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ABSTRACT

This Project (1) identifies basic and functional math skills (shop math skills),
(2) provides pre-tests on the above functional math skills, and (3) provides
student learning projects (Project Sheets) which prepare metal trades students
to read, understand and apply mathematics and measuring skills that meet entry
level job requirements as defined by the metal trades industry for the following
occupations:

819.284-008

Combination Welder Apprentice T.
T. 600.280-026
T.
T.

D.O
Machinist Helper D.0.
Precision Metal Finisher .D.0.
Sheet Metal Worker Apprentice D.O.

705.484-010
804.281-010

Input for this project was obtained from metal trades employers, instructors,
and students throughout Northern Utah (Wasatch Front North). Each student
project provides (1) a review of needed mathematical principles, and (2)
selected simulated on-the-job word problems for students to solve (Shop Problems).

~

Copies of this report, as well as pre-tests and studeni handouts for each occupa-
tion, may be obtained from:

Utah State Office of Education
Adult Education Unit

250 East 500 South

Salt Lake City, UT 84111

Cost of report: ) $20.00
Cost of Student Handouts:
Combination Welder Apprentice: $18.00
Machinist Helper: $20.00
Precision Metal Finisher: $20.00
Sheet Metal Worker Apprentice: $18.00
iii
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This project was accomplished between January 5 and June 30, 1981.

This report contains the training outline, called Student Training Record, for
each of the occupations listed above. The training outlines titled “"Shop Math
for Combination Welder Apprentice", Shop Math for Machinist Helper", "Shop Math
for Precision Metal Finisher", and “Shop Math for Sheet Metal Worker Apprentice"
identify the basic functional math skills needed for each occupation.

Each Student Training Record lists the Milestones (major training subjects) and
Projects (learnirg activities) the student is to accomplish.

This report also contains the individualized, single-concept, student learning

orojects, called Project Sheets, pre-tests and handouts for Shop Math for Mach-
inist Helper.

Each Project Sheet contains threas elements:

1. Front Page--Listed here are the following instructions and information:

A Heading: Listed at the top of the page is the Cluster, Occupation,
Module, Milestone and Project to properly identify where the project
is contained within the specific Student Training Record.

B. Training Conditions: Listed here are the equipment, tools, etc.
needed to successfully perform and complete the Training Project.

C. Training Plan: First, an explanation of WHAT will be done and WHY it
must be learned are given (i.e., the purpose and objective of the
project). Second, a step-by-step procedure of HOW to do the project
is given.

D. Training Goal: This entry identifies exactly how well the student is

expected to do in solving the Shop Problems at the end of the Project
Sheet.

2. Review of Basic Math Principles--The first part of the text of each Pro-
Ject Sheet contains a brief review of the basic math principles, along
with example problems, to help the student see the application of the
math principles. This review, as well as the example problems, are de-

signed to help the student successfully complete the Shop Problems at
the end of each Project Sheet.

3. Shop Problems--At the end of each Project Sheet are a series of eight to
fifteen typical shop problems the student will incurr on the job. These
problems are all descriptive shop problems which challenge the student
as if he or she were an employee with the Shop Problems as an assig. .nent.

Project Sheets for shop math for each of the other three occupations listed
above differ only in slight wording changes of example problems as well as
different Shop Preoblems for students to solve.

The pre-test is a criterion referenced assessment instrument designed to deter-
mine out the student's level of knowledge of math for his/her metal trade
occupation. Both a comprehensive version of the pre-test (fill-in the blanks)

and multiple- choice version suitable for computer scoring are provided in this
report.




INTRODUCTION

Research has shcwn that most math students do not see the relationship of numbers,
letters, hypotheses or theorems and how they are or may be used in their daily

living at home or on the job. In the Spring/Summer 1980 issue of Science Education
News, published by the American Association for the Advancement of Science, Robert
Davis, associate director of the Computer-Based Educational Research Laboratory
at the University of Illinois said, "Most students believer mathematics doesn't
make any sense. They think it's a dumb game that really doesn't work." Davis
goes on to say that most students she has observed don't see any connection be-
tween the mathematics symbols they manipulate on paper and anything else.

At Weber State College Skills Center* we found a similar math application
barrier in training students for entry level jobs in the metal trades. Students
had difficulty in applying their classroom math skills toward the solution of
practical shop problems associated with the metal trades. One level of math
proficiency is the -ability to solve groups of similarly written problems that
require little or no ingenuity. This is the level that students normally reach
during high school math. Our vocational students need a higher level--the level
beyond the math application barrier. Students in the metal trades, and perhaps
in other trades as well, must have the ability to select and apply the
appropriate math skills required to solve the job at hand. For example, a
machinist must know whether a particular problem can best be solved by using the
techniques of Geometry or Trigonometry. Cnce the selection has been made, the
machinist must also have the ability to apply appropriate math skills that will
result in a meaningful solution. This project provides the vocational student a
means of eliminating the math application barrier. '

In this project, we set out to achieve two goals:

1. Identify basic and functional math skills which prepare metal trades
students to read, understand, and apply mathematics and measuring skills
that effectively meet entry level job requirements as defined by metal
trades industry for:

Combination Welder Apprentice D.0.T. 819.284-008
Machinist Helper D.0.T. 600.280-026
Precision Metal Finisher D.0.T. 705.484-010
Sheet Metal Worker Apprentice 0.0.T. 804.281-010

2. Develop individualized, self-paced, single concept, student learning
projects which prepare students to read, understand, and apply basic and
funct.onal mathematir. and measuring skills required for entry level
jobs in the four oc~ yations listed above.

*Weber State College Skills Center is a vocational training facility operated by
Weber State College. The purpose of Skills Center is to increase the employ-
ability of the individual--through a partnership with employers. In addition to
developing specific job skills, students learn other things that 1lead to
success in the work environment--things like a good attitude, the ability to
communicate, and the importance of dependability and- punctuality. Skills Center
is open to all applicants 16 and over who will benefit from the training and be
an employable age when their training program is complete.

&
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The handouts listed on the Student Training Record are summaries of geometric
area and volume formulas introduced in the Project Sheets.

A complete list of the Training Modes employed at Weber State College Skills
Center appears in Table A.

A1l student materials for this project were written for metal trades vocational
training students. The reading level for student learning materials is fifth to
eighth grade.

Permanent copies of this report as well as copies of materials developed for
Combination Welder Apprentice, Precision Metal Finisher and Sheet Metal Worker
are on file and availabie from: .

Utah State Office of Education
Adult Education Unit

250 East 500 South

Salt Lake City, Utah 84111

Coptes of the complete Student Training Records for each of the four metal
trades occupations cited in this report, appear in Appendix A.
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Training Mode

Project Sheet: Individualized
self-paced, single concept,
graded reading student
handout.

lext: Reading assignment in a
textbook or s! op manual.

landout: Written materials
other than Project Sheets.
May be given to the stu-
dent to keep.

Quiz: Written evaluation
ofessential points within
a8 Module or Milestone.

y EMONSTRATION

fj’Aumo-wm

Training Mode

SO

AIMINMRNER

Lecture: Lecture-style present-
ation. May involve one student,
a small group, or the entire
class.

DC{Discussion: Group discussion

led by Instructor.

DM Demonstration: Demonstration
of an activity--Instructor
demonstrates to student(s),
or student(s) demonstrate
proficiency to Instructor

and/or other class members.

RPRole Play: Group of students
role play and discuss an on-

the-job situation.

TRIField Trip: Students visit an

off-Center facility.

RV|Review: Verbal evaluation of
escential points within a

Module or Milestone.

Training Mode

A T ...

N

=R

T

R S ey,

-
[t

FT

cT

vC

TP

Motion Picture: 16mm sound motion
picture film.

Slide-Tape: 35mu slides in carousel
with audio cassette. :

Filmstrip-Tape: Filmstrip with
audio cassetlte,

Cartridge: Visual and audio pre-
sentation in one self-contained
unit.

Video: 3/4 inch U-matic cartridge
or 1/2 inch LIAJ reel-to-reel video
tape.

Transparancies: Overhead trans-
paraacies.

Audio Tape: Cassette tape.

Computer Assisted Instruction:

Computer terminal.




CHAPTER 1

SHOP MATH STUDENT TRAINING RECORDS
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_ - MODULE: SHOP MATH FOR MACHINISTS * '
3 . PERFORMANCE (x}

1§ ol 6/81 TRAINING HODULES AND MILESTONES ) DATE on with
[ ‘ . his/ber Min Max Additonal
’ . St " | Complate Own Supe Sup ¥e 9
F 1. Math Pretest . \, 4
.‘ \‘\ /l
SN <
3 2. Math for Measuring Instruments
a0 PS: Addition and Subtract1on of
Fractions .
Q2 PS: Multiplication_and Division of. ‘
Fractions L ) )
203 PS: Addition and bubtract1on of g ~
e i Decimals I B
204 PS: Multiplication and Division of
J 1 . . Decimals L
205 PS: Fraction-Decimal Conversions -
-206 'PS: Review ‘of Measurcment Numbers
207 1 : PS: WOrkinngith Metrics )
3. ‘Specialized Math Skills
8 PS: Shop Algebra; Part 1
09 PS: Shop Algebra: Part 2 ]
10 PS: _Shop Algebra: Part 3 ‘ !
2 PS: Shop Geometry: Part 1 .
HO: Formulas for Plane Geometr1c
Figures
13 PS: _Shop Geometrv: Part 2
1 214 HO: Formulas for Solid Geometric
Fiqures
215 PS: Introduction to Trigonometry
16 PS: Shop Trigonometry: Part ]
7 PS..  Shap Triganometrv: Part 2.
/ A Y
]“\

‘;1-—"




6,/ 81 TRAINING MODULES AND MILESTONES

with
Max Additionat
= Super

PERFORMANCTE (x)

Math Pretost

Tv'i‘

Math for Measuring Instruments

101 PS- Addition and Subtraction of
Fractions

102 PS: Multiplication and Division of
rractions

123 PS: Addition and Subtraction of

. Decimals .

104 PS: Multiplication and Division of
Decimals

105 PS: Fraction-Decimal Conversions

106 PS: Review of Measurement Numbers

107 PS: Working with Metrics

Specialized Math Skills

108 PS: Shop Algebra: Part 3

109 PS: Shop Algebra: Part 2

110 PS: Shop Geometry: Part 1

111 HO: Formulas for Plape Geometric
rigures l

112 PS: Shop Geometry: Part 2

113 HO: Formulas for Solid Geometric
Figures

114 PS: Introduction to Trigonometry

115 PS: Shop Trigonometry: Part 1

- —

o
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SHOP_MATH OR SHEET METAL WORKERS

DATE

PERFORMANCE (x}

6/81 TRAINING KODULES AND MILESTONES On with
his/her Min Max Additional
Surt Complets Own Super Super Trarmng
1. Math Pretest
2. Matp for Measuring Instruments
PS: Addition and Suhtrarstion of
Fractions
PS: Multiplication and Division of
Fractions
PS: Addition and Subtraction of -
Decimals
PS: Multiplication and Division of
Decimals
PS: Fraction-Decimal Conversions
PS: Review of Measurement Numbers.
PS: Working with Metrics
3. Specialized Math Skills
PS: Shop Algebra: Part 1
PS: Shop Algebra: Part 2
PS: Shop Geometry: Part 1
HO: Formulas for Plane Geometric
__Figures
PS: Shop Geometrv: Part 2
HO: Formylss for Solid Gegmetric
Figures
PS: Introduction to Triaonometry
2-477,




DATE PERFORMANCE (x)
& _. ' 4/g] TRAINING MODULES AND MILESTONES On with
::; kis/her Mun Max Additonsl
Start Complets Own Sup Sup AL 9
1, Math Pretest !
2, Math for Measyring Instruments
101} _ PS: Addition and Subtraction of
— Fractions
- .5: Multiplication and Division of
o Fractions
DX] PS: Addition and Subtraction ot
Decimals
104 PS: Multiplication and Division of
Decimals
105 PS: Fraction-Decimal Conversions
196 PS: Review of Measurement Numbers
107 PS: Working with Metrics
S~ _
1
4
T
Lo :
- T ]
- 25> ]




CHAPTER 2

SHOP MATH FOR MACHINIST HELPER
PRE-TEST AND STUDENT LEARNING PROJECTS
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SHOP MATH FOR THE METAL TRADES: PREYEST

‘ . PART 1

Work the problems and write the correct answers in the blanks.

Add and subtract the fractions as indicated in the following problems. Reduce
answers to simplest terms.

W
Ao

+

I

+

N
00) N

+
..l-!;!

fl

o A
[~
+
9
|

)
H
¥
©
{
W
!

7. In the sketch below find the dimensions & and Y.

X y
J
T B Ay
= X =
| - ZT-G_ L
°
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8. In the sketch below find the total length of the bar.

Length

D440

T

A

—t

L0 st sl il Z"
la e | 8 | ‘ls I 8

Lens-H't

9. Pind the dimensions z, Y, and 2 shown in the sketch below.

¢

X y z

o n : e
Sl

4

10. Find the total length of the profile gage shown in the sketch below.

Length
|
}
L 3" drv |, 25 | 18" | 29"
~ z 4 T 4 32 e ‘32
g Lt.-ng'“'\ —

19
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Multiply the following fractions as indicated below.and reduce to simplest
terms,

n. L x4 « = _
3 3 7
1z. 1L ox 21 4 27
2 4 8
13. & x 6 x |l .
3 ) 8
14, EZ.L. *» 3 2 -
7 < o

Divide the following frzc:tions and reduce to simplest terms.

15, ;L e B =
8 " 4
i6. 132 .2 =
4 " 3 _
7. 28 Lz21 _
8 4
18. 32 . 4 _
3 E
"
19. You are required tc make 22 pieces of pipe, each % long. If you allow
1"
- waste for each piece of pipe, how long a piece of pipe stock is

16

required for the 22 pieces?

Length of pipe stock

"
20. 1f you assume no waste, what is the greatest number of-é— pieces you can

16
make from a piece of bar stock 12%" long? Look at the sketch below.

Total number of pieces

T 1 : T : T
| ! I I
L

| I [
{ | l / { 1 ]

lc. 14 {6 16
12"
2




Add

26.

27.

4 of 8

' d
and subtract the decimal numbers as indicated below.

0.4615 + 7.32 - 4.325 =

6.3 + 0.452 + 8.623 - 10.5001 =

4.1 + 0.322 - 2.6 - 0.315 =

You have listed the following cost items for a certain job: materials,
$157.24; grinding, $175.56; Machining and polishing, $452.75; painting,
$145.40; and profit, $275.00. How much do you charge the customer?

Charge

You have the following information about & pieces of sheet metal: Their
total weight is 100.76 pounds. One sheet weighs 42.67 pounds, another
sheet weighs 20.42 pounds, and the third sheet weighs 11.86 pounds. How
much does the fourth sheet weigh?

Weight of fourth sheet

What are the dimensions A, B, and C in the sketch below.

- A . B C

118"

©
/

- 0271 " A - 0.301 "o

- 1.832% -

3-5 21
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The next four problems should be done the long way without a calculator.
. Multiply or divide as indicated the decimals below.

28, R76 x 8§32 =
29, 0.52} x 2.24 =
0, 69.¢6 =+ 4.35 .
3. 63493 <+ 4,23

W

32. A rectangular piece of sheet metal measures 2.62" wide by 4.51" long.
What is the area? Remember, the area is equal to the length times the

width.

Area to the nearest hundredth of an inch

33. You have measured a circular casting five times to get an average diameter.
The readings are: 1.312", 1.311", 1.019", 1.320" and 1.315", What is the
average diameter of the casting to the nearest thousandth of an inch?

Average diameter

- ‘ 34, If you charge $3.55 for a welded bracket, how many brackets can a
customer buy for $78.107

Number of brackets

Work the next five problems the long way without a calculator.

Change the following fractions to decimal numbers. Round to the neajest thou-
sandth.

$5.

1

]

£
13
S6. 3
V7
37

37- 5 =
1000
38. I
47
39, 15 -
) i2}

3-6-
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40. Find <he dimensions A, B, C, D, and E in decimal form to the nearest thou-
sandt> of an inch. Look at the sketch below.

A B C D E

—-— g, — >le—E —o |

v | | L
_2_“ : \ 8
: i
A - 5
{878 A J D
i i ! 1
‘,I;' |z
e g 0785 =— B —fs % c— |
2.673"
g 4%378“ — =

Hint: Change all {ractions Yo their deamal form

b;{»or& aodms or sub+rac+an3-

Change :the following dec:mzle to fractions as indicated below.

t1. Change 0.0462" to the resrest 32nd of an inch.

42. Change 0.543" to the nearest &4th of an inch.

43. Change 0.925" to the nearest 16th of an inch.

44, In the sketch belcw change the decimal dimensions, width, length, and
hole ciameter to the nearest 64:h of an inch.

W L Hole diameter d

0.286" djameter

J
T T~
Vlf‘ool‘b \+/7

{

" |
= L=2.184 —
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Use the following conversion factors to work problems 56 through 62.

when you know

inches, in.
inches, in.
feet, ft.
miles, mi.
millimeters, mm
centimeters, cm
meters, m
kilometers, km
. . 2

square inches, in.

2
square feet, ft.

. 2.

square centimeters, cm

square meters, m %

cubic inches, in.5
cubic feet, ft.2
gallons, gal.
cubic centimeters, cm >
liters, ,L

1iters,/ﬂ

pounds, 1b.

ounces, oz.

kilograms, kg

grams, g

You can find

millimeters, mm
centimeters, cm
meters, m
kilometers, km
inches, in,
inches, in,
feet, ft.
miles, mi.
square centimeters, cm ®
Z
square meters,
. .2
square inches, in.
2

square feet, ft.
cubic centimeters, cm 5
liters, ,K
1iters,,£
. . . 3
cubic inches, in.

. 3
cubic feet, ft.
gallens, gal.
kilograms, kg
grams, g
pounds, 1bs.

ounces, 0z,

If you multiply

25.40
2.54
0.3048
1.6093
0.03937
0.3937
3.2808
0.6214
6.452
0.093
0.155
10.764
16.387
28.317
3.785
0.061
0.035
0.264
0.454
28.350
2.205
0.0353
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45. 1f you are traveling at 82 kilometers per hour, are you exceeding the 55
mile per hour speed limit? ‘

Yes No

46. Look at the sketch below and find the total surface area of the rectang-
ular block in square centimeters and its volume in cubic centimeters.

Total surface area Volume

| Hint: The total surface

area 1S the sum

r | of the areas of

T | the 6 Tfaces of the
|

rectangular block.

47. How many kilograms are there in a ton? (Ton = 2,000 pounds)

Kilograms in a ton

48. In the sketch below, change the length and width dimensions and their
tolerances to millimeters. Round to the nearest hundredth of a millimeter. ‘

Length dimension Wiath dimension

_T
45%0.075"

1
}-——lz.sta.oos'__..i

49. 1f your car gets 9.35 kilometers per liter, how many miles per gallon
does it get?

Miles per gallon

50. Find the circumference in centimeters and the area in square centimeters
of the ciicle shown in the sketch below. Remember, the circumference of a
circle equals M times the diameter where I = 3.14, and the area equals?r
times the radius squared and*fl" still equals 3.14.

Circumference

__‘8" _ Al ea ‘

4®)
<n



d SHOP MATH FOR METAL TRADES: PRETEST
PART 1 (COMPUTERIZED)

Choose the best answer for each of the following questions.

In problems 1 through 6, add and subtract the fractions as indicated. Reduce
answers to lowest terms.

1. %+l6+—1§€+%+%= 2. 2%+3-i3g+2%=
a 1% a. 8=
b 1% b 7 &
c. % c 111—6
d 13% d. 9—1%
a. 1-1-3-6 a 5—17—6-
. 1% b. 5%

3 15
¢ 7 c 3-55
d. 137; d 3%
a 4%, a 1736
b 4%— b 1%
c 3-;'— c 111—0
q. 42 4 135

In problems 7 and 8, look at the sketch below. Find the dimensions Z and V.

I x equals: 8. Y equals:
a E" a _5-11
I ' 16 8
3" 9"
b 13 b 1o
" (R}
X" S" x5 ¢ 1 % ¢ %
o—— S Y e ——— Y ttestas. D+ o 4 1] n
= 8 ' 8 e Y a, 133 d. 1+
X 16 2
Z s "
- < >
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9. In the skKetch below, what is the total length of the bar?

3" 1" 7" "
a. Irz b. 51—6 c. 145 d. 5
E .' '
N
() (D) 4 |
VAR atva
! P i .
“-—.}.u L‘ -‘-u { ‘9_" J _5_" L . .L“ - ln
< ] s e T & 1 Ye | 8.
<~ Lengt+h : .

z, Y, and 3.

i

£
{-

In problems 10 through 12, look at the sketch below and find the dimensions

2

LY i
g~ i l r , 1~
z - -
s P
1¢. Dimension I equals: 11. Dimension y equals: 12. Dimension 2 equals:
3" lll 2" N
a. g a. 17 a. g p
5" lll -9—"
b. ] b ZZ b. 116
5" 5" 2
¢ T c 116 € 116
a. 13 a. 12 S &
. 1 T ©16
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13. Find the total length of the profile’gage shown in the sketch below.

39" éilt 2" _6-];"
&gz b. 464 c. 48 d. 464
-
H " 1] /]
M_-L'-—L_:-S." S -4— ' _Z_S___-_‘_}_s__’_“_z_g__’
2 < 64 32 [ 32
Leng*k

in problems 14 cthrough 17, multiply the following fractions as indicated
below and reduce to simplest terms.

1 4 6 _ 1 1 7 _
14. 3 x 5 x 7 = 15. 12 X ZZ X 2§ =
2 §23
a. 3 a 35
8§ 25
b 33 b 935
24 55
¢ 33 ¢ %%
7 43
¢ 13 d- %%
66 .1 _ o132
16. 3 X G x 18 = 17. 27 X 4 X g =
a lé a 1
5
3 1
b 3 b. 3
c 12 c 1%.‘
4 5
d 25 d 14

3-12 ~b
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In problems 18 through 21, divide the fractions as indicated and reduce to
the simplest terms.

18. %%%B 19. 1%5%=
a. %—]2‘ a. l%
b. l% b. l%
¢ e 2
i 1 a. 22
20. 22+ 2= 21, 3%+ 3=
a l% a. %
b 5% b. 232
c %—; c 13%
g i a. &
22. You are required to make 22 pieces of pipe, each —Z—niong. 1f you allow
L for waste for each one of the 22 pieces, how lorg a piece of pipe

16

stock is needed for the 22 pieces?

Pipe stock length equals: a. 16-;'

ERIC oo
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23. 1f you assume no waste, what is the greatest number of-Ig pieces you can

' make from a 12%" length of bar stock? Look at the sketch below.

e e
e e o
R
s Ame may o
SR
SHp———

12+
2
Number of pieces equals:
a. 4 b. 40 c. 20 ° d. 14
In problems'ZA through 27, add and subtract the decimal numbers as indicated
below:
24, 0.4615 + 7.32 - 4.325 = 25. 5.671 - 2.3 - 0.0421 =
a. 2,L313 a. 3.3289
' b. 12.1065 : b. 7.9289 ‘
) c. 3.4565 ' c. 34131
d. 7.61 ‘ d. 8.0131
26. 6.3 + 0.452 + 8.623 - 10.5001 = 27. 4.1 + 0.322 - 2.6 - 0.315 =
a. 13.2751 a. 1.507
b. 4.8749 b. 7.337
c. 25.8751 c. 1.328
d. 3.9709 d. 1.7905

28. The following cost items have been listed for a certain job: materials,
$157.24; grinding, $175.56; Machining and polishing, $452.75; painting,
$145.40; and profit, $275.00. How much do you charge the customer?

Customer's charge equals: a. $1030.39 b. $1205.95

c. $1048.71 d. $ 753.20
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29. You have the following information about & pieces of sheet metal: Their
total weight is 100.76 pounds. One sheet weighs 42.67 pounds, another .
sheet weighs 20.42 pounds, and the third sheet weighs 11.86 pounds. How
much does the fourth sheet weigh?

The &4th sheet weighs: a. 15.85 1lbs b. 68.48 1bs

c. 37.67 1bs d. 25.81 1bs

In problems 30 through 32, look at the sk-tch below and find the demensions
A, B, and C.

30. Dimension A equals:

1 [ a. 1.531v
! 0502 b. 1.26"
c. 1.802"

d. 0.572"

1.551" 31. Dimension B equals:

B . a. 5.964"

b. 2.715" '

c. 5.404"

d. 1.319"

0.261 32. Dimension C equals:

l# ‘ a. 3.911v

e 0271 e A - 0301 "> b. 1.434"
- 1.832"

c. 3.503"
d. 0.254"

Work problems 33 through 36 the long way without a calculator. Multiply or
divide the decimal expressions as indicated.

33, 3.76 x 5.32 = 34, 0.521 x 2.24 =
a. 20.0032 a. 1.16704
b. 16.9822 b. 1.15604
c. 16.7932 c. 1.06704
d. 19.0032 d. 1.04704 ’




35. 69.6 + 4.35 = 36, 63.45 & 64,23 =

a. 16.5 a. 150,
b. 1.65 b. 0.15
c. 1.6 c. 15

d. 16 d. 1.5

37. A .rectangular piece of sheet meral measures 2.62" wide by 4.51'" long.

What is the area? Remember, the area is equal to the length times the B
width.

]

Area to the nearest hundredth of an inch equals:

a. 118.16 sq in c. 11.81 sq in
b. 11.86 sq in d. 11.82 sq in

38. You have measured a circular casting five times to get an average diameter.
The readings you made were: 1.312", 1.311", 1.319", 1.320" and 1.315".
“hat is the average diameter of the casting to the nearest thousandth of
an inch?

Average diameter to the nearest 1000th of an inch equals:

a. 1.215" b. 1.315" c. 0.99" d. 1.052"

39. If you charge $3.55 for a welded bracket, how many brackets can a
customer buy for $78.10?

Number of brackets equals:

a. 22 b. 23 c. 21 d. 20

Work problems 40 through 44 the long way without a calculator. Change the
following fractions to decimal numbers. Round to the nearest 1000ch.
y
2

w0, & - a. 1.5 b. 0.159 c. 0.154 d. 0.015
41. f% - a. 0.284 be 2.945  c. 0.294 d. 0.029
42, 312 a. 0.038 b. 0.375 c. 0.033 d. 0.004 :
* 1000 !
43, = = a. 0.221 b. 0.024 . 0.236  d. 0.021
47 e
15 c. 0.002 d. 0.620

44, —= = a. 0.619 b. 6.198

3-16

Q2
oo
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In problems 45 through 49, look at the sketch below and find the dimensions
A, B, C, D, and E in decimal form to the nearest thousandth of an inch.

|- e’ T By
-]

i | -1y
5 — o & 1
T | b T
16 ]
L)

1875
l ‘ L462"
-L“ "y 1"
- |t 0785 — B —~t C—ef }
= 2.6}5 —
e 4-878" -
&-*m‘]". Chanae all fractions }o their decimal form '
bs-‘ore addms or sub+rac+1n3. )
45. Dimension A equals: 46. Dimension B equals: 47. Dimension C equals:
a. 1.313» a. 1.101" a. 1.080"
b. 0.874" b, 1.986" b. 2.205"
c. 1.438" c. 1.201" c. 0.221"
d. 1.000" d. 1.888" d. 0.108"
48. Dimension D equals: 49. Dimension E equals:
a. 0.875" a. 0.108"
b. 0.413 b. 0.878"
c. 0.038" c. 0.305" .
d. 1.5" d. 0.816"
33

3-17
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In problemg‘Sd through 52, change the decimals to fractions as indicated:

50. Change 0.0462" to the nearest 32nd inch:

l" 3—"
a- 3 b 33

51. Change 0.543" to the nearest 64th inch:

l" 9—5—"
a. g b. 64 c.

52. Change 0.925" to the nearest 16th inch:

lsn -];Zn
16 b Tp ¢

In problems 53 through 55, lock at the sketch

l"

32

33"

64

1"
16

below and change the decimal
dimensions (width, length and hole diameter) to the nearest 64th of an inch,

0.286"djameter

,J;ji: N

35,

fe L=2.184" -
53. Width ¥ equals 54. Length L equals:
1 13
a. 1-6_4 a. 264
2 11
b. la' bo 264
3 12
c. lgz c. 264
4 10
do l?l: d. 264

[4
(')
[

3-18

Diamerer d equals:

19
64

20
64

17
64

18
64
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Use the following conversion factors to work problems 56 through 62.

When you know

inches, in.

inches, in.

feet, ft.

miles, mi.
millimeters, mm
centimeters, cm
meters, m
kilometers, km
square inches, jn.z

square feet, ’r't.z

. 2
square centineters, cm

square meters, m 2

cubic inches, 1'n.5
cubic feet, ft.>
gallons, gal.

cubic centimeters, cm 3

11'ter"s, ,L
11ters,)£
pounds, 1b.

ounces, o0z,

kilograms, kg

grams, g

You can find

millimeters, mm
centimeters, cm
meters, m
kilometers,hkm
inches, in.
inches, in.
feet, ft.

miles, mi.

. z
square centimeters, cm

square meters, m¥

. . 2
square inches, in.

2
square feet, ft.
cubic centimeters, cm
liters, l
1iters,,£

.. . 3
cubic inches, in.

cubic feet, fr.3°
gallons, gal.
kilograms, kg
grams, g

pounds, 1bs.

ounces, 0Z.

If you multiply

5..

25.40
2.54
0.3048
1.6093
0.03937
0.3937
3.2808
.6214
.452
.093
.155

o O O O

10.764
16.387
28.317
3.785
0.061
0.035
0.264
0.454
28.350
2.205
0.0353
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56. If yoa’are travellng atc 82 kilometers per hour, are you exceeding the 35

mile per hour “speed limit?

a. Yes b. No .

In problems 57 and 58, look at the sketch below and find the total surface
area of the rectangular blcck in square contimeters and its volume in cubic

centimeters.

T

7" _-- ’
-i- —"—_,-"' '6u¢f”"’1
— o —
57

g. 6£:2.89 sq cm
5. 37%3.78 sq cm
c. 588 sqg cm

d. 2890.5 sq cm

The total surface area ecuals: 58.

HINT:

The total surface area
is the sum of the areas
of the 6 faces of the
rectangular block.

The volume equals:

a.

b.

1120 cu cm

1147.1 cu cm

18353.44 cu cm

. 7226.24 cu cm

59. 1If a ton equals 2000 pounds, how many kilograms are there in a ton?

z. 4410 kg
b. 70.6 kg
c. 1000 kg >

d. 908 kg

3-20
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Using the ,sketch below, for problems 60 and 61, change the length and width
dimensions and their tolerances to millimeters. Round to the nearest hundredth
of a millimeter.

