. ara Thﬂht«d”ﬂl@""?

length‘ (See Figs’ v B 3A: aqﬂ hE -3B. ) A rectanclr that 1s not a square is - . 1tf“]

°conmwn3y called an oblong S1nce all s1de&rof a square are of equal lenqth,.the
_ area of a“square is found by multlplylng any side by 1t$elf the aréa of an oblonq

15 found by°hmlt1plyanqllts lenath by 1ts heaqht e -_fﬁ;g:f 31_;_%ﬂiibk,:;7:3ij“

- . Vit : DR} . . e -
e K . 3. [ . . ’ ; S ¢ e ? & LR
B : .Ls ®- ’ A T e L
- : ’ -0 TR . “ - te Ty ’ .. /__ .' a‘ .'l ° Ny ._rx\‘.x
A\ . T g Q e “ R

Any four 51ded péane f1que whose 0pposrte Eloes &re stra1ght and~parallel 15 a

Daralleloqram Squares And oblongs mée¢ thls deflnltlon, but the word parallolo- "

gram usually-applles Specwfwcallx,to a four- sided plane f1gure whose oppostie. s&db,
. are parallel but whose corneré“are not'r1§ht anglesx A oarallelogram can be s
. thought of as é rectangle with 3 frlangle removed from one end and tacked onto the

other end. (See Flg 0-3G.) To comoute the area of a parallelogram, multiply baST

height (altltude) The base of the parallelogram in Fig. D-3C is. 14", and its
altltude 15 lO" therefore its area is 10" x 14", or 140 square inches.

_“A,_

Fig. D-3. Four-sided plane.figures: " (AY) square;’ (B) oblong; lé) paralleloqram'

d

-

AREA OF A TRIANGLE . . T |
A triangle is a plane figure with three sides, each.side being a straight line.

A square—cornered or right triangle has one right angle (Figq. A). In an a(ute ’
. triangle, each of the three angles 1s less than a r1qht angle (Fig. D-4B).

obtuse tr1anqle has one angle that is, greater than a r1oht angle (Fig. 'D- 4()
. . )

L™

Any trlanqle is. really.one half of a rectanolp (or one—half'of a parallelouaranm,
in the case of an acute or an obtuse- trlanqle) “This can be seen clearly in fif).
D-4A, where an identical Jbut. 1nverted rlqht trlanqLe is drawn ‘above the Shaded
rlqht trlanqle making a rectanqlo lellar1ly, '‘mirror-image" triangles could -
be JOlned to the acute and obtuse angles in Figs. D-4B and 0-4C to make parallel-

.

ograms . o —_— . . . o "

Loy




~Fig. D-4. Triangles: (A) rjght; (B) acute; (C) obtuse
' . , { . .

. R ' , {
The area.of a rectangte or a para]]e1oqram s eugal to its length (base) times

its heiqht(aTtitude) S1nce a rectanq]e or a parallelogram can be made by. joining

two identical triangles, it follows that the area of any triangle is qua] to one-
half the oroduct of its base and its altitude. The area of the r1ght tr1ang]e in

Fig. D-4A is therefore 70 squage inches; the area of ‘the acute triangle in Fig.
" D-4B is 70 squre 1nches and-the. area. of the obtuse angle in Fjg“ D-4C is 60

square inches. S . BN

AREAS OE%JRREGULAR SHAPES

Any skilled worker may occasionalty find it necessary to determ1ne the area of an

irreqularly shaped‘surface.' For -a 0ract1ca1 problem of this kind, assume that a

worker needs to determine the area of the floor in a room hav1ng a number of

projections and recesses. He or she can ébﬁpute the total floor area in either- |

of two ways: he or she:can divide the irregular ‘floor shape into smaller rectang-

' ular shapes, then compute .the areas of these rectangles and take their sum; or -

then subtract from that the areas of the cutouts. (See F1g D-5.).

square out the irregular floor shape, compute. the area of the resulting square.

'/‘
T 'f_”." ) Method 1. Divide the'flook-area into .
; 4 ]__ [~ .. ] ¢ rectangular units (A, B, C, and D); then
SR Y S compute the area of each unit and add the
: unit areas. . .
C e oA 7 x 2 = 14 sq. ft.
' o B 6' x 2' = 12 sq. ft.
C) 7" x 11" = 77 sq. ft.
l‘"“"*“‘r““"'“ .. .- D) 9" x18' =162 sq. ft..
. '- B 265 sq. ft.
7 ISR o " . ‘
, | . : Fia. D-5, 1 X
| SIS I o ‘
PR N _ Method'1: A+ 8 + C + 0 265 sq. T
. “‘“ - "' .

- -1()1[' . '-%..

v




i 17 Method 2.7 Enclose the floor area im a

N "[“'T\ ~J = ] ' square; find the ahea of the square. them
‘. e A : _ subtract the areas of the cutouts (units
' ' 7 , (A and B). '
N o - I;‘ o ' i -
o , - . 18" x 18' = 324 sq. ft. " :
. _ A |'vee A) 2" x5 =10 sq. ft. .
: | *B) 7' x 7' = 49 sq. ft,
: | 59 sq. ft.
{ © 324 sq. ft. | ‘
: | -99.sq. ft. .
l.

i 265 sqifts

d!
. L]

Method 2. A + B subtracted from total area - 265%sq. ft.

Fig. D-5, 2. Fihding the area of ag irregularly shaped floor
MEASURTNG' VOLUMES - o . N .
The plane f1gures described thus far in this topic have the:dimensions of lenqth
and w1dth only. BeCause solid objects have thickness as well as length and
width, they occupy or enclose Space The amount of space taken by a solid object
is its volume. Volume. is commonly expressed in cubic measure--cubic yayds, cubic,_ ,
feet, or cubic fﬁches. for example-~but it can also be expressed in 1iquid measpre L &
(gallons, quarts, pints or ounces) or dry measure (bushels orfpecks) Vo]unm )
expressed in one kind of measure can be changed to vo]umes expressed in another:’
" measure by means ‘of copvers1on constants. ‘For example, a cubic foot is equal to
'7.48 U.S. gallons, and a bushel is equal «to 1.244 cubic feet.

g , .‘ .

To find .the cub1c meaque of a-body such as_a cybe er a box, where all the COrner
- anqles are r1qht anq]es mu]t1p1y léngth times width times thickness. -The renult
is expressed in cubic units. The dimensions of ‘the box in Fig. D-6 are 2" x 7"
x 1" The box. theréfore'encloses (has-a volume of) 4 cubic inches. As ‘in the

.:*zcase of square ‘measure, Care must be taken in expressing cubic measure if mis! dke

, ';1dent1ca1, parallel, and exact]y oppos1te ‘each other, and if the straight l1n(.

are to be avo1ded, a 10 inch. cube is not equ1va1eht in volume to 10 ‘inches.