60. Length dimension equals:

a. 317.627 £ 0.005mm

4:5t0°°75"
c. 31.75 £ 0.0127mm \

-+ »
d. 216.5 % .13mm fo—12.5 20.008"—+f

61. Width dimension equals:

b. 317.5% 0.13mm

a, 1164.3 % 1.91mm
b. 113.1 % 0.19mm
c. 11.43 ¥ 0. 19mm

d. 116.2 * 1.91mm

o
t

does it get?

a. 5.5 mpg b. 25 npg c. 35.4 -pg d. 22 mpg

For problems 63 and 64, fin¢ the circumference in centimeters and the area in
square centimeters of the circle shown in the sketch below. Remember, the
circumference of a circle equals T times the diameter, where 1r = 3.14, and
the area equals " times the racdius squared,and 17 still equals 3.14,

63. Circumference equals: 64. Area equals:
a. 50.24 cm a. 324,13 cu cm
b. 324.13 cm b. 63.80 cu cm
c. 25.12 cm c. 50.24 cu cm
d. 63.80 cm d. 200.96 cu cm

. If your car gets ¢.35 kilometers per liter, how many miles per gallon

« 3-21
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. SHOP MATH FOR METAL TRADES: PRETEST
ParT 2

1. Simplify the algebraic expressions given below by combining like’terms.

q. 14c*+6ct= ' :
b. Z(x+1)+4(x+1)=
c. 8ab*-3cb-5ab*4+éch-=

d. 3x+4y-x+zy+ 3x-3y-=

2. Simplify the slgebraic expressions given below by removing parentheses
and combining like terms.

a. %2+ (2v-2x*) - (Y4x2) =
b. 3 - (6x+4)+ (12x-2) =
c. (x+Y)+(x=-y)=(x-Y)= _
d. $*-(p*+s?)-(2pt+4s?)-=

3. Simplify the algebrzic expressions iven below by multiplyving as indicz:. !

to remove parentheses and then combining like terms.

a. 3(x24vy?) +2(x*-Y%2)=

b. 3(R+s)-(R+S)=  _
c. 2(3x-1)-3(2x+2)=

d. 4 (a-b) +3(2a-6b)=

4, Simplify the algebraic expressions given below by multiplying common
terms to remove parentheses and then combine like terms.

a. 2x% (%34 %2y) + x3(xv- 4x2) =

b. 1o¥ryza*(x*a*+ a*y24xiyr)=

e. 3vz2(3x2)(3x*Y%)=
d. (-Za’*b"')(oz-b’)-——

5. Simplify the algebraic expressions given below by using the rule of
ortn m m-n

exponents @+ 2z =z , X + 20 =z )
a. (x*Y5)(x3Y*4) =
b. (x¥Y®) +(x2v4)=
c. (adb?)(a%b3)=
d. (YAwS) % (Y3w?)=

3-22 38
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6. Solve the following equations by transposiny and isolating the unknown

letter.

a. 3x-2(x+6) =6, X-= ‘
b. 4a+3(a+3) =23, a-= ]
c. ex-3(x+4)=12-%, x =

d. 6w+2@8-W)=10-2w, W=

7. Use the formula shown below to find the volume V.

V=rr*h, =314
r = radius, &"
he height, 4.5"

Jolume V.=

8. Use the formula shown below to find the weight W.

W= DH (AB"‘TR;) , D= diameter, Z4-mm = 314

[ PEH R EFLILE

.B.67 H=height, 60mm R« radius, 6.25mm
A=1Zmm 3.67= constant number
6 =20mm .

We.gh'l' W = - . grams

9. Use the formula shown below to find the length L.

Lz=4x+3y+ T + .34 h , X= dimension, 12"
z Y = dimeasion , 14"
T- thickness, 0.667"
h = h&ls,ﬂ““, 8"

La\g-Hw Le

16. Use the formula shown below to find the chord length L.

L= 2J2RH-H* | R=radius, 75"
H= heash“’, 3.33"

Cherd length L = . 39
) 3-23 _
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11. Use the formula shown below to find the radius r.

w?(o.t)(ﬁ_wra)’ W= 25
\3
ma= .14

. rodius r -

.12. Use the formula shown below to find the dimension a.

A=wr*-ab, A= area, 168 sq mm
M= 3.4
r=radus, 25mm
b = dimension, 20mm

d\menston a=

13. 1f the cross sectional area of a square heating duct must be 75 square
inches, what is the length of one side ¢f the duct? .

‘ ) Length of side

14. Translate the following English sentence into an algebraic equation:

"The horsepower required to overcome vehicle alr-resistance is equal to
the cube of the vehicle speed in MPH times,the frontal area of the
vehicle divided by 150,000."

.

Algebraic equation:

15. Translate the following English Sentence into an algebraic equation:

"The engine speed is equal to 168 times the overall gear reduction
multiplied by the speed in MPH and divided by the radius of the tire."

Albegraic equation:

16. Solve tbe following problem involving two equations and two unknowns.
A 16" piece of stock is to be cut into two pieces. The long pilece is to
be three times the length of the short piece. What are the lengths of
the two pieces?

Long piece Short piece

" ERIC 3-24 4()
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17. 1If the gear ratio of a set of gears is 6:1 and the larger gear has 36
teeth on it, how many teeth does the smaller gear have?

Number of teeth

18. 1In the sketch below the two figures are similar. What is the distance H? é§,

| >y T
N S

_L'l*—""_"

12"

Distance H

19. 1If a metal worker can produce 83 doojiggers in 1 hour and 15 minutes,
how many can he or she produce in 6 hours ?

llumber of doojiggers .

20. Pressure is inversely proportional to volume if the temperature remains
the same. When the volume in a pressure chamber is 300 cubic inches,
: the pressure is 120 pounds per square inch. If the temperature stays
‘ the same and the volume is decreased to 175 cubic inches, what does
the new pressure equal?

4 ' Pregsure

21. The speed of a gear is inversely proportional to the number of teeth
on the gear. In the sketch below, how fast is gear B turning?

RPM of Gear B

3-25
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‘ 22. The speed of a pulléy wheel is inversely proportional to its diameter.
In the sketch below, what is the diameter D of pulley wheel A?

Diameter of pulley wheel A

100
RPM

Pulles( 8
PulieY A .

23. The forces and lever arm distances for a lever are inversely proportional.
In the sketch below, find the amount of force, Fw, applied to the
weight, W.

FPorce on veight W

14

100 1bs , '
® { ;
| ~ ;

24. 1f six gallons of paint will cover 288 square feet of surface, how many
gallons does it take to paint 1296 square feet of surface?

Gallons of paint required

25. Two people own a business. Tom owns 3 times more of the business than

Bill. 1If the business is worth $12,400, how much does Bill own? How
much does Tom own?

Bili's share Tom's share
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Solve the systems of equations given below. First multiply one equation or
both equations by appropriate constant numbers, then add or subtract the
equations to eliminate one or the other o€ the unknowns, and finally, solve
for the unknowns. "

29.

30.

31.

32.

Problam 26. (D sx+év =14 %= e
® zx-2Y-=-14

Problem 27. @ -X=2Y = | X= Y =
@ -zx+3Y¥=-19
.\Proble‘m 28. % -3r=-2 } | §= __,Fr=____.

The total value of an order of nuts and bolts is $7.30. The nuts cost
10 cents each and the bolts cest 15 cents each. The number of nuts is
3 more than twice the number of bolts. How many of each are there?

Nute Bolts

The perimeter of a sheet of metal is 72 inches. The length of the sheet
is 12 inches more than twice the width. Find the dimensions of the
sheet.

width Length

A person buys 10 identical shims and 5 identical brackets for $8.75.
Another person buys 5 of the shims and 10 of the brackets for $10.75.
How much does a shim cost and how much does a bracket cost?

Shir cost Bracket cost

A two foot piece of pipe is to be cut into 2 pieces. The length of the
long piece is 4 inches less than 3 times the length of the short piece.
Find the lengthe of the two pieces.

Long piece Short piece

13

3-27
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. Solve the following quadratic equatigms by first putting them in the standard
form, a:cz + bx + ¢ = 0, where a, b, and ¢ are numbers, and then use the |

quadratic equation to solve for the unknown letter.

Quodrahc é%uc-}'wp : X = ~-b % Jb*-4ac -
2a
standard form: ax*+bx+cCc=o0

Problem 33 2Z%*+80=26x (= y —>
Problem 34. 5s+iz=2S8* S = ,
Problem 3%. \R*+Z(R-35)=2(R-3) R= ,
A\f’\ -
36. You are given a right triangle with the dimensions shown in the
‘ sketch below. You are to lay out a similar right triangle with
dimensions 7 (height) and b (base) such that it will have an area
twice that of the given right triangle. Find the dimensions 2 and .
ko b
A& 1S5 ‘o be "'woce A, y OF T
AL- 2A|
Area Az = (b)(h :
zg 2
Arag A. - 9 4’) -—
2 2]
T0° Ay
4
A,
- L
20 1 ie

‘ 3-28
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SHOP MATH FOR METAL TRADES: FRETEST
PART 2 (Computerized)

Choose the best answer for each problem.

In problem 1 through 4, simplif

y the algebraic expression by removing paren-
theses and then combining like t

erms.

. {x+1) ~(2x+3) =

2 X*4 (2Y-2ZxX%) —Y--x2=
q —%X-2

a.-4x‘+w’
b "—-x-4 b Y
c. 3Ix+4 c. “2%2 -y
d 3Ix-2 d. —2x*+vy
3. A+ -)-(x-Y)= 4§ (prys2)-(2pt4 450)=
a. x-v a. 48 -3p*
b x+Y b. 48*- p*
c. 3x-2v c. -4s*- 3p*
d.  zZx+Y 4 -4s> pz

In problems 5 through 8, simplify each algebraic expression by multiplying
as indicated to remove parentheses and then by combining like terms.

S. B(x4Y?) -2(x*vy?) =

6. 2(3%-1)-3(2x-2) =
a At+vY* a. ¥-b
b. X*+ 5Y* b. -8
c. ¥*-=Y?* e X+4
d x*t+4v* d 4
7. 4(a-b)+3(za-Cb)- 8. —(3x+4)-2(5x-3)=
a. 10-i4b a. —-13¥X+10
b. 10a~-2zZb b. —13x-T
C. Sa-i13b C. —I3Xx+2
d. 16a-7b d —13x-2
3-29 45




In problems 9 and 10, simplify the algebraic ex
to remove parentheses and then by combining like

S (5y=X3 %’Xéx* Y2) =

a. 27x*vy*
b. 27 x4+Y+#
c. 3x*vy+
d. 9x* Y+

m<n
In problems 11 through 14, use the rules of exponents (x™ex"=2 x

xm_:. X" = xm-—n>-

. (x* Y+ (x*v3) =
Q. Xey?
b. Xx*Y'3
. C. Xrv2
\\_d. X8 vys3

3. rs*(r3s* r+gs) -
r¥s+ _r4s3
r3s% - r5gé
r4s*_rsSss
ris* ~rts

g b

2 of 8 .

pressions by multiplying terms
*
tems.

jo. ~3ab (2a%b —4qb?) =
a. —6a*b3+1245p>
b. —&a*b*+ 74*b3
c. 6Gadh*+4i2a*b®
d. - 6a*b*+ 124*b?

>

\Z. @3v#)a*v'3) =
Q. a5v*
b. a® v*
cC. avys
“d. avye

4. (d*c*-d+et) = (-d*)=

G —~C +d*2c3

b. ~dc -d
C. ~C ~d*c*
d c+dzc3

In problems 15 through 18, sclve the equations by transposing and solving for

the unknown letter.

15. 4x-2(x+6)=6

a. X=3

b. X=-| ~
c. ¥=398

4. ¥%=-3

7. -(a-3)=2a-6

qa. Q=1

b. a=3

c. a=-3%

d a=-|

16. 6w+2(8-wW)=ID-2W

g W=-I
b. W= 3
c. W=2
d W=l
18, S(M44)= 24 -M
0 M= 18 ®
46 b.M= 8
c. M= 3
d M= 8

3-30




19. Use the formula given helow to find the volume V.

V=Tr®h, T=3.14; r=radus, &"; h=heght, 4.5"

The volume V €quals : q. 8478 cun
b. 508.68 cun
C. t62.7 cuin
d. 113,04 cun

20. Use the formulas given below to find the weight W,

W= DH(AB-TR?)  D=24 mm,

He 6omm: R=6. Z5 mm
3.67

)
A-!me5 B=20mm; T=35.14

WﬂsH' W équals : 545‘;567 rams$

a

b, 176,850 grams
c. 94,135 grams
4 46, 045 gnams

21. Use the formula given below to find the length L.

L’-: 4'7('*‘ 3Y+I_+G.34‘\'\, )(x::lzﬂs Yg [4."3
2- .T_‘“ 0.67" j. h = 8".

Leng-{-h L €quals:

a. I56.39"
b. 108.0( "
C. 14].08"
d. %6%.05"

22. Use the formula shown below to find the chord length L,

L = ZJZRH—H,', "2'-: 7.58°

)‘ L"'-? 3.3311

Chord Jens“n L equals: g. 6.7 "

b. 43.29"
c. 1Z.47"
d. 88.258"

3-3]
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23, Use the formula shown below to find the radius r.

W= (o.\)(ﬁ.'trr‘), W= 25 lbs; w=3.14
3 0.l = constant numbar‘i r=radius

Radius r equals: a. 3.9] "
b. 7.73%3"
c. 244"
d 2.00"

2«+. Use the formula below to find the dimension aq.

A= TTT‘”—ab ) A: les sqmm ; Y = 25mm
W= 3.4 b=z 20mm

Dimension a equals: g, 0.004 mm
"b. 0.086 mm
c. 8973 mm

d 448 mm ‘

25, I{ the cross sectional area of a square heating duct must bte 75 square
inthes, what is the dimension of the side of the duct?

Dimension of the duct side equals: a 8.66 "

h. 12.585"
c. 566"
N d 75"

26, Translace the following English sentence into an algebraic equation:

"The engine speed is equal to 168 times the overall gear reduction multi-
plied by the speed in MPH and divided by the radius of the tire."

a. E= 168 ¢
sSr

b. BE= |6868%
. v
cC. E=_168
Gsr

d. E = |6Br 18
Cs

3-32
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27. Solve the following problem which includes two equations an *wo unknowns:

A 16" piece of bar stock is to be cut into two pieces. The length of the
long piece is to be 2 inches more than 3 times the length of the short
piece. What are the lengths of the two pieces?

lons prece = 14-:, short piece = 2"

long prece = 13", short PlECE = 3" ,
lonﬂ 16C6 x l2.5':, short Ptece—-S.S'
long prece= 11.5") short plece =4.5"

oaod

28. In the sketch below, if the two cylinders are similar, what is the
height H of the larger cylinder? -

178"

H

.L 3" T
~__ .

- ,2" — U;Us)\‘&' H GQUQ‘Si
Q. <"
b. 2o.57"
c. 7"
d. &25"

29. Pressure is inversely proportional to volume if the temperature remains
the same. When the volume in a pressure chamber is 300 cubic inches, the
pressure 1s 120 pounds per square inch. 1f the temperature remains the
same and the volume is decreased to 175 cubic inches, what does the new
pressure equal?

Pressure P equals:
a. 2057 ps

b. 4375 ps
c. 70 psi
d. 175 psy

3-33 49
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30. The speed of a gear is inversely proportional to the number of teeth on
the gear. In the sketch below, how fast is gear B turning?

- Gear B spesd cquals:
M q. 100 RPM
\ b. 1600 RPM
\ e. 625 ReM
\ d. 750 RPM
\
\

31. The speed of a pullcy wheel is inversély proportional to its diamter. In
the sketch below, what is the diameter D of the large pulley wheel?

100 RPM ’
375 RPM btame"*er D f—.quolS:
j a 2s"
‘l:l’ b. 56.258"
15" c. 40"
diametsc~ D chameter 4. ©0.z25"

32. 1f 6 gallons of paint will cover 2880 square feet of surface, how many

gallons of paint w.ll it take cover 12,960 square feet of surface?

5

a. 45 go\s

b. 1%.33% Sals
C. 270 ga|$
d. 27 gals

33. Two people own a business. Luana owrs 4 times more of the business than

Alice. If the total vusiness is worth $125,000; how much each do Luana
and Alice own?

a. Luang - ﬂ75,ooo i Alice - *50.000
b. Luana- $'87,5«‘70 - Alrce - $ 37,5c0
¢. Luana - sloo,ooo; Alice - 525,000
g. Luana- ¥ 9z, Soo, Alice- $?52,:3'0::)

50
3-34
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In problems 34 through 36, solve cthe systems of two equations and two un-

knowns. First multiply one equation or both equations by appropriate constant
‘ numbers. Then add or subtract the equations to eliminate one of
letters. Finally, solve for the unknown.

34. (O sx+6y=14 35 (O -x-zy=y

the unknown

56. O 3s+2p=7

@ 3x-2v=-14 @ -2¢+3y=-19 ® 4s-3p=_2
a X=4 VY= Q. X=-5 Y=2 d. S=-i, p=5§
b. X =2, Y- 0 b x=-3 Y= b. 8= -3, p=8
c. X= 2) Y':--"';’ c, X:-—l) Y:-'7 C. S:l) P.—.—.z
d ¥=-2, yv-4 d ¥=5, Y=-3 d S=3 p=-l
37.

The total value of an order of nuts and bolts is $7.30. The nuts cost 10
cents each and the bolts cost 15 cents each. The number of nuts is 3
more than twice the number of bolts. How many of each are there?

Number of Nuls and Bolts equals:

a. Nuts =33  Rolts- IS
b. Nuts=43 Ryts- zo
c. Nuts= 53 Bolis = 25
. d. Nutls= 34, Rolts = 26

38. The per:ncter of a sheet of metal is 72 inches.

The length of the sheet
is 12 incres mecre than twice ‘the width. Find the a

rea of the sheet.

Arca of the metal Sheet equals:
a. Arca- 2ge sq In

b. Areq « &40 Sq tn
C. ATGO - 274 3qn
d. Area= 3227.56 Sq1n

39. A three foot piece of pipe is to be cut into two pieces. The length of
the long piece is & inches less than 3 times the length of the short
piece. What are the lengths of the two pieces of pipe”

Len9+hs of \on3 pbrece and short piece equal:

a LOncB prece « Zo" | short piece = 16"

‘ b Lon3 piece = 26" , short piece = 10"
c. Long piece = 22" short plece = 14"

o d. Loncj piece = 28") short plece = 8"

3-3%5 §
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In Froblems 40 cthrough 42, solve the quadratic equations by first putting
them in the standard form, ax® + bx + ¢ = 0, where a, b, and ¢ are numbers,
and then use the quadratic eytastion to solve for the unknown letter.

Quadratic Equation: ¥ = -b+Jb*~4ac
Z2a

40. Zx2+80=26% 4l 20+8(3-9) =535 4Z. wW(w43)=B(W+8)-5w

a.y=8, 5 G S —5,2 g. w= 8, -8
b. x=-8% b. §= 8§, -2 b. w= 16, —I6
c.¥=8, -5 c. §$=-5,-2 c. W= 8,8

d. ¥= 78, -5 d. 5= 5,2 4. w= 16,-4

43. You are given a right triangle with the dimensions given in the sketch
below. You are to lay out a similar right triangle with dimensions k
and % such that it will have an area three times that of the given
right triangle. Find the dimensions % and b.

A, = (bXh)

38.66

-ll
VA

‘Dsmens:ons hand b equal:
h e 575", b:io43"
= ‘2”, b" 5'1
6.95“, b: 8.66“
1 't 5{)
", b=46& ~

|

D.0 o B

\

h
h
h
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SHOP MATH FOR METAL TRADES: PRETEST
' ’ PART 3
@
Work the problems and write the correct answers in the blanks.

1. In the sketch below, find angles a, b, ¢, d, e, f, and g.

1)
1

"

¥
b
O - m
n

it

Pede Be
n.f;v‘“

2. In the sketch below, find angle A.

6§9°35'44"

33°62'5%"

3. Find the area and the perimeter of the rectangle shown in the sketch below.
|8
Perimeter equals the distance
45.: dround +he Lnﬁure.
i Area &quals +he base +imes
1 T the heght.
——— e ———
pérl"‘?é*‘éf‘ = Are—a =
-. i the area of a square is 16Y square inches, what is the length £ its
Length of side
Q
ERIC 3-37

53
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5. In the sketch below, find the area of the parallelogram.

f J\ma of a Para\le—logram

h=8' €quals base x kccsh{"
8'

j Area of Parallelogram >

—— s ——

a---——-‘!

6. The formula for the area of a trapezoid is given in the sketch below. Find
the area and the perimeter of the trapezoid.

f—— Tem—
- \

Area of a "rapczwd = !b, + bz>‘1 ,
h=58.1lem 6.Tem 2

1
j { \ where b, and b, are the Lop
d and bettom bases and h i<

e hc haght

Perimeter = Arca of the Jrrafcz.o:d; . ©

7. The line that is the height of an isosceles triangle is perpendicular to, -
and bisects the base of the triangle. Find the area of the - .isoscéles tri-
angle shown in the sketch below.

Hint: First find the height of the triangle by using the Pythagorean Theorem

and then use the formula: i
Area = base cimgs height. ) ) f/ifjé
PY‘H\aqorsqn Theorem:
The square of +he hﬂpo{'&nusc
18" of a right +rmng$e equals the

Sum of the squares of +he other
4wo sides. Sce below

f— 4"

ht - a2+b'1-

Area of 1sosceles a ‘
“+riangle = .

3-38 o4
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8. In the sketch below, find the length of the ladder‘requireq for you to
. "climb a wall that has a trench in front of it.
v
{ Leng*-h or ladder=__,

12/

b

9. What is the missing dimension z in the sketch of the taper punch shown
below?

C
7~ '

e
@ B 2T ’
'Io? ¢ Hink: first finda,
y, . ' A4 b ! +hen b, and 'gmally X.
T -
- y.
¢ 2"__,{

'Q—hl-.l
(=]
=

-t

——

-

10. Find the area of each of the three triangles shown below. You may need to
use the Pythagorean Theorem to find the height.
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11, Find the area of the triangle shown in the sketch below by using Hero's

Formula. . ‘

R

Arca = —-
ero's Formulqg:

8em Scm Area = Vs(s-aXs-b)(s-9),
where S= g+b+e , and

A

a,b, and ¢ are +he sides
1Ic cm of the +rlcnsle.

12. Find the area of the geometric figure shown in the sketch below.

_’4 3» 'I‘_4q_+__ 5-_.4 |

f-,, Ar¢a of rechnglb = o.-b, where aand b

“ are +he sides. ‘
Area of a friangle = b.h | where b 1stne base

Zn and h s the ke:j'ﬁ' z

o

¢ Area of atrapezoid = (b +b:.,)H where b, and
2" 7
) B b, are +he top and boHom bases and h 1s +he |
f-‘—e.s"—«l :

hasg(—&.

Area of the -anure =

13. Find tne area of the geometric figure shown below.
2

Areq of ‘\’r\ang\e =b-h where b

2
lSmm

equaly“\e base and h equals +the
hexgH'.

’ T 32mm .
Area of +he -C‘gure =
y TR

- - 3-40
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14, Find the area of the geometric figure shown below.

3 Area of o trapezoid = (B:+bz.lk
2.
Arca of erec'\'ansle = ab

Ar;akojpo +rmngle = b.h
2

A\rea O;' ‘}';16 'Lljuré =

gl

2! |- R

15. Find the radius R of the circle with center at point P as shown in the
sketch below.

P
R./? Hint: use +he
Pythagorean Theorem
. . i Y 9
- — ! —1"d

I ] — Radus R-': - R
4——4'-—-:-‘
8"

16. Find the side =, the perimeter [, and the area A of the regular pentagon
shown in the sketch below. Remember, the perimeter equals the distance
around che figure. Also remember that in a regular pentagon all five
sides are equal.

l-]mh ‘plr‘-':',' use the
pY‘l'haSorsan Theorem,

Side S =

Perimeter p=

Area= _____
| ad

Q. 341 O
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17. Given a circle with a diameter of 16.7 inches, find the circumference and
the area. Let W = 3.14,

Circumference Area

18. What 1is the length of a piece of ornamental iron needed to make the
design shown in the sketch below? Let sy = 3.14.

Hint: Find the total
B length along the neutral
axis. The ,neutral axis is
the center line of the
ornamental iron.

The nuetral ax/s
1 +he 3%&
ine AR

Length

—e" ]

19. In the sketch below, find angles a, b, and ¢. Lines AB and AC are tangant
to the circle at points D and E. Lines PD and PE are radii of the circle.

B

X

20. Find the volume of the rectangular right

prism shown in the sketch at the right.

I
The wvolume of a right prism equals 7 N
the cross-sectional area of the |
prism times the height of the prism.

Volume 8’ )— _—

‘ 3-42
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21. Find the lateral suriace area, total surface area, and volume of the cone
shown in the sketch below.

Lateral surface area Total surface area

Volume

S: glant hessH'
Lateral surface Area =TS | T34
h-&"  Tohal surface Area =rrs +wr2

Velume =t trr*h
L 5
I-]m'i': Use +he p\(;-hagoream

Theorem 4o find 5.

22. Find the surface area, total surface area, and volume of the pyrar A
shown in the sketch below.

Surface area Total surface area

Volume

Surface area = area of the sides

Total surface area = area of the sides plus area of the base

Volume = % (height times area of base)

S= 14.87'

3 \\_4'
A\
N
6\
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23. Find the total surface area and the volume of the composite shipe shown
Eelow.

Hint: Remember the total surface area is the total outer surface area.
Also, use the Pythagorean Theorem to find the slant height .

Total surface area Volume

\/ . \’ .\l ' ?

-\
. . . .;—.—.- . |1/-;-,+-'>. . . 20 mm 40"\"‘
W \i/] {
!
1. |

Frenes— 251nnh—4-+4——- annni-—-+n—m—-4$0nun-——c-

" Surfoce area of q cone = T x radius x slant \«;:SM'
Sur-f'ace-. orea of a chmder = 2T x radius x height
Volume of a cone = _%_rr x radius squared x heug’n‘i‘

Area of +he baée of cylinder = T x radius squane_.d
Volume of a chmdet’ = T ¥ radius sqtmred X lﬂe;?H’

“Z+. Find the velume of the ceonic frustrum shown 1t the sketch belaw.

Volume

N

N

Velh (A +Az+ JAAL)

3

z - *,
where A, =mr® 5 A=T1"5

and = 3.9




9 of 9

25. Find the volume of the frustrum of a pyramid as shown in the sketch below.

. //b Volume

-——\)"‘__ by8:4 \/,:_é_}-, (A +A, + JA‘AZ)

/A
/ huu"i Where A = Liw, and A,-L.w,
/ .
v
/ -

26. In the sketch beiow, line AB is the diameter of a circle with center at
point P. Lines PC and PD are radii of the circle. Find angles a@ and 7.

angle a
o

angle b _

3-45




SHOP MATH FOR METAL TRADES: PRETEST

‘ PART 3 (COMPUTERIZED)

Choose the best answer for each of the following problems.

In problems 1 through 7, look at the sketch shown below and find angles

1. Angle a equals:

-]

a, 102
b, 78°
c. 88°
d. 12°
3. Angle ¢ equals: 4. Angle d equals:
a. 12° a. 78°
b. 88° b. 88°
‘ c. 102° c. 12°¢
d. 78° d. 102°
6. Angle f equals: 7. Angle g equals:
a. 12° a. 12°
b. 102° b. 88°
c. 78° c. 102°
d. 88° d. 78°

8. In the sketch below, find angle A. Angle A equals:

| 69°35' 44"

3-46
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2. Angle D equals:

a. 12°
b. 102°
c. 78°

d. 88°

5. Angle e equals:

a. 102

b. 78°

o

c. 88

©

d. 12

. 75% 210 23w
. 76% 210 23
. 76° 23" 23n

. 75% 23+ 23n

35°62'5%"
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In proble_ms 9 and 10, look at the sketch below and find the perimeter and the area
of the rectangle.

a T . Perimeter equals the distonce
45" around +he -f:gure.
' Areq e%ua[s +he base imes
H 1 +he hﬂgkk
v

¢, The perimeter equals: ' 10. The area equals:
a. 20.6 in a. 27.1 sq in
b. 18 in b. 29.25 sq in
c. 21,6 in ¢. 28.35 sq in
d. 25.2 in d. 21.6 sq in

11, 1f the area of a square is 169 squaré inches, what is the length of its side?
a. 16 in c. 42.25 in

b. 21.25 in d. 13 in

In problems 12 and 13, find the perimeter and area of the parallelogram shown in

the sketch below.
{ /
' . f J\rea of a Para\)elosram
: h=8' ‘ équqts base x keogh*’
" S
' [/
n

l-n————- R ——

12. The perimeter equals: 13. The area equals:
a. 346 fr a. 120 sq ft
b, 46 ft b. 135 sq ft
c. 48 ft c. 72 sq ft
d. 47 £t d. 225 sq ft

63
3-47
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In problems 14 and 15, find the perimeter and area of the trapezoid shown in the

. sketch below.

/RN

bem
whero b, and b, are the -Lop

{
|

j r{ : \ and bettom bases and h 1

P3¢ heght

‘

L\rea o£ a l—rapczozd = Sb, + ‘az )‘1 ,
2

h: 5:‘ cm 6. Tem

14. The perimeter equals: 15. The area equals:
a. 36.2 cm a. 102 sq cm
b. 32.7 cm b. 40 sq cm
c. 24 2 cm c. 51 sq cm
d. 30.2 cm d. 67 sq cm

16. The line that is the height of an isosceles triangle is perpendicular to, and
bisects the base of the triangle. Find the area of the isosceles triangle
. shown in the sketch below.

Hint: First find the height of the triangle by using the Pythagorean Theorem
and then use the formula:

base times height
2 .

Area =

PYHmﬁorean Theorem:
“The squere of +he hypotenusc
18" of a right -l'manglé €quals the
Sum of the squares of +he other

two sides. Sce below

e 14—

2 _ a%sb?
a. 158.39 sq in G \,’1 h™=a’+

b. 79.19 sq in

et i avemmsmacissadd

c. 126 sq in b

d. 116.08 sq in

3-48 64
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17. In the sketch below fina the length of the ladder required for you to climb

a wall that has a trench in front of it.

R

=

The length of the ladder equals:
a. 19 ft

b. 13.89 ft

c. 11.70 £t

d. 14.37 fc

18. What is the missing dimension X in the sketch of the taper punch shown

below?

e

1"

¥z

0.15"

o ST

¢
b T
. . - _-TT

2" —f

The dimension X equals:
a. 2.2"
b. 2.7"
c. 2.85"

d. 1.5"
3-49

th+: {lr5+ find a,
+hen b, and finally x.
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In problems 19 through 21, find the areasc of the triangles shown in tle sketch
‘ below. You may need to use the Pythagorean Theorem to find the height.

Prob. 19, - T
A
Prob. 2o. Prob. 2i !
]
1t
14 4 0"
,7!
N 1" N
&
> |
6" ‘o’ I 6" Ii 4_1:—‘
19. The area equals: 20. The area equals: 21. The area equals:
a. 12 sq in a. 39 sq ft a. 70 sq in
b. 42 sq in b. 35.7 s¢ ft b. 30 sq in
c. 28 sq in c. 28 sq ft ¢. 50 s5q in
. d. 24 sq in d. 25 sq ft d. 42 sq in

22. Find the area of the triangle shown in the sketch below by uting Hero's For-
mula.

‘ l-‘ero's Formulq:
8cm Sem Area = JS(s—a)(S-b)(s-c_),
wWhere S= a+b+c) and
2

a,b, and ¢ are +he sides
10 cm o+ the *rl_qasle.

The area of the triangle cquals:
a. 34.20 sq cm
b. 396.2 sq ¢m

c. 76.25 sq ¢m

- ‘ d. 42.5 sq cm

Q 3-50 Sb




23. Find the area of the geometric figure shown in the sketch below.

The area equals:

a

b.

Ce

d.

. 86 sq in
71.75 sq in
55.125 sq in

78.25 sq in

Area of redansfﬁ = a-b, where aand b
are +he sides.

Area of a +riangle = b.h | where b i1s +he base
and h 15 the heght. %

Area of atrapezod = (b + ba)h , where b and
2

b, are 4he top and boHom bases and h 1s Hhe
kmgk‘*.

24, Find the area of the geometric figure shown below.

Srmm

3IZ2Zmm

The area equals:

a.

b.

320 sq mm

160 sq mm

t " Area of +r|an3\e =b.h , where b
2
1Smm
J_ ¢quals the base and h €quals +the
h&lgbﬁt
1
c. 80 sq mm
d. 39C sq mm
57
3-51




25. Find the area of the geometric figure shown below.

®y
3

i___

4

L

The area equals:

2" |-

a. 127.5 sq ft
b. 105 sq ft
c. 75.5 sq ft

e. 63.5 sq ft

8'—-+— Y

0 26. Find the radius R of the circle with center at point P as shown in the sketch

below.
P
R/E
1"d — : |
L
L
| S )

| - 4'___..4

8"

a. 8 inches
b. 2.5 inches

c. 4 inches

@ d. 6.125 inches

The radius R equals:

Area of g }rapc—zoxa‘ = (b.+b,,!k
2.