&

o : S | ' |
If the shape. of an obJect 1s such*that 1ts ends (or its-top and bottom) are

. ?gbound1hg uhe sides of the obJect are all parallel (as .ih the shapes shown 1n |lq

,,TD 1), the vo]ume of the object can be ‘found by mu1t1ply1nq the area of onc end (or
“of the top or bottom) by the 1en§th or he1qht) of - the opgect [f for example th“

- . . . .
.ot i . .
e e, . ‘ L)
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| the area of'one end of the prism showmr at the left=in Fig. D- 7 is 10 Square inches -

‘I’ qnd the ]ength of pr1sm 15. 15 inches,,” the vo]ume of the prlsm w1ll be 10 square |
1nches x 15 1nches, or 150 cublc inches:; '

Al

Fig. D-6
qCub;E‘meaSJre E

’

a.ﬂD—7.- Solids with iqentieal(ends_and straight: sides , L
; .
5The ,volume of an irreqularly shaped obJect can best be found by ‘thinking of th(

’ obJect as being made :up of a number of sma]]er so]1d shapes (See F1q 0-8 ), The \
Separate: volumes of these sma]ler shapes can then be computed and added to flnd the-

" ‘total v01ume ‘ ‘. e
i ~ .
‘:._ .‘ 1] ‘<
' 5 “ } 1:03
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Fig. D-8.' Finding the volume of an irregularly shaped object.
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. Self

Assessment

’

e

. -
R
e

) B

.o
4 y S

P

&

it s o e preben e ookt s ot che T
.hff&hatsis'}héjperimeté}.of'a rapm.ZO'aQiég and 30; 10n9?_ o

. whaf}is the parimetef of.afr?oh.f6f Sqaafe?ﬁ. et af
.ﬂaatris'tae areq, in.sqyare féét; of.a fioqr 42: by-42‘? ;

" What'is- the area, in square ‘inches,

ct_'~ .

1
’ ot

. A .’ h ..:

! of a 9" quare'f1°0".t{1€?L” T
| r | | ‘ _' | . .. . | ,_ _"n - ..
What is the floc

S w1de7

area, in square feet, of a room 15' long ahd. oy

o

’ Nhat is the area, in square yards, of a rectangle 20" lbng and' _f o

9‘ w1d€7

N . v . . ) . - .
) . ‘ ..
P R | .

What 1s the area, in square inches, of a r1ghg/pp(ang{é WIth @ o
base of 8.1/2" and an altitude of 1 1/4"? e eV

. ‘ T,
-» PR o
g/ - < . . . X i

“

What is the area, ]n square’ inches, q? an acute tr1angle w1th o ”fhy@;:'
base of 8 1/2“ and an a1t1tude of 11 ]/4”7 e e

v ' ) i : ‘ 1 )

What is the area, in square feet . o
of the f1oor shown below? T on ,,I‘i S

E

' ) R S
T .

e o . tn e

. 0
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ePost .
Assessment

b]ank space to the eft of the prob]em

1. vﬁ;;?‘is the_périmeter,of a'rectang1e.8' wide and 12' 1on§? -

a. 32" . " _c.o 37720 ' o
b. .34 1/2', t;;"' cd.o 40t L
What'j§ the'berimeter of a rectangle 17 1/2' w1de and 12 1/2' 1ong7
al 40" c. 80' :
b. 604, - o d. 100 - -
. What'is the perimetér of a rectangle 67'7" wide and 96'4" 1ong?
o a. 237q0n c.  327'10"- |
~ b, 297M10" B g. 377 10" - .
o What is the area in square feet of a rectang]e 32 9" wide and 52 '6" long?
~a. 1,709.0 ° © ¢, 1,729.875
b. T 719. 375 M d. 1, 740\0

A

What quxhe volume in cubic inches of a 25" cube?

e 625 . c. 12,380 ,
© . 975 ' d\\S 625 <J

An excavatlon for a basement is to be 40' long. 26 w1de. and 8'
- After 210 cu. yd. of dirt have been removed ‘how many cub1c yards remnln

’

" Listed below gach problem-ar® four possible answers. . Deci, e which of the four is. .-
correct, ‘or most near]y correct then write the 1etter for that answer ln the

I\

.
RN

>

s -

. to be excavated? . . ’

-, a. 90 , - e, 115 AN

c b. 110- , : ! d. 120 D
¢ C ' R UJ P, r . ’ .‘ - ‘.. .

"+ How many cubic feet of concrete® are” in a slab 12° long, 4" wide, and
L et 1" thick? i\ ’ B " . A

. a w BN NI TR V7. ' -

RO b, 42 1/2 3 2 d 48 A




- N o h a
;s T .
g \L ' ’ . : | )
- 8. MWhat is the arca in square feet of-a room 14' square? .
o . a. 56. " c. 196 ,
S b 112 ., ~d. 208 (o
9. How many cubic yards of coﬁcreﬁe W11 be needed for a garage floor
20" x 32' x-4", allowing 3 cu. yd. extra for foundation walls and g |
' footings? “ |
.a. 4.9, o ¢. 7.9
b. 6.9 . d. 10.9 S . '
| 10, How many cubic yards of cqncfeté will be needed for the. foundation ,
. walls and footings in the ‘plan below tf the walls,dre 6" thick.and 18" !
deep, -and "if the footings (shown in dotted lines) will' require 2 5/2%~ )
, cu." yd. of cohcrete? . ' SR o N\ »
a. 6 ' T T
o b 6 2/3 a7 1/6
—— - o L R .
. [ p e
¢ s N o ~
‘ e =
"n------ - —=7-—-=--—--=- BN
! RN
| / L1}
it it
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- " | |+ | A
Vo ¢ |
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- CIRCUMFERENCE' AND AREA OR, CIRCLES

>

Goal:

The apprentice will be able tq
compute problems involving
circumference and area of «circles.

‘Performance Indicators:

l{ Find 01rcumterence of circle.

2 llnd area oi a circle.
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Introduction

L]

. A knd]wedge of the rules and procedures for finding the circumference and area of
a circle is important for workers in the skilled trades. A construction worker,

- for instance, must make gemputations involving circular areas as well as straight--
sided areas when working with structures like circular buildings, silos, or tanks.
In.a typical problem, he or she might find it necessary to determine the number
of féet of insulating &ateria] needed for covéring a cylindrical hot-water storage
tank of a:given diameter and height. The first step in solving this problem
wolld be the calculation of the_tank‘s circumference. The preseﬁt module gives
the information .needed %or:finding the area and the circumference oF_a circle.

, >
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- . . L]

This study quide is. deS1gned to help* you successfully complete -this module. - .
Check off the fq]lownng steps to complgtion as you. flnlSh them, ;o

STEPS TO COMPLETION
Familiarize yourself with the Goal and Perfonnance Indlcators on the
t1tle page of this module ' . ' .

Read the Introduction and sthdy the Information section of the rodule.
[t is 4ntended to provide you with the math skijls necessary to

successfully complete the assessment port1ons

. T N ®
Complete the Self Assessment section of the module. tgu may refer to

the Information section for help. .

Compare your Self Assessment answers: with the correct answers on the.
Self Assessment Answer Sheet immediately follow1ng the Self Assessment.
exam. If you m15fed more than one of the Self Assessment exam questiong,
go back and re-study the necessary portions of the Information section,
or ask your instructor for help. If you missed one or none of these

problems, go on to step 5.

Complete the Post Assessment section of the module. Show your answers ,
to the instructor. It is recommended that you score 90% or better on
those Post Assessment exams with 10 or more problems, or miss no more -
than one problem on those with fewer than 10 problems, before being

allowed to go on to the next math module. . . ;

P ow— — *
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Information |

* *
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FINDING THE CIRCUMFERENCE_OF A CIRCLE . .
The perimeter of an object has been ,definded as the didtance around it; circumfer- =

enee is the term employed for the perimeter of a circle or &ircular obJect Any
cont1nuous part of a circumferénce is called an arc. The diameter of a circle is
a stra1ght l1ne~pass1nq through the center of the circle and terminating at the
circgmference. The radius of a circle'is a stra1ght line drawn from the center

of the circle to any pdint on the circumference, it is therefore equal to one-half
the d1ameter (See Fig. D-9).

v . s

! Y- CIRCUMEFERENCE

-~

\\. - ITADIUS

: ; ) N
Fig. D-9. Basic parts of a cincle. ,ﬂ/l
. ' [ Ane

T

J

' \ Lo DIAMETLR
Regardless of the size of the circle, its circumference bears a constant rela-
tionship to its diameter. This ratid-is 3.1416 to 1, or roughly 3 1/7 to 1. Ihe
number 3.1416 is a "constant" in mathematics; it has been given the symbol ™

’ (the Greek letter "pi"). If the diameter of a circle is known, the c1rcumfefence
can be computed by the following rule: Circumferencey= 4y - x d{aneter (or, in
short form, C = 9 x D). - h

The following example shows how the rule would be put to work in solving a .
~ practical problem: ’

. 1 . .. I : 1»
lfroblem: Find the circumference of a circle whose radius is 10 feet.

' ?

112 T




R

" Rule: C=Ti" x*pn

"Step 1: Find ‘the diameter ! S ) ‘
" D=2 x Radius (R) . .
C, . ‘ 2 x R =20 :
Step 2: Mult1p]y the diameter by il '
: 20" X 3.1416 ' .
Answer: C = 62.832' *

.

-
]

By'app]ying the rule for the circumference of a circle in another way, we .can find
the dlaweter or the radius of a circle if only the circumference is known. Since
C =7 x D, Tt<s also true that D - C 3. "The steps to be followed in
so]v1nq a typical problem of this type are.shpwn be]ow;

Problem: . Find the radius of a circle whose c1rcumference is 34 1nches.

Step 1: Find the d1ameter ) '
D=C=> 1, soD = 34" = 3. ]4]6 or 10.82"

<

Step.2: Find the radius ’ |
R=1/20 , .
. R-=10.82" = 2
Answer: R =.5.4]

FINDING THE AREA OF A CIRCLE B - - '
To find the area of a c1rc1e mu1t101y the rad1us by itself, then multiply the
resu]t1ng product by 3.1416 (77 ). The result, of course, will be in square

measure. A number multiplied by itself is said to be squared; the symbo] for

squaring is a 2 following and slightly above the number to be squared. Thus 5

means 5 x 5, or 5 squared. The ru]e for f1nd1nq the area of a circle, then, ju:

Area = T R2 \ The application of this rule is illustrated 1n the following
problem: '

. “Problem: F1nd the area (A) of a c1rc1e whose radius is 20 feet.

Rule: A =T «x R2 )
Step 1: Find the square oﬁ'the radlus
RS = 20" x 20' = 400 sq. ft.
Step 2: Multiply. R® by 4T .
3.1416 x 400 sq. ft. . p
Answer: A = 1256.64 sq. ft. |
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Assessment '

" Determine the word that. belongs 'im each'blankfand write the word:iﬁ,\

.
v, . ' : : . .
. - E . B AR R

The distance around the rim of a wheel is. ca]]ed the o !:;bf,the' SRS
_wheel, - T : S oot e ' .
The diameter of a circle is a l1ne pass1ng through the 3 _ sk_ of

the circle and term1nat1ng at the e " ' ' -

The symbol 1T, which §s the Greek letter » stands for a

mathematical constant having the numberical value ?¥'

The cireumference of a circle is equal to TT  times the circle's -

. ! _

The . . of a circle is eq6a1 to one-half the circle's diameter.

The area of a circle is found by the'following formula: A =97 x w~:.

The area of a circle is given_in units o - - measure.. .

If the radius of a circle is § inches, the circumference of the circle is

. " inches. ]

If the circumference of a circle s 95 inches, the diameter of the circle i
e (to- the nearest inch).

The area of a circle having a radius of 10 inches is

A

. it e -

ST O AR P
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. Self ﬂssessment
ﬂnswers

)

_Circumference

. . .t
oo .
1 I . 4

) .’.,T.--.. 2. Center, edges .o e - ,. ot .~,~... B »-'- _\:1

. LD . B PR

) Cy . S . v

e . SR R RS . oL R s e,
e . : s

, -..'I:.-;(,'--_a_' 3. p1 , 3.]'4‘]'6 e 1 | '. 3

frva,

4t diameter ‘ ET e Tl L

a . . o
" .
. .

AT
e

5. radius

. 6.. radius squared or.R%

. ’ ' 3
\ .

' 7. square ' .

o N o S “
(/ 8. 31.14 inches = , : S
9. 30~inches

]Q, 314 sq. inches '




. 3 . The area of a cwcu]an ce1"'ing "wmh.-e;g

L\sted below each problem are ﬁodn.poss)blé answers Dec1de which of'the four is

‘ correct or mosc nearly correct then wr1te the Tetter for that answer in the
blank space to the 1eft of the phob]emw-'{gﬁ‘%‘_ _"' S,

. ! to . K 4 -
3 . " - N L SRR DR S
> . 4 - e

A -;_ The @1rcumfaren¢e of a ho]e 14"“14 dlameter is' how “many 1nches°

43.98+ . . f;”i p',_ o] 58 39+
| b,ﬁ 49>38+ RIS i 59 98t
v . » ) a \ ce . .f‘l’ , ._ i g ' g \:

‘s

<

.
MR}
.

2. Nhat s the areagln squarELthhes.dffa c1rcular vent.hole 30" 1n diameter?

o a. 607 :58+" ,¢;1 LT G807 58 .
; 706 860 ;}:tfzg u:ﬁ;-v857*850

feet? S i S
f,'a, 475, 930 ‘

452 39%
4. many

T, 92‘ _ ,"c" 1,002.720
: )" . ‘- b_-._'q: 909 72+ *5'-.“ d . ] 007 92+

R R LR . .

. <the seQﬂnd story fldor of a firehouse has a radiu\ of //".
R What" is 1ts o1rcumferenoe ﬁntlnehes? : ‘ -
< 123,230 .u;_sff o 138 23+ . '

p * 132 32+,ﬁ,,‘;wq::;g;Ji,rf d "148.320 . - | -
o - > . o . .

e

The area 06~a c1rcular sw1mm1nq pOol Q1th a radius of 10' is how many

. BETE square fqet? >

"a._ 304,16+ '”'*f,
' 3l4 e

G 381, 46+
d, 364,16+

radius of 12' is how many square

"7;5**12*; JThe area of a 01ch1ar skating r1nk with a radius of 40" is how many «rquare

. feet?. " T '
a. 5.026.56+ TV T el 5,206.560 |
'5,062.650 Y. d. 5,506.26+ .,
o -~ [4 .
f} \ . it :
Y S — o SR
' ""(. 2 ‘ ' LI ~ ' ! v :
hd :..' ! ' 1 1 8 v

<



o
8.
Ay
|‘ .
L]
‘ 9.
[
4 ™
|
10.
- ¥ s
R -
23
!
) Z [}
’
¢
N
‘
4
~
.
| “ A
[}
'S

LA merry go- round at an' amusement park has a rad1us of 33' Whatis itsiTw
“carcumference in.feet? ' - . R :

o oo L e g
b, 1197.34% 7 . . S q: 237.04+ _:;:-‘:i T

“ v

>'A water tank has a dlameter of 8' 6“ ‘ what is 1ts c1rcumference in foot’
a. 20.70 | L e 25250 T T e e T

b. 23.33+ L d. 26.70+

.