Area of orec*‘ansie = a'b

Area of o Jrrwngle = b.h
2

Hm*: Use¢ +he

) PY}»hagorean Theorem
~d
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In problems 27 through 29, find the length of the side§ , the perimeter p , and

the area A of the regular pentagon shown in the sketch below. Remember, the per/i—\ .
meter equals the distance around the figure. Also remember that in a regular perit-
agon, all five sides are equal. \

Hunt : first use the
PY-Hmsoreon “Theorem,

ri
— 5 —

27. Side § equals: 28. Perimeter p equals: 29. Area A equals:
a. 11 in a. 33.15 in . a. 165,75 sq in
b. 3.32 in b. 16.6 in b. 75 sq in .
c. 6.63 in c. 30 in ¢. 150 sq in

\

In problems 30 and 31, find the circumference and area of a circle with a diameter

d. 6 in d. 25 in d. 82.875 sq in
of 16.7 inches. Let ™ equal 3.14,

30. The circumference equals: 3i. The area equals:
a. 52.44 in a. 218.93 sq in
b. 26.22 in b. 437.86 sq in
¢. 5.32 1n c. 88.82 sq 1n
d. 10.64 in d. 875.71 sq in
®
o)
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32. What is the length of a piece of ornamental 1ron needed to make the design
shown in the sketch below. Let ™ = 3.14,

Hint: Find the total
length along the neu-

tral axis. The neu-
The nevtral axis 15 +he tral  axis is the

doted lin e AB.

center line of the
ornamental iron.

a6 Lergth equals:

a. 38.62 in
A
-f-—==== b. 64.52 in
c. 69.23 in
d. 36.26 in

In problems 33 through 35, use the sketch below to find angles 2,b, ande.
Lines AB and AC are tangent to the circle at poirnts D and E. Lines PD and PE
are radii of the circle.

—’
4
;
33. Angle q equals: 34. Angle b equals: 35. Angle € equals:
a. 90° a. 90° a. 16°
b. 72° b. 827 b. 18°
c. 78° c. 72° ¢. 20°
d. 82° d. 78° d. 227

3-54
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36. Find the veclume of the rectangular right prism shown in the sketch at i
the right. . l

The volume of a right prism equals
the cross~sectional area of the
prism times the height of the

prism.

I

Volume equalsi’

|

|

]

. 1
a. 96 cu 1n 8" )_”._._—_-.
b. 48 cu in 7 /4

¢c. 384 cu in I 12" r’

d. 192 cu :n

o nd

In problems 37 and 39, find the lateral surface area, total surface area,
and volume of the cone shown in the sketch below.

3= slant kegs\n-}»
Loteral surface Area = TrS, =S4
he&" Tohal surface Area =Trrs +wr? ‘

Volume = | yrr3h
3

2 J+n+: Use +he py%asoreom
Theorem to find s.

37, Lateral surface area equals: 38. Total surface area equals:
a. 263.76 sq 1n a. 640.56 sq in
b. 188.4 sq in b. 301.44 sq in
c. 150.72 sq 1n c. 364,24 sq in
d. 231.2 sq in d. 263.76 sq in

39. Yolume equais:
a. 376.,8 cu 1n
b. 1205.76 cu 1n

c. 301.44 cu in

d. 401.92 cu 1n 71 ‘

3-585
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11 of 14
In problems &0 through 42, find the lateral surface area, total surface area,
‘ énd volume of the pyramid shown in the sketch below.
Lateral surface area = area of the sides
Total surface area = area of the sides plus area of the base

Volume = % (height times area of base)

40. Lateral surface 41. Total surface 42. Volume equals:
area equals: area equals:
a. 280 sq f: a. 397.4 sq ft a. 495,67 cu ft
b. 297.4 sq ft b. 380 sq ft: b. 693.93 cu ft
c. 534.8 sq ft c. 660 ¢q ft c. 466.67 cu ft
d. 560 sq ft d. 694.8 sq ft d. 700 cu fr

8
V2
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In problems 43 and 44, find the total surface area and the volume of the
composite shape shown below. ‘

Hint: Remember the total surface area is the total outer surface area.
Also, use the Pythagorean Theorem to find the slant height.

]
, O}
* a— e © ! 20mw domm
/AR ‘

r»—-——-é&o:nnq-——c-

Surtace area of a cone = W 2 rodius x slant hr-csH'
Surface orea of a evlinder = 27 x radius x h613h4‘ ,
Volume of a cone = .‘g_v x radius squared x heaghi-

Area of +he base of cylinder= T radius squared
Volume of a cx{f’mder = T % radius squared x{neagH‘

43. The surface area equals: 44, The volume equals:
a. 7662.86 sq mm a. 54,426,67 cu mm
b. 8604.86 sq mm b. 85,826.41 cu mm
c. 8918.86 sq mm c. 186,306.60 cu mm
d. 7976.86 sq mm d. 36,466.67 cu mm
o
70

‘ 3-57
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) 45. Find the volume of the conic frustrum shown in the ctketch below.
Ve=lh (A. + Az + \/A,Az)
3
where A =mrr? ;5 Ap=Tr®
and = .44
The volume equals: a. 46,890.6 cu in
b. 2,930.67 cu in
c. 11,722.67 cu in
d. 732.67 cu in
‘“ 46. Find the vclume of the frustrum of a pyramid as shown in the sketch below.
- 1
v-_gh (A+ A+ VAR

Where A, = L,W, and A1=L2Wa

The volume equals:
a. 803 cu in

b. 1,156.32 cu in
c. 2,890.8 cu in

d. 963.6 cu in

3-58 74
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i

1

In problems 47 and 48, find angle @ and angle & as shown in the sketch be-

low. Line AB is the diameter of a circle with center at point P. Lines PC ‘ |
\
|
\
|

and PD are radii of the circle.

47. Angle & equals:
a. 46°
b. 76°

c. 34°

48. Angle 4 equals:
a. 46°
b. 34°
c. 44°

(-]

T d. 56

Y
7

3-59
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SHOP MATH FOR METAL TRADES: PRETEST 1 of 7

PART 4

1. Change the following angles expressed in decimal form, to angles ex-
pressed as degrees, minutes and seconds.

a. §3.37° > ° ' '
(-] 1 n

b. 108.25° —

c. 287.14° —= ’ ' "
o ? "

d. 27771 —>

2. Change the following angles expressed as degrees, minutes and seconds,

to angles expressed in decimal form. Round your answers to two
decimal places.

a. 526 44" @ —e _  °
b. 108”57 37" @ — _  °
c. 16°45 ————— _.___.._...:
d. 78°13' 46" —= ’

3. In the sketch below, find the nmissing angles a,ft ,c
express them in WYegrees and minutes.

a (o] ! b o ! o o} r 4 [o} [




4. In the sketch below,

2 of 7

find the missing dimensions R, D, and M. The

circumference of the circle is equal to 41.667". The center of the
circle i{s point P.

R
c=41.eT"

N

M

e B~

5. Find the missing dimensions in the triangles shown telow

<43 J

~
"

7

3-61
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6. Find the missing dimensions, 2 and y in the triangles shown below.

Use the Pythagorean theorem and the facr that the sides of similar |
triangles are proportional.

43
Y
X 8.48
-]
32° 70
N\
1= A
X = X= X= : Y=
X
Y 23.63
14
27’
X = X=_
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7. In cthe following triangles solve for z and ¥ by using trigonometry

functions. (Sin gz, cos 2, Or tan g where 2 is the given acute angle.) ‘
X

23

x 3 Y )
42 . Y

3i® 34
v 3
¥ = Y=

x 3 ) an__. x:: ! Y‘ ’

8. In the sketch shown below, find the distance M by using trigonometric
procedures. Round your answer to the nearest hundredth of an inch.

« 3-63
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3. in the sketch below, find the angle ¢ by using trigonometric proce-
dures. Round off your answer to the nearest hundredth of a degree.

4=

11}
10 diameter

-

— 6" diameter

S

1C. In the sketch shown below, find the distance

x to the nearest one-
hundredth of a millimecer.

Y -
- =

84 mm diam.-e

L
N

Find the head angle A of the bolt shown in the sketch below.
to the nearest hundredth of a degree.

11. Round

% Jead Angle 4 =
[
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12. Fird the missing dimensions shown in the sketch below. Round off .

your answers to the nearest hundredth of a unit if required.

8

S - 4" diameter
hdes,EquaHY

<ﬁ——$?aced.

Lanqurk

13. In the sketch at the right, find the # ‘
width of the river, W. f

hanast 4 N S Gt
/‘\_, P —mn” P

7 i

‘r%l 10 ’

A
]

/
}i— 20’-—-."

14. Find the missing dimensions in the sketch below. Use the Law of Sines.
Round your answers to zhe nearest hundredth.

Angle A Side b Side ¢

/)\ Law of Sines:

Qa = b = C
14" SimA  $inB&  SnC

3-65
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15. Find the missing dimensions 1n the skecch S2low. First use the Law

‘ ot Cosines, ther use the Lav »f 3Sines. 2cund your answers to che
neares: hundredth of a uni:.

Q)
(Y}
%
Lo
X
i

Law of Cosines :
c?z a*+ b2 2abws C

o 366 ¢ o)

~




SHOP MATH FOR METAL TRADES: PRETEST
PART 4 (COMPUTERIZED)

‘ Choose the best answer for each of the following p
’,

1. The angle 53.37°

roblems.

is equal to how many degrees, minutes and seconds”

a. 53° 6 19 c. 53° 300 7v

o

b. 53°% 22+ 120 d. 53° 18" 42 :

w

2. The angle 78° 13° 46" is edqual to how many degrees’?

o o
a. 78.81 ¢c. 78.4

]
b. 78.32° d. 78.23

3. In the figure shown below, find angle a.

’

Angle A equals:

a. 35°37'
‘ not drawn b. 86° 05’
+o scale c. 93°55'
o d. So° z8’
A
Mo 287 \
\
C=41L6e7"
“. In the sketch on the right,
the circumference of the
circle is 41,67". What 18 >
the dimension M? f h»)
R
distance Megquals " { l
a.9.38" '
b. IB.7T6"
’ c. 6.63" center of the aircle
d. 13.36"

Is poeint P
| 3-67. 83
ERIC \

~
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Ve
5. In the sketch bel6é@, find the missing dimension x.

14 bxmenssor'r"

\‘: X X equals:
// a. 143
b. 7J%

. 0° C. 28\[3.

: 4.28

y3

6

- In the sketch below, find the missing dimension R.

\Z

b!rnenswn
45"\7 R equals:
a. ©
b. 6VZ
C. __l_?___
VZ©
7. d. lZ:VqZ-

7. In the sketch befgw, find the missing “imension A.

Dimension
A eciuals :

a. 7.5V3
b. 9JZ
c. IS

‘ VZ©

} d. 12

84

ERIC > 3-68
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Directions for problems 8 through

8. Dimension
A €quals ;
a. 5,65
b.17.12
Cc.18.2)

d. 15

1. Dimension
D €quals -
a. 22.0j
b. 2518
C. 26.5
d. 25.63

13:
the fact that the corresponding sides of cimilar ‘riangles are propor-
tional, find the dimensions A, B, C, C, E ard F.

23.63%

9 Dimension

B equo\‘S:

a.
b
C.
d. 13.9

14.48

. 20.85%

S.65

2. blmen Sion

E equals-.
a. 218

3

D.

.47

c. 8.26

d.

1.8

3-695

Lsing the Pyvthagorean Theorem and

8.6

43 | e
£

o3 D\mensson

Cequa\s:
a. '4.48
b. 21.21
c. 20.8%5
d. 13.9

3. Dimension &

gf‘. 4.04




20.

A

4 of 7

Directions for problems 14 through 19: Use the trigonometric functions f‘
(sin A, cos A, or tan A, where A is the given angle) to find the dimen-

sions U, V', W, X, Y and Z.

14. Dimension
Uequals:
a. 81.55
B. 45.0
c. 79.26
d. €9.9

17. Dimension
X equals :
a. 3.62
b 536
c. 4.45
d. 512

procedures.

in the skezch shown below,

1S. Dimension
Y Equafs:
a. 79.26
b. 69.9
c. 48.0
d. 81.55

18. Dimension
VequclS:
a. 4.2
b. 7.5
c. 30.09
d. 18.12

Dimension
™M equols :

b.o.41"
c.0.47"

sp d ©.%9"
J

3-70

a. 1.238"

{6, Dsmensson
Wequais:
a. 2.49
b. 4.45

c. 202
d. 3.62 ®

19, Dimension
Z =quals:
a. 751
b. &1z
c. 18.12
d. 30.09

firnd the distance M by using trigonometrric
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-

. <= the sketch below, find tre angle A DY USINg Lrigoncmetric proced-
13 2 &

Ang\e

A equals :
a. 9.59°
b. S46°
c.4.7¢6°
4. 4.78°

~9

-

-7 the sketch below., find the dictarce X

&4mmdiom,.

T Dimension
\/ X éqUGIS:
a.943245mm
',/ b.397.13mm
| C.44Z5Imm
350mm d.514.85m m

23. Ir the sketch below, find the head angle A.

Head anﬁ\e
_ A equals s
4 _L f a. Br.66° ‘
Head angle L 05 0875" b.122.62°
o ‘ l c. 92.34°
il d. 51.2¢8°
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2«. In the sketch below, find the distance Y.

/ OA(Y

Ddiménsion

\ Y equals

@ a. 3.88"
26'dsam b, 776"

\ five equally c. ©.0S
\ spaced 4 d. 12.18"

@ r s diameter holes
~

drilled around
a 20" diameter cirde .
4" dyam __/

25. In the sketch below, find the width of the river W.

landmark

bsme.n Sion

Wequals:
a. 21.84
b- 28.83%
c. 33.68’
d. 12.580

3-72
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In probiems 26 through 28, use the Law of Sines to find tne missing dim-
ensions as shown in the sketch below.

Low of Sines:
a = b e C
SInA SnB  SsingG

110°

not drown
4o scale

b
26. AnsleA 27 Side b 28. Side ¢
équals: €quals: equais="
a. §3° a. 21.86" Q. 8.97"
b. 70° b. 1547" b.gft.lsq
c. 143° c. 24.85" C. 1547
d. 33° d 8117 d.12.67

In problems 29 through 31, first use the Law of Cosines, then use the
Law of Sines to find the missing dimensions as shown in the sketch below.

-

Law of Cosines :
not drawn

Yo scale C*- q*+ b*¥-Zabcos C

16’
Z9. 3ide ¢ equals: 30. Anﬂie Aequals: 3. Ang\e B equals:
a. 2126’ a. 81.89° a. 81.88°
b. V.95 b 60.02° b. ¢0.11°
c. 2837’ c. 52° C. 2392°
d. 20.32’ d. 118.08° d. Z7°

3-8
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s PROJECT SHEET
SKILLS |..

CENTER Cluster Metal Trades Occupation Machinist Helper

Training Module _Shop Math for Macninists

Training Milestone 2. Math for Measuring Instruments

PROJECT 1

ADDITION AND SUBTRACTION OF FRACTIONS

TRAINING
CONDITIONS: @ Here's wnat you will need:

1. This Project Sheet.

2. A pen or pencil tc answer the problems
in this Project Sheet.

TRAINING
PLAN: £ Heie's what you do:

‘ In this Project Sheet, you will review addition,
subtraction and reduction of tractions. You will
alse work some problems of the type you will
find on your job. This work wiil help you to
use measuring tools accurately and to apply
their use to practi.al shop problems.

i. Read and study the math review and example
problems on pages 2 to &4 of this Project
Sheet.

2. Work the Shop Problems on pages > to 8.

3. Have your Instructor check your work and
record your score on your Student Tyain-
ing Record.

4. Ask your Instructor for your next Project
Sheet.

TRAINING
COAL: @ Here's how well you must do:

1. You must correctly answer 8 out of 10
Shop Problems.

2. You must answer questions about this Proj-
ect Sheet to the approval of your Instruc-
tor.

3-78 41




bar stock, pipe, wire, etc.~—needed for a job. you
often have to add and subtract fractional numbers.

ADDITION is the process of finding the sum of
two or more numbers.

EXAMPLE PROBLEM 1: Find the len,th of z:

3!! - [ﬂ J
- e 2'}: _ -
bt X

Figure 1: Solve for z.

SOLUTION: Yook at Figure 1.
x = the sum of the three given dimensionms.

.".':-:.’-“ —,-: '-
=g tizri

Remember that a fraction is made of two parts: a nemerator (new-mer-ray-ter)

and 8 dexominator (dee-nomm-i-nay-ter). Look at Figure 2. The numerator is )
the numeral on top and the denominator is the one on the bottom.
14

3 S~ Numerator

s

1§ ~e—- Dencmingtor

Figure 2: The two parts of a fraction.

When you add (or subtract) fractions, you must first change the denominater

of all the fractions to the least common demominator, sometimes written as
the LCD.

e aad

| S A AP WA T Y B (3T W BTV 0 IR K. ST M & S T SN P VW C AT *5 B TN B ST s S ST 72 =S ™ Nl




Now on with the problerm:
e STyl B
Yo Rtz +E

. _'één'f (sz-*- )n+%‘ Change 2'12" 4'0 qa 'chhon as S"lbwﬂ. 2% 244

15 Hhe numerator and 2 the denominator
- .§H+§-n+ 50\

—

16 e

= éﬂ-{- 5__."8°+§."

s T - 16 1s +he common denorminator <o cha &
6 2x )

1o 16 teenths by mulhpl{mg Sx8 z

and Zx8 as shown.
= .§“+ iQ‘+ -3.”
16 =Y 1Y

« I+40+3 .

[/
Since oll numergtors are over a

e Common denominotor 16, add +he
‘ = ‘.‘%‘_g' humerators directly.
- Zii"

. Divide 4( by 16 géH-mg Z with a remainder of

4. Then 1415 +he numsrator and 16 15 Hhe denominator.
2 a" S I)wlde 14 and 1o bY Q@ Ccommon number 2 4o
= reduce +o lowest +erms.

16

!




EXAMPLE PROBLE!i 2: Find tbe length = in Figure 3. 0)

ptt—m XK prt— | o ey

. ZN

Figure 3: Solve for =x.
SOLUTION: Look at Figure 3.

You need to find the lang% of the dimeasion shown as X
*fou find x by Suln}rad-mg I%’ from 2" as shown below.

X=2-13"
3z
22— (32X1+3)" change )_3.: toa (mc{'ion.
X2 32
- 2:_ &u
32
=Z _35" . hote +hat 22",
! 32 {
- 2 x32"_3z85" e 32 1S +he least common denominator
X 3Z 32 So chanse 2" 4o BZnds as shown.
» — o '
t é4°_ 35
32 32
= 64-35" - Subhroct 35 from 64 directly since
32 they are beth “over” +he common
[ denominater 37
=29 e Answer 1511 bwes—l' +erms Since no
3z Common number will dwide nfo beth
Z9 and 32.

If you have any questions about the sample problems, ask your Instructor.
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SHOP PROBLEMS

‘ l. You need to cut four pieces of bar stock with the following measurements:
z3' 31 138" and 31
77z 2 =

How long should your original bar stock be? Lengths;
(Don't worry about waste.)

2. Your supervisor wants you to find out the total length of the bar in
Figure 4. Length

D 000 ©

3" llll ' 91!' g B "u B 7"
— LENOTH
' Figure 4: How long-is this bar?

3. four boss gives you the sketch in Figure 5.

You are to find the lengths
of , v and =z.

Length of: x

Sclve for z, y and z.

3-78 94
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4, Your supervisor hands you a machined part like the onme shown in Figure
6. You need to find the lengths of the parts labeled x, y, and z. ‘

x y z

poan oA Gram Gt A s G e f GED A PV D I GATEE AEE TENR <EYD s

prav: @me oan nh e Gun PN GV G GEee e i e ey GENS U CEEp @A Gwee S

L} " "
. N L)
et ‘-L o w2 2—3 -
- 8 Y \
Pigure 6: Solve for x, y and z.
5. Your supervisor gives you the sketch shown in Figure 7. You
¢ are to find the lengths of x, y and 2. .

x y 2

N )
L-v%“ ' X L. \/ - Z—.L%-II

L lS"
putil <« o ——r—— ot mn s e —
' 3 L 16
4

Pigure 7: Solve for x, y and z.
o7 |
%Xy = L Ia ®

35
3-79
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6. You were given the front view sketch of a machined part as shown in
Figure 8. You are to find the lengths of the parts labeled

‘ v, z, ¥ and z.

€
1]
2
N

i,
3

X —
‘M

Sie ‘
{ 5" ‘S. '"
4——2—-—&-'—-5: 73 g l-—z- —a--—Y-’
o Z-g-" ——tn g — W ———-
s —— L
""""’".“\

Figure 8: Solve for w, x, y and z.

7. You must make five shims of different lengths from a piece of

bar stock. Allow ',’;“ waste for each shim. The measurements of the
shirs are: (3" Z-?_", T $7 and 3",
-

16 g ' e
What is the totsl length of bar stock that you need?

Length___

8. When weasuring items that are irregular or hard to reach, it

r is sometimes difficult to get an accurate measurement. Some-
times the best thing to do is to find an average measurerent.
This is done by making more than one measurement {or reading),
adding the measurements together, and dividing by the number
of measurements taken. For example, if you made three readings,
you would add the three together and divide by three. That would
give you an average measurement.

Now, suppose you have taken the following readings:

i, 19 ", §_") ,L") and ,!_S;", What is the average measurement?
f & " 32 ° <4 o4

H Average measurement
?
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9. Figure 9 is a sketch of a profile gage used for checking work in a machine
shop. The dimensions on the sketch are the lengths of the different steps.
Your supervisor wants you to find overall length of the gage.

Length

SRS B

" 3* 47" 13" 7" ir"

LENGTH ——————»=

Pigure 9: How long is this profile gage?

10. Your boss asks you to find the average of the following five readings:

EY 1% 9% " and A"
32

) =— 3 = -—_

e T 4 32 ' oa

Average reading

BAS




TRAINING
CONDITIONS:

TRAINING
PLAN:

TRAINING
GOAL:

SKILLS |...
CENTER

PROJECT SH

1 of 12

Date

EET

Cluster Metal Trades __ QOccupation _Machinist Helper

Training Module _Shop Math for Machinists

Training Milestone __2. Math for Measuring Instruments

PROJECT 2

MULTIPLICATION AND DIVISION OF FRACTIONS

@ Here's what you will need:

1.

2.

This Project Sheet.

A pen or pencil to answer the problems
in this Project Sheet.

s Here's what you do:

In this Project Sheet, you will review multipli-
cation and division of fractions. You will also
work some problems of rthe type you will find on
your job. This work will help yYou to use measur-
ing tools accurately and to apply their use to
practical shop problems.

1.

® Here's

Read and study the math review and Example
Problems on pages 2 to 8 of this Project
Sheet.

Work the Shop Problems on pages 9 to 12.

Have your Instructor check your work and

record your score cn your Student Train-
ing Record.

Ask your Instructor for your next Project
Sheet.

how well you must do:

You must correctly answer 12 out of 135
shop problems.

You must answer some questions about this
Project Sheet to the approval of your
Instructor.




As & Piecision Metal Finisher, you will need to
multiply and divide fractions. Here is a review
of the required steps to do these operations.

MULTILPYING FRACTIONS

First, to multiply two or moxs fractioms, multiply:

the numerators together and multiply the denominators
together. Look at Figure 1.

Mulhiply the numerators g {-—Produc\' of the numerators

2,3 .2ZX3.6

D —— -

ST 4 3Ixd 1z
Muitiply fhe derxmrmncxi'ors.——j LPmduc’r of the denominatars

Figure 1: Multiply memerators and denominators.

The product of the numerators is written over
the product of the denominators.

Now, reduce the resulting fraction to lowest terms. Look at Figure 2.
Remember that you reduce a fraction to its lowest terms by dividing evenly
the numerator aud the denominator by a common number.

b | because L0+ 6

LY =

|
1z 2 1256 2

Figure 2: Feduce your fraction to lowest terms.

When you can no longer find a common number that will divide evenly into bcth

the numerator and the denominator, the fraction has been reduced to its lowest
terms.

There are several different kinds of fractions:

PROPER FRACTIONS:

Ezamples: L, ENNS- X ) a8l ..

z’ 7’ e ' 3g72’
These have denominators that are smalier than their
numetrators. They are "top heavy':

IMPROPER FRACTIONS:

Exarples: %, L, e 3972
| ) 13 781

3-83 94

These have denominators that are .arger than their numerators:
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MIXED NUMBERS: These are made up of a whole.number with a proper fraction.

Look at Figure 3. A mixed number equals the swm of its whole
‘ number and its fraction.

Mixed Number-——-* {-—Whole number
L. A
Z"Z- L +

2
L. Fraction

Figure 3: Mized mumber = whole mumber + fraction.

Exgmples of mized mmbers :

. 31, 1858, 788 .
3 10 100

When the answer to a pProblem ends up

with an improper fraction, you must
change it to a mized rumber.

Here's how to change it:

Start by dividing the numerator by the denominator. Look at Figure 4.

v
% 18 the imrroper fraction.

Zé- ts the mized mmber equal to —g-?- .

Denominator _} 2 «—whole number |

6)13 < Numerator
12 L
| < Remander 6 6
(New numerator)

———
8 ‘ Figure é: Changing an improper fraction to q mized nmumber.

Q. 8y




EXAMPLE PROBLEM 1: Multinly S x 3
7

=2

SOLUTION: 2 x3 = S x3 . §x3 _
7 7 } Tx 1

<o

!
L

Note: | A whole number can be written as a fraction by using "1" as the
denominator. So in Example Problem 1, 3 is written as;%,.

Al so, I8 s in its lowest terms, and is changed to the mixed
number 2 .'!,._ .

EXAMPLE PRGBLEM 2: Muleiply *% % .%. X

L 2 B6x2xi1
4 T x3 x4 8

12
The answer to Example Problem 2,‘§; needs to be reduced to lowest terms.

Both the numerator and the denominator can be evenly divided by 12. Look
at Figure 5.

’5 H |-

SOLUTION: 6 x 2 4
7T 3

>

c12212 . 1 ®

f |
8¢+1Z2 7

25

Figure 5: Divide mumerator and denominatop by 12.

Here 1S a way to solve the problem more easily. The method of ecancellation
can be used. This method is a way of dividing out numbers that are common to
both the numerator and the denominator. TFor example, the problem can be done
this way: (Look at Figure 6.) First, divide out the 3 in Step A. Next,
d;lvige out a 2 as in Step B, and then divide out anothe: 2 as in Step C.

2 i {

YBx2xX1 . 2X8xd = BXAx1 L ixixt ot
TAS A4 T IR 7xixR TxIxy 7
T i 1 2 t i

tep A Step B tep C

Figure 8: Method of cancellation,

10;

3-85




5 of 12

Figure 6 shows dividinz out numbers in three

steps, but it is possible to use Just one
step. Look at Figure 7. 3 ‘
R
. Figure 7: Method of cancellation
using one step. &X XX 1 -

\,
¥
P4
2
i~

DIVIDING FRACTTONS i1 )

To divide fractioms, you first invert the
nunber, of the fraction that is the-divisor, The
divisor is the number or fraction that you

are dividing by. Now, multiply the two
fractions and reduce to lowest terms.

When you invert a fraction, twurm it over so the numerator and the denominator
change places. Look at Figure 8,

9 inverted is 14

——

1 S
Figure 8: Inverting a fraction.
Remember, the divisor is the number or fraction that you are dividing by.

For example, if you divide 3 by..‘_, (§ =J » then 1 is the divisor.
<+ Z2°\4" 2 2

(/ EXANPLE PROBLEN 3: bivice & by 2,(§+2) (mne stvisor 15 2 ),

‘First invert the divisor and multiply. Look at Figure 9.

~

£.2.643. 18
S 7 zZ i
Figure 9: Imvert divisor and multiply.
Then reduce to lowest terms. Look at Figure 10.

I8 - 18-:-2_._9;1

e v

Z
| 4+2z2 7 7

Figure 10: Reduce the answer.
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MULTIPLYING AND DIVIDING MIXED NUMBERS .
Whenever you multiply or divide fractions, you must change any mized

numbers to improper fractions. First, think of the mixed number as its
whole numbers plus its fractional part. Look at Figure 11,

Z . Z
4z 4+%

Pigure 11: Separating a mized mumber.

Then, multiply the whole number by the denominator of the fraction. Put
the answer you get over the original denominator. 'Add that answer to the
fractional part. Look at Figure 12.

2 ., +2 = A x3 _4_2__._-‘)__2.; __2__,:‘2'*'2
+3 4'3 x373°F T3 %

Figure 12: Multiply whole mumber by demominator, put over denominator, ‘
then add fraction.

Now, add the two numerators directly. Look at Figure 13. The mixed number
is now in fractional form.

33

Figure 13: Adding mumerators.

4_2_= 1Z2+Z . |
3

The steps shown in Figures 12 and 13 can be done in ome step: Multiply the
denominator by the whole number and add what you get to the nmumerator of the
fractional part. Put that sum over the denominator. 1Im Figure 13, 3 times
4 plus 2 equals 14 over 3. Look at Figure 13 again.

{ 02

J

" 3-87
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MULTIPLYING MIXED NUMBERS

EXAMPLE PROBLEM 4: 2% X S.g.

When you are finished multiplying fractions and are unable to divide a
common number into both the numerator and denominator, the fraction will
be in its lowest terms. Look at Figure 14.

ES S . 19,23 _19x23 _ 437
.28><56 5 % =2 ¥ C T

Pigure 14: Multiplying mized mmbers.

You must change the improper fraction to a mixed number. Look at Figure 15.

437 - 437 :48 = 9+ 5 - 9.5
<8 48 48

Plgure 15: Changing improper fractions to mized rumbers.

DIVIDING MIXED NUMBERS

EXAMPLE PROBLEM 5: 4i8 + 6.35.

First write the mixed numbers as improper fractionms. Look at Figure 16.

l- - 3; = ;E;? -~ ;EE;
45 +6L - 33

Figure 16: Change mized member to improper fraction.

Then invert the divisor and multiply. Look at Figure 17.

Divisor -——}

Pigure 17: Invert divisor and multiply.

After you multiply, the fraction will be in its lowest terms since you cannot
divide & common number into the numerator and the denominator. In this case,
the answer can't be changed to a mixed number because it is a proper fraction.
That is, the "top" is smaller than the "bottom".

3-88
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EXAMPLE PROBLEM 6: How many%" shims can be cut from a piece of shim

[}
stock ‘5.‘5' long? Allow % for total waste.

SOLUTION: First you must find how much shim stock you will have after

allowing for waste. So, first subtract the waste from the shim
stock.

l3.é'... waste = 15_‘.."..%" e Subtract wasie.

(l3x8+3)"_ }’1"4__ change +he mixed number o q
8 8 +fraction.
104+1-3" __ 4dd and subtract the numerators
8 Since you have a common denominator (8),
= 102" - shim steck remaining aftrer
8 allewing “for waste.

Now find the number of shims you can make after allowing fer waste,
divide as shown below:

L%Z-'.Lé‘:.' . 102°% %" o wert divisor and mu lhiply

i 8

34

= o2y A . divide 102 by 3 and 3 by 3;
g\ | divide 8 by 4 ond 4 by 4;

this 13 called cancellation

. 34 %1 : - Multiply numerators 34 x {1, gnd
z x4 dehomlna*l'ors Zx1

= 32-”“ - Feduce to whele number by

dividing 34 by 2.

= 1T shims o Final Answer

If you have any questions abcut the examples above, see your Instructor.

105

3-89




) SHOP PROBLEMS

‘ 1. Your boss asks you to cut brass cylinders from a piece of brass pipe.

n
How many brass cylinders can you cut from a piece of pipe |6~é long
L]
if each cylinder is l:‘_'- and you are to allow 5." waste for each cylinder?
) 2

Mumber of cylinders:

t
2. You are required to make 22 pieces of pipe, each % long. How long a

Plece of pipe stock do you need? Allow .L: waste for each piece of pipe.
lo

Length of pipe stock:

3. Your supervisor has given you the pattern and dimensions in Figure 18.
What is the greatest nv ner of Pleces you can make from the bar stock?

Toiwal pieces: (Assume no waste)

/ /
1 T T | | i
! ] : I I !
! | I Bar | ' !
} ] l | i
{ ] | 5§'OCk I i
® R '
1 1 1 | 1 l
— F
A _.{, ol sl s
b 6 I | § |
l fn
- 12 >

Figure 18: How many pieces ean you cut from this bap stock?

4. You must stack boxes 3:& high in a 62" high bin. How many boxes can you

get in the bin?

Bozxes:

X
Box S
M)

A

6 Figure 1¢: Fouw many bozes?
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5. You need to cut pipe to Zé; long as a support for a large piece of
equipment. Your supervisor only has a 7' 1" piece of pipe. How many
Supports can you cut from the stock? Do 'not worry about waste. (Hint:
Before dividing, make sure you have changed 7'1" to inches so you will be

dividing inches by inches.) Mmber of pieces:

o
6. You are given a blueprint in which;%,= 1 foot. Bow long should an 18'

Pipe be on your dtawing? JInches:

1]
7. You need to stack as many sheets of L sheet metal as possibie in a 4'
6" bin. How many sheets will you be able to stack? (Bint: Again, make

sure you have changed 4°6" to inches so you will be dividing inches by

inches.) Mamber of sheets:

8. Your boss quickly sketched the drawing in Figure 20 and asked you to drill

the holes in the stock as shown. How many holes must you drill?