What is thelarea of a circular fToor w1th a d1ameter of_ 10 6"
néﬁreg; squ re foot? | . .

a. 85 - ¢, 87
b. 86 | d. 88

té;thc ; 4;.:'

-

P
-

. A
L 3
\
' oy
e

»

.
-
-
*
. e
*
'
9.
-
¥
‘
.
e
o
q
. N
o e
LS .,
: e
A o ‘e
RS ’
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o ' . AREAS OF PLANE FIGURLS e

.. VOLUMES OF SOLID FIGU‘{ES !

Goal

The aporentice will be able to
compute problems involving areas
of plane figures and volunes of
solid flJures.

Performance Indicators:

K3
*

1. Compute aréda of paralieiograms,
.trapez01ds, triangkes, oolygons,
circles and elllpses.

*
4 -

2. Compute volumes of cubes,

orlsﬁb cyllnders, cones
pyramds and spheres, ‘

<?d

L)
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Introduction

7
S / o '

o The pravious modules, spec1f1ca]1y the last two, ha
of math and its application in solving
_: - da11y Some types of mathematical prob
| modules

o

B

1ems havé not been covered in the previous .
This module lntroduces several new formulas for detd

~ volumes of "out of the Qrd1naty" or: add-shaped figures.

A - ) o ) .t

’ - . . 6 . R

. o ) - i
o . < ¢ o . - . )

ermining areas ‘and

ve'demonstréted the importance
pvob]ems whnch apprenx1ces are faced-with .

[ ]
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’those Post Assessment exams with 10 or more problems, or-miss no morr

n ) ) '.
4; " » .,/ 7 T wt L . ’ . , . : .
_"lfﬁ v Thls study gu1de as des1gned to. help you successfully complete thlS module o
;f?; . '”Chéck off ‘the follow1ng steps to completlon as you f1n1sh them. f
B :.1#,_ . S & . R : ' N R
o S - sTefs 1o COMPLETION /ﬁ .
. 4'-(' L - . _ h . .
1. Familiarize yourself with the Goal_end Performance Indicators on the
title pagd of this module. Y
~2. Redd. the 4ntroduct1on and study the Information section of the module.

n

It is 1ntended to provide you with the math>skills necessary to - - l.
successfully complete the assessment portions,

-

Complete the Self Assessment seg>lon()fthe modyle..’ You may refer to
the Informatlon section. for. help - :

? . )
> B k 4

N

/Compare your‘Self Assessment answers Qitn the correct answers on thv _ -

X
- Self Assessment Answer Sheet immediately follow1ng the Self Assessmvnt
‘exam. If you missed more thdn one of the Se1f Assessment exahm queslnonr
go back and re-study the necessary portions of the Information nection,

f@r-ask your instructor for help. If you missed one or none of thesv’.,

rablems, go on to step S P | )

L Complete the Post Assessment section of the module. Show your angwers

to the instructor. It is recogmended that you score 90% or better on

than one problem on those with fewer than 10 problems. before boinq
allowed to go on to the next math module

T
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Aruitoxt provided by Eic:

2]
® ' -
CIRCI L PY RAMIDS
) T
A - ma2 . M
, V . AﬂEAQﬂﬂAsE,,x-.T
A - 7854 x D2
. Y
I A« 0196 « c2 o
-« ' ' -
ELLIPSE SPHERE o C—
S D V = — x gp3
A M x m x .7854 al
L] . .' .
e Formulas tor calculating areds or volumes of typical geomelricshapes.
0" . - 2 . e
» . : g )
. s > s ( w
1
’
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v ) [ }
‘ "~
r . v . ’
~ .
4
\
. .
. !
‘ - ,‘ . ’
v L4
- N ¥ QA
\..4
. ‘ R
A

&




-,

: B | " INDlVlDUALlZEO LEARNING SYSTEMS

D

° Self
Assessment

\ )

y
. | , _
to the Information section; sele&pur own numbers for the various
bases, heights, 1engths widths, etc., and work out at least one formula for
each of the 12 area and volume flgures on the Information sheet.

I L. . .o |
.

‘»

X




INDIVIDUALIZED LEARNING 'SYSTEMS

Y Self Hssessment
Answers

The problems completed by students working on this.module will be evaTuated'
individually by the instructor. |

. . . '
. ¢ ) .
/ N . =
P .
’ .
t

[
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INDIVIDUALIZED LEARNING SYSTEMS

e Post
Assessment

Referring to the- Informat1on sectwon of thi's module answer the follow1ng
questions. '

1. What 1s the volume of the cylinder if the ‘radius (R) is 6 inches and the
| _he1ght is 8 inches? )

2. What is the volume of the sphere if D is 11.4 inches?
‘ R

' |
] -y

Ny -

-

3. What is thé area of the regular polygon if each side is 2.5 inches and
the R (radius) is 3.6 inches?

N (4

v

4. What is the total volume of the cylinder and the cone if the height of each

is 9 inches, and the R (radius) of each is 4.5 inches?
A '




'Gpal: - AN

The apprentice will-be able to
draw and read gra‘hs. '

" 712

" GRAPHS -

Performance Indicators:

. Describe independent and
dependent variables.

Describe linear relationships
in graphs.

Describe curved relafionship
in graphs. . -

Draw graphs that show l{filear
relationships and negative

values,

iy




B L INSTRUCTIONAL LEARNING SYSTEMS
] . , ﬁ ]

. A. !
 Study Guide

"

® 'Read the goal and performance indicator to determine what should be learned from
' the package. ' : o . '

® Study the vocabulary words.
® Read.introduction and information sheets.
. ™

® Complete self assessment and st€ote using the answer sheet.

® Complete post assessment and ask instructor to score answers.

~

. . . . . -
.. . N . . \
. -~ ’ -
. . .
. .
v
.
.
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- Yocabulary
. .I: . .. . ‘ .":: ) N .
@ Abscissa )
| ® Base lines =~ -
' @ ‘Curved relationship =
R S A S g
.+ @ Dependent variable " <.
. ",',Iridétfé"l(,’.et')_t}?varfiablé'“l,"-A
“Lin€ar-relationship . -
Ordingte. - .00 T
' - "R : . - -‘
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Aruitoxt provided by Eic:

‘N,




v h
S RN ' . . ‘e
N

Graphs are used 1n e]ectronics to show.the &éffects of one variahle upom another variable.

v A variable is something that changes its value. Voltage and amperage are variables 1n

. electricity If we change the voltage, the amg\rage will be changed. - e
- ,

'.'\\»

"V An, 1ndependent Variable 15 one that is changed so that its effect upon a dependent
variable tan be observed. In working with-electricity, voltage 1s the independent
Q\Lﬁg varlable and current is the dependent variable. .

Graphs gye the easiest way to show the re]at1onsh1p between current and voltage. Graphs
. ‘are, used to show how circuits operate when the variables are changed. Although tab]es
'-&é ‘can-provide the same information,. they become difficult to read when lengthy.

-
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GRAPH PAPER | o T, | - - ; : ,

Graph paper is sectioned into 1ittle squares. Lines run‘in both vertical and horizontal
directions. The fifth or tenth line is heavier than the others so that the graph is
easy to plot and read. Most graph paper has green Tines.. The heavy vertical line on T
the left side of the graph paper is called-the Qrdinate,. The heavy horizental line at '

~the bottom is called the abscissa. . / E o ;‘$~
Ordinate ' | T ‘ ' o r‘
Y ,
5 R
. - ) " . .
. “-h L]
r' ! / E . .
[ ‘ ’ . ( "tﬁ,':" (/
I SR A . i Al:sc 530 i
N L. '
' %) R 72O !
. | volts . | i
The numbers represent the scale of the'gfaph.' Scale is determined by the number of
< units that will need to be shown on a graph. Each of the tiny squares can represent
one or 20 units. ' . .

. -

) %
LINEAR RELATIONSHIPS

Whe one set of values for voltage and current is calculated and plotted on a graph,

“ otheRmvalues can be determined by-reading the graph.. For example:
hms Law.(E = [R) ca]Cu]ate the current. at 15 volts and, 10 ohms of resistance.
We find the answer to be 1.5 amperes. - :
o
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The 1.5 value is used on the ordinate scale and 15 is plotted on the abscissa. If the = %
resistance of this circuit. is maintained as voltages are changed, a straight line
relationship will exist. This is called a linear relationship, which means straight

line relationship. For each increase in voltage, the current will be increased. I

the current*Was'ca]culated at 5, 10 and. 20 volts, the va1ues would fall along that Tine..

'The current values at d1fferent vo}tage levels can be taken fromde graph once this
1

B linear relationship is established. The va]ues of the curren@ wdild be:
5 volts = .5 amps - . ) .
.10 volts = 1 amp s
15 volts = 1,5 amps o
20 volts = 2 amps ':

<
» To read these values, move vertically from the voltage value until the linear re]at1onsh1p
line is reached. Then move horizontally to the ordinate and read the amperes dcale. This -
is much easier than making calculations'at many voltage levels. '

" CURVED RELATIONSHIPS ,

Other relationships fall into a curved.pattern rather than into a linear arrangement For
instance, ifethe relationships between current and resistance were calculated at a -

~constant voltage,. a curved relationship would be found. The changes in values .is not of

a linear nature. , . o .

>4

¥R

by
Q

Corrent (Amps)

N D & &

B : 2 4 6 © 1o 12 4
. \ ReMstance (Ohms) .
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Use Ohm's Law to-calculate current at:

2
4
6
8

~ Ao

POSITIVE AND NEGATIVE' VALUES

YY/ axis. See the example shown be]ow

\. x - 6'54"3 0&”

| ‘(Vﬁggczfvmhe. I' .

Ohm®s . "Voltage,
, "

20

20

20

20

L '

Many\e1ectron1c app11cat1ons involve both positive and negat1ve values.
layout is required to show negative values.
through the center of the graph. These base-lines are called xx’ axfs. and

3

If ‘the valyes (amperes) for five levels of resistance are plotted on the graph (shown
4 ‘n the previous page), a-curved re]at1onsh1p is found.

-

A special graph

The base Tines of the graph must pass~
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~ Information

PR
v .
v y

_The XX’ axis records values of the independent variable and YY* axis records values of

- the dependent variable. A negative or positive value tcan b& shown for each variable.

For example, the fbllow1ng Yalyes will be charted for variables X and Y.

o

Point . X X_,
A A +2 2 .
B o +4 2
' - C +6 2
1\ < ‘ \ 8
Y
\ Y .
s
K
3 A 8 ¢
3’ @ .‘ '.' : y
’ HEEiSL /
. X - (-3-43-24 | —X
. -2 \ 5
_ ‘ 3
" : . ’ -«
b
YI
THIS TYPE OF GRAPH LAYOUT IS NOT NEEDED WHEN ALL VQLUES ARE. POSITIVE ;
b 1
If the Y variables. have negat1ve and positive vaIues, such .as the exampIe beIow, use
" both positive and negative planes to complete graph. _ ;
. Point X i
A +2 4 43
, B 42
/€ 6 -4
o k ,




* . - . ’ ,
' .

L
' AW
Note that point'A falls in a__ i’:‘ﬁ \g plane and could have been plotted on a regular o ,
graph.” Point B has a negaﬁ;:i’é__X va'l'tié wh1ch places it to the left of the YY’ 11ne. s
.omt C had a negati “7alue which pﬂaces it below the XX 'lme o
.J' /’
IF : / ‘
' /
\ | ::\ : ‘ '
/A . : s
LI ,."".' ‘-,‘..\ ‘ - ,
. /
, /.
f
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;'f . S . Yy

‘ hY

"~ '@ Complete self assessment and check answers. *
AY . ) )
@ Complete post, assessment and have instructor check answers,_ .

- .
>,
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T
Assessment

Study. this graph: - ' | ’f

- -

Y]

v 1'5 0 25 ‘ 3o

. olt+s ’ ‘ :
‘1. Compute amperage when voltage is 30 and resistance is 10 ohms and plot it as
. . Point A on the graph. (Use E=IR to complete calculation). |

K] e

2. Establish a line o? lTinear nelatiOnsbfp from 0 to the point on the graph.

73, Plot ampérage~va1ues for 5, 10, 15, 20 and 25 volts on'graph; Show points as
- "% Points B, C, D, E and F. S : o

4. Is voltage the independent or dependent variable?

5. This graph shows a : *relationship.

-5

Study this graph: - «

< .

R

S BN
4
&
*
S 3
h 2 Y
S
x.
~

- M-




INSTRUCTIONAL LEARNING SYSTEMS

_ *Self
”\ Assessment

o B . . ]

6. Plot the following values for X and Y and labe] the points A, B, C, etc. When:

' . Point X value Y value
| A -8 6 _
B " <4 -2 | ' «
,C | , -2 - .+2" ...... - bbbt s et e et e ‘ : . -
D +2 +4 | I
E . ,

0 T+6
To. 'Nhat is line XX’/ called? . ' . -

»

o . -
‘. Does the abscissa run vertically or horizontally on the page?
. : ’

_ 9. Plot the following X and Y values on the graph below:

lo : R

~ 7 ~ -
g X X
7 /0 z
+ o5 A 33
g) 4. . 4 . 5o
2 /10
N 3 ;
W .2
!
Ty F TSR
Resistance
, »
| 10. Does current and res1stance have a 11near relat1onsh1p when voltage is held
| constant?
’ & 1
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Self Flssessment
Hnswers

1. 3 amp.

3.

.. Independent

5. Linear

uy -

-

\

7. xx” axis

8. Homzonta]xy

Armperes

o 1o

o>

87(.5431~

e

EKC

Aruitoxt provided by Eic:

r
)
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®
Self Hssessment

Hnswers

-~
h-3

rya

&

Courrent
A . S S T O B

10. No
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INSTRUCTIONAL LEARNING SYSTEMS

o Post -

Assessment

1. Show l1near relationship of voltage and current when resistance remains constant

a) Use E = IR to calculate value at 30 volts

W

®
Ao o
N o

2. Plot the X and Y values as po1nts on the graph that follows:

P01nt X _value
A , +8
B . +4
C ‘ 0

!l' . D | ' j4

(Graphfis on next page)

o

B i | dc
v'elts

Y value

as

30

Use 10 ohms of res1stance

@

b) Use graph to 1yent1fy other currant valyes at voltages of 5, 10, 15, 20, 25 volts.

\>"
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® Post

Assessrnent

(Continued) a

00
L.
a v

3.

y ~8.7-¢-5. 3.2

6
7
e
¢
vt
+3
+2

o

Abscissa

Type of relationship

. 6rdinate

Independent variable

Dependent Qariable

Scale

(Bhe unit of measurement =

»

\
Label. Problems 3 through 8 on the graph on the following page.

Q

-
1
-3
-+
-3
-l
7
g

Yl

(Linear or Curve)

23 +45 4,078
’ il @ N

squares)

141

]
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°Post
- Assessment

8. (Continued) o .
. . . . : : . -
-
A
5
-4
. w
! Q
hY ! 9
1
14 {
Jd ‘@
. < [ ] 1
o | ’
! { (]
@ . .
» e ,
: it
* S /r ) A g e 2
A . .
v - .
L)
! ’
»
)
¢ \ Y -
. .
+ ) . N ‘
- , o .