Mamber of holes:

EENE

[%5“4-L0—|i§|-9-4¥- 4:7 / _%’4‘~ l%;"—ana# [é;tgu

- llé: D —>

\
r

Pigure 20: Hov many holes must you drill?
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9. Your company needs to know how many squire inches (volume) are in a package
they make. The package dimensions are in Figure 2]. What is tb2 volume
of the package? . (Hint: The volume is found by multiplying the height

times length times width.) Volume:

o s
1 73 b

-~ 2;4{—_"—”,/ L‘ﬂ‘i

Figure {1: What is the voluwnme of tne box?

10. You need to order aiZé foot long steel bar. You know the bar weighs

IL pounds per foot. If steel costs 7% cents per pound, what is the cost

4
of the steel bar? (ost:

11. Your supervisor asks you to get a new screw like the one in Figure 22,
You measure the example and find it has 8 threads per inch. What thread
pitgﬁ are you going to ask for? The pitch of a screw thread is defined as
the distance from a given point on a screw thread to a corresponding

point (the same kind of point) on the next thread. Piteh:

— Pitch Pitch

Figure 22: What " * I"_' ““I r
18 the pitech of
this serew?

39210y
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12. If you are able to machine acertain part in % hours, how many hours |

Co}-

will it take you to machine 32 parts? .

S e

|
Hours: ' ) ' . o ‘
13. How long a piece of stc;ck will you’need to cut 15 washers, each _§_“ thick

" . . ‘ 32
. if yra waste'is, allowed for each cut? Length:

: 14, The circumference of a circle is very near to 3.1 times its diameter. Find

[

the circumference of a circle whose diameter is 5% .

Circumference:

15, If it takes you % of an hour tec sharpen a cutting tool, how many cutting

’

tools can you sharpen during a six hour shift? ) :

Monber of tools

SHOW YOUR WORK TO YOUR INSTRUCTOR.

Aruitoxt provided by Eic:

i

- ERIC

[}
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" | PROJECT SHEET
ISKILLS o

CENTER Cluster Hetal Trades Occupation _Machinist Helper

N\ : Training Module__Shop Math for Machinist

|
|
Training Milestone _2. Math for Messuring Instruments i

PROJECT 3

ADDITION AND SUBTRACTION OF DECIMALS

TRAINING
CONDITIONS: ‘i Here's what you will need:

1. This Project Sheet.

2. A pen or pencil to complete the problems
in this Project Sheet.

TRAINING
PLAN: GD Here's what you do:

In this Project Sheet, you will review what
decimal numbers are. You will review the addition
and subtraction of decimals. You will also work
some problems of the type you .sill find on your
job. This work will help you to use measuring

. " tools accurately and to apply their use to prac-
tical shop problems.

1. Read and study the math review and Example

Problems on pages I to 7 of this Project
Sheet.

2. Work the Shop Problems on pages 8 to 12.

3. Have vour Instructor check your work and
record vour score on your Student Train-
ing Record.

4. Ask your Instructor for vour next Project
Sheet.

TRAINING
GOAL: @ Here's how well you must do:

I. You must correctly answer 8 out of 10
Shep Problems.

2. You must answer questions about this Pro-

ject Sheet to the approval of your Instr-
uctor.




ADDITION AND SUBTRACTION OF DECIMALS

Because decimals are easier to use, decimal measurement is more popular than
fractional measurement. 1In everyday shop problems, !decimals are now replacing
fractions wherever possible. As a Precision Metal Finisher, you will need to
know how to use decimals well.

e

HERE’'S WHAT A DECIMAL IS
A decimal rmumber is a fraction whose demominator is 10 op some multiple of 10.

Look at Figure 1.

Decimnal Form TFraction Form
oé = 6 "I'én‘i"hs - _é_
10
05 = O hundredths - _S§_
100
32 = 32 hundredthg = 32
100 ®
004 I Thousandths - 4
" 1000
Z6T - 20T thousandths . 267
1000
Pigure 1: Decimal and frac¥ion forms. .

v

A decimal number less than one is usually written with a zero £o the left of
the decimal point. For example, .532 would be written as 0.532, .4 as 0.4,
and .00l -ss* 0.001. This is done because it is possibie to mistake .4 for 4,
but you cannot overlook the difference between 0.4 ané 4. Also, the zero

to the left of the decimal point will help vou remember where the decimal
point is.
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PARTS OF DECIMAL NUMBERS

’ A decimal r.mmber may have both a2 whol

€ nunber part and z fraction part.
For example, look at Figure 2 below t

¢ see what the number 343.213 means.

q
3141311211 |«
'
3xloo || 4xi0 3x1 2x4 [X_1 3x_4_
10 100 1000
Hundreds Tens Ones Tenths ||Hundredths|Thousandths
Figure 2: See what each digit means.

Notice that the denominators

ir the decimal fractions change by a factor of
10. Look at Figure 3 below.

4372.6432

4 % {1000 Thousands 4000.0002 Ten<Thousandths 2 x |0.000t
3xi100 Hundred s 300,003 Thousandths 3 X |0.00(
Tx| 10 Tens T0.04 Hundredths 4 x [0.0!
Zx |} Ories 2.6 Tenths 6 x|0.1

‘ T e ach row c_hanges T
by a factor of ten

Figure 3: Eaen denominator changes by ¢ factor of 1¢.
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DECIMAL DIGITS 6
In the number 45.361, the digits 3, 6 and 1 are called decimal digits.
They are the digits to the right of the decimal point--they name the
fractional part of the decimal. You will use the idea of decimal digits
often in doing aritimetic with decimal numbers

* The decimal point is a place marker. Tt separates the whole number part

from the fractional part. 1In whole numbers without any fractionzl part,
the decimal point usually is not writtem, but is understood to be there.
Lock at Figure 4.

2 22.w— Deamal Point e

324 =324. . Decimal Point

Pigure 4: Deciml points go to the right of whole mambers.

It is important for you to know where the decimal points go.

Additional zeros can be attached to the decimal number without changing its
value. For example:

6.4 = 6.40 = 6.400 and so on.

5=5.=

3-97
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ADDITION AND SUBTRACTION

Because decimal numbers re
multiples of 10, addition
Figure 5.

present fractions with denominators equal to

and subtraction are very simple. Look at

4.32 - 4 4

3.6 - 3 %+

Sl— sk
s
le)

T + +| 8| - 7.48
l

dcums M(E frachons -LJ}

o
o
o

Figure 5: Adding Gecimal rumbers.

Of course, you do not actually add and sub
above in Figure 5. You simply line up the decimal points. If one number
is written with fewer decimal digits than the other, write in as many zeros

as needed so both will have the same number of decimal digits. Then, add
or subtract as you would with whole numbers. Look at Figure 6.

tract decimals in the way shown

54+ 6.671 = 3.4-00
*‘En£57'k

[2.071 you must line up +he
- decimal points right
5.89-4.32! . 5.8580 in order {o ge‘l' the

-4 321 r:thr aANnswer

i.SéS”J

o - A NELT VS G R R T DO
FLTATrE D€ L Tre Lee. ol I8
s !

and «dd zeros viere needed.
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EXAMPLE PROBLEM: Find the missing dimensions on the sketch shown
below. Look at Figure 7.

, f T
0524
1o13" g
A l 0.542"
H L ¢
J ot 3
¥ : b
- B e 1.7+2"+ 118 " g
33200
Figure 7: Pind the missing dimensions. ]
You can see that A and B can be solved directly. W :n you know A, you can ‘ j
find C. First, find the length of A. i
i
A= 1.013°40.875" ——— 1.oI3" 1
+ .875" {
A= |.888" .
Then find B - ‘
B=3.321-(1.542'+1.18) \
|
B=3.321" — | 1542
+1.180"
2722" l
B=53.32)~2722" — .. 5.321" l
~27922" l
B =0.599" ) 1
3-99 l 1 J
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And Fxna!ly, find C:
C A- (0.524+0.545 ), A= 1.888" from above.

Then subsh-;-u'}‘mg for A, you have:

C-1.888" - 0.524"

+0.542"
1.066"
C=1888~1.066" — o 1.888"
~{.666"
C-= 0,822"

Now, you can try some sample Shop Problems and see h
are than fractions. 1If ¥ou have

ask your Instructor for help.

ov much easier decimals
any questions about the Example Problems,

‘ ]:MC 3-100 116




1. Your supervisor has given

be 0.008", ©.125", 0.0075"

thickness?

2; Your Imstructor has given
micrometer. You find the
your results as follows:

#10 gage
#11 gage
#12 gage
#14 gage
#16 gage

Your Instructor tl.en asks
diameter of the #1
diameter of the #1

measured?

SHOP PROBLEMS

thickness. You have measured the individual shims and found them to

A. How much smaller is the diameter of the 16 gage wire than the

_ B. How much smailer is the diameter of the #14.gage wire than the

C. What are the combined diametersof the 5 gages of wire you

you 5 shims. You must f£ind their total ‘

» 0.625" and 0.0425". What is their total

Total thickness

you 5 common gages of wire to measure with a

diameter of the 5 gages of wire and tabulate

vire = 0.102" diameter
wire = 0.090" diameter
wire = 0.081" diameter
wire = 0.064" diameter
wire = 0,051" diameter

you the following gquestiuns-about the wire. ‘

4 gage wire? Dif?érence

0 gage wire? Difference

Combined dicmeters _




S of 12 |

3. You have just finished a job and your boss wants to.know how much to bill’
/

the customer. You have kept track of the following cost items:

Material - $157.24
Machining - 175.56
Drilling - 182.47

Finishing - 246.72
Painting - 36.50

Your boss wants you to add in $255.50 for profit. How much do you bill

the customer? Bill

4. Your foreman has given you the following information abaut 4 Pleces

of sheet metal. Their combined weight is 100.76 pounds. One sheet

weighs 42.67 pounds, one sheet weighs 20.42 pounds, and one sheet weighs

11.86 pounds. The foreman wants to know Fow much the fourth sheet

weighs. Weight of 4th sheet

S —————
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5. Your shop foreman gives you'a sketch of a gage to be cut from sheet '
metal. Look at Figure 8 below. You notice that before you can lay it

out, you must find some missing dimensions. What are the lengths of

A, B and C? A B c

118"

) ? ®
L3 6.301"

Figure 8: Find the missing dimensions.
119 9

3-103




11 of 12

6. Your supervisor gives you the job of machining and finishing a 1.265"
. thick part. You are to machine off 0.0125" and finish off 0.001".
What will be the thickness of the finished machine part?

FPinished tnickness

7. Your job is to take a drawing sketch (Look at Figure 9), lay it out on
sheet metal for cutting. Before you can lay it out you must find some

missing dimensions. What are the dissing dimensions A, B, C, D, and E?

A B c D E
4 - { o.:’so"
¥
_..t.__ 3
" cC
1.876" 10I © ¥
’ o
‘ * ‘@" 072!
075" l ﬁ
& J 0.512"
) ] t
—={ 0314 !-e— 0.92)" —olat= 1.03)" cfm 0.96" ~eobtm |.02" o]
[ B D ——
T s E o

Pigure 9: PFind the missing dimensions.

8. Your Instructor gives you a 1.135" thick machine part for you to grind.
and polish. You are to grind off 0.005". 1If the finished part is to

be 1.129" thick, how much do You need to polish off?

‘ ickness to be polished off

1
o © 3-104 L2
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9. A customer has paid you $175.00 for a certain machining, drilling and
finishing process. If you used $39.50 for metal stock, $14.50 for paint,
and $32.75 for general overhead, how much did you make?

Profit

10. You are to make a precision gage from a sketch given to you by your
Instructor. Look at Pigure 10. Before you can lay it out for cutting,

you £ind you need to figure out some missing dimensions. What are the

dimensions of A, B and C? ‘ A B c

o.27"
¢
- }
&
— . SN |
o 1025 pf035 e 016" o B |- 0781" e € o]
. (476"
ot 4.372 >

Figure 10: Find the dimensions of A, B and C.

SHOW YOUR WORK TO YOUR INSTRUCTOR.
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PROJECT SHEET
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PROJECT 4 ‘

MULTIPLICATION AND DIVISION OF DcCIMALS

TRAINING
CONDITIONS: ® Here's what you will need:
1. This Project Sheet.
2. A pen or pencil to answer the preblems
in this Project Sheet.
TRAINING
PLAN: & Here'slwhat yea do:

‘ In this Project Sheet, you will review multipli-
cation and division of decimals. You will also
work some problems of the type you will find on
vour job as a Machkinist Helper. This work
will help you to use measuring tools accurately
and to apply their use :o practical shop prob-
lems.

1. Read and study the math review and Example
Preblems on pages 2 to 9 of this Project
Sheet.
2. Work the Shep Problems on pages 10 and 11.
3. Have your Instructer check your work and
record your score on ycur Student Train-
ing KRecord,
-. Ask your Instructor for your next Project
Sheet.
TRAINING
GOAL: @ tHere's how well you musr do:
i. You rmust correctly answer 8 out of 10
‘ Shep Preblems in this Project Sheet.

<. You must anc<wer guestions abeut this Proj-
€ct Sheet - the approval of your Instruc-

ter.,
3-10610‘)
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MULTIPLICATION AND DIVISION OF DECIMALS
MULTIPLICATION OF DECIMALS

When you multiply decimals, you do it much the same way you multiply
vhole numbers except you must keep track of decimal points.

For example: Multiply 3.2 x 0.41

Step 1: Multiply, ignoring decimal points.

32
X 41
32
128
1312

Step 2: Count decimal digits in each number%
3.2 has one decimal dig}g (the 2) and
0.41 has two decimal digits (the 4 and the 1).
The total nuﬁber of decimal digits in the factors is
three. Therefore, the answer will have three decimal

digits. Count over three digits from right to left. . -

1.312
“~hree decimal digits from right to left.

Check: 3.2 x 0.41 is roughly 3 x ¥ or about 1.

The answer 1.312 agrees with your rough guess of

Ny
~ . IR -

™

Remember, even if you use a calculator to do your actual arithmetic, you

should always esiimate your answer and then check it afterwards to be sure
your decimal is in the right place.

3.axob4=’?
Est I MaTE 7

2-107
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EXAMPLE PROBLEM 1: Multiply 0.00622 x0.0041

. Step 1: "Forget the decimal points and multiply normally.

622 x 41 = 622
X 41

622

2488

25502

Step 2: Count the total decimal digits in the original two factors.
Then count in your answer, from right to left, the number of
total decimal digits as shown below.

0.004-1 X 0.0062Z22 = 0.000025482
four decumal + £five decimal — nine total
d's“i"s dtsﬁ-s c}ecmal dtg(‘}‘s

NOTE:{ In this case, you must add the right number of zeros (8)
to get the right number of total decimal digits (9).

‘\".UO.Q.W° 1

o
N

Q 3-108
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EXAMPLE PROBLEM 2: Your supervisor asks you to find the volume of the box
in Figure 1.

(Remember that the volume is equal to the length times depth times height
and is expressed in cubic units--like cubic inches, etg.)

£ 1,

= 0.87
: - */
: ¥4
. . - yn
- (.47 !
.: 2 ‘Gns‘l"h

Pigure 1: Find the volume.

Step 1: 1Ignore the decimal digits and multiply any two of the three
factors. Then multiply that answer by the third factor as shown
below. It doesn’'t matter which factors you multiply first.

142 x 87 = 142 12354 X 112 = 12354
x 87 X 112
994 24708
1136 12354
12354 12354
1383648

Step 2: Count the total decimal digits in the original three factors. Then
count in your answer, from right to left, the number of total
decimal digits as shown below.

1,427 x 0.87" .x 1o12" = 1. 383648cun
+wo +wo two SiX

decimal 4 | decimal | + ciéClma‘ decimgl
digits digits digits | digits

|




'

L 5 of 11

Check: 1.42 x0.87 x 1.12 is roughly equal to 1% X1 x 1 = 1.
The answer, 1.383648 cubic inches, 4grees with your rough
guess of 1}%. You :an tell the decilal point is in the
right place. '

DIVISION OF DECIMALS

The division of decimzis is a little more dificult, but i you follow the
steps carefully, vou will do accurate work. Remember, it s important for
you to esiimaie your znswer and then check it afterwards. estimate
will tell you if your decimal point is in the right place.

DIVIDENDS AND DIVISORS

Recall the definitions of the words dividend and divisor. 1In a division
problem, the dividend is the-numbex that is to be divided. The divisor

is the number that is doing the dividing. You always divide the dividend .
by the divisor. Look at Figure 2.

0.4012 . 0.017 = 0402 --——b:vsdend
O. 017  wt— Divisor

Pigure 2: Dividend and divisor.

-

STEPS IN DIVIDING DECIMALS

To divide decimal numbers, you s}‘ould use the following step-by-step
procedures.

Step 1: Write the dividend and divisor

in standard long division fornm. —— 4.012+0,017 = 0.01754—‘0)2

Step 2: Mcve the decimal point in the S
diviscr as nzny places to the - = ,017 54—.012

right as necessary to make the
divisor a whecle number.

+hres Plauzs

3-110 ]_2(;
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Step 3: Move the decimal point in the ;‘"‘“““
dividend the same mmier of oI, ‘}'.OIZ.
. ———cnee e
2laces. Add zeros if necessary. L ’ | f.
Stee 4: Place the decimal point in »

. the answer space directly N Ly & ;4.0[2
above the new decimal posi- . °
tion in the dividend.

236.
Step 5: Complete the division jus -

as you would with whole
numbers.
mzl points in the divisor
and dividend.

You can check your answer by multiplying
You should

the answer by the divisor.
get the dividend.

Here is a type of problem that gives many people trouble.

problem by following these steps:

0.365518.25+ ‘82553(7’5 “—— Write in standard long di

Forget the deci-

- — 17.)401Z.
34
6l
St
102
102
0

work this

ivision form.

‘8{7‘55 5156:}5 —

o)

Move the decimal point in the divisor

as many places to the right to make it

a whole number. Move the decimal point

in the dividend the same number of places
to the right. Place the decimzl point

in the space directly above the new
decimal position in the dividend. Complete
the division forgetting the decimal point
in the divisor and dividend.

1825 does not go into 365, so vou must

1825)36.50

.02

place zero 2bove the 5 and add another
zero to the 5 in the dividend.

1825 goes into 3650 two times.

1825)36.50
26.50

0 check:

)y

~ i

3-111
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EXAMPLE PROBLEM 3:

Your boss wants to know how many pieces of pipe 1.24"
long can be cut from a long piece of\ pipe stock 19.84"
long. Don't worry about waste. Look at Figure 3.

N
.
I

|

{

Fd

AY

\

{

|

I

‘L
L24:L--

[ |9.84"

Figure 3: BHow many pieces can you cut?

Solution:

/r////, Write in standard long division form.
19.84 < 1.24 =1.24) 15.84

Locate new decimal point in answer

. "’/”//”/,/" space by moving the decimal point

two places in the divisor and dividend.

Then complete the division as you would
with whole numbers.
16.
124.) 1984,
|24
724
‘7‘_2‘% Check:

16 x 124 = 1984




HOW TO NAME DECIMAL NUMBERS

The decimal numbter 3,254, 935.4728 should be though of as:

S
€~i~‘§
31215
3xogoo0p _}
ZX \p0000 J
SX j0000

4xlooo

Sxl1oo __|

3xio _|
Sx 4

This number may be read, three million, two hundred fifty-four thousand,
nine hundred thirty five and four thousand seven hundred and twenty-eight
ten-thousandthe. Notice that you read the decimal point as and.

ROUNDING

Rounding is a method of estimating a number. To round a number means to
find ano.her number roughly equal to the given number but expressed in
simpler terms. For example:
. $432.57 = $40C rounded to the nearest hundred dollars,
= $430 rounded to the nearest ten dollars,

= $432 rounded to the nearest dollar,

= $432.60 rounded to the nearest ten cents.

124

Q 3-113




Other ex-mples of rounding:

1.376521 = 1. rounded to the nearest whole number

1.4 rounded to one decimal place, or rounded to
the nearest tenth

]

1.38 rounded to two decimal places, or
rounded to the nearest hundredth

1.377 rounded to three decimal places, or rounded
to the nearest thousandth

1.3765 rounded to four decimal places, or rounded to
the nearest ten-thousandth

For most rounding, vou can use these simple steps:

[ Suppose you want to round 3.462 to ome decimal place. |

Step 1: Figure out the number of digits or Round 3.462 to
the place where the number is to one decimal
be rounded. Mark it with a A
3.462
A
Step 2: If the digit to the right of the A 3.462 - 6 is
is 5 or lgrcer» than 5, increase larger than 5 so
the digit to the left by 1. increase the 4 by
1 and 3.462
If the digit to the right of the A becomes 3.5,

is less than 5 leave the digit to
the left of A as it is.

If you round 3.422 to one decimal place using Steps 1 and 2 above, you get
3.422 = 3.%32 = 3.4

(3.4 is the right answer because the 2 in the hundredths place is less
than 5.)

If vou have any questicns azbout this review or the Example Problems, see
‘ . vour Instructor.

3-114 130
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SHOP PROBLENS

. You have measured a machine part five times with s vernier micrometer.

You get readings of 1.0231", 1.0234", 1.0229", 1.)235" and 1.0230".
Your boss wants you to first find the average readi=ng, and then round
07 the average reading to three decimal places. Remember that average

reading equals the sum of the readings divided by the number of readings
taken.

Average reading Rounded reading

- You have measured a piece of rectangular sheet metal and found it to be

2.62" long and 4.51" wide. Your boss wants to know the.arez of the sheet

to the nearest hundredth of an inch. Remember that area equals leagth
times width.

Area to nearest hundredth of an inch

On your job you make gages for a machine shop. TFor each gage, it costs
you #3.55 for material, $2.80 labor, $1.05 for overhead, and $2.25 for
profit. How much do you charge the machine shop for 28 gages?

Charge for gages
AS
Yo

. On your job, you need to know the average thickness of a piece of sheet

metal to four decim2l places. To do this accurately, you.separate the
20 sheets into 4 batches of 5 sheets each and then measure each batch.
The measurements of the four batches are 1.2124", 1.2127", 1.2129" and -
1.2131". What is the average thickness of one piece of stock sheet .
metal?

Average thickness to four decimal places _

- Your boss wants to know the average diameter of a metal casting. You

measured the diameter of the casting at five different places. Your
measurements are 1.312", 1.311", 1.319", 1.32" and 1.315". What is the
average dizmeter of the casting, to the nearest thousandth of an inch?

Average diameter to the nearest thousardth inch

. At your shop you are scheduled to receive a shipment of sheet metal

stock. The average cost of the sheet metal stock is $1173.12. The
cost per sheet is $3.76. How many sheets are you going to receive?

hmber of sheets

3-115
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7. On your job, you are given a piece of retal plate to lay out a pattern
of small rectangular gage blanks. The dimensions are shown ia Figure 4

‘ below. If you forget about waste, how many blanks can you make from the
sheet? .

Munber of blanks

Note: Not drawn +b SCO!&

I AU
10.25 l |

1017 | 8°9€ | |

- 20

Figure 4: Dimer.sions for one cage blank.

8. In your shop, you are asked to saw spacer blocks from a 48" piece of bar
stock. The blocks are 2.34" thick. If you allow 0.125" waste for each
saw cut, how many spacer blocks can you make?

Mmber of blecks

.—f*’/

e —

9. On your job, the foreman asks you to figute out the cost of some sheet
metal that has been ordered. The sheets measure 4.25 feet wide and
8.40 feet long. The cost of the sheet 'metel is $1.70 per square foot.
If the foreman ordered 25 sheets, what is the total cost of the sheet
metal? Remember, to get square feet, you multiply length times width.

Cost of sheet metal

10. Your shop charges $3.55 for a machined ornamental bracket.

How many
brackets can you build for $78.107
‘ Lumler 0F brackets
HAVE YOUR INSTRU@TOR CHECK YOUR WORK
[ BAS
Q . Yaer,

ERIC 3
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(%]

. A pencil ¢
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Ject Sheet.
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0 PLAN: Q Here's what vou de:

In this Project Sheet, vou will review the meth-
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fing on vour job. Thie work will help you to
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You will
vou will

5
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D

Lork the Shop Froblems con pages 7 to 9,

)
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CHANGING FRACTIONS TO DECIMALS

In working with Project Sheets 1 through 4, you have probably discovered
it is much easier to do math with decimals than with fractions. So, in
this Project Sheet, you will practice changing fractions to decimals. Ip
many cases, using decimals rather than fractions will make your math work
easier.

Here's how you do it:

To change any fraction to decimal form, divide the pumerator (top) by the
denominator (bottom). If the division has zero remainder, the decima)
number is called a terminating decimal.

For example:

.

chonse S to o decimal number,

) 8

625
8)5.000 ea——— Artach as many zeros as needed.
48
Z0
16
40
40

e —

Q0 ~~——  Zero remainder; therefore, the
decimal terminates or ends.

TA- DA
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ROUNDING DECIMALS

If the decimal does not terminate, you may round it to any number of
decimal digits.

For example:

¢ “nge 2 to a decimal numbeyr
13

1538

Remainder not equal to zero,
6 ™ therefore, the decimal does
not terminate or end.
Therefore " 2 | 0.154 rounded

Ig
+o three decimal places.

-

To round to three places, an answer must be carried to four places. Here
is a rule to remember: YOU MUST CARRY OUT YOUR DIVISION ONE MORE DECIMAL
PLACE THAN YOU WISH TO ROUND T0.




REPEATING DECIMALS

Some decimal numbers that do not fermircte will

repeat a group of digits.
This kind of decimal number “s called a repecti

rng decimci.

For ¢xample : ‘
change g_ to a decimal Number

.3585.,.. Therefore, = = 0.555...
9J3.000 — N s d
e three dots mean "an
is;‘o so on". That tells you the
digit 5 contunues without
:igL end.
R Y
45
s

similarly 2 . 0.666 ..
3

ond & 1s:
1

.27

The remainder 3 ig equal
i 55 .00

to the originz: dividend

3. Therefore, the
Z Z cecimal answer repeats
80 itsell.

Then 3 20.2727... vounded To 4 decime, piaces.

13¢

3-120
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f BAR NOTATION FOR REPEATING DECIMALS

i engineer's or draftsman's shorthand

Sometimes on blueprints, You may see an
’ for repeating decimals. Their shorthand looks like this:

3 -0.2T means 0.2727...

\‘

2428571 means 2.42857142857]. -

e 0

TT .
17
7

n

The digits under the bar Tepeat endlessiy,

..L = O—S—) or ..g..: OZ
3 3

1 EXAMPLE PROBLEM: Chang

}
e -g-% to & repeating decimal using bar notation.

¢ :yo 2‘4‘

4 - 33 )41 000 - Add zeros as necessary,
33 33 |
go L
66
t4-0
|32

These remainders are the same.

. =3 So vou know that further division
will produce a repeat of the
digits 24 in the answer.

| EMC 3-121
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MULTI PLET>OF 10
:\" .

/
| There #s another type of problem that you can do quickly and easily if you
:/_, remember the following:

e

100
' +wo zeros L tove +he decimal point-
two places +o the lef
and, ! = O.OlzJ
290,
+three zeros — —move 4Ne decima) point-

three places o +he left.

Now you cac try some problems.

1f you have any questions about the Ex

ample Problems or the review above
see your Instructor.

¥

D - ) 2 . o . :, r1 . & a
> X . ’ . %" — : ] o. ool ". ry
" , o e Y ; oo ..m" Py s < X . ¢ :
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CHAN(:ING DECIMALS TO FRACTIONS:

As vou have seen, it is very handy te change fractions to decimals. Many
times it is necessary to change decimals back to fractions, particularly
when you must do your work to a given tolerance. Now is a good time to
learn how to convert decimals to fractions. You will learn more about

EXAMPLE PROBLEMS

the methods of changing decimals to fractions in a later Project Sheet.

1. Ycu wish te cenvert 3.765-" tc fractionsl form using 64ths of an inch.

3.7654 = 3+ 7¢54
©.7654 x 64
64

(0.7654X¢4) - 48 sase
4 64

48.9856 ~ 49

64 64

then 37¢54"= 349"
o

<. {cnvert 7.3654" to 32Znds of ar i-:r,

’S

(0.3654)(32) = 11.6928
32 32
1.6928 - iz
52 32 =
2z |3
2z & =
then 7.5654."= 7_5_"

3. Convert 4.7085" to 64ths.

(0.7085)(64) = 45 344
64 64

% 45.344 . 45
¢ 64 &4

"
+hen “4.7088". 445
64

3-123

Muitiply only the decimal por-
tion of the number by the unity

fraction (ﬁﬁ) you wish to con-
vert to. 4

Round off the numerator to the
nearest wnole number.

Multiply decimal portion by
unity fraction you wish to con-
vert to.

Round off the numerator to the
nearest whole number.

If the fraction can be reduced
to lower terms, do so.

139
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SHOP PROBLEMS

1. On your job, you are asked to lay out the pattern shown in Figure 1
below. Find the missing dimensions.

¥

(Te do this, you must first change the fracfions to decimals and then
add or subtract as needed.) :

Round all decimal dimensions to three decimal places.

Dimensions: A = B = C = D= E=

hid

]
A
Fi-
+
i

h "
o2 KJ’\ f"\ i
-
s —j—. + ] + Q
b D
4} )
- 8 N
l K 3
{ {
1 " ! { T
et 2.6 TR e
4.878" -
Loure Finz Tne rmieeine dmenszons

3
2. You work 6"4,’ hours per day, five davs s week for §7.50 per hour. How
much do vou mzke per week, rounded cff to the nearest penny?

Keekly ney

3-124
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3. Your supervisor tells you to make 25 shims T thick. You are to

allow .075" waste for each shim. How long a piece of stock do you _eed?

(Round to three decimal places. Remember: to round to three places, you
must do all your calculations to four places.)

Lengtk of stock

-~

<
4. To lay out a certain pattern for a machinists gage, you must round the
following dimensions to the nearest thousandth of an inch (3 decimal

places).

a. 3" .
16

b. 08" .

C. le - .
32

-

5. 0n a job you use a certain amount of different types of metal plate with

tne following costs:

tietal Plate Used

155 sq. £t. of type 4
1028 sq. ft. of rvpe B
328 sg. ft. of type C

4320 sq. ft. of type D

what did the materials cost altogether?

Cest of Marerial

$20.50 per 100 sq. f:.
§52.00 per 1000 sq. ft.
$46.00 per 100 sq. f:.
$ 9.75 per 100 sq. ft.

[ S -
Mazerial ooez

3-]2& 4 l



10 of 10

"

§
6. You are to make as many 273 spacer blocks as you can from 3’ piece of bar

® R .
stock that is&0.125 long. If you allow & Vvaste for each block, how

many can you make? Maonber of spacer blocks

A

On a certain job you use !7-% feet of iron rod that costs $4.75 per
foot; 242"- feet of extrusion that costs $3.15 per foot; and 4-7‘3:

square feet of sheet metal that costs §!.50 per square foot. You get

$9.40 per hour and you work 15 hours. How much do you charge for
P

A*.

materiais and labor? Materials and labor cost

You must lay out a gage block for your Instructor who has given you the

sketch shown below in Figure 2. Find the missing dimensions A, B C, D,

and E. A4 = B = C = D= E =

koo 2.89" I A ;,f.;-.a

| 1o

L]
bs o

——de 0.B7S
.D

sl'

e A — ]
ST W

r

5

™16

16
“dep cC-
jo— 07" e

L] " 5-0!
< I 16
B
Floure C: Find +ve riceins Cimenes ~ne,

ASK YOUR INSTRUCTOR TO CHECK YOUR WORK. 1 10

BAS
3-126
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PROJECT SHEET

Date

Occupation Machinist Helper

Training Milestone 2. Math for Measuring Instruments

PROJECT 6

REVIEW OF MEASUREMENT NUMBERS

® Here's what you will need:

1. This Project Sheet.

2. A pen or pencil to answer the Shop Prob-
lems in this Project Sheet.

’ Here's what you do:

In this Project Sheet, you will review addition,
subtraction, multiplication and division of meas-
urement numbers. Then you will work some prob-

lems

of the type you will find on your job.