9. If voltages remain constant, a graph for resistance atd «urrent will show a °

“ relationship. '
10. What advaptage does?q\graph have over a table for showing information? .:

b4 [

LI

* L 4
o ¢
4 ’
. A
~
’
4
- . »
. .
-
A
A i,
» "
. 0
. L.
L
.
(X4
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.Instructor
Post Hssessment ﬂnswers

e

V)
9
t
% .
% Vi -
'/ " ' .‘ 3 N ! . k : \ -
B . . Co - A " WVertds
) {
’ »
2 Y
| ‘%
. [3]
c
*
3 .
’ . ;e
T
. /
X t) 1, 3’475 e "1 gy |
- -85 -3 . 2,°/ B .
) - '
\ p®.
v ’ -3
c+,,
g I
Yl
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.IﬂSthCtOf .- NS
Post Hssessment ﬂnswers'_

“: v | '<:j> "

i : ,',_S'Gq./e'.

I/qo-méle) :

o~

~
v
LY
A
/ e =4
~ ¢ Qmﬁsu:q;
Y
L
Y
)
X

($2]

™

| ¥

10. .Graph is. like a picture.
are lengthy. :

w ¢ ‘

">®_.,_l_h: - T
G ksorse
S o 15 20 5., ro o
 Veolirs (Tndependent .f‘_./q;':;!c;iic.)

. . . )
" ‘ . .
. 5 . _ . -
) i
' : | R
. ' " . . -
v . . _ .
. . ,

L . ,!

B .
2 e

It is more easily understood, especially 1f?thé table%

Tkl v
4w DA . .
KA
[ESTRNEN

e oo L adg

[AFuiTox provided by ERIC . ] |
’ . . o ” - -




@ ¢

INDIVIDUALIZED LEARNING SYSTEMS

wy
'
6

Supplementary
References

- Singer, Bertrand B Basic Mathematics for Electricity and E]ectron1cs McGraw-Hi]],
Fourth Ed1t10h .1978. T

”




" Goal:

The apprentice will be able to
calculate and apply basic

trigonometry.

/

_7.'1'3 |

- BASIC TR.IGONOMETRY// - . S

. .
. . o 3 . . .
v

=

2

Performance Indicators:

Describe ‘and label parts of

4 1.
> a triangle (angles and side).
2. Calculate tangent, sine and
' cosine values.
3. Use trigonometric tables.
4, Calculate size of angles from .
| two known sid&s of a triangle. s
5. Calculate value of sides from //
one known angle and one known S
) Sideo ' //
6. Calculate values on an impedance /
triangle,

-

145




‘ ; . . ’ B . "
o
LRead goal and per'formance indicators to determine what is to be learned from package.

3, Read the 1nformation sheet.

® Use reference to find trigonometnc function tab]es
R . : . )
® Review vocabulary list to make sure that: I(ey terms are understood -

. Comp]ete self assessment and score results with answers from answer sheet -

@ Complete epst assessment-and have instructor check answers. ~

Ha

N . . . : : ) e
o R B2 . - 1 4 .
o 1 . R . .
| e . .
.
ry
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o
A »* +
. \
. ) / .
A

Vocabulory

- N\ .

Adjacerit, side o
Cosine :f !
Hypotenuse - 3
~ Impedance tr-i'arig..].é_ .
d‘pposite side.;....i,:; 1 / |

®

®

®

®

®

® Right triang}
‘ Sing. - E

N har
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INSTRUCTIONAL LEARNING SYSTEMS  ~ (o ‘

Introduction

4

Trigonometry is the mathematics of triangles. Most 9gpuPations use trigonometric
principles to solve problems. .. IRV :

This package introduces the apprentice to some basic functions of trigonométry:. A
few applications are used to help the apprentice understand the basic principles.

g
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". . , — . °  A _ .. ‘..  .
- Information

Trigonometéy is used in working with triangles. . Through the use of trigonometry, we'cah ®
solve problems that involve the sides and, angtés of right triangles. Technicians can
use the values of known angles and sides to calculate the value of unknown sides and.

angles. ] -

"

/A right triangle is made of the fgllowing parts:

£

A

Right Angle <ABC = 90° -
Hypotenuse AC- - Opposite <ABC -
Opposite Sides - BC is Opposite «BAC °
: AB is Opposite <ACB -
Adjacent Sides - AB is adjacent to« BAC
\ BC is adjacent to <ACB

~y

. i . I

e _ _ PN .

Each angle of the right triangle has an opposige side (one that does not connect .to the
angle) and af adjacent side (one that is hooked to the angle). .Some characteristics of
angles never change or remain constant. These constants have béen calculated and- placed
in tables. These tables are called Trigonometric Function Tables. |

-

TRIGONOMETRIC FUNCTIONS

“«,

N ' A\ .
The characteristics of angles that are commonly used .in trigonometry are:

1./ Tangent values of angle -

® .
¥ 2. Sine values of angle ".{

3. Cosine vélues of anglg

The tangent, sine and cosine values are based on size of angles (in degrees) and will
be the same for all angTes of that size. Increasing the’ lengths.of the sides of a
triangle does not change those values. . :

dbposite side

Tangent.of, angle = .
- Adjacent side ’
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S——— " . - ' - . , . ‘l

IS Oppoéite side 4
' " Sine of angle = . - .
‘ : Hypotenuse .

Adjacent side »‘4 o ‘ < e

“Cosine of angle =
) - Hypotenuse:

FiNDING SIZE OF ANGLES

A ]
-

So, 1f we know the lengths of two sides of a right trianqle we can ca]cu]ate the tangent,
sine or cosine value of that angle. Study the following example

-

Opposite Side (BC)

Tangent 4 BAC = _
' Adjacent Side (AB)

3t
. {
= Y ' :
Tangent Value = .75
Opposite side (BC) | '_'
Sine <BAC = - . .
: Hypotenuse (AC)
. 3! ; M
’ . . = ; . ' ‘ ’ ‘

Sine va]ue = ,60

-




Adjacent side (AB) . ' i"'

Cosine < BAC

Hypotenuse (AC) S | 0
" .

- BT
Cosine value = .80

-~

TRIGONOMETRIC TABLES

-

When the values from the preceding problem are matched with the table values in a

trigonometric table dn the supplementary reference, we find: .
: '
' Caltulated Values | Table Values
Tangent - \ 15 _ .7536
. Sine L o .60 ' .6018
" Cosine .80 - .7986

the opposite side #fid hypotenuse are known values, calculate a sine/value. If only the
adjacent side and hypotenuse values are known, calculate a cosine value. Match any one

FINDING/SIDES OF TRIANGLES

’ ‘ N

" If an angle and one side of a triangle are known, the value of th
calculated. ; _—

~unknown sides can be




A AL

If we wish to find the value of BC, we must use the sine formula:

‘ ’ ] "~ Opposite side (BC)
Sine = —
" £ BAC Hypotenuse (AC)

We must §ind the value of the opposite side. We know the length of the hypotenuse
and the size of angle BAC. By looking in the trigonometric table, we find a sine
value of .50 for the 30° angle. By substituting values into the formula, the value
of side BC can be calculated: sl A

BC
500 = —%,
10 .
BC- = .500 X 10 .
. f
BC = 5 ‘

If we had elected to calculate side AB, then our choice would have been the cosine
formula because the problem involves the_.adjacent side and the hypotenuse.

Cosiﬁe < BAC Adjacent side (AB)

Hypotenuse (AC)

' AB
8660 - T~ e
. 10
AB =10 X .8660 .