This work will help you to use measuring tools

accurately and to apply their use to practical
shop problems.

I. Read and study pages 2 to 8 of this Pro-
Ject Sheet.

. Work the Shop Problems on pages 9 and 10
of this Project Sheet.

[

3. Have your Instructor check your work and
record your score on your Student Train-
1ng Record.

4. Ask your Instructor fer your next Prcject
Sheet.,

@ Here's how well vou must do;

1. You must correctly answer 6 out of 8
Shop Problems.

3-127
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REVIEW OF MEASUREMENT NUMBERS
TOLERANCE IN MEASURING ®

Some measuring instruments are more accurate than others. When you take
measuremeats to get your measwurement nrumber, your reading is never ezact.
That's because the instrument you use and the way you read it is subject
to some error. It all depends on the accuracy of your instrument and your
ability to use it right.

That is why many drawings and specifications have a tolerance included.
The tolerance tells you just how accurate your measuring must be. The
tolerance also helps you choose the right measuring instrument.

Here's an example: If you see 2.835" + 0.004, it means the measure must
be accurate to within 4 thousandths of an inch. The sign (plus or mirus)
% means it can either be 4 thousandths of an inch more or 4 thousandths
of an inch less. (2.835" could be as much as 2.839" or as little as
2.831".) Also, you must chooSe an instrument that will allow you to read
thousandths of an inch.

LABELING MEASUREMENTS

When you use a measurement number, there must be a label telling what the

units are. Otherwise, the number doesn't make sense. Some examples of

meussurement numbers are 8 feet, 5 inches, 7 miles, and 10 poupids. The ‘
units in these examples are feet, inches, miles, and pounds.

Whenever you must add, subtract, multiply or divide measures, the units
must agree (be the same). 1It's not possible to add oranges to elephants
and get an answer that makes any sense.

ADDING AND SUBTRACTING MEASUREMENTS \
Here are three steps to follow when adding or subtracting measurements:

Step 1 Make sure all the units are the same. If they're not...
change whatever you must to make the units the same.

Step 2 Add or subtract the numerical part.

Step 3 Write the name of the units.
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EXAMPLE PROBLEM 1: 6.2 inches + 1.5 feet = _ inches

~First, do Step 1I: Change 1.5 feet to inches so the units will all be the
same:

N

1.5 feet means 1.5 times 1 foot
1 foot = 12 inches
So, 1.5 feet = 1.5x12 inches = 18 inches

Now the problem reads 6.2 inches + 18 inches = inches,

Now do Step 2: Add the numbers: 6.2
+ 18.0
24.2
And now Step 3: Label the answer: 24.2 <nches ///
Therefore, 6.2 inches + 1.5 feet = 24.2 inches. ya

Subtraction works the same way.

MULTIPLYING AND DIVIDING MEASUREMENTS

There are three steps to follow when You multiply or divide measurements:

Step 1 Make sure all the units are the same. 1If they're not...
change whatever you must to make the units the same.

Step 2 Multiply or divide the numerical part.

Step 3 Multiply or divide the units to label your answer.




When measurement numbers are added or subtrac

ted, the units named in the
ansver are the same as the units in the problem. When dividing or multi- ‘
plring unit numbers, the uriis must also be divided or multiplied. That

makes the units in the answer different from the ones in the problem.

Use the steps at the bottom of Page 3 to work Example Preblem 2.

EXAMPLE PROBLEM 2: 4.3 feet x 3.6 feet = ?

First, do Step 1:

|
The units are both feet so they don't need to be changed.
Then, do Step 2:
43
3.6
|

And then Step 3: Feet times feet = square feet

S0, the answer is 15.48 square feet ‘
Here's why:
® 4.3 tt. X 2.6 ft. is the same as (4.3 x 1 foot) X (3.6 x 1 foot)
® When you group uumerals and units you get (4.3 x 3.6) x () foot X 1 foot)
® Then multiply and vou get 15.48 x 1 square foot

® VWhich equals 15.48 square fecet

-

After the three steps are completed, you can round off the answver i{f yc.
need to:

15.48 sq. ftr. to the nearest tenth = 15.5 sg. ft

r’/% S
SQUARE S F 5

BEET
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EXAMPLE PROBLEM 3: 18 inches x 2.3 feet = ? sq. ft.
. (Rounded to the nearest tenth of an inch.)

First, do Step 1: Make sule the units are the same. In this case they are
not. Since the answer must be in square feet, you must
change 18 inches to feet. Here's how:

18 inches = 18 x 1 inch

= 18 x L foet (because ! inch = L foot.)
12 12
= 1.5 feet
Do Step 2: Multiply numericai parts.
L5
X 23

345

Do Step 3: Multiply the units.
1 foot x 1 foot = ) square foot,

. and 18 inches x 2.3 feet = 3.45 sq. ft,

Then round the answer as necessary:

3.45 sq. ft. = 3.¢ §G. ft. (to the nearest tenth)

DIVIDING

Division with measurement numbers requires the same special care with units
. as multiplication. Look at Example Prcblem 4.

EXAMPLE PROBLEM 4: 4.32 sq. ft. <= 3.1 ft. = 7
{(Rounded to the nearest hundredth)

First, ao Step !: Make sure the units are the same. In this problem, the
units are both a form of feet so they'll work with division.

Do Step 2: Divide the numerals. ‘ 3‘9
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Then do Step 3: Divide the units.
8q. ft. < fr. = (1 ftr. 21 fr.) = (1 ft.)

=1 ft. x 1 fe.
1 fe.

=1 ft.

Then round :he answer as necessary.

4.32 sq. ft. &+ 3.1 fr. = 1.39 ft. rounded to the nearest hundredth

EXAMPLE PROBLEM 5: You have measured a piece of sheet metal and found it to

be 16.43 inches long and 3.25 inches wide. How many

square feet is the sheet? Round to the nearest hundredth
of a square foot.

Step 1: The units are the same.

Step 2: Multi-ly the numerical parts.
16.43 x 3.25 = 53,3975

Step 3: Multiply units
1 inch X 1 inch = 1 sq. in.

Since the question asks how ma: s square feet, you must change your answer
to square feet.

So:

53,3975 x (1in % | 1n),
{in :=__‘_2.- H‘, then
1

53.3975 x (1L £ x L §4)
2 12

53.3975 x (1 frx 1fH)
144
0.3708 Sq
0.37 54 H o nearest hundredth

n

o 53.397S sqn

1"

”n

\

11y
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CHANGING DECIMALS TO FRACTIONS - TOLERANCES

A common Shop Problem is to rewrite a decimal number to the nearest 32nd
or 64th of an inch. Then you must determine how much error is involved
in using the fraction number rather than the decimal number. Look at
Example Problem ‘6 and Example Problem 7.

EXAMPLE PROBLEM 6: What is the fraction, to the nearest 32nd of an inch,
equal to 0.462 inch?

The rule is to multiply the decimal by the fraction 3z,
32

0.04621n = 0.0462 inx 32
32
=Oo04-62 )‘32 in
32

= \4784 N —#——" Round the top number
to the nearest unit

32
= 15 in — Rounded to the nearest
32 + 32nd of an inch

The error involved is the difference between

1S in. and 14.784 1n., or |S —|4.784 n.

v A k.9d Ky
and 15--'|4-.784' = O.216 n.
32 32
= 0.006751n.

0.0068 in. rounded 4o +Hhe
nearest +en-thousandth .

s1144)
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EXAMPLE PROBLEM 7: The specifications for a bracket you are building call

for a hole 0.637" = 0.005". Will a 41" hole be within

&4
the required tolerance?

0.637in X 64 , 0.637 x 64 1n
o ca

=¢~—— Round to nearest unit
64

= ;4! in

64

Round to nearest 64th inch

Therefore the error is:

41-40.768 n - 0.232
64 64
0.003625 11n

=0.0 Rounded to nearest
036 n T ten thousandth

#

{

¢
N4
The specification tolerarfce called out was * 0.005". Your error when

]
using % hole is 0.0036". You are within tolerance because 0.0036" is
less than 0.005".

If you have any questions about the Example Problems, see your Instructor.
Otherwise, work the Shop Problems beginning on the next page.

i

3-134
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SHOP PROBLEMS
l. You are working from a sketch ¢f a cercain part that calls for a length
‘ of 0.7‘69 incl.es and a width of 0.353 inches. You wish to use a rule that
is marked off in 32nds of an inck. What wvill you nev dimensions be

measured in 32nds of an inch?

™
«®
2
“w)
(8§
3
*:
o
fu
O
N

2. How much will it cost YOu L€ DuY 3 t_ece ¢! sheel metal that measures

42.5" by 90.7" if the wmetal coscs 50.77 rer sguare foot?

Jogr o7 - izal
SR

>

3. On your job, you zre using ¢ cestain type of bar stock that weighs
1 pound 4 ounces per irnch. When yeu finish the job, you find you have
used 78 inches of the stock. 1If the stock costs 37¢ per pound, how

‘ much do you charge for mater:al? Remember: There are 16 ounces in a

pound. Coer oFf far grook

4. The decimal dimensions of 2 machiniste teper page are given in Figure |}

\

below. Your boss asks you to lay it out using 64ths of anp inch. Can you

use 64th of an inch and -still be within tolerance?

0.487 % 0.005"
T

0.5

X

e 3.235%0005 ]
® |
Figure 10 Tarer cuagze
[l{llc 3-135
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5. Your supervisor gave you a sketch to lay out a brace for a bracket assembly.

Look at Figure 2. Calculate to the nearest 64th of an inch the length, ’
width and hole diameter. Your supervisor told you not to worry about
tolerance. Length . Widthk Bole diameter

drill 0.286'> -7

1.016" +

S a— AT

Figure 2: Bracket brace.

6. Your boss asks you to make a lid for a storage bin. You

don't know the dimensions of the bin but you kmow the bottom is a square. ’
Also, you lmow it is 6% feet high and has a volume of 101,088 cubic inches.

What are the dimensions cf the square 1id”?

Dimensions: by

7. On your job you must make a shim to help position two parts. They are

"
supposed to be 0.008" apart. Your superviscr measures them as ?éi

apart. How thich should you make your shim (to the nearest thousandth of

an inzh)? Srim thiciness:

8. A certein dimension on a taper gage drawing is given as 0.348". Your

only rule is marked off in 32nds of an inch. ¥Yhat will be your error

to the nearest ten-thousandth of an inch”?

SHOW YOUR WORX TO YOUR INSTRUCTOR
152 BAS
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" PROJECT SHEET

S Kl LLS Name Date
CENTER Cluster Metal Trades Occupation Machinisr Helper

Training Module _Shop Math for Machinists

Training Milestone 2. Math for Measuring Instruments

PROJECT 7

WORKING WITH METRICS

TRAINING
CONDITIONS: @© Here's what you will need:
1. This Project Sheet.
2. A pen or pencil to answer the questions
in this Project Sheet.
TRAINING
PLAN: %@ Here's what you do:
In this Preject Sheet, you will learn how to
use the metric syster of measurement. You will
alsc learn to convert from the English system
‘inches, feel. yacds, pounds...) to the metric
system. You will work some problems of the type
vou wiil find cn your job. This work will help
VOu use metric tools accurately and to apply
their use te practical shop problems.
I. Learn the units of the metric system and
study the sample problems on pages Z to
% of this Prcject Sheet.
Z. Work the Shop Problems on pages 10 to 12,
X. Have yrur Instructor check your work and
record veour score on your Studert Train-
ing Reccrd.
=+ Ask viur Instructar foo- yodY nex: Prosect
Sheet,
TRAINING
GOAL: @ here’s how well veu muet des

i. You must score 8 cur of 10 correct on
the Shop Problems.
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THE METRIC SYSTEM

The United States is steadily changing to the metric system of measurement.

At present, 95% of the world uses the metric system. Therefore, it is
important for you to know this system. Also, knowledge of the metric
system will give you an edge in the job market.

The most common units in the metric system are those for length, distance,
speed, weight, volume, area and temperature. In this Project Sheet, you
will mainly work with length, distance, weight , volume, and area. Time
units...year, day, hour, minute and second...are the same in the metric
system as in the English system.

The basic unit of length in the metric system is the meter, pronounced
meat—er, and abbreviated . m. One meter is just a little bigger than
one yard. All other units of length in the metric system are defined

in terms of the meter. These unitrs differ from one another by multiples
of ten. For example, the centimeter, pronounced sent'~a-meat'-er, and
abbreviated cm, is defined as exactly one~-hundredth of a meter. The
kilometer, pronounced kill-ah'-mutt-er, and abbreviated km, is defined
as exactly 1000 meters.

{ centimeter (cm} = 3.__5__ ofa meter = 0.01 meker (m)
00

{ kilometer (km): {000 meters (m)

Because metric units increase or d: _rease by multiples of ten, they may be

named by using prefixes attached to s basic unit. TFor length, the basic
unit is meter.

METRIC

LENGTH UNIT PREFIX MULTIPLIER LIKE MONEY
kilometer kilo- 1000 x 1 meter $1000
hectometer hecto- 100 x 1 meter $100
decameter deca- 10 x 1 meter $10
meter --- 1 meter $1
decimeter deci- 0.1 x 1 neter 10¢
centimeter centi- 0.0 x 1 meter 1¢
millimeter milli- 0.001 x 1 meter 1/10¢ |




CONVERTING METRIC LERGTH.

The prefixes ané theair cultipliers

mmporcant for vou to know.

3

. hl
1 will

{ kilometer

rnul+tP1Y
meters to get

S/

divide meters
to 9&%

e

g arr———

~
- N

Lnversio
INCHES 70 FEET TO YARDS

The metric system is much ea-
why. You can easily convert
the decimal point.

They are the same for all
such as +the liter and gram, as well as the peter.
will use most often are kilometer, meter, centi

With the English s

in the chart on the previous page are

basic metric units,
The units of length vou
meter and millimeter. Figure

help you tc remember how to convert from vne to the other,

w——
o

loo6 meters

{m=1oocm
{fem=10 mm

more than

ONE METER
fess +han

{ centimeter = 1 of a meter
100
P miimeter = 1+ of g meter
1000
W T s e o and me

ter te work with than the English system.
from one metric

Here's
unit to the other by simply moving
veter there are hard-to-remember conversion

factors. For example, here is how you would change 137 inches to feet to yards.
137in. =137 x £+ 137 £4
1Z 12
=137 x ! vyd- 157 d
1Z 3 36
= 229 d
36Y
Ag vou can see, vou must divide

by J to go froz

feet to yvards

b te go from inches to feet, and divide
You rearly always get elwmey fractions.

bR

Frs
"
(Y




The metric system is much simpler to work with.
be converted. (137 inches equals 348 cm.) Look

100 cm

Y ]
248 em

"
3

3

The same length can easily
at Figure 2.

Lo divide by 100, move the decimal

Pom+ two dagﬂ—s to the lef+

Pigure 2: Conversion from cm to m.

You may al o use the unity comversion

348em = 3482y x |_im
foo &
= 348 m
joo
= 3-‘?53 m

Now, you try some examples:

fractions to convert metric measurements:

~—{m = {00 cm

dherefore ’

im  _1
o0 ¢m

a. 147 em = o b, 3.1m= cm
¢. 21 em = m d. 11.65m = cm
e. 210 mm = m f. 109 n = km

1f you did not write the answers directly by shifting decizal points, you

can follow through the above examples by using the unity conv
shown on the next page.

3-140

ersion fractions




) .

-

Q. 147em = :4:7‘:\{\ x tm

00O

= (47w
100

= L.4Tm

c. Z2lem .o zn\:@ x lm

\co éx{\

€. 2Qo0mm = Zioﬁ\mx Im
oo Mym
= 210 m h\
OO0
=0.2I10m
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b. 3.} m = 3.’

% x looem

Ty
=3.lx looem
= 310 cm

d. 11.65m = H.GS\Q x 100 cm
The
= 11.65 x 100 em
= 11685 cm

f. 16Sm . lOQ\Qx 1kem
xooo)Q
- 109 km
[{o[ =]

To convert from the English system to the metric system, or from the matric

system to the English system,
the tables on the next two pages.

you can use the conversion factors shown in

It would probably be a good idea for you to cut these four tables out of
this Project Sheet and put them in your wallet for future use,




APPROXIMATE CONVERSION FACTORS: LENGTH

When you know

inches, in.
inches, 1in.
feet, ft.

feet, ft.
yards, yd.
miles, mi.
millimeters, mm
centimeters, cm
centimeters, cm
meters, m
meters, m

kilometers, km

Teble 1: Conversion Facicre:

You can find

millimeters, mm
centimeters, cm
centimeters, cm
meters, m
meters, m
kilometers, km
inches, in.
inches, in.
feet, ft.

feet, ft.
yards, yds.

miles. m1.

APPROXIMATE CONVERSION FACTORS: AREA

When you know

square inches, in.2

o~ ;
square feet, ft.%
2
square yards, yd.
square centimeters, cm“

square meters, m*

square meters, m2

N
8

< .
€ o

Cevversicn

You can find

Lergih

If you multiply by

square centimeters, cm? 6.452

2

square meters, m 0.093
square meters, m2 0.836
square inches, in® 0.155
square feet, ft.% 10.764
square yards, yd? 1.196
Faetrre:  Area
[5¢
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APPROXIMATE CONYVERSION FACTORS:

When you know

.. . 3
cubic inches, in.

cubic feet, ft3
quarts (1iguid), qt.
gallons, gal.

cubic yards, yd.s
fluid ounce, f1. oz.
cubic centimeters, cm?
liters, £

liters, £

liters, £

cubic meters, m

Table 3:

APPROXIMATE CONVERSION FACTORS:

When you know

pounds, 1b.
ounces, 0z.
tons, T

tons, T
kilograms, kg
grams, g
kilograms, kg

metric tons, t

Tatle 4:

VOLUME

You can find

3-]431_5(1
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If you multiply by

cubic centimeters, cm3 16.387
liters, £ 28.317
Titers, £ 0.946
liters, £ 3.785
cubic meters, m > 0.765
cubic centimeters, cm 3 29.574
cubic inches, in.> 0.061
cubic feet, ft.3 0.035
quarts, qt. 1.057
gallons, gal. 0.264
cubic yards, yd. 1.307
Conversion Factors: Volume
WEIGHT
You can find If you multiply by
kilograms, kg 0.454
grams, g 28.350
kilograms, kg 907.19
metric tons, t 0.907
pounds, 1b. 2.205
ounces, o0z. 0.0353
tons, T 0.0011
tons, T 1.102
Conversion Factors: Weight

)
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Example Problems

A. From Tablé 1. Convcr§zan Factors: Lengi}-h
{. Convert 4.3 yd tom

4.3 x (0.9144) - 3.93 m (reunded)

™~

You know| | multiply by | [You can find

Z. Convert ZL4Tm Yo in. , first convert me'ers Yo feet

2.67x (5.280) = B.7576 £, +hen convert £+ 4o .
87576 x 12 = {05.09 in. (rounded)

B. From Table 4. Conversion {aetors : Areg
{. Convert 32.5 12 to m2
$2.5 x (0.093) = 3.02 m2 (rounded)

2. Convert 63.15m? to yat
©3.75x (1.196) = 76.25 yd2 (rounded)

C. From Table 3. Conversion Factors: Volume
{. Convert 672 £13 to m®- first convert £+5 toyd3

672 x (%yd)x(.lgyd) x(_jgyd) . %7__2\(45

+hen convert vd® Yo m?
€72 x (0.765) = 57.12 m3
o

2. Convert 23.8f Yo gal

25.8 % (0.264) = 6.28 qq| (rounded)

D. From Table 4. Conversion Factors - WelgH'

{. Convert 1.51b +°5 , first convert b o oz (1 1b= léoz)
LS %16 = 240z, Then convert oz to g

24 x (28.35) = 680.4 g

2 Convert 22.46 k Yo |b
22.46 ¥ (2.205)::&__&_3.52 Ib (munded)
16
- 3-144




DUAL DIMENSIONING

. You will probably runm into blueprints or specifications with dual dimensioning.
When both English and metric dimensions are given, it is called ducl Gimen-

sionirg. You might be given some dimensions or specifications as shown in
Figure 3.

1 15.88 mm
/1}( oezi 9
_4dotimm +
1.57% 0.04"
t
B3 lmm ‘
3.27t 0.04"
this may dlso be written as:
0 83%Imm/3.27+0.04"

Ficure 2: Iugl dimensioning,

In Figure 3, note that the metric reasurement is writtem first, or onp top
of the fraction bar. Diameter dimensions are marked with the symbol ¢8.

Now you can do the Shop Problems s-.arting on the next page.

If you have
any questions about the review and example problems, see your

Instructor.




SHOP PROBLEMS

1. You are given a sketch of a gage to lay out. Before you lay it out, ‘
your Imnstructor wants you to complete the dimensioning on the sketech by
using the ruvles of dual dimensioning. Look at Figure 4. Find dimension
"A" to the nearest ten-thousandth and dimensions "C" through "S" to the
nearest hundreth.

4 c D E F G _
E I J ¥ N 0
P ¢ - R g
fiote: K cnc L have been lef: cut purposely.

o {00 mm —

=3
ISwn = .
Q s
) } i
{Twom
Ilnuntl-wn¢. o)

i
N &/ ;@
‘ 280"
i &
L2 1
p
i 4 1
" LZmen C 1Brom |
B B D E

FPicure ¢: Duai dimensions.

2. & certain piece of sheet metal costs £3.48 a square foot. On your job,
vou used a total of 128 m. What was the cost of the sheet metal?

Sneet metal coct

3. You have mach:ined a certain bracket piece. The specification
calied for its final thickness to be 10 + 0.05 mm. You measure it with
a vernier micrometer and find it to be 0.3960". How much more do you
neec to rezmove to bring the piece within tolerance? (Hint: Round all 0
conversion computations to four decimal places.)

| L Y -
EWZ. L Permove

EMC 3-146 15~)
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- You are using a bar stock to make spacers. Each spacer, including waste,

is 1.45" thick. You have made 347 of them. 1If the bar stock costs $32.50
per meter, what is the total cost of the stock?

Bax sioer cost

- You are getting ready tc¢ ship a lathe tc Eurcpe. The dimensions of the

box are shown in Figure 5. The receiver 1in Europe needs to know the

volume of the shipment 1n cubic meters. (Hint: Change the dimensirns to
vards befcre you use the ccrversion table shown on page 7 of this “roject

Sheet.)

Volurme <iv cutic reters

width N |
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6. On your job, you have machined_and polished 250 gage blocks. Each gage block ‘
weighs 0.075 kilograms. 1If the steel you used costs $32.50 per pound,
what is the total cost cf the steel for the 250 blocks.

Cost of steel

7. Tou have measured a piece of bar stock to the nearect hundredth of a meter
and found it to be 4.75 meters long. How many centimeters long is the
pipe? How many millimeters long is the pipe?

Pipe lengih: Centimeiers millimeters
8. You have just finished a gage for a machined part. The specification
called for one of its dimensions to be 3.475 * 0.0025 in. You measure
it and find it to be 88.32 mm. Are you within tolerance to the nearest

ten-thousandth. If not, are you on the high side or the lov side?

Tolerance: Yes or no if not, highk or low
—-————‘ —

9. Sheet metnl costs $22.50 per square meter. You have used a piece thut
measures > feet long by 9 inches wide. Bow much did the metal cost?

Cost of metal

10. Your boss wants you to order a special paint. You find th-t there are
two comp. <es with the paint you need. The Ajax company sells it for
$7.50 per gallon. The Smear-1t-On company sells it for $2.00 per liter.
Which is che best buy, Ajax or Smear-It-On?

Best buy

SHOK YOUR WORK TO YOUR INSTRUCTOR

BAS
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L----------____________

SKILLS
CENTER

@ Here's waat vou wall

PLAN: ®

'PROJECT SHEET

Name Date

Cluster Xetal Trades  QOccupation Machinist Helper

Training Module chor Math for Machinists

Math Snilils

Training Milestone 3. Specialized

PROJECT 1
SHOP ALGEBRA: PART 1

1. This

Project

2. A pen or pencil to
Project Shest.

ansver the problems in this

Here's what vou do:
In this Preoject
basic algebra.
subtraccion, multirlication and division of simpler

r : You vill aprly vour knowledge
ormulas to sclve a great variety
t shep problems,

Sheet, you will begin vour review of

N
3
o]

and study pages I to 1& of this Prciect Sneet.

Vork

[

the Shor Problems on pages 19 to 21.

your work and record
Trzining Record.

3. Have
your

vour Instruc.or check
score on your Studernt

Fos

Ask your Instrucior for vour next Proiect fheet.

aow well vou must de:
. You must sccre 8 cur of

Protlems,

,,_‘
[
y
e}
la}
o
T
Y
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S
]
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-
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SHOP ALGEBRA: PART 1

THE LANGUAGE OF ALGEBRA

The most obvious difference between algebra and arithmetic is that in
algebra letters are used to replace or reprasent numbers. A mathematical

statement in which letters are used to represent numbers is called a
literal expresston.

Most of the usual arithmetic symbols have the same meaning in algebra as
in arithmetic. For example, the signs for addition (+) and subtraction )
are used in exactly the same way. However, the arithmetic times sign (x)
looks just like the letter x. That would be confusing in expressions with
letters. So, in algebra, other ways are used to show multiplication. The

product of two algebra quantities ¢ and d (¢ tirmes d) may be written in
any of the following ways:

Using a dot c.d
With parentheses (c)d or el(d} or (e;!d) or {cd)

With nothing at all ed

For example: 6 times f = 6%

8 times s times i

"
o
%)
€

4 times r times x = 422
Note'that r times x is written as »2
‘ 3

Similarly = times > times - =

X times times r times » = > ané so on.

L5}

Parentheses () and brackets | ] are used to shew that whztover 1s enclesad
in them should be treated as a single cuant:it-.

z . z, . . \ . c . 2
(Baxr"+Ir-0) #should dbe thought ¢f as /<rmetting.

. ) .- z L. .
Similarly, the cxpression (2= * 3: - o = (=€. 2, ohould v thought of as
(first quantity) - (second cuantit: .
——m

In arithmetzc, vou write <> divided b | as 2/48 cr48 -2 . but th.s wavn
of writing division 1s seldcm ured.  Ir zlgetra, divisi~n 15 usialle wrstter
as a fraction:

»~odivided By 1L owratie- -

(o + 10 oo-
(2 = 1, divided b =1 i< writter ss Ty

ERIC

Aruitoxt provided by Eic:




1
2. (a+ r) times

3. =z divided by

~

(z+ 2) ivid

arithmetic signs.

. 8 times (22 + 1) = §(2z

Look at the following examples:

)

(2= &) = (2+F) (2
ed By 12r - 11 = Ehs
by (L (2=

For exampl

Expression

.
ACY

rxanple:

el

~
e P R - - s e
-~ €Tk are (LTE€ Sinl.c . Tz ~oela&ailliv:
* - .~ LS "o - . - - ~ .
LT o TaZllla. s1t.nt..s LTes

(ol R SR s ]

-~ - - Veypn, .
“LEralte - el sty a0 SUT Irac L

The worl exrresc o s used verv of ten ir algebra.
general name for anv

pert

par¥

ﬁpar‘!’

part
®

ERIC

Aruitoxt provided by Eic:

1

—

‘
!
!

Oceration 2: Muitipluing simrle facrors
Example: (lzr) 3r; = f2-%
Look a2t thex :n crcer
Oreraticn I+ addirg arc - iers fimg L oee terma
2% and EX  w—
/X N
: |
numerical| | Itera numericall | hteral

are
The
is t

bres

An expression is a
cllecticn of letters and numbers connected by

¢ and learn

like terme.

literal par:

ne same for
terms.

i) are a.l algebrazic expressions.

¥ madye ep ¢f quantities that are to be multi-
.o +-.» f the expression.
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The number multiplying the letters is called the numerical coefficient ‘
of the term.

numericol ‘
{ coefficient 1 ;
3)0{2 7)0{2 i
X S l |
* are like terms. J‘
t__ Same hhnwl } }
part j
i
But
numerical
[
coeffrcient 1
Ix*= 2K - 3TE uniike terms. The literal parts

xr and % are different.

t_dncxceren-l' hiteral __J ‘

qu+$

Te add <r subtract like terrs, add cor subtract their numericsa. ccefficients
and keep the same literal part. For example-

S —

+ 5 =

N -] N

S
-
11
X+ 3x = SR e Here, 1ike 2. mti%ies are Seing added.
P ¢ }

Same Literal par+

Ancther examvle:

Mg

| - "5 =5
PRI
8%—3&:5& [0 @

) $ }
same Ideral part

3-152




Example Problems:

. 12d%2 4+ 7d2 = 194>
2. 3 (y+4) T 9(Y+1) 2 12 (Y+1)

B X+ex—-2X = 5x

4. Zax—ax +Sax = éay

S BX242xXY—-2%x2 = 6XZ 4+ 2ZXY
6. Gy =Xy T+ 3%Y = éxy

In general, to simplify a series of terms being

added or subtracted-~firsr,
group together all the like terms, t

hen add or subtract.

For example:

SrFTAY-X+2y+ 3% -3y  becomes
(Bx=%+30) + (AY+2¥=3Y) = 5x+3y

be careful not be caretul net
: ’ +o lose the Yo lose +he
neﬁahve sign on X i hega‘{'\vt signen Y

Example Problems :

. Sx+4xv-2x-3xv = (5x-2x)+ (4xy= Zxv)

= ZA+ XY
Z 3ab*4atb -ab*; Za*b = (Zab%-ab®) + (a*b +3a*b)
= Zab*+ 4a*b

3. X4 2Y-32-2X-Y 485z - +2Y -2
= (X-2x=-x)+ (2Y-Y+2Y) +(-3z+52-2)
= ~Z2X+BY+Z

[ 4. I7pq +9p$—-6pq+ps-—6PS-pq
‘ = (17pg~6pg-pq) + (9ps + ps-bps)
| = !Opq+4—p$
' S Axr-A* 4 2% +2Zx 4+ x = (4x'--—x‘+2x'-)+(2x+x)

= §x*4 3%

O ‘ )"11581}
ERIC
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Operation 2: Adding and subtracting expressions. |
Parentheses are used in algebra to group together terms that are to be
treated as a unit. Adding and subtracti\«g usually involves working with

parentheses.

For example: To add:

(a+b) + (a+d)
First: remove parentheses (a+b)+ (0+d)
a+b+a+d
a+a-+b+d
——

Second : add like terms

2a+b+d

You should be careful when you remove parentheses.

It can be tricky. You
need to remember these two rules.

Rule 1: If the parenthesis has a plus sign (+) in front of it, simply
remove the parentheses.

Exam Plc : O

L+ (3x+y) = 1435+ y
Example:

Same $\3n

z+(ajzb) = 2+a?—2b

}

Same sngn

Theres a pls sien.
Lets Toake These
Parenth eses away/

‘ 3-154
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Rule 2: 1If the parenthesis has a minus sign (-) in front of it, change
II the sign of each term inside, then remove the parenthses.

chonge sign from
++4o0 -

'

Example: 2. (x+2y) = 2-x-2Y

chonge sign from
+ to -~

chan q& s1gns

b

Example: a-(2x-Y) = a-2x+Y

i

' change _signs

. change signs

Exomp\e: 5-(—20+b) = §42a-b

1 i

change s1gns

Example Problems:

L2+ (2v-a?) = x+2v-a*

2.49- (X*-Y2) g4 -x24VY2

B - (x+1) +(Y+2)= ~x—~l4v¥+2
= =X4Y+1

4. ab-(a-b) = ab~a+b

5 (x+v)~(x=Y)= X+¥Y-%+Y

= 2Y
6. —(~%-2¥)-(a+2b) = *+2v—-a-2b
6 7 3+(-2p-q*) = 3~-2p-q*
8 —(x- Y)-’r( BXF4Y2) = X4V Bx2 g2

3155 17]
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Rule 3: 1If the parenthesis has a multiplier in front, multiply each term

Example:

Example:

inside the parentheses by the multiplier.

+2{a + b) = +2a + 2t

Think of this as (+2)(a + B) = (+2)a + (+2)b = +2a + 2b
Each term inside the Parentheses is multiplied by +2.

2z +y) = - - 2y

Think of this as =2)(x + y) = (~2)x + (-2)y = -2x - 2y
Each term inside the parentheses is multiplied by -2,

=2(a - b) = =20 + 2b

Think of this as (-2)(a - b) = (-2)a + (-2)(-}) = -2a + 2F.

(Remember that when -b is multiplied by -2 the sign comes out +.
A minus times a minus equals a plus.)

@ -y = (D - y)
= CDE) + EDEY) =+ oy

Notice that you must multiply every term inside the parentheses by the
number outside the parentheses. Once the parentheses have been removed
you can add and subtract like terms as explained in Operation 1 on pages

3, 4 and 5 of this Project Shee..

Rest we'LL
WA, We. can't Have. 1 MUTIpY

I'm Gomgto Remove. ThemYet| \ €och PArt by4g |

Take OVt Those
parentheses
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EXAMPLE PROBLEMS
Simplify the following expressions by removing parentheses. Be sure you use
‘ the three rules.

Exomple Problems

. 2(2%-3y) = 4x-6vy

l- 4(X+2Y) = |-4x—8Y
a-2(b-2a) = g-2b+4a
X3 (x-Y) = X2.Zx+3y
X=2 (-Y=-2%)z X 4+2v+4x
p-2(-p-3L)-pzpret

SO A ON

Once you can simplify expressions by removing parentheses, it is easy to
add and subtract them.

For example:

3 -y - 2> - 2y) =3x -y -2+ 4y Simplify by removing parentheses.

it

X - 2r -~y + 4y Group like terms.
Sy’ W"“J

= x + 3 Combine like terms.

Exompie Problems :

1. (Sy+2)+2(\/+i)= SY+2+2Y4 2 =8y42y+ 242 = SY44-

2.(Z%414)+ 3(4-X) 7 ZR+141Z-BK = 2% Bx+ [+12 2 -y 415

3 (g4b)-(a-b)=a+b-a+b = a-a+b+b= 2zp

4. 2(a+b)-2(a-b) = 20+2b-2a+2b= Za-2a+2b+2b = 4p

5 2(X+Y)=3(X-Y)z ZX+2ZY-Zx+3v= ZX=BR+2Y4BY = =X +5Y

6 2(x+1)-3(X-2)= Z2x+2-3x+6 = ZX-Bx+2+46 = ~x4+8

7. (x2-28)~2(X -2X*) c X2X-ZX+ DX = KU LXiZ2y -2 X = Ex.4ox
‘ 8. -2(3x-56)-4(x—1) = ~bX+10-4x 44 = —bX=4X+ 1D +4 = —|Ox+ 14

5 3157 173
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Operation 3: Multiplying simple factors.

In order to multiply two terms such as 2x and 3y, first remember that 2x
means two times x. Second, recall that the order in which you do multi-
plication does not make any difference.

For example: 2¢3+4

{2:4)+3 = (3:4).2

In algebra: «.l.c = (ave, -t = (e+b)ea
or 2:x:3-x-y= 2+3ex.x.y
Remamber that X* =2 ¥ .x
X = XXX
¥ = X.x-xX-X

and So on.

Ther&*‘o\"e ZXBRY = 2:3- % XY
= 67(1\(

The -(allowms examples show how +o m’ul%—npfy Jwo terms
E:.;(ornpfé {. d-2q =a-2-a

T_ Group hke -Fac.'}'of".s

Z a*
za*

Examp.e 2. ZX*BAY 2 2% KB XY

=23 % %X Y
S~ S

LL— Group Wke "'0(.4-01’5

= 6 x5y
= 63y
Example 3. BRIYZ2XY = B XA YZ2-2:%Y




11 of 21

. ExcmP\& Problems:

. Xv =xY
2. ZX-S§AY= ZX-5X'Y= 2:5%-%Y = I0X:Y
3. 2X°BXx=22:%B-X = 2:3-%X-¥ = x2
4. 40*b-2a= 4-a-a-b-22a=4.Z-a-a-a-b=8493b
5. 3A%Y.4xY?%= 3-X-X-Y-4-X~Y-Y=3-4-X-X-X-Y-Y-Y= 12x3y'3
. Ssz-Zux2=5x-%z-z-a-x-x=5-2-x-><-x-\/-z-a-- lox3yza
T Sx-zv’-.2x2¥=3-x-z-w’-Y-z-x-x-Y=S-Z-Z-X-x-x-\(.\/-\(=:2x5\f3
8 XA ZU N2 X X Y2 XNY 2 2 %X XY YOYAY = 2 x3y4
O 2x*(X+3x%)= 2x.x +2X%3IKE=2 K%K+ 2K X Z- % X

= 2K % A+ 23 % XXX

= 2X3+ 6 x4
0. ~2a*b (a*- 3b?) = ~2.q.a-b-a-a +2-a-.0b.3.b.b

= —-2.a-a-qa-a-5 +2-3-a-a-b.-b-b

-2a%b + 6a*b3

' MULTIPLYING NUMBERS IN EXFONENTIAL FGRM
E-v.ponen-\'
X" = XKLL X —— Examples:
) { %° =4
(n factors) 2. %' =X
Base 2 X =x-¥X
4 ** = XXX
and so on ‘

Rule 1: To multiply numbers written in exponential form having the same
base, add the exponents.

.uj
Example:

¥
m. xﬂ z ’(m-&n xz'xs

4
)

248
%

® ? 4 $ :xs

sSame& base
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Rule 2: To divide numbers written in exponential form having the same
base, subtract the exponents.

3

X .x™" Example :
%" X' =¥%3= X
X3
= X175
= x4

Rule 3: Use negative exponents to indicate a reciprocal. (Remember that
a reciprocal of a number is simply 1 divided by that number.)

-~n

X = _L Example: X~32 1

’(n XS
Example: 2zt =1

With these three rules the ten example problems on page 11 should be much

easier and quicker for you to work. For example, look again at number 9
and number 10.

9. 2x*(X+3x2) = Zx% X + 2X% 3x* = Z X2 23422
= Z2- X344 x*
= 2¥%5 4 6yt
j0. -2arb(ar-3b? )= -Z-a%b.a* + Z.a> b 3. b™
=._.z.az+2.b + Z.S_GL_EH-L
= ~2a*b+va*b3

EVALUATING FORMULAS

One of the most useful and important skills for shop work involves finding
the value of an algebraic expression when the lctters are given numerical
values. A ‘cr-ulc is a rule for calculating the numerical value of one
quantity from the values of other quantities.

Here are a few rules and formulas that are used in the
metal trades.

l. The rim speed of a pullev, in feet per minute, equals the circumference
of the pulley in inches times the speed of the pullev in revolutions
per minute divided bv 12.

CN

Formula: S = 77 17“

3-160
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2. The unit stress, in pounds per square inch, equals the external 1..d
or force, in pounds, acting upon the body, divided by the cross-
‘ sectional all',e'a upon which the load or force acts, in square inches.

Formula: § = 4
A

. The circular pitch of a full depth tooth gear equals pi times the
pitch dianeter divided by the number of teeth.

Formula: p =T12

N

Evaluating a formula or a: igelralc expression means to fing [:s value by
substituting numbers for the letters in the expression. An example is the

€quation for the volume of a cvlinder. Llook at Figure 1.

radiwus »

T’ V=Tr*h , where V = Volume 1n cubic 1nchesg

I =rddiusin inches
o) hélsh‘}' in inches
= 3.14 (rounded)

Find +he Volume V 1 f the radius r= 3.
and +he height b= 14n.
V=Tr*h = (37X 204"
= 3.!4(.9m")(l4m)
=395.84 in3

ol

Another examprle 1s the fermula for the o
Figure 2.

b € —of

rea of & trapezoid. Look ar

A= h (b+C) , where A: area 1n square inches
2 b= height 1n inches
b= long base in inches
¢ = short base in inchesg

Find the areq A 4 h. 7 Sin., b=8in., and ¢= 4in
A= (3)L(B)+ (4)) (5)(8+4)
2

= 18 square inches
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Note that in both examples, Figures 1 and 2 on the previous page, the

numbers being substituted were placed in parentheses, then substituted in
the formulas, and then the arithmetic was drne.

Exornplez Find A-‘- X34 2 for Xe$S
A= (5)5+2_"‘9—pu+ S in Paréh'“'\ésls
/2\: (li;--f.)z+z} «—do arithmetic

A=127

Example:  Find B=X-¥2 for x=6, v =4
o) =(¢)L~ (4) <— put the numbers 1n Paren“nesls
B-= (6‘6)’"(4'4)} ~— do the arithmetic
B=36-106
B=20

Using parentheses in this way ma

v seem like extra work for you, but
is a

sure way to keep from making mistakes when evaluating formulas.

when vou evaluate formulas, remember the following helpful hints:

Hint 1: Do the cperaticas in<ide tne parentheses ®ires.
Exampie: (Z+3)+4 = 5+4 =9
.bo -H“:') 'plr'5+
EXamPlé: 4(3"‘5) =4-8 = 32
Do +his F:r.s"r
Hane 2 £ tne formulae containe civeral sere of parentheses, do the
s.culations Do each set forer, thee cembine ther.,

Do +this

r first | ]

PN

Exemple : (2+3)—(4-—l) =8S-3=2

-H"us

r—~~

X bo +his __J o
v v 3-162
EMC las
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Hint 3: If the formula contairs a square, cube, or some other power, find
. the value of the factor firsrc.
Exomple: A=314R*, R=3
A - 34 (3)™ = find 4his value firsh
A‘ = 314 (S) - “hen mu\’nph{
A = Z8.26
Hint &:

If the formula is the sum or difference cf terms, find the
numerical value for each term first, then add or subtract.

Example: P= ab-3* a=3, b=4, s=2
Find this fFirst
P= (2)@) = (2)*<«— 4hen this

= \2-94 g Subtract last

P=8
-~
Hinl 5. Unless parentheses tell you to do otherwise, do multiplications
and divisions berrre adding or subtracting.
Example: 4+2:6 = 4+12=16
muihiply first
To summarize: v

l. First, do any operations inside parentheses.

2. Then find all powers.
3. Then do all multiplications and divisions.

4. And finally, do all additions and subtractions.

Example Problem: Evaluate the formule W= D (AB-TR*) 4
'(:or D"‘B, A"B, 53-6) T\'=5.|4} Q:Z) and H= i0o.

W = D(AB-TrR*)H

i

8(8'6-3.14-2%)0 = 8(48-3.14-4) 10
8 (48-~12.56) 10

&(3544))0

28%.52(10)

2835.2

i

n

]

n

™ 3-163 1’7()

S




e

16 of 21

EXAMPLE SHOP PROBLEM: To make a right angle bend in sheet metal, the length
of sheet used is given by the formula L = z + ¥+ T,
Look at Figure 3. 2

-L ‘

[( jT solve for L, when x=6.25, Y= 'H.87TS,
Y ‘T and T = 0.125
{. substitute known values
* XY, and T are in parentheses.
dimensioned L= (6.25) + (1 i.8’75)+ {_t_)_lz.é)
] Surfoce s, 2

Z Das work in par&n*\'h&ses
L=6.25+11.875+0.0625
3. Do arithmetic
L=18.1875

FINDING SQUARE ROOTS

One mathemazt:ical operaticn vou most know 1s how te find a sGuare roct.  You
know that when vou multiply z number by itself vou fet a square. For example
7 times T = L9. You say that 7 scusred = 49. Wher vou find the square root
vou do the opposite. For example, if vou want to finé the sGguare root of

b4 vou need te find a number that when muitiplied by itself will esqual 64.

FINDING SQUARE ROOT WITH A CALCULATOR

If vou nave a calculator you can find square roots easily. Nearly all
calculators have a function that gives vou the square root of any number
or decimal number directly.

OTHER WAYS TO FIND SQUARE ROCT

¢ nit have a calculator inere are three other wavs to find square
i) scuare root tables, (I) the v arithmetic method, and (3) the
C 1thmetic method. The tzbles of squares and square root are found
1n rearl any technical handbook and are self-explanatory and easy to use.
The long arithmetic method is exact but very complex to learn. The short
arithmetic rethod is simple and ruick. Work through the step-by~-step
rethcd shown eorn the next 2 pages.

t
o8]

, . ¥
LY
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EXAMPLE PROBLEMS - SQUARE ROOT {Using the short arithmetic method.)

1.

Find the square roct of 89.67: ( J89.67)

Step 1. FEectirate the square by using vour knowledge of multiplication.
You know that 9 squared = 81, znd 10 squared = 100. So you
guess that 9.5 time 9.5 is about equal to 89.67.

Step 2. Then multiply 9.5 br 9.5 to see how close vour estimate is.
5.5 x 9.5 = 90.25. You car see that 9.5 is just a bit too
large.

Redo Steps 1 and 2 until ¥ou get the desired accuracv. For example,
since 9.5 was toc large, trv another number slightly smaller, sav 9...

9.4 x 9.4 = 88.36

9.4 is too small so try a aumber thar ie slightly larger than 9.4 but
still smaller than 9.5 which was too large. Try 9.45.

9.45x 9.45 = 89.35
9.45 is still too small so try a slightly larger number, sav 9.47.
9.47 % 9.47 = 89.68

89.68 is w.thin 0.0l of 89.67 and is probably close encugh. If vou
need greater accuracy just continue the operation.

- Find the square rcot cf 128.5% (J 128.5%)

Step 1. Try 11.25 since 1l % 1. = 121 and 12 x 12 = 144.
Step 2. 11.25x 11.25 = 126.56 which is too small.

Redo Steps 1 and 2. Trv 11.3. 11.3 x 11.3 = 127.69 which is still toc
small.

Try 11.31. 11.31 x 11.31 = 127.91 which is stili too small.

i}

Try 11.33. 11.33 x 11.33 = 128.37 which is still too small.

Try 11.34. 11.34 x 11.34 128.59 which is too large but within 0.09.
If you want greater accuracy continue the estimation.

Try i1.335. 11.335 x 11.335 = 128.48
Try 11.337. 11.337 x 11.337 = 128.52

Try 11.336. 11.336 x 11.336

129.505 within 0.G05.




3. Find the square root of 0.564 (J?iEEZ)
You know that 0.7 x 0.7 = 0.49 and 0.8 x 0.8 = 0.64 so try 0.74.
0.74 x 0.74 = 0.5476, too smail
Try 0.745. 0.745 x 0.745 = 0.555
Try 0.748. 0.748 x 0.748 = 0.5595,
Try 0.75. 0.75 x 0.75 = 0.5625.

Try 0.752. 0.752 x 0.752

0.565504. ton large

Try 0.751. 0.751 x 0.751

0.564001 within 0.000001.

YOU CAN NOW TRY SOME SHOP PROBLEMS

[ERJ!:« 3-166
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SHOP PROBLEMS

A Y

‘ l. Your supervisor wants you to find out how many minutes it will take a
ilathe to make 17 cuts, each 24.5 anches in length, on a steel shaft if
the tocl feed F is (0.065 it.ches per revolution and the shaft turns at
163 RPM. Use the formula.

LN - . . . .
T == Where T = Sutting time in minutes
FR N = number of cuts
L = length of cut, ir inches
F = tocl feed rate, inches per revclution
R = work piece PFPw™
Time 7T winutes

<. Your boss gave vou a cone with 4 rad
cf 12 inches. You 2 i
Use the formula,

& ¢f 5 inches, and a slant height
1 surface area. Lock at Figure 4,

L=Trs , where L= Lal'eraf SurFace areag
=314
r=radiusg oﬁcone base

¢ sant hélgh+ of cone

Lateral surgace areq _______ in?

Nv tatierr a
- 14
T .

shcwn below in Figure S,
€ the formula,

e j L=2/2RH —'H", wWhere L equa’s

! +he chord fen9+h) R =775

\
}—a~\l_ ~_._' and H = 2.35"

Chord Lens—H\ L in.

(g}
-t
oy
"
2]
w3
.
t
3
LN
r
T oy
I
J
[ ]

F::;“""’ v T "—i t—‘"\ -
15.)
o 3-157
ERIC

e
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L. You must find the length L of a pulley belt that is used on a motor
and pulley that drives you:r band saw. Look at Figure 6. Use the
formula:

L=2c4 157 (D+d)+(D+d)
4C
D= diameter of larg& Pu”eYz 24"
d = diameter of small pulley = 4"
C =distance bebween large and small

P“”é‘ff’ = Sbin.

puH&Y th‘ ieneHﬁ L = _ N

-

Figure £. Pulle. Folr leng:ix,

5. You need t convert a temperature of 278° Fahrenheit to degrees Celsius.

Use the formula C = 2 (F - 32), where F equals degrees Fahrenheit and C

equals degrees Celc?u
Terserazure in derreer Jelsius

6. You are asked to find the pitch diameter FE of a standaré National Form
thread screw. Use the formula:

0.8662

o

E= M- - 36, where E

ritch dizmeter in inches
M = reasurenent over the wire = (.
N = number of threads per inch = |
G = wire diaveter = CLo 7"

Your boss wants vou tc lav cut the trapezeid as shown in Figure 7 below.
You need tc firnd the height h. Use the formula.

e Z& , where h=e He(jfﬁ'
"'C 5" b+ C A= area = 718 In*

l b" \ons bost‘:=5m
h .shor(basc: Sin
-{— h&l9h+ h =

’_’_______ b=8"

- \ ~ v

o 3 ve o~ .-

FlZuare€ . SitaT e L
<

3-168
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8. Your supervisor asks you to find the cross-sectional area of an """
beam as shown in Figure 8. Use the formula A = ht + 2a(m + n).

2_1 }

has! L n=o0.12"

- edcr—

|

e m=0.25"

"
t=0.2l

Area=
_Lg L
——cr} }-.—— a=1.3398"

2 .n . Tyr e e o & n>r ;
Figure &0 iArea 0F an "D Pege.

9. You are asked to fird the weight of a gross of steel rivets as shown
in Figure 9. Use the formula.

W:(M‘?:)(O.QB)<_§.'U‘R3 + %.T_dzh\) , Where W equals weight

in pounds for one

e— h= 17252 gross (144) of steel rwets.

- B \‘«/‘:93‘1*" Ibs.
| d=0.25" ¢— R=0.375"

T e . T T S S S
Teounle o th:’v—f - STev e LT,

10. To find the taper of a gage or part, the following formula is used:

4
t = lZl?—:—él » Where t = taper per foot in inches
v D = largz diameter in inches
¢ = small diameter in inches
L = length in inches

Find the small diamter £ if * = 1.5 inches, D = 14 inches and L = 16 inches.

d = inerea,

SHOW YOUR WORK TO YOUR INSTRUCTOR

BAS

3-169
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ISKILLS |...
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C E N TE R Cluster _Metal Trades Occupation _Machinist Helper

Training Module Shop Math for Machinists

Training Milestone _3. Specialized Math Skills

PROJECT 2
SHOP ALGEBRA: PART 2

@ Here's what you will need:
1. This Project Sheet.

2. A pen or pencil to answer the problems in this
Project Sheet.

@ Here's what you do:

In this Project Sheet, you will continue your review
of basic algebra. You will review the solution of
algebraic equations and ratio-proportion problems.
This Project Sheet will also include soze equations
for you to solve and some ratios and proportions to
set up. You will apply your knowledge of algebra in
solving many practical machinist shop problems.

!. Read and study pages 2 to 33 of this Project Sheet.

2. Work the Shop Problems on pages 34 to 36.

3. Have your Instructor check your work and record
your scere on your Student Training Record.

4. Ask your Instructor for your next Project Sheet.

® Here's how well you must do:

1. You must score 8 out of 10 correct on the Shop
Problens.
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SHOP ALGEBRA: PART 2
SOLVING EQUATIONS

In this section, you will first learn what a solution to an algebraic }

equation 1s, and how to recogrize it. Then you will learn what a linear
equation looks like and how to solve linear equations.

A vartable is a letter symbol such as x, y, w, A...that stands for a number.

I I
Each value of the variable that makes an equation true is called a solution
to the equation. For example, the solution of x + 3=71isx = 4,

Another example: 2 -9 =18 - 7z the solution is z = 3,
2(3) -9 =18 - 7(3)
6-9=18 - 21
-3 =-3

Certain equations have more than one value of the variable which makes the
equation true. For example, the equation x2+ ¢ = X is true for x = 2,

Check: (2) + 6 = 5(2)

4+ 6 =52
10 = 10
and it is alsec true for x = 3
Check: (3) + 6 = 5(3)
9+ 6 =753
15 = 15
Try these:
(a) 4 +zx=11 T = 7. Every equation has the
(b) z+2=9 same solution. If you replace
(¢) =z ~1=5¢ the letter z with the number 7.
d) 8 -x=1 all four equations are true.

We can say that an equation written with the variable x is solved if 4t
can be put in this form

e

X = where I | 15 Some number
For example, the solution to the equation 2» -1 = 7 {g » = 4
because 2(4) -1 = 7
or 8 -1 =7 is a true statement

Equations as simple as the one above are easy to solve by guessing. Bur
guessing 1s not a very good way to do mathematics. You need some kind of
rule that allows you to rewrite the equation to be solved, (2x - 1 = 7 for
example) as an equivalent equation (x = 4).

3-171




The general rule is to treat every equation as a

Look =t Figure 1.

balance of the two sides.

2% =6 - 2A=6
3x-4 = 8-x IxX~4 = 8-%

Figure 1: :
in the equaticn =uct

Any operation done on one side of the e

Any changee

g
. " . S A
ateturs tiae ba.aree,

quation must be done on the other
s:

2+ b

OO0 On

b.2

p

side. There are two kinds of operation
Example : original
{. A:!dmﬁ or subtract- &€quation
ing o number on a=b
beth sides of +he
G-qua*hon does not
change “+he ba(ance5 a+ 2= 2+b
a-z = b-2
and
Z.( Mulhp!s(mg or
¢ﬂlVld|n51 (f:u+ not Z&%b) Z2-a=2b
by @ number does not
change +he balance.
a-b
3 3

2a 2b
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Here's an example: Solvesz - 4 = 2
Step 1: You must change the equation so that only X remains on the
left, so you add to each side of the equation.

(x - 4) +[4] = 2+[4]

Step 2: Combine terms

x - 4~+l!l = 2 4+ lll
[ C——)

0

Solut.on x = 6

Check: x-4=2,2=¢
(6) -4 = 2
2 =2

Now work step-by-step through some example problems.

EXAMPLE PROBLEMS

i. 11 -~ x = 2
(Il = 2) = 11 = (2) = ] ~———— Subtract 11 from each side wp
2+ 11 -11=2 - 11 wag—— _ Combine terms
~-xr = -9
(=2) (-1) = (~9)(-1) —e——— Multiply each side by -1
z =9 soclution
Check: 11 - (9) = 2
2= 2
2. 8.4 = 3,1+ x
(8.4) - 3.1 = (3.1 4+ 2) = 3.1 wa—— Subtract 3.1 from each side
8.4 - 3.1 =2 Combi.e terms
5.3 =2, or
2 = 5.3 solution 5.3 = x is the same as £ = 5.3
Check: 8.4 = 3.1+ (5.3)
8.4 = 8.4
3 4 1l ~x
(4) = 1= (1 -2) =1 wa——" Subtract 1 from each side

~
|
—
—
W
(]
—
|
[
g
~
|
3]
~

Multiply each side by -1

3}
#t
]

(8]

|

Always put your answer in the form:
x = (sore number)

Check: 4

#
|
|
~~
I
L
~

18y

Q 3-173
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Loyl . 1.1 1 .
(4) + > = (z - 2) + > Add > to each side
3 1 1 1 1_3
P A e §Y27%
3. 1_1_
- = 2" 270
23
4
: I3 .1
Check: i (4) 5
1 1
4 T 4
5. 2r + 6 = x
(2x +6) ~2 =2 ~ % e Subtract x from each side
2L~ T+ 670 e Combine terms
r+ 6 =90
(Z +6) =6 = -6 - Subtract 6 from each side
T = -6
Check: 2(-6) + 6 = -6
-12+ 6 = -6
-6 = -6
Equations such as number 5 above, where the variable appears on hoth sides
of the equation are very common in algebra. Solve them in the usual way
by collecting all terms with the variables on th- _ame side of the equation.
Here is a slightly different problem.
Solve: 2z = 14
Step 1: You must change the equation so the z is alone on the lefe,
so you divide each side by 2.
14 2x 2
< . R e— e = (- ez
Step 2: 5 5 (2)x z

z=7

Check: 2(7) = 14

14 = 14

Now work step-by-step through some more example problems.




EXAMPLE PROBLEMS

1. 1z

X

Check: 7(5)

Check: % (28)

Check: =(9)

35
35

W

7
3
7
5
35
35

14

(14)2 e

14

28

28

14

14

i

3-175

Divide both siaes by 7

Multiply both sides by 2

ll :Ml
2 E¥TE 3
1 _2

> 2=5¢=1

Multiply both sides by 3

Xy, 2z "% _ .,

Divide both sides by 2
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4, 3x=0
“w_0 , .
X 3 - Divide both sides by 3
=0 - Zero divided by any positive or-negative

number is still zero.

You need to use both operations, addition/subtraction and multiplication/
division, when you solve most simple algebraic equations. For example:

Solve: 22 4+ 6 = 14

Step 1: You must change this equation to place one x, or terms with =z
on the left side. So subtract 6 from each side.

(2x+6) ~6 =14 - 6
2x+ 6 -6 =14 - 6 wm——— Combine terms
2r = 8
. 2w 8 .. .
Step 2: X2 ~€—— ——— Divide each side by 2
T =4 — %‘:=x

Try some more example problems.

EXAMPLE PROBLEMS

1. 18 - 5z =13
(18 -~ 5x) - 18 = 3 - 18 ~e———— Subtract 18 from each side
=5 + 18 - 18 = 3 ~ 18 ~w———— Rearrange terms

=X = =15 <«%————— Multiply both sides by -1

S5z = 15
%3_' = 1_55. =¢—————— Divide both sices by §
x=3

Check: 18 - 5(3) = 3
18 - 15 =3

3=3

D
3-176 19“’

p . i * 2 s




2z + 4) =
2+ 8 =

(2x + 8) -8 =
2r ™

hZ4

X

ol
Check: 2(9% +4)

1
2(1359
27

3(x -~ 2)
Ir - 6

Tt ] —

Bz -6) ~z= (T + 1)=z <o

3rx -z T~ + ] -t
2r ] e

1+6 —w—o—ouoo

Check: 3(3% -2) =
1 i
3(15) &5

41

1
7= %

2(B -~ 1)
2B - 2

3(B+ 1)

3B 4+ 3 e—mo—oou

(2B = 2) - 3B (3B + 3) = 3B -
2B -~ 3B - 2 3B =3B + 3 emme—
S———
-B - 2 3 B
(-B-2)+2=34+ 2 ——
-B =5, or

Jo——

3-177

Mulitiply each term inside the
Parentheses by 2
Subtract 8 from each side

Divide both sides by 2

Multiply each term in the parentheses
by 3

Subtract x from each side

Rearrange terms

Combine terms

Add 6 to each side

Divide each side by 2

Multiply each term in the parentheses
by 2 and on the other side by 3

Subtract 3B from each side

Rearrange terms
Add 2 t> each side

Solve for B, not -B

193
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Check: 2(-5 - 1) = 3(-5 + 1)
2(-6) = 3(-4)
-12 = -12

REMEMBER

1. Do only legal operations: add or subtract the same quantity f-om both
sides of the equation; multiply or divide both sides of the equation
by the same non zero quantity.

2. Remove all parentheses carefully.

3. Combine like terms when they are on the same side of the equation.

4. Use legal operations to change the equation so you have only x by itself
on one side of the equation and a number on the other side of the equation.

5. Always check your answer.

TRANSPOSITION

You may have noticed something when you added or subtracted a number from both
sides of an equation. TFor example:

. x4+ 6=12
2. (x+6) ~6=12 -6 w=— vyou subtracted 6 from both sides.
. £ =12 -6 —a—— Note that the +6 on the left side
4. x =6 of the equation became a -6 on the

right side of the equation.

Rather than subtract -6 from both sides of the equation as in line 2 above,
simply go directly from line 1 to 1ine 3 by moving the +6 from the left
and changing its sign to a -6 oa the right side. For example:

N x+ 6 =12, omit line 2 and go to line 3
3. x=12-6
4. x =6

31761 914
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Another example:

Lo - 6(x + 2) = 24 - 52 .

2t - 60 - 12 = 24 - 5 g——— Move -5r¢ from the right side to the
left side and change the sign. Move
=12 from the-left side to the right

side and change the sign.
2 - 6z + 5 =24 + 12
x = 36

]

2

This process is called Transposition.

You also may have noticed something when you multiplied or divided both
sides of an equation by the same number. For example:

1. T+ 12=6 = %c
; 3
2. x + == 6 - 12

5
3 ?‘t 6
4, % . gx = % * (-6) —¢—— You multiplied both sides of tune

equation by 2 to isolate z.
5
5 2.5 __12
5 2 5
z=-12

Rather than multiply both sides of the equation by %, simply invert the

coefficient of x (the number % inverted is %), remove it from the side

x is on, and multiply the other side by the inverted coefficient. For

»

example:

1. 2z + 3(6x - 4)
- 2. 2+ 18z - 12

l4x + 18

l&x + 18 ~e——— Transpose the -12 from the left side
to the right side, transpose the léx
from the right side to the left side.

n

3. 2z + 182 - l4x = 18 + 12
. 6x - 30 ~=———— Invert the coefficient of z (which is
1 6) and multiply the other side of the
> *=% (30) L. equation by %
6. x =5
195
O
« _ 3-179
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Anvther example:

‘ g th= e+ 1)
.—lsm+4=-—65:v-24
—;m+%c=-24-4
Lo = -2
) m=7'(-28)
x = -20

You must be careful to invert the complete coefficient of x when you
mulitply it by the other side of the equation. For example:

(345 a) x =12, (_3_4-b_a) is the entire coefficient of z.

&b
3:-(3_a) 12
_ _48b
3 -a
o EXAMPLE PROBLEMS
1. 2(x ~ 1) = 3(z + 1) 2, T+ 58=3+1.4
20 - 2= 3¢ + 3 * -3z =1.4- 5.8
2 -3z = 3+ 2 ~2 = =44
~x =5 1
x = -5 -z = >(~4.4)
2
-r = =2,2
Check: 2(-5 - 1) = 3(=5 + 1) z = 2.2
2(~6) = 3(-4)
-12 = -12 Check: 2.2 + 5.8 = 3(2.2) + 1.4
8 = 6.6+ 1.4
8 =8
3. 2+ (4 - 62) = 24 bo(z -2) - (4~ 52) = 18
2 - 6 = 2 - 4 £-2-4+ 5 = 18
~4x = 20 I T+ 5 =18+ 2+4
xa%(m) 6’“5“
T = -5 :z='6-(24)==4
Check: 2(~5) + 4 - 6{(~5) = 24
“10 + 4 + 30 = 24 Check: (4 -2) - (4-5.4) = 18
-6 + 30 = 24 2 -3+ 20-=18
2 = 24 -2 4+ 20 = 18
18 = 18

19¢

3-180
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5 4= (2 -7)=75 Check: 4 - (2+.3-7) =5
b -2+ 7 =5 b -6+7=5
22 = 5~ 4 -7 ~24 7 =5
~2r = - 5= 5
1
x~2 6
x = 3

SIMPLE FACTORING

Remember that in algebra, when an expression is formed by multiplying
quantities, each multdplier is called a factor. Factoring is the process
of separating the common ,elements from an algebraic expression.

Expression Factored form

axr + bz x(a + b) ) & has been factored out
Sy + ay y(5 + a) y has been factored out
ar? + br r(ar + b) r has been factored out

In solving equations, it may be necessary to factor out the variable that
you are solving for. TFor example:

AN

ax +3x-6 =b(x+3) -—— sove for x

0 + Zx-6 abx+3b a— —  remove parerthesis
ax + Bx-bx=064+ B> w«— |gilate the expressions con-l»ommg X &
X(6+B3-b)=z=b+3b a0 factor oub the x A
X=_1 _ . 64+3b s !nvert and mulhp&«j by the entire
(@+3-b) coetecient of x
X= _b+3b
a+3-b

another examplé :

xR¥- % (Z4b) = 16+2(a+'x) | -—— Solve ﬁorx
xR -Bx-by = 16+2a+2% <*——— remove all parenthéses
XR*~3X~-bX -2 = 164+2q -~e——-— |s0late expressions with x

X (Q‘— 3-'b-2) = 1642q ~= -‘ac{;’or‘ out the x
% ( R"——'D-S') = lo+2a - combine terms 2
F=_V . (16+Za) - invert and multiply by 4he .
R-b-5 erhire coefficient of x
X =_te+2a 197 '
R*-b.-5

3-181
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SOLVING FORMULAS

To solve a formula for some letter means to rewrite the formula so the letter
is isolated on the left side of the equal sign. For example, the equation for
the area of a triangle is given as:

A= %? where A is the area, B is the length of the base, and H is
the height.
Solving for B gives the equivalent formula: B =

Solving for H gives the equivalent formula: H

w2 IS

Solving formulas is a very important part of practical algebra. Sometimes
a formula you know will not be in its most useful form. You may need to
rewrite the formula solving it for the letter you need to evaluate.