.- | AB = 8.66'




APPLICATIONS OF TRIGONOMETRY

Trigonometry is often used to figdre relationships between impedance, resistance and
capacative reactance of AC circuits. Quite often ‘this relationship is referred. to as
an “impedance triangle". :

A

Resrsfance
=g

14

.‘< B Capacifize o x4
Either of these values can be calcu}ated from a given angle and one side of the triangle.
For example,! if we wish to find %he R value when Z = 800, we know the. value of<BAC and
the hypotenuse AC and we wish to find the value of side AB. Since AB is the adjacent
side, our choice is the cosine function. The tables show the cosine value of a 30°
angle to be...8660. The formula will be:

Adjacent side (AB)

i

Cosine A_'L,BAC

Hypotenuse (AC)

|
8660 = "B ' - |
500 - o o
' AB X .8660 = 800, \
_ 800 | , \
AB - geeo . ]
_AB = 922.6 ohms . .

The resistance value (R) is found to be 922.6 ohms.

Another abp]ication of trigonometry is to bring "out of phase" current and voltage into
phase. With known phase angles and current values, thg-in—phase condition (ix) and -

reactive component (Iy) can be calculated.

. .

‘4"“““" . 2 o v
. - ' . q

s




SUMMARY g B | - ’

The apprentice'will find many opportuﬁ;;;;; to use trigonométric functions in so]vihg
practical problems. Remembgr: ' .

1. The basic formulas for finding tangent, sine and cosine values.

!

5 ,
' 2.. The parts of a triangle.
3. How to use trigonometric tables..

4.. How to substitufe values into a formula.

%
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A55|gnment :
S - — — — " : "
. . o
@ " Work problems 15 3, 5, 7, 9, 11, 13, 17, 19, 21, 29, 31, 39 in Basic Mathematics
for Electricity and Electron1cs, page 414 415 _ E
® Check answers on.page 670. PN ' L. I

®- Complete self assessment and ¢heck answers.:

»

® Complete post assessment and have instructor check answers. - |

-4
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4 SE'f .
A p—— — @ 4 ‘ Lana
. Label the following drawing of a tr‘1angle ! ;
, 1. R1ght anqle |
. v, K}
2. Hypdtenuse - '
3. Opposite side <& ABC w
P 4. 'Adjace.nt side £ ABC ‘
. . 4 - o |
r. . " :
5. Find values of < ABC in trigonometric table for: .
~ ’ o
’ . q._) Tangept a : - “
b) Sine \ _ _
..p) Cosine ) > :
6. Calculate value of AB.
7. Calculate value of AC,: : ‘
. ' .
’ 8. Calculate the size of & ABC if this triangle: :
i
,:- /‘
' ' ’
9. Show ‘._fo.rmula selected for calculation in Problem 8 above.
‘ Draw an'i;mpedance triangle. (Use back of this page) v *
‘“ ‘ wd - . . ‘ .
[ o O ‘ T ._A._A__L_._.__._Q..__..‘...._._A_...._......_..___.d
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’ S . M N

.S alf ﬂssessment o
Hnswers '

W. a) Tangent L5774 o - | | -
* bl sine 5000 ° T ,
"~ c) _Cosine .8660 - U T

6. 8.66 o , \

8. 53° | | o,
9. Cosine = hdjacent side - B

Hypotenuse

‘AesssrancCe R

Capae.4cuqce ﬁ@ae+qnce - N

.f . | xc

1
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Assessment

8 N y N

1. What is the size of £ BAC?

I Y
2. Which is the adjacent-side to £ABC? ' ' K
3. Which is the opposite side to £<ABC? ' | .
4. What is 1ine BC called? | .-

5. 'The tangent of < ABC can be calculated by, Tan < ABC = .Adj;ce,',iig?@

6. The sine va]ue of << ABC = gppos;te:sme - .

7. The cosine value of &£ ABC = ?__side : ]

Hypotenuse . | N b
k¢ ' .

8. The trigonometric tables show 4ABC to have a cosine va]ue of 80 If side BC is 10,
what 'is the value of side AB. ‘ :

’
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°Post
Assessment

9. An impedance trianéle shows:

3

' . ‘ x C

/

Calculate the 1mpedance (Z) if R is equal to 200 ohms Use trigonomefcric tables ‘
to find values. " | . : -

. v | - o /‘
Q Calc;ﬁate the R value of triapgle in question 9 1f Z-is equal to 30?‘ohms.

I- . . . N .

s »

. .
h i
’ ' / .
> . / >
.
[N ’ \
b At ‘ S ' ' \
. “ i
g ¢ R v ..
4 5. ‘\
. A 4
¥ Lo
s \
N |
2! - e \
{ :
o ‘,*
D " e .
.
o .
"oy
3
{
“ .
\\ ,
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"I nstrudtor SR
Post Hssessment Hnswers

v , . . l

*a L} B ) l |

/‘ ” —” . ‘ ‘.
< .r .
h * “ts ;

r ]o . 9,00 . . - ‘ - .
. ‘ ‘.‘ -~ ) " s
20‘ AB ' R s . - R
3. AC . > ] LT
. .- N : . . . e ) - . . “ . J . . L
4. Hypotenuse S | S . . e I
° . .:. - ) v . * , .. . ‘“\D' ’ . l N ' . “a . - .y . " » L ' . . . '
“ 5. Opposite o IR Sl L ' <

. Hypotenuse A R

"6
. ‘i;_mﬁ&mnt._;,"f" “  "o ;?;;f;" - | *’I o 'u'.: £,:;
- 8 o - ' v , S
9

. 8 . - ) ’ . . . O - L L3 . ] . S .
N 3 * ' B AR & - o ' o

s -~ . . .

ERIC

Aruitoxt provided by Eic
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Refefences
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Singer, Bgrtrand B.

-

’BasiéﬂMathematics for Electrjcity and E1ectfonics.

- Book Company. New York. Fourth Editiony_Pages 397-413.

.-

McGraw:Hi]l
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,Tiigonoinetric ' Fundtiqns Table

ANGLE SIN
0° 0.0000
1 0175
2 .0349
3 0523
4 0698
5 0872
- 6 .1045
7 1219
8 .1392
9 .1564
10 1736
11 1908
12 2079
13 2250
14 2419
15 ,2588
16 2756
17 2924
18 .3090 -
19 3256
20 .3420
21 .3584
22 3746
23 .3907
24 .4067
25 4226
26 .4384
27 4540
28 4695
29 4848
30 5000
31 5150
32 . 5299
33 .5446
- 34 5592
35 5736
36 5878
37 .6018
38 6157
39 6293
40 6428
a1 6561
42 6691
43 .6820
44 6947

COs

1.0000 ,

.9998
9994
.9986
9976
9962

9945
0925
9903
0877
0848

.9818
9781
9744
9703
.9659

.9613
.9563
9511
.9455

9397

9336
9272
9205
9135
0063

8988’

8911
8829
8746
.8660

8572
.8480
.8387
8290
8192

8080
.7986
.7880
NYA
7660

7547

7431

7314
7193

TAN
0.0000

0175
0349
0524
0699
0875

1051
1228
1405

1548 .

1763

1944
2126
2309
.2493
2679

2867
3067
3249
3443
3640 .