To solve a formula, use the same transposing, inverting, and multiplying
Process you used for solving equations. For example, solve this formula:

d

S= R+P Solve for R
2

6=_L(Q+P)

z nvert and malthiply the coefficient of (g4 P) by Hhe
2% = R+P quanh'l'Y on the other side of +he equa-(—con

25~P=R ——— dranspose the + P in order 4o isolate R
R=25-P -a— Jhe leHer you are Selving for, Rin +his case, I3

usually written on +the left side of he €qual signs.

EXAMPLE PROBLEMS
3K

1., v ='ir, for K 2. Q=1-R+T, for R
Q-1-T-=-R
_ .3 -Q+ 1+T-=gR
V=K R=1+1-q
v _
3 K
k=2
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3. V=mKH - AB, for H 4. Y = MX + B, for X
V + AB = TRH Y - B =M
V+ AB = (MR™H Y-B _ 4
N
1
V+ AB _ "
T"R?. H .
V + AB
H= TAB
5. F=25g+32,forc 6. Vw-%-:—-i:Z,forL
F-32=( .c V2= (191
5 6
@EF -3 =c . -2 =1
L 5(F - 32) _ 6V - 12
¢ g L T

USING SQUARE ROOTS IN SOLVING EQUATIONS

In the last Project Sheet, Shop Algebra: Part 1, you learned how to estimate
a square root, Little was said about how to solve an equation by taking

square roots. That's because in most of the equations so far, the letter you
have solved for is to the first power. When the variable appears only to the

first power, the equation is said to be linear. When the variable is raised

to higher powers, such as x*, y®, w4, the equation is said to be non-linear,
When you have a non-linear equation such as x = a, vhere a is some positive
number, you can solve for z easily by taking the square root of each side of
the equation.

X*=q, +then \/-)_(“"' -_—.\fa, or

% =va
Example :
Solve X% = 36
V¥* = V36

X=+6, or-b (usually writhen as ()

There are two possible solutions because (+6) (+6) = 36 and (~6)(-6) = 36.
So you must be careful. One of the solutions, usually the negative one,
may not be reasonable when you are doing shop problems.

19y
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EXAMPLE PROBLEM: 1f the cross-sectional area of a square healting duct is
75 square inches, what must be the width of the duct?

Solve X* =175
X = %287n (rounded) +he answer —871n 1s

meamnglc—ss S0 you choose X =+8.7Tn.

TRANSLATING ENGLISH TO ALGEBRA .

Algebra is a useful tool in solving real problems. To use algebra, you may
have to translate English sentences and phrases into mathematical expressions
and equations. In technical work, the formulas to be used are often given
in the form of English sentences. They must be rewritten as algebraic
formulas before they can be used. For example, the statement:

"Horsepover required to overcome vehicle gqip resistance 1is

equal to cube of the vehicle speed in MPH multipled by the

frontal area in square feet divided by 150,000."

. This statement translates to the following formula:

HP = (MPH?’)LAP"&Q) , orin algébrmc form
IS0, ono
HP -y 3A
150,000

Try the following problem. You find this statement in a technical manual:

"The piteh d. neter of a cam gear is twice the diameter of the
erank gear. *

The equation is P = 2C Where P is the pitch diameter of the cam gear,

and C is the diameter of the crank gear.

You may use any letters you wish, but normally you choose letters that
remind you of the quantities they represent: P for pitch and C for crank.

TO
fany)

3-184




Certain words and phrases appear again and again
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mathematical operations to be used. Here is a handy list of signal words

and their mathematical translations.

|
in statements to be trans-
lated. These certain words and phrases are signals alerting you to the .

SIGNAL WORDS
MATH

ENGLISH TERM TRANSLATION EXAMPLE
Equals, is equal to, the same as, = A=B
the result is, gives, makes, leaves
Plus, sum of, increased by, more than + A+ B
Min;s B, subtract B, less B, decreased - A-B I
by B, take away B, diminished by B,
B subtracted from A, difference between
A and B
Times, multiply, of, product of X AB
Divide, divided by B, quotient of + A+ B or %
Twice, doubled, twice as much . X 2 2A
Squared A? '
Cubed AS
Exagples:

Length plus 3 inches =L+ 3

Weight divided by 12.5 . —5‘"—3—

One-half of the original torque = %

The sum of two len;ths = L, -+ L2

The voltage decreased by 10.5 =V - 10.5

8" more than twice the height = 8 + 2k

You can translate complete sentences or complete
manner. For example:

The size of a drill for a tap is equal
to the tap diameter minus the depth. £?f7

-

S
7
£

3-185

problems in a similar

o




|
‘ or formula: |

Step 1. Cross out The size i 2 > is equal to +he-
all unnecessary words. tap diameter minus -he-depth.

Step 2. Make a word (Sfize) (is equal to) (tap diameter)(minus)(depth)
equation using paren-

theses, 1 1 l
Step 3. Substitute a S = T - D

letter or arithmetic
symbol for each
parentheses.

Step 4. Combine and S=T-D

simpl.‘¢y as necessary.

In most formulas, the units for the quantitiszs involved must be given. 1In
the formula above, T and D are in inches.

Translating English sentences or verbal rules into algebra formulas requires

that you read the sentences very differently from the way you read stories

Or newspaper articles. Very few people are able to write out the math formula

after readirng the pProblem only once. You should expect to read it several .
‘ times. You'll want to read ir slowly. No speed reading here,

The ideas in technical work and formulas are usually concentrated in a few

key words,'and Y64 must find them. 1If you find a word you do not recognize,

stop reading and look it up in a dictionary, textbock, or manual. It may

be important. Translating and working with formulas is one of the skills

you must have if you are to Succeed at any technical occupation. .
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EXAMPLE PROBLEMS

1. The electrical resistance of a length of wire is equal to the resistivity
of the metal times the length of the wire divided by the square of the
vire diameter. ) .

Step 1. Eliminate ...resistance...is equal to...resistivity...
all but key words. times...length...divided by the square...diameter.
Step 2. Substitute rL R= resistance, r = resistivit&,

letters and sumbols. R=T L = wire length, d = wire diameter

2. A sheet metal worker measuring a dust cover finds the width is 8.5 inches
less than the height.

W=H-8.5, W = width, H = height

3. A 24-inch piece of steel is cut into two pieces so that the longer piece
is 5 times the length of the shorter. (Hint: write two equations.)

24 =L+S and L = 58, L = loug piece and S = short piece

4. The volume of an elliptical tank is approximately equal to 0.7854 times
the product of its height, length and width.

V = 0.7854 HLW, V= volume, H = height, L = length, W = width

5. Two shims are to have a combined thichness of 0.090 inches. The larger
shim must be 3.5 times thicker than the smaller shim. (Hint: write two
equations,)

L+ 8 =20.,09and L = 3.55. Where L = thicker shim, S = thinner shim.

*

6. The engine speed is equal to 168 times the overail gear reduction multi-
plied by the speed in MPH and dividied by the rolling radius of the tire.

168GV |
r

§ = Where S = engine speed, G = gear reduction, V = speed in MPH,

r = rolling radius of the tire.

Note that in problems 3 and 5 you wrote two equations. These can be
combined to form a single equation.

3. 26 =L+ S and L = 55 give you: 24 = 55+ S or 24 = 6S

5. L+ 8 = 0.090 and L = 3.55 give you: 3.55 + S = 0.090 or 4.5S = 0.090

203
3-187
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CENERAL WORD PROBLEM EXAMPLES

1. A l4-foot long steel rod ‘is cut into two pieces.

The long piece is

2.5 times the length of the shorter Piece. Find the lengths of both

Pieces.

Let the short piece =

then the long piece
and x + 2.5z = 14
3.5z = 14
X =
2.5z =

2. Find the dimensions

= 2.5x

4 (short piece)
2.5(4) = 10 (long piece)

of a rectangular cov.- placte if its length is

6 inches longer than its width anu if its perimeter is 68 inches.

(Hint: perimeter = 2

let L= length, then

L=6+W
Perimeter = 68 =
58 =
68 =
or 4W + 12 =
4w =
4W =
W=
length =

- Ike and Mike are partners in a sheet metal st b

more of the capital,

* length + 2 . width)

2(L) + 2(w)

2(6 + W) + 2(W) «—— Remove pParentheses
12 + 2W + 20 e Combine terms

68

66 - 12 0 Transpose the 12
56 Divide by 4

14

6+ W= 20

Because Ike provided
they have agreed that Ike's share of the profit

should be 25 greater than Mike's. The total Profit for the first

Juarter was $17,550.

= Miko's share
Ike's share,
= Mike's share
M+ .25M, or

]

17,550
17,550
7800
1.25M er

n
=
LI I |

How should they divide it?

and
then

Plus .25 of Mike's share, or
1.25M, then

17,550, or

P

- Combine terms

VA — — AV . ‘\-‘-\F FRPa
T < G AN
m- oo 4 Sy
e ———, -

)

s Divide by 2.25

9750

)
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4. You want to cut a 12-foot steel rod into three pieces. [The longest piece
must he 3 times longer than the-shorter peice and the middle size piece
is two feet longer than the shorter piece. ’ .

let = = shart piece, then'
2 + 2 = middle size piece, and
3x = longest piece - .
.then (@) + (2 + 2) + (32) = 12 e Combine terms
. 5c+ 2= 12 -ﬁr——;———-_Transpose the 2
50 = 12 - 2 ]
5¢ = 10 —e———— Divide by 5°
=2 —e——— The short piece
2+ 2=4 <wt— —— The hiddle sized peice s
3 =6 ~e———_ The longest piece

.

RATIO AND PROPORTION

Machinists, sheet metal- workers, metal finishers, welders, mechanics, and
many others in- technical trades use the ideas of ratio and proporsion to
solve many different technical problems. The compression. ratio of a. car,

the gear ratio of a machine, the lengths of pulley belts, the voltage ratio
in a transformer, thé€ Pitch of .a roof are all practical examples of the ratio

concept. .o . .
RATIO .

A ratio is a comparison of two quantities of the same kind, both expressed
in the same units. For example, the grade of a highway dp a hill can be
written as the ratio of its height to its horizontal extent. Look at
Figure 2.

o

NS

- Figure 2: Higkway grade.

< ) | 205

3-189
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A ratio can be expressed as a decimal number, percent of a fraction. If .
‘ ., 1t is & fraction it is usually expressed in its lowest terms. Look at :

Figure 3.

Geor A has 64 }eeth
Gear B has 16 teeth

The gear rotio of Ao B s

A =64 -4
B 16 1

afwas(s reduce ‘Fraci’acn 4o lows st terms

fL Pigure 3: Gear ratio.

v

. Very often, a colon (:) is used to express a ratio. For example, the gear
ratio in Figure 3 could have been expressed as 4:1.
‘ If you are given the value of . ratio, and onme of its terms, you can easily
: find the other term. For example, if the pitch of a roof .is supposed to
be 1 to 5 or 1:5 and the span is 20 feet, what must the rise be?

Pitch ‘L Lis—: and 1:5 can be written as %, so
{oxzise  1_R _ Multiply both sides by 5
5 20 ° 5 20
l= -;% ~e——>- Multiply both sides by 20 _

20 = 5R ~«——— Divide both sides by 5
4 =R

or R=4 -#——— The rise is 4 feet




EXAMPLE PROBLEMS

1. If a gear ratio on a cutting machine is 6:1 and the smaller gear has ‘
12 teeth, how many teeth are on the larger gear?

teeth on large gear
teeth on small gear

6 x

Gear ratio =

I =-1.-2- - Multiply both sides by 12
(12)(6) = x

x = 72 teeth on the larger .gear

2. The pulley syétem on a lathe has a pulley diameter ratio of 4. Iif the
larger pulley has a diameter of 15 inches, what 'is the diameter of the
smaller pulley?

diameter of large pulley
diameter of smaller pulley
15

4 = 5 -— Multiply both sides by x

Pulley ratio

br = 15 44— Divide both sides by 4

- E
s

Z = 3.75" diameter of the small pulley

3. The compression ratio of a Datsun 280Z is 8.3 to 1. If the compressed
volume of the cylinder is 36 cubic cm, what is the expanded volume?

expanded volume
compressed volume

Compression ratio =

.S_ii = % ——— Multiply both sides by 36"

(8:3)(36) _ (8.3) (36)
1 - 1

= (8.3)(36)

V= 298.8 cu cm

COMPRESSION RATIO
or .8

COMPRESSION RATI O

t - : g . oF - 207
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PROPORTION o

‘ A proportion is a statement that two ratios are equal. It can be given as
a4 sentence in words, but most often a proportion is an algebra equation.
For example, the arithmetic equation % =.§—§ is a proportion.
The algebraic equation % = % is a proportion.

Look at the storage bin shown below. The ratio of the actual length to the

scale-drawing length is equal *~ the ratio of the actual width to the scale-
drawing width.

-

fe—4g — il

actual krng‘]"'r = actual width

drawmg leng“'e drowing width
‘ we'e" . & J— +his cqi:e*"aon 1S .
4é“ lf‘z'_‘" a Proporhon z

P

ratio of | |ratio of
l6n3 +he widths

TIHHE

i

I HIH TR
BHERHEHHEH I

Figure 4: Proportion.

’ A 198" _ 72" &

Rewrite all quantities in the same units: o s FEY

&t

You should notice first of all that each side of the equation is a ratio. E

‘ Each side is a ratio of Iike quantities: lengths on the left and widths on g
the right. . '

3-192 206
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"
Second, notice that the ratio % is equal to i§'

1 %33 1
Divide it out: 198 = 43 = 198 = T
8
= 198 X 33
=48
11
Notice also that the ratio l,—,; = 48
1-I 1
The common ratio ilfi is called the scale factor of the drawing.

The four partsof the proportion are called its terms.

{’nrt* Yerm hird term
198 = 7Z

-
— P e

Seécond term fourth term

If one of the terms of the proportion is unknown, you can replace it with
a letter and solve the proportion as an algebraic equation, TFor example,
suppose the actual cut in the side of the bin is one foot down.

6 o |

[+

raho of | | ratio of depth

wid+hs ef cut
then ;72" = __‘Z_“ P (_7_2_-_)7( = (_\_g)t%’«-—- mulhp\{ each
"lé‘" " I3 X0 side by X
72%)' I3 = 12 1\ mul’hplf each
( 27 = 2(2) side by 15
1Z% =_18 < divide both
1Z 7z sidés by T2
X=_4"
4

Therefore, on the drawing the‘cut will be -3;— inch deep.

319309




A very easy way to solve proportion equations is to use the cross-produét

rule.

THE CROSS PRODUCT RULE

. if-g—=§, then ad = ke

The cross—products of the terms of a proportion are equal,

For example : Wz .18
3 zT

Z-27=3-18
J4 = 54
or in +he previoué equa*i-:on :

rule +o 34-4'

use +he cross product

.

25 of 36

72 = |1Z | +hen 7zx=1Z-13

amcn

'z

EXAMPLE PROBLEMS

Use the cross-product rule to solve the following:

B 3 7 21
1. 373 2. T
4B = 21 : 7A = 336
21 .1

B=2- sl A= 48
317 % o b1
1.5 F
‘ 12R = 126 0.4E = 18
R = 10.5 E = 45

210

3-194
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SIMILAR FIGURES

In general, two geometric figures that have the same shape but not the same
size are said to be sirmilar figures.  The blueprint drawing and the actual ‘
object are a pair of similar figures. An enlarged photograph and the smaller

original are similar.

N

/\ '\
are similar -gasures

A ond
(A

B D

ana.ﬂ )
W t ar¢ similar chures
q

In any two similar figures, all pairs of corresponding diménsions have the
same ratio. For example, in the rectangles‘above,

are sumi|ar :ng'-res

Y

A
c

(1.}

i Z_HL_32_0
In the irregular figure above, P~ g s z

EXAMPLE PROBLEMS

Find the missing dimension in each of the following pairs Jf similar
figures.
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M-

R _ &

4% 4% m
‘-] IR =22.6878
— p— " — B = Z06258"

- .28 emdia.
& D .es
2 Zg
26D 8.125

fe-26cm-oy

D=3Z125cm

fe—6.5¢m —o]

(>

.S P= 20. 478
P= 13.69"

——
kd

DIRECT AND INVERSE PROPORTION

Many shop problems can be solved by setting up a proportion involving four
related quantities. It is important that you recognize that there are two
types of proportion - direct and inverse. Two quantities are said to be
directly proportional if an increase in one quan.ity leads to a proportional

increase in the other quantity, or if a decrease in one leads to a propor-
tional decrease in the other.

DIREGT PROPORTION

increase — . increase

decrease *———— decrease

3-196
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For ‘example, the electrical resistance of a wire is directly proportional
to its length: the longer the wire, the greater the resistance. If one

foot of nichrome heater element wire has a resistance of 1.65 olms, what ‘
length of wire is needed to provide a resistance of 19.8 ohms?

) , Resistancs

e Re:;t:;\:c eguals 19.8 chms
e— | £ :
It ot ot 1.6 ehms b L ————

First: Recognize that this problem is a direct proportion--as the length
of wire increases, the resistance increases proportionally.

as L inereases... R increases

.L.:. = ..R_’_
i .65
Bo‘th ratios dncrease in size when L increases. I

Second: Set up a direct proportion and solve.

L _ 19.8 olms
1 fe. 1.65 olms

1.65L = 19.8

L

12 ft.

EXAMPLE PROBLEMS

l. If a widget machine produces 88 widgets in 2 hours, how ny will it
produce in 3— hours?

88 - x
2 hrs. 3.5 hrs.

2c = 154 widgets w—— Direct proportion--the longer it works,
the more it makes.

21]
®

3-197
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2. If one gallon of paint covers/825 square feet,
are needed to cover 2640 square feet?

"I' 1 gal. - x

825 sq. ft. 2640 sq. ft.

how many gallons of paint

825z = 2640

]

& = 3,2 gal.

~¢———— Direct proportion--the bigger the area,
the more paint you need.

- Twelve square feet of sheet metal costs $4.95.

How much will 32.5
square feet cost?

$4.95 - x
12 sq. f¢t. 32.5 sq. ft.

122

]

160.875

]

T = §13.41 (rounded) w— Direct proportion—the more the

area, the more the cost.

4. A cylindrical tank holds 450 gallons of cooling oil when it is completely

filled to its height of 8 feet. How many gallons does it hold when it
is filled to a height of 2 feer 3 inches?

450 _ _z
8

‘I’ 2.25

8r = 1012.5

]

x = 126.56 gal.

(rounded) —-e—o Direct proportion--the smaller the
height the smaller the volume.

Two quantities are said to be Znversel
, one quantity leads to a
if a decrease in one lea

Y proporiional if an increase in
Proportional decrease in the other quantity, or
ds to a proportional increase in the other.

: INVERSE PROPORTION ’

INCrease ~——— pm decrease

decrease ———— increase
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For example, the time required for a trip of a certain length is inversely

proportional to the speed of travel. 1If a certain trip takes two hours at
50 MPH, how long will it take at 60 MPH?

l So X
2 INNErse ra"'ao

speeds of img

Increase l decrease
in speed ... leads $o q ... in +ime

‘The correct
Proportion is:

Before you try to solve the problem, make an estimate of the answer. The
time to make the trip at 60 MPH will surely be less than the itme it would

take to make the same trip at 50 MPH. The correct answer should be less
than 2 hours. %

60r = 100 =z = 1.7 hours

Remember, i q direct propertion

‘ +hese +wo ferms geo + her—
A c = S

an increase \n A goes with
b an increasa i C

e e

B
Ir an inverse proporfion,

P +hese Ywo Yerms ge }oje-”mr-—
Y an increase in X goes with
) a decrease in Q@

Follow through this example: Pressure is -
inversely proportional to volume if the
tenperature remains the same. If the volume

of gas in a cylinder is 300 cu cm when the _.P_‘- = _\_J_’:
pressure is 20 psi (pounds per square inch), P, \/‘
what is the volume when the pressure is

20 -
increased to 80 psi? ksS4 = ..\_/’_'

80ps: 300 cucem
Since pressure is inversely proportional to

volume, you can expect that as the pressure 80\/1‘ tooo
increases, the volume decreases. Therefore, V, =75.cu cm
the answer should be less than 300 cu cm.

215
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GEARS AND PULLEYS

‘ A particularly useful kind of inverse proportion deals with ythe size of

a gear or pulley and the speed with which it rotates. In the sketch shown
below, the larger gear drives the smaller gear.

Because A has twice as many teeth as B, when A
iy .
turns one turn, B will make two turns. If gear
~ A turns at 10 turns per second, B will turn 20
turns per second. The speed of the r is
‘ inversely proportional to the number : teeth.
S——”
S
&

speed of gear A number of feeth on gear B
Speed of gear 8 number of teeth on 4eor A

. | s ratio has +his ratio has .
’ +he A term on 4‘<>f:> +he & term on +°P

In this proportion, gear speed is measured in revolutions per minute which
is abreviated RPM.

in the example of gear A and gear B above, if gear A turns at 40 RPM what
will be the speed of gear B?

Because the relation is an i{nverse proportion, you know that B will turr,
faster than A,

40U RPM - 8 teeth
B 16 teeth

8B = 340

B = 80 RPM
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Pulleys transfer power in much
the same way as gears. For the ‘ :
pulley system the speed of the
pulley is inversely proportional
to its diameter.
A B

In the sketch to the right,
pulley A has a diameter twice
that of pulley B. When pulley
A makes one turn, puliey B
will make two turns, assuming
of course, that there is no
belt slippage.

-

Diameater of Pulley B

S‘DQGJ of Pulley A
sSpeed of PulleY &

+hs ratio has
+He A tarm on "'op

Diameter of Putley A

4his ratio has
~+the Btern on+op

belt

If pulley B is 16 inches in diameter and is rotating at 240 RP¥, what is
the speed of pulley A if its diameter is 20 inches?

D R LR R T LT T

—A ___ 16
240 RPM 20
204 = 3840 ]
A = 192 RPM

-

MIEH

wrabd

Solve each of the following problems by setting\up i
an inverse proportion. 7

-

EXAMPLE PROBLEMS:

—

l. A 9-inch pulley on a drill press rotates at 1260 RPM.
a 5-inch pulley on an electric motor.

It is belted to
Find the speed of the motor shaft.

Speed of electric motor shaft . diameter of drill press pulley
Speed of drill press pulley diamet&r of electric motor pulley

g z__9
1260 - 5 , :
Sz o= 11340 i
z = 2268 RPM ‘
217
3-201




2.
shaft rotates at 1450 RPM.

teeth on large gear

A 12-tooth gear mounted on a motor shaft drives a bigger gear.

33 of 36

The motor

If the speed of the large gear is to be 425 RPM,
. how many teeth must the large gear have?

. Speed of small gear

teeth on snall gear

L
12

2 425T
T
T

5

— oy

8 t? N

Look at the sketch below.

appld
force F

S~ fhkrunw

apphed forws F, _ l_g_y_agﬂw_ of 1i#} forcaarm L2

- If five assembly machines can complete a job in three hours,
hours will it take for two assembly machines to complete the job?

4. The forces and lever arm distances for a lev

100
x-
// N = 2000
force F, .

speed of large fear

1450
425

17400
40.9¢4
41 teeth (rounded)

how many

X

3
15

7.5 hours

er are inversely proportional.

If a 100 1b. force is applied
to a 22" crowbar pivoted 2%
from the end, what 1lift force
is exerted?

' 2

20

P+

“z = 1000 1bs.

i+ force Fz - l(—ns-i-h of applied force arm

. Compiete the Shop
’ Problems beginning
on the next page.

L

in a direct

B> propertion, these

REMEMBER: X2 Ya

are the relaled terms

N an ) nvéerse

Preportion these
are the related terms

R ————.




g _ SHOP PROBLEMS ‘

Your boss wants you to set up a driil press to do a certain job. The
outpyt of your motor is 1200 RPM and the diameter "of the pulley on the
motor- shaft is 8 inches. You know that in order. to drill your material
properly you need a drill RPM of 800. What diameter drill pulley do you
need. (Hint: Recall that this relationship is an inverse preportion.)

4

Diameter of drill pulley

At your job, you are using a grinder that is receiving power from a line
shaft which is rotating at 250 RPM. The line shaft is connected _to a
S-inch diameter pulley on the grinding wheel. If you need the grinder

to turn at 1200 RPM, what size pulley wheel should be on the line shaft?
Look at Figure 5 below. ’ ) .

Diameter of line shaft pulley

3.

line
Z250RPM
i shaH'\
7 ' line shaft
) 5 ! -— pulle{ i
\
\ : Figure §: F‘Lnd
1200 RPM | the diameter of
the line ghaft
pulley.
. T - \.-. gr;ndms (
e wheel
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Srn:ef&r \ 5" PuﬂeY ‘ ‘ /
Shae : .

On a layout, your supérvisor ’ /A
wants you to find the length
of an arc of a sector of a , a=472°
circle. Look at Figure 6. v/ R= "
The formula is given by ' =10.75
L = 2R .

360’ find L, the

Where Tl = 3.14
R = radius of the circle
and a = angle of the circle
sector

Find the length of arc L.

-

L =

Figure 6: Find length of are.

219

lenﬂH\ of are
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~

Machinists and sheet metal -workers use a formula known as Pomeroy's
formula to determine the approximate power required by a metal punch
machine. This is the formula: . '
2N
P= -5775- Where P is the power needed in horsepower,

L is the thickness of the metal being punched,
d is the diameter of the hole beirg punched, and
N is the number of holes punched at one tinme.

If the power available is 0.6 horsepower and the thickness of the sheet
is 0.25 inches, how may 3-inch diameter holes can you punch at one time?

Pumber of holes N =

- Your supervisor asked you to translate the following word statements into

algebraic equations:

a. The cutting time for a lathe operation is equal to the length of the
cut divided by the product of the tool feed rate and the revoiution
rate per minute of the workpiece.

Equation

b. The volume of a cone is equal to one-third times T times the height
times the square of the radius of the base.,

. : Equation

c. The weight of a metal cylinder is approximately equal to 0.785 times
the height of the cylinder times the density of the metal times the
square of the diameter of the cylinder,

Equation
Solve the following formulas for the designated letter: g
a.V=nLTT2+2 for L L=
b. § = %_-gt2 for g g = g
c.A=le%s-forS S =
d. E = MC® for C c=

On your job you get a paycheck of $154.78 for 16 hours of work. What
amount should you be paid for 36.5 hours at the same rate of pay?

Amount of pay for 36.5 hrs.

. In your shop you are using a drive gear with 16 teeth and it is rotating

at 1200 RPM. You need to have 720 RPM from the output gear (the gear
being driven). How many teeth do you need on your output gear?

Number of teeth

R22{20
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9. Your supervisor wants you to find the taper of the gage shown in ‘
Figure 7. (dint: Recall that the formula for taper is given as

t-lz (D;dz

where D is the large diameter, d is the small
diameter, L is the length and ¢ is the taper.

77N | :

-

! :

N

—— dS!.S“ }-ﬁ L = 26" —_— é
o-D=2.25"

Figure 7: Find the taper t.

I H LI L P H YT YY)

10. Look at Figure 8. You have cut a triangular plate into 6 equally wide
sections. Find the height of each cut as indicated below. i

BT I HEH A LEPPTI

Pigure 8: Find the height g

of the cuts. :

hg

h

‘ to

’ ”" ..

l_, 24" — >
5 h’z ,l"z‘ ,hs r-—-;hﬁ - ‘—"'")'-'5 = y

SHOW YOUR WORK TO YOUR INSTRUCTOR. A
s * B

Q - ©3-205

N
TN S b ey




- TRAINING
CONDITIONS:

TRAINING
PLAN:

TRAINING
GOAL :

"SKILLS
CENTER

SHOP ALGEBRA: PART 3

@® nere's what you will need:

1.

2. A pen or pencil to answer the problems in this

@® Here's what you do:

PROJECT SHEET

Name __Date

Cluster _Metal Trades Occupation Machinist Helper

Training Module_Shop Math for Machinists

Training Milestone _3. Specialized Math Skills

PROJECT 3

This Project Sheet.

Project Sheet.

In this Project Sheet, you will finish your review of
basic algebra. You will review the solutions of Systems
of Equations and the solutions of Quadratic Equations.
After completing this Project Sheet, you will know how

te solve any shop problems that require the application
of .basic algebra.

1. Read and study pages 2 to 29 of this Project
Sheet. \

2. Work the Shop Problems’on pages 30 to 32.

3. Have your Instructor check your work and record
your score on your Student Training Record.

4. Ask your Instructor for your next Project Sheet.

@ Here's how well you must do:

1. You must score 8 out of 10 correct on the Shop
Problens.




2 of 32

SHOP ALGEBRA: PART 3
SYSTEMS OF EQUATIONS

A system of equations is a set of equations with a common solution. For
example, the pair of equations:

Z+y =11
by - x = 8
have the common solution =4,y =3

This pair of numbers will make each equation a true statement. If you
substitute 4 for x and 3 for Y, the first equation becomes:

2(4) + 3 =8+ 3 = 11 and the second equation
becomes 4(3) = 4 = 12 ~ 4 = g
Therefore, the single set of numbers x = 4, y=3 satisfies’both equations.

Another example: By substituting, show that the ‘numbers z = 2, y =~5
give the solution to the pair of equations: .

-

5 -y =15
<
x+ 2y = -8

The first equation is: 5(2) - (-5) = [0+ 5= 15 which 1is correct.

The second equation is: (2) + 2(~5) = 2 - 10 = -8 which is correct.
SOLUTION BY SUBSTITUTION

In this Project Sheet, you will learn'two methods of solving a system of
two linear equations with two variables. Remember that a linear equation

has variables raised only to the first power. For example, x + y =12 is

a linear equation because the variables & and y are raised to the first
power.

To solve the pair of equations: Yy=3 -z
3z + y = 11 follow these steps:

Step 1: Solve the first equation for x or y and substitute this
expression in the second equaticn.

The first equation is already solved for y, y = 3 - g.

Substituting this expression for Y in the second equation,

3x + y = |l
Sx +|3-%]= Il 203
?

-

5ubsh;"+ﬁ

3-207
Hus for Y
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Step 2: Scive the resulting equation:

. 2+ (3~x) =11 N
I+ 3 -g=1]1
I ~x=11 -3
2r = 8
x =4

Step 3: Substitute this vilue for z into the first equation and find a
value for y. . )

= 3
3 -4
-1

o«

Then the solution for the system of two unknowns and the two
equations is x = 4, y = -]

Step 4: Check your solution by substituting the values of x and Yy back
. into the second equation.

3t +y =11 becomes
3(4) + (-1) =11
12 - 1 = 11 which is correct

EXAMPLE PROBLEMS: Solve the following system of 2 equations and 2
variables by substitution.
‘@ . © z-2=3

x -3y =7

Step 1: Solve the first equation for z.

-2y =3
=3+ 2 emw——0__ transpose the term 2y

Substitute this expression for x in the second expression.

21(3+2Y) |- 3¥ =7

/ substitute
4his for x
Step 2: Solve
23+ 2y) -3y =7
6+ 4y -3y =7
by -3y =7 -6
y=1

Step 3: Substitute this value of y in the first equatidn to find z.

’ /—-—"“\\
. & -2y =3
‘ . x-2(1) =3
’ f x-2=3 .
T =5and y = 1, or (5,1); Note that the zx value is
written first.

3-208
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Step 4: Check the solution by substituting = and y values in the second
equation.

2 - 3y = 7 ‘
2(5) - 3(1) = 7 .
‘ 10 = 3 = 7 correct

It does not matter which variable, x or y, you solve for in Step 1, or

which equation you use in Step 3. The idea is to pick the equation for

Step 1 that is easiest to solve for either x or y. Do the .ame thing for
- Step 3. Look at problem 2 below.