3839

4040
*.4245

.4452

Acow

4877
5095
5317
5543
5774

.6009
16249
6494
6745
7002

7265
7536
7813
8098
8391

. 8693

8004
9325
.9657

163

ah——

-

cos

.6947
.6820
.8691
.6561
.6428

©.6293

.6167
6018
.5878
5736

65692
5446
.6299

51560 -

.65000

4848

.4695
.4540
4384

4226
4067 -

.3907

.3746 -

.3584

- .3420

.3256

.3090

2924
.2756
.2588

2419

.2250
2079
.1908
1736

.1564
1392
1219
1045
.0872

0698

.0623 .

0349,
0176

ANGLE  SIN
45° 07071 , 0.707
46 ,7193
47 .7314
48 7431
49 - .7547
50 .7660

- 81 1
52  .7880 ° .
53 7986
54 .8090
.55 8192
56 .8290
57 8387

. 58 8480

" 59 8572
60 8660
61 8746
62 8829
63 8910
64 .8988

65 9063
66 9135
.« 67 .9205
68 .9272
69  ..9336
70 .9397 -
71 .9456
72 9511
73 .9563
74 .9613
75 .9659
76 9703
77 9744
78 97181
79 9816

- 80 9848
81 9877
82 ‘¢ :9903
83 9925
84 .9945
g5 9062
86 . .9976
87 9986
88 .9994
89 .9998
90 - 1.0000

._0000

TAN
1.0000

1.0365
1.0724
1.1106
1.1604
1.1918 °

1.2349  ° ’ ot
1:2799

1.32707

1.3764

1.4281 .

1.4826
1.5399
1.6003
1.6643
1.7321

180407 7,
18807 ">
19626 - -

2.0503".,

- 2.1445

2.2460

2.3559 :

2.4751 o

2.6051 ]
2.7475 Y |

2.9042 ) .
30777 .
3.2709 o

- 3.4874
- 3.7321

[}

4.0108
4.3315
4.7048
5.1446
5.6713

v 6.3138

7.1154

8.1443

9.5144
11.43

14.30 .
19.08
28.64
57.29

b —
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METRICS

1
J

A . °

- Goal:

The apprentice will be able to

make conversions between the

English and metric systems of
' measurement.

Performance Indicators:

¢ \

. - _ ¥
1. Convert English to metric
measurements.

®7. Convert metric to English
measurements.
»
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Introduction

I Through.thq'years more “‘and more countrigs have begun using the met»ic system.
The United States is changing from the English FPS (Foot-Pound-Sécond) system to
"SI metrics. It is therefore important that we become familiar with the metric
units and thgir relat1onsh1p to the familiar English units,
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* Study Guide

// B
This studf guide is designed to help yp'u successfully compfete this module.
Check off the following steps to cqmp)etion as you finish them.

4

STEPS TO COMPLETION

( - o | \
1. Familiarize yourseff with the Goal and Pekformanco‘lndicators on the
_ title page of this mooflér ' - )
. . \
é, — Read the Introduction and studylthe Information section of the module.
' It is “iftended to provide you wﬂth the math: skills necessary to
successfully complete the assessment portions. E >;¢; .
3. ____' Complete the Self Assessment section of the'module.' You may. refer to
'~ the Informatjoh section for help.
v . . . ,
4. . Compare your Self Assessment answérs with the correct answers on the ‘

Self Assessment Answer Sheet immediately following .the Self Assessment
exam. If you missed more than one of the Self Assessment exam questions,
- go back and re-study the necessary portions of the Information SeCtIQﬂ-

or ask your instructor for help. If you missed one or none of these

problems, go on to step 5.

5. Complete the Post Assessment section of the module. . Show your answere
to the instructor. It is recommended that you score-90% or better on
those Post Assessment exams with 10 or more problems, or‘hiss no more than
one: problgm on those with fewer than 10 problems, before being allowcd
to go on to the next math module.
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Information

oo - |

The official name of the new metric §§2tem is "System-International de Unite." .
| : Its abbreviation is "SI." v |
Although .this module will not cover all of it, the following seven a}eas.are those
in which metrics come into Flay: |

f

/ Quantity ST Unit . SL.Symbol
Length - metre_" ' ' m
_ Mass (weight) kilogram @ kg
. Time - | second s
Temperature , ‘degree Kelvin K - :
Electric current ~ amberé " A ;~
' Luminous intensity _ candela | cd '

. Amount of substance mole . o “mol

The area_df measurement of length and distance is our primary‘cohcerq here. llere
are ‘a few fundamentals of the metric system: '

»

' 1 inch = 25.4 millimeters 10 millimeters = 1 centimeter
* | = 2.54 centimeters 10 centimeters = 1 decimeter a
1 foot = 30.48 centimeters 10 decimeters = 1 meter *
) = 3.048 decimeters 10 meters = 1 decameter
= 0.3048 meters 10 decameters = 1 hectometer
. 10 hectometers = 1 ki'ometer




© CONVERSIONS - . S,

The following lnformation provides us with all we need to know about conventinq
. our sysnem of 1nches. feet yards, etc. to metric values Co

e

!
N .

. inch x 25.4_= mm
inch x 2.5 = cm |
, inoh x .025 = m . / . : N .
foot x 30.5 = ¢m * ™. SN
foot x 0.305 = m | N "
yardlx 0.91*=m ‘ : nr
mile x 1.6 = km - o :

*

p The following 1nformatlon enables us to;convert metric values to inches, feet,
yards, etc.

Example:

Example:

millimeters (mm) x 0.039 = inches
centimeters (cm) x 0.39 = inches
meters (m) x 39.4 ="inches
centimeters x 0.33 = feet
meters x 3.28 = feet toe
. meters x 1,09 = yards -
ilometers (km) x 0.62 = miles
| .
A board™is 46 inches long. How many Centimeters long is it? _
The table tells us that if we want to convert inéheg to centimeters, we
multiply the number of inches by the converstion ¥actor of 2.5.
Answer: 46 inches x 2.5 = 115 em g

A Swiss watch measures 21 m1llimeters across its. face How‘many inches .

is it? : , e

The table tells us that if we want to convert millimeters to inches, we

multiply the number of millimeters by the converstion factor of 1039,
Answer: 21 mm x .039 = '819 inches
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e Self °
Assessment

Complete the phrases below, referrihg to the Information’ section as necessary. . .
N . .‘\
‘b 1. To determine how many millimemters are in an idinch, you multiply by
' , - . _
2. There are centimeters in a meter. R
3. ‘cm equals one. inch. ’ )
. - - L)
L 4. A centimeter is.  times as large as a mm.
Lo . L
o 5. Ammis |, ._ the size of a cm.
6. To determine how many cm are in a foot you would multiply . - “ L
inches. ' '
»

7. To Hetermpne how many mi]limeters are ih a centimeter youwould __ . __
/" by‘]O ' ' ' " ’ S

" 8. A meter consists of ’ feet.

' 9. A meter consists of " inches.

'10. There are . mmin a meter. | v
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9 Self Hsse'ssment
Hnswers

#

1. 25.4,
2. 100 | IR

-3, 2.54

4. 10
5. one-tenth (1/10) ,
. @ 6. 2.5, 12 ,,

7. multiply
8. 3.28

9.° 39.4
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‘e Post .
Assessment

Compute the answers to the following problems and write the answers in the blanks.

Y R
Wy e
2,

1. 3 inches = . cm

#t

2. 6.5 yards meters

)

3. ‘6.5 yards ' cm | [

. 4. 12.7 cm = | " inches

#t

5, 7 ﬁégghﬂ | meters Y R | iuj

n

6. 1 inch cm

‘ .7. .I !‘cm - ) mm B . . ’.'__.'_.f_;.....- o

8. 1 mm =" Taocm , ' e

[

]

- 9. 1 foot
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