2. 22+ 3y = 22
r-y=1

Step 1: Solve the second equation for z.
T=1-y

Then substitute into the first equation.
2(L - y) + 3y = 22

Step 2: Solve
2-2y+ 3y =22

5y = 22 - 2
Sy = 20
y=4
Step 3: Substitute the valye for y in the second equation.
r-y=1
T -4=1 ¢

\ '
Z=35and y = 4, or (5,4); remember the z value is
written first.‘

Step 4: Check the solution by substituting x and y values in the first

equation.
2(5) + 3(4) = 22 . :
10 + 12 = 22 correct
3.3%+y=1
y~-5=9
3 + v = 1q ___ Solve the first equation for y.
y=1-3
(1 - 3:(.) = 3 = 9g—__ Substitute the value for y in the second
~8x =9 -1 equation and solve for z.
~8x = 8
= -]
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H

9 «@—— Substitute the vaiue for z in the second
9 equation and solve for y.

9-5

4, z = -1, or (-1,4) is the solution.

2
B a0 H

] «a—— Check: Substitute z and Y values in the
1 first equation.
1

1 correct

[ A ]

Solve the first equation for Y.
Substitute the value of .y In the second
equation; solve for z. Y

i

8 0t n

&

~@—— Substitute value for x in the first
4(0) equation.
0, x = 0, or (0,0) is the solution.

e e
B u u

2y - 6x
2(0) - 6(0)
0

O «@—— Check: Substitute x and Y values in the
0 second equation.
0 correct

noun

A system of equations with a single solution--one pair of numbers, such as the
four you have just worked through, are called consistent system3., However, it
is possible for a system of equations to have no solution at all, or to have
many solutions:

For example, the system of equations

y+ 3x=35
2y + 6z = 10

has no solution. If you solve for y in the first equation,

y=5-3
and substitute this expression into the second equation,

2y + 6x = 10, or 2(5 - 3z) + 6z = 10
10 - 6 + 6x = 10
10 = .10

But this does not solve for either i or Y. There is no one set of numbers
that will give you a solution. When this happens, the number-pair solution is
said to be dqpendentﬁ which really means the equations are the same equation.
In the above example, note that the second equation 2y + 6x = 10 is exactly
twice the first equation y + 3x = 5. There is an infinite number of pairs of
numbers that will satisfy the two equations.

For example: x = 0, y = 5; z = l, y=2; 2= 2, y=1; and so on...

3-210 226
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Examplg of a dependent system: . _

Ir-ym=s5
6x - 10 = 2y

y = 3x -'s ~e——— Solve for ¥ in the first equation.

& ~ 10 = 2(3r ~ 5) —e—— Substitute in the second equation and solve for x.
6x -~ 10 = 6 - 10
00 l-— Although this is true, the variables have dropped
out and you cannot get a unique solution. This
system is dependent. :

If a system of equations is such that your attempts to solve them produces
& false statement, the equations are said to be inconsistent. For example,
the pair of equations

y-1m=2¢
2y - 4z = 7 1is inconsistent,

If you solve the first equation for y
y=2r+1

And substitute this value for Y into the second equation

2(2x + 1) = 4z = 7 .

la+2 - bz =7 o @
or 2 = 7 which is false.

All the variables have dropped out of the equation and you are left with

an incorrect statement. The original pair of equations is said to be

inconsistent and the system has no solution.

Example of an inconsistent system:

2t -y =5
2y - bx = 3
2 -y =5 ~s— Spive for ¥ in the first equation
Yy~ 5=-2
y =2 -5
2(2r - 5) - 4x = 3 ww— Substitute in the second equation and solve for x.
bx - 10 - 4z = 3
=10 = 3 «w— Inconsistent since the variable: disappeared and

you are left with an incorrect statement.




SOLUTION BY ELIMINATION

The second method for solving a system of equations is called the method of
elimination. When it is difficult or messy to solve onz of the equaticns
for either x or y, the method of elimination may be the simplest way to
solve the system of equations. TFor example, in the system of equations:

2+ 3y =7
bz - 3y = 5

neither equation can be soived for z or Y without introducing fractions
that are difficult to worl with. But you can simply add the two equations
together and the y terms will be eliminated.
2z + 3y
bx - 3y so— Add' 1ike terms
6

z+ 0
6z
e

nw uly n
NN

N =ln g

Now substitute this value of x back into either one of the original equations
and solve for y. The first equation becomes:

2 + 3y
2(2) + 3y
4 + 3y

3y

3y

¥

!
&

Laali VS IR N BN IR IR |

» = 2 or (2,1) is the solution.

Check the solution by substituting the values for x and Y back into the
second equation. e
bx - 3y =5 \
4(2) - 3(1) =5 i
8 -3 =5 correct

Another example: 2 -y =3
Y + & = 9 «w— Add like terms
2oty ~y+ax=12
2+ 0+2= 12
=12
x =4
Substitute the value for x into the seccnd equation

}-ﬁ—— Combine teras

q

y +
y +
-4

» £= 4 or (4,5) is the solution

B f R
U O WO WO

ww s~y

Check by substituting the values for » and Y back into the first equation.

2 -y =3
2(4) - 5= 3
B ~5=3 correct

3-212
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When adding the two equations you may find it easier to rewrite the equations

as you need to, to line up the variables and the constant terms into the same
colums. Look at Figure 1.

S5+x =3y
-Xx+Y = 1o

Riwrﬂ'e -H'\t ;nrs'l' kquahon as

A=~38BY=-5 -
¥ |- |3Y]| =|~-§
Xi*¥ | Y]=] 1o
L constont ‘erms
i Y column
% column

igure 1: Lining up variables and constants.

EXAMPLE PROBLEMS: Solve the following systems of two equations by using

elimination.
1. o+ 5y = 17
- + 3y = 7
0+ 8y = 24 —e— Add like terms
8y = 24
v =3

- o~

Substitute the vilue of y in the first equation.

x + 5(3) = 17
x+ 15 =17
x =17 - 15
x =2, y= 3or (2,3)

Check by substituting the values for x and ¥ back into the second +

equation:
-z + 3y =7

(-2) + 3(3) = 7
-2+4+ 9 =7 correct

PR N

‘-I»v\)
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- 4y = 30
4y + 3x = -6

Rearrange the order of the terms in the second equation.

3x - 4y = 30

3 + 4y = -6

62 + 0 = 24 wat— Add like terms.
6r = 24
x =4

Substitute the value of z in the first equation.

3(4) - 4y = 30

12 - 4y = 30
=4y = 30 - 12

-4y = 18

1)
fl
{
S
I
w
8
]
S
o]
1
~
~
-

{
£
N[
-

Y=

Check by substituting the values fo
equation.

r & and y back into the second

3 + 4y = -6
3(4) + 4(~4—;—) = -6

12 - 18 = -6 correct

3. -

y=5
Ty Pz .

= -)

Inl

-

Rearrange the order of the terms in the second equation:

6c -~y =5
x+t Yy = -5
5z, = () ww—— Add like terms

=0

Substitute the value for x in the first equation:

bxr -y =5

6(0) ~y =5

..y-S
¥=+-5 2= 0or (0,-5)

Check by substituting the values for
equation.

« and ¥ back into the second

y=-x==5
=5 = (0) = -5
-5 ® -5 correct

3-214
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1

%+ 2y = 10 —
2 1 )
Y+ 1= Cid NOTE: When you check your

solution, always use the
equation you did not use
to solve for the second
1 variable.

5a:+2y-10

Rearrange the szcond equation:

3y = 9 «e——Add 1ike terms
y=3

Substitute the value for ¥ in the first equation:

%+2y-m
Lv6 =10
2
1
» ? 4
) ':z:-8,y=3,or(8,3)

Check by Substitu‘ting the values of = and y back into the second ec‘luation.

_y+l=-%a:

3+1=§m

4 = 4 correct

In some systems of equations neither =z nor Y can be eliminated by simply
adding like terms. For example in the system

3¢ + 3 = 17
xty=7

adding like terms will not eliminate either variable. To solve this
system of equations, you can subtract like terms as follows:

3x + vy

x+ vy '
x-x+y-y=17 -7

22+ 0 =10

x =5

17
7

Then, as before, substitute the value for x in the second equation:

x +
5+

woe
nonon

7

7

2, x = 5, or (5’2)

Check by substituting the values for x and Yy back into the first equation: .
e +y =17 “

3(3) + (2) = 17 N
15+ 2 = 17 correct 23.3.
~N
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EXAMPLE PROBLEMS:

Solve the following systems of two equations by

‘ elimination.
1. 2r + 7y = 29
2 + = 11
2z - 2x + 7y ~y = 29 - 1lew—Subtract like\terms
0+ 6y =18 N
y =3
2r + 3 =11
2x=11-3
2r = 8
T x=4,y=3, or (4,3)
Check: 2+ 7y = 29
2(4) + 7(3) = 29
8 + 21 = 29 correct
2. 2 + 3y = 21
B 2r + = 15
(22 = 2x) + 3y -~y = 21 - 15
0+2y =6
y =3
2xr + (3) =15
2x = 12
x=6,Yy=3, or (6,3
L . Check: 2t + 3y = 21
: 2(6) + 3(3) = 21
12+ 9 = 21 correct

-~

In some cases, you cannot eliminate either variable by adding or by sub-~
tracting equations. ~For example,

2r + 4y
3z - 2

is multiplied by 2.

The y column T 4.Y
The second equation

becomes:
system as follows:

2(5) + by = 26
by = 16

and the svs‘em can then be
rewritten as another equal

V=4, x- 5, or (5,4)

= 26
=7

Note that the y term can be elimiuated easily if the second equation

when you multiply the
second equation by 2.

t 4v

G > |1y

~2(3) - 2(2¥) = 2(7) or
br - 4y = 14

2+ by = 26

e - 4y = 14

82 + 0 = 40-e—Add like terms
X = 5

Check: 6(5) - 4(4) = 14

30 - 16 = 14 correct

3-2183.2
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EXAMPLE PROBLEMS: Solve the system of equations by multiplying one
. equation or the other by another number, then add '
the two equations, and then use the process of
elimination.
1. 5+ 6y = 14 '
3 -2y = ~14
= 3(3x) + 3(~2y) = 3(~14) a—mn Multiply the second equation by 3.
9% - 6y = 42
3+ 6y = 14
9r ~ 6u = ~42
léx + 0 = -28
T = =2
3(=2) + 6y = 14 |
-10 + 6y = 14 |
. 6y = 14 + 10
6y = 24 |
~ y =4, x= -2, or (-2,4) 4 |
|
S
Check: I -2y = ~14
3(-2) - 2(4) = -14
~6 - 8 = ~14 correct
2. . S -y =1 ‘ . |
' 2y + 3¢ = 11 |
‘ 2(52) + 2(-y) = 2(1) ~=w——— Multiply the first equation by 2.
10z - 2y = 2
10z - 2y = 2
Iz + 2y = 11
13 + 0 =13
=1
-y =1
S(I) -y =1
S~y=1
-y = 1 - 5
y=4,x=1, or (1,4)
\ Check: 2 + 3z = 11
2(4) + 3(1) = 11
8 + 3 =11 correct

| Q - ,
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3. < -2y =1
-2r + 3y =~]9
~2(=x) - 2(-2y) = -2(1) . Multiply the first equation by -2.
2r + by = -2
2x + by = 2
=2r + 3y = 19
’ Ty = -21
y = -3
-z - 2(-3) =1
< +6=1
== = <5
X = 5, y = —3, or (59—3)

Check: -2{5) + 3(-3)
-10 - 9

-19

=19 correct

Lock at this system of equations:

X + 2y
e - 3y

7
-2

You can see that there is no singie number you can use as
eliminate one of the variables when the equations are adde
must convert each eguation so that when the twve new equati
of the veriables is eliminated. For example, to eliminate
the system of equations abnve, you must multiply the first
the second ecuetion by 2.

*

2 multiplier to

d. Instead, you
ons are added, one
the y variable in

~

equation by 3 and

First equation: [3x+2y =7 Jmultiply bf?> %+ by = 2]
Second equa'hon: 4x—-3Y =-2 multiply by ?;> B ~b¥Y = -4

The nev system of equations beccmes:

%+ 6y = 21 -
& - 6y = -k
S 172+ 0 = 17 w#———o_ DProceed as before
=1
9(1) + 6y = 21
by =21 -9
by = 12
y=2, =1, or {1,2)
Check: 8x ~ 6y = -t
€(1) - 6(2) = -k
8 - 12 = -4 correct

3-218 234




Check:

Furst equc-\non:

Second equation:

Tovw try this system of equations:

-12 - 15

-27 correct

2r - 5y =9
3+ by =2
ZX=5Y = 8 | Imultiply bY-§> ~ox+185Y =27
3x +4Y =2 |muthply bY~2> 6x ¥+ 8y = 4
-6 + 15y = 27
&+ 8y = L e Proceed as before.
23y = -23
y=-1
& + 8(-1) = L
6z -8=1
6x = 12
z =2, y=-1, or (2,~1)
-6 + 15y = -27
-5(2) + 15(-1) = -27

EXAMPLE PROBlgEMS: Solve the systems of equelions by multiplying one equation

ot by one number, the other equation by another number. Add

the two equations.

Then use the process of elimination.

-36 ww———— Proceed as before.

multiply by 5 — w=10x + 10y = 20
multiply by =2 —e -10x - 1lby = -36

X 2r + 2y = L
Sc + Ty = 18
FTirst equation: 2x + 2y = b,
Seconé equation: Sx + Ty = 18,
10z + 10y = 20
-10r - lh}i =
“by = -16
y =1
2+ 2y =14
2r + 2(h) = L
2=k -8
ax = =L
x=~2,y =
Check: 5 + Ty = 18
5(~2) + 7(b; = 18
-10 + 28 = 18 correct

A

3-219
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2. 3+ 2y = 10
2r = S5y - 25 :
First equation: 3 + 2y = 10, multiply by 2 ——a= 6z + by = 20

Second equation: 2r = Sy - 25, multiply by =3 - ~6x = -15y + 75

Rewrite the second equation as -6 + 1% = 75, then

6z + Ly = 20
-6 + 15y = 75 ——— Proceed as before
19y = 95
y=5
. fe + L(5) = 20
6 = 20 - 20
x=0,y=25, or (0,5)
. , o
Check: -6z + 15y = 175
-6(0; + 15(5) = 175
75 = 75 correct
3 -7 -~ 13 = 2y ,
3y+ bhx =0

Rewrite both equations as: -7z - 2y
be + 3y

nn

First equation: ~-Tz - 2y = 13, multiply W 3 a——— 21x - 6y = 39
Second equation: kx + 3y = 0, multiply by 2 e—— & + by = 0
-2lxr - 6y = 39
& + 6y = 0 a—— Proceed as before P
~-13r = 39 '
X = -3
8(-3) + 6y = 0
by = 24
y =L, x =23, or (-3,L) .
Check: -21x - 6y = 39
-21(-3) - 6(k) = 39
63 - 24 = 39 correct

SOLVING SHOP PROBLEMS

In practical shop problems, you must solve a system of equations; you muet
also learn to write the equations. You may need to review the material in
Project 2, entitled "Algebra 2" covering signal words and how to translaie
Englieh sentences into mathematical equations and expregsions.

3-2202 3(;
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Here's an example: The sum of two numbers is 26 and their difference is 2.
(Let = ard y stand for the two numbers.)

The sum of dwo numbers 15 2¢

) '

r1+Y = 26
4
oo Hheir difference 1= 2
X-Y _ = 2z
The two equations are: x + y = 26 s

X -y 2

Solving as before by elimination you get:

z+ty=26
T -y= 2
2z = 28
x = 1k
x+y=26
1 +y =26
y = 26 - 1k
y =12, 2 = 14, or (1k,12)
Check: x-y=2
1% - 12 = 2 correct

Another example: The difference of two numbers is 1L and the larger number
is three more than twice the smaller number. Let L = the larger number and
S = the smaller number.

The first should be translated as:

The difference of two numbers 1s |4

%

L-3S

i —--

{
14

end the cecond phrese shculd te translazel as:

... the larger number s three more than twice the smaller...

A l

L. = 3 + 2%

o 3-221 237 .




Then the system of equations becomes:

1k : \

3+ 28

To solve this systen, the substitution method will be easier than the
elimination method.

L -5
L

Substitute the value of L in the second equation into the first equation:

(3+25) ~5 =1k
3+25 -8 =14
S =14 - 3
S =1

Then substitute the value: for S into the first equation:

L ~11 =1k
L =11 + 1k
L=25,5=11

A

Check in the second equation:

L=3+2s
- 25 = 3 + 2(11)
25 =3 +22

correct

Aluays check your answer. It is very easy to make simple mistakes. Be
sure you are right. : ’

MORE EXAMPLES:

1. The toctel value of an order of nuts and bolts is $1.40. The nuts cost
5¢ each and the bolts cost 10¢ each. If the number of bolts is four more
«than twice the number of nuts. Howymany of each are there? (HINT: Keep
all mcney velues in cents to avoid decimals--it makes it easier. )

In prcblems of this type it is sometimes helpful to set up a table:

Item Number of tems | Cost per Them |Total Cost
Nuts N S SN
Bolts 8 . _ e 08

I2u cen write the first eguesion as:

The Fotal value of an order of nuts and belts 15 140

P Voo

SN +ion = 140
cost of cost of
Nuts Bolts , ‘
3-222 .
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The second equation would ‘be:
’

... dhe number of bolfs 15 four more +han $wice +he number of nuts ...

! I '
& . a 4 + 2N

The system of two equations.is:

1L0
b+ on

S5F + 10B
B

Use substitution: Substitute the value of B in the second equation into
the first equation.

58 + 10(k4 + 2W) = 1ho

SN + 40 + 208 = 1lko
25N = 100
. N=}
B=L4 + 2§
B =L =2(k)
B=L4 +8
B=12, N =4

Check in the first equation:

SN + 10B = 1kh0
‘ 5(k) + 10(12) = 1ko
20 + 120 = 140 correct

2. The perimeter of a shget of metal is 350 inches. The length of the sheet
2s 10 inches more than twice the width. TFind the dimensions of the sheet
Let L = length and W = width. Recall that the perimeter is two times the
—ength plus two times the width,

The first equation becomes:

The Eanmvl'&r of a shset ch met+al 15 350 inches

ZL+2W = 350"

... +he \ens-\-_h_' of the sheet 15 Joinches more than +wice +he width

! b !

L e -3 4 ZW

R
3_223 2\)\)
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The system of two equations is:

Y

2L + 2§

= 350
L=10+ 2w

19 of 32

Substitute the value of I in the second equation into the first equation:

2(10 + 2W) + 2% = 350
20 + kv + 2 = 350
67 = 330
W = 55
L =10+ 2w
L =10+ 2(55)
L =10+ 110
L =120, ¥ = 55
Check: 2L + 27 = 350
2(120) + 2(55) = 350
2ko + 110 = 350 correct

3. A lab technician wishes to mix a 5% salt sol
to ovtain b Yiters of a 12% salt solution,
Draw a chart 'of your informa

must be added.

ution and a 15% salt solution
How many liters of each solution
tion first.

%

. Solution | Amount (liters) | Salt fraction Yotal salt
S% A .05 .05 A,
tS% 8 .15 SR

The final solution is tc contain b iliters.

can be:

A+B=1

Therefore, the first equation

The second equation can represent the total amount of salt.

(.05)4 + (.15B

A+ B
158

54 +

= L(.12),
the fractions, %he system

b
L8

Multiply the first equation by -5.

A+3B=
-54 - 5B = -20
54 + 15B = L8
10B = 28
B=2,8

3-224
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multiplying this equation by 100 to eliminate
of two equations becomes

4 multiplied bY ~5 ———sm = 54 - 58 = .20
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+
N+
™ oty

Check: 54 + 158 = 4§
5(1.2) + 15(2.8) = 48
6+ 42 =4 correct

QUADRATIC EQUATIONS

So far in algebra you heve only worked with linear equations. Remember,
in a linear equation the variables L, Y5 Ay B,....appear only to the first
pover. For example, 3r - 2y = 6 is & linear equation. The variables appear

as x which is equal to z, or ¥ vhich is equal to y. No powers of x or

Yy appeer as =%, =%, y*, 8. in twe euations.

An equation in which a variable appears in the second power is called
a quadratic equation.

The following are examples of quadratic equations:
1. z'= kg
2. z+y®=4 .y
3. #*+ 22 ~9=0
Lo y®+ 2% = 28
5.y +2x =y®

- -

Every quadratic equeticn car be tut inte e sxandard quadratic form.

‘ax® 4+ bx + ¢ = o » where a connot equal o

} } !

X2 +erm | [x term | [constant
+erm

Every quadratic equaticn must heve ar & tern, although the x term ané the
constant term zmay be missing. TFor exempie, x*+ 6= 0 is5 g quadratic
equation in the stendar:i “zrr, The z terr is missing but the cther
terre are in the right :rier sni the ecuaticn couléd be writiern es:

+ 0(x, + £=2¢

&

The fcllowing quadratic equesicns are in the standard form:

1. 2%+ X =0 s
2. P+ 12 =0 211
3. x%=0

b, 2%+ 52 - 16 = 9
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The follcwix\)g quadratic equations sre 7ot in the standard form:

1. 3+ g= 52 %
2. 3z = bp*
3. 16 = 5z -\2x®

L. 32+x’=l&r

To put any quadratic equation in the standard form, simply transpose all
the terms on the right ‘side of the equation to the left side. Then be-
ginning on the left, write the x"tem, the x term and then the constant.

EXAMPLES:

1. 16 = bz + 2 < Transpose all terms to the left.
16 ~ be* - 2 = 0 - \ Arrange in the order of z*, x, ana
. . constant terms.
-ha:" -2+ 16 =0 Aﬁ Multiply hy (-1) to make the co-
. efficien .r the squared term positive.
be™ + 20 - 16 =0 - Standard _orm.
2. x = 16 - 2c* «—— Transpose all terms to the left.
z-16+ 2% =0 e Arrange in the order of z*, x, and
2 constant terms.,
2 +2 ~16=0 wm Standard form.
3. 2~ 604 9= b9 e Transpose all terms to the left.

]
<

£ <6 + 9 - ko Arrange in the order of z%®, z, and

constant terms.

2% br - Lo

g, I+ 1

3 +1-2%4+5

§

Stendard form.

- 5 @ Transpose all terms to the left,

0 o Arrange in the ozrder of x', x, and
constant terms,

k3
2 X620 e Multiply by (-1).
2¥ =3 - 6= 0 ad———_ Standard form.

i
8

i

SOLVING QUADRADIC EQUATIONS

The solutior to a linear equation is = single number. The solution to a
quadratic equation is a pair of * wbers. Fach number satisfies the ecuation.
Sometimes the two solutions may be the seme number. In Practical problems
there are generally two aifferent solutions. For instance, the quadratic
equation x2 - 5 + 6 = 0 has the solution z = 3 end £ = 2. To check this,
substitute the two values of z into the equation.

z =3 (3)* - 5(3) + 6 =0
9-15+ 6 =0 correct

=2 (2)* - 5(2) + 6 = 0
240 b -10+ 6=0 correct
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The easiest kind of quadratic to solve is one in which the linear turm, or ‘ :
< term, is missing. For example, to solve the equation

=¥ - 25 = 0, simply rewrite as

z" = 25 and take the square root of both sides of the

equation,

V¥ = 25
z = J25

=25 which means 7 = 5, and x = -5
Check: z=5 z* 259
(S5)(5) - 25 =0
25 -~ 25 = 0 correct

- z = -5 z* - 250 .
(=5)(=5) =25 =0
25 -~ 25 = 0 correct

Just remember @very positive number has two 8quare roots; one positive, and
one regative. Both of the numbersg mey be important in solving a quadratic
equation, . ’

r
EXAMPLE PROBLEMS: Solve each of the following quadratic equations by
isolating the x* term on the left, the constant terms '
on the right, and taking the square root of both sides.
Check both solutions.

1. x2*-27=0 Check: =z =3, 3(3)* - 27 =

2w 27 39 -27=0

z% w9 27 - 27 = 0 correct

z%a 9 Check: =z = -3, 3(-3)* - 27 = @

z =3 = -3 3(9) - 27 =0
27 - 27 = 0 correct

2. z?- 3.5 =0

z2 - 3.5

z = 1.87, x = ~1.87 (rounded)

2
Cneck: z = 1.87 (1.87) - 3.5=0
3.5~ 3.5=0 correct ,
z = 1.87 (-1.81)% - 3.5 =0

3.5 - 3.5 =0 correct

213
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49 = 49
7 -7 -7 =7,% _
:c-=§, ET x 3 9(3) 49
49,
95 = 49
49 = 49
b, 6-z%=0 Check: =z = 2.45, 6 - (2.45)%
-zt = - 6 - (6)
zt = 6 T = =2.45 6 - (-2.45)%
Jz*= J% 6 ~ (6)

z =6

T = 245, x = =2.45 (rounded)

You should notice that an equation like z~

no real number x whose Square is a negative number.

In general, a quadratic equation will have all three terms:
T term, and a constant term.
standard form:

£

Xe —b—-Jbr-4qc

2a

ax*+ by +cxco

X = —b+’j b"~;4ac )
2a

or

which 18 génerally written as:

x= —b ¥ Jb2-4ac The

2a

For example,
these steps:

Step 1:

2%~ 1ox 4+ 12 = o

3-228
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= ~16 has no solution,'

correct

correct

[}

0

)

0 correct
0

0 correct

)

i

There is

an z2 term, an
The solution of any quadratic equation in

Quadratic
Formula

to solve the quadratic equation 2z * - 10x + 12 = 0, follow

Identify the coefficients a, b, and ¢ for the quadratic equation:
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-

Step 2: Substitute these values a, b, and ¢ into the quadratic formula:

, o
x = ={-10) * J{=10¥-10)- 4 (2X12)
, 2(2)

Step 3: Simplify this equation for z:

X =z 10t J:oo-.%

4
x =10tVa
- R ~ _
X = 10+2 = 12 =3, and
¢+ ¢ | o %=2,and X =3
X=10-2 = 8 =2
4 4 - .

Step 4: Check the solution numbers by substituting them into the original .
equation: )

check: 2Z2%x*-10x +1Z2 =0
e =3, 2(3)-10()+12=0 4=z, '2(2)%-10(2)+12=0
2(8)-30+12=0 2(4)~-20+12=0

18~30+1Z=0, correct 8~20+12Z =0, correct

EXAMPLE PROBLEMS: Solve the quadratic equations that begin on the next page.

-First write them in the standard form and then use the
quadratic formula.

TAME THOSE EQUATIONS!
!;[g;g;‘ 3-22¢
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X*+ 5X =14 = O ee— standard form \
® Step i : a=1,b=5, cu-14 -

Step2: xc-~5 EVES)=4 (1)(=14)
2(1)

Si'ep z: ( Stmphfy)

X =-§ iVZS*‘Sb

2
X =-S:V8}
2

X=-518
2

x:-S’-&-S, XK= -85-9 ¢
2 2

X:Z) = -7

step4a: (check)
$2+85x—~14 =0
Ps . ¥=2, (24 5(2)-1h =0 ¥==7, (N*+5C7-14 =0
4+i0-14= o, correct 49-35-14 = 0, correct

2. 3x2-7xm &
3x2_7x~Sc 0o ~——standard form
S‘l’ep i: a=3, b=-7, Ce -5
$rep 2 x = 2 (-7) 3 VT -4 ()NCS)
2(3)
S‘h:P'S: (Stmplc*p‘/) X= 74 J49460

6
X = 73‘_\‘!09

¢ 6 .-
¥r 7141044 X=T-l10.44
6
X = \’fﬁ-‘ﬂ-, X =« ~3.44
6 3
X = Z.9\ Xz —0.5857
. Step 4 : Check
Ox*-7X=-8=0, x= 2.9 X= ~0.57
. »3(291)*7(2.9i) -5 =0 32848 (0.57)*-7(0.57) - §= o
Q 2540-20.37-5 ¥ O, correct 0.978 +3.99-5 2o, correct
| T 245 "

i Tl el | ——
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A

- &, 8;*-!9-»5! 8%24 5 ~19 2O, e Shmdard *Form ‘ ;
\ shpl o-—-e be&, Co-19 : S
Step2. % = YY) (s)‘-ﬂax-ts) o
_ 2(@) : :
Step 3. (stmplc"Y) X= -5+ JZS +608 _ 1
N X=-85% \!655 i
16 & ~
~ %= —5+25.16 - Y¥e-5-25.6
\ —_— {1 ' i
‘ X = 20\6 , X=-30.16 w
- 16+ e
X=1.26 X = —18s ;

N shep 4. Check Bx*+5%x-19=0 y=—1.89 } :

{=1.26, 8(.26)%5(.2L)-19=0 e(-\ashs(nas) -19=0
1Z.7+6. 3 -9 =0 Z8. 5-348-—!9;‘0

\ Correct correct } . '
‘ P

4 2ZxX*-5%x +17T =0 standard form
S'szp4 : a=2, b=—35, c=T
step 21 % = =(=5) 2 V(-5)*-4(2)(17)
2(2)

step 5 ¢ (simphiy) X o= S5 ist—z%

X=5x \13‘“ “‘"Eu'}' the square |
4 root of a nethve
number 1s impossible
‘o find 1 our answer must be a real number.

“Therefore +his quadra'l‘lc. equahon has no solution.

217 ®
2§

3-231 -
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. WORD PROBLEMS AND QUADRATIC EQUATIONS -
Consider the following problem:

One side of a.réctangular opening of a heating pipe is 3 inches longer than

the other side. If the total cross sectional area is 70 square inchbes, find
the dimensions of the cross section.

let L= \vn‘s’rh, W = vwidth
Then L= 3+w, and the area = LW, or 70=Lw g'
Subﬁ‘h'*u{'ms Le Z+W 1n +he &Xpression for area, You se-l— .
70 =(5+\N) (W) = 3W+Wz) +hen W?*43w-70 O w— Standard form
a=1, b=3,¢=~-70
W= =3 3+ J(3)*-4(1)(-70)

2(1)

- V\l=~3‘_",49+280

-

2
W= -2 * J2ag9
2.

W= =3 +17, =-35-17
' 2 Z
\N=.l__4-, v/= -2o

V4 2
W = 7, W= —16

Only the positive value makes sense. The answer is W = 7 inches.
Substituting back into the equation, L = 3+ W, L =3+ 7, or L = 10.
— - Check to see i1f LW = 70. It does. :

THERE!'S J0sT

NO WAY THIS

CAN BE MINUS
4
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EXAMPLE PROBLEMS: Solve the following word problems by using the quadratic
formula.

1. One side of a rectangular plate is 6 inches longer than the other. The
total area of the plate is 216 square inches. How long is each side?

Let L =length oﬁred*angle-, and
W= Width of r&d—angle—
Then L=6+W gnd Lw=216;
Subshitute L=6+W into +he
éxpression for areo -
C+W)wW=2i6, and bW+W 216
W 6W ~216 20 v Standard form
Gx} . bx 6, Cm=-2i16
W= =(6) V() 40Y-216)
z (1)
W=-56+ J36+8e4 = -6+J8%00
2 2

w = -6+301 w:-—é-—s_g_

2 2
V\/:"Z_i-j W= —36
2 zZ
W = 1z, W= —i8

Only the positive va.ue makes sense sc, W = 12 inches. Substituting
back into the equation, L = 6 = W, I = 6 + 12, or L = 18 inches. Check
to see if LW = 216. It dces. -

\
4—/_/_/{//: ;/6/

T T 777 177
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2. The cross sectional area of a rectangular duct must be 144 square inches.

If one side must be twice as long as the cther, find the length of each
side.

Let L= +he long side and W = short side
Then L= 2wW, and Lw= 144 Substitute L=2w into ‘the
éxpression for Area :

LW = 144, (Zw)(w)=144, 2w?= 144

ZW*~ 144 = 0 g standard form

a=2,bro, C= =144

W = —(0) + V(c)*+ 4 (2X14-4)

2(2)
W = 'i vils2
4,
= 33.94 (rounded) , = -33.94 (rounded)
4 4

W = 8.49. (rounded), W = — 8.49 (rounded)

Only the positive value makes sense so, W= 8.49 inches. Substituting
back into the equation, L = 2W, L = 2(8.49) = 16.98. Check to see if
LW = 144, 1t checks. N

Now you can try some Shop Problems.
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SHOP PROBLEMS

Your boss gave you a strip of sheet metal 14 inches wide. You must
make a rectangular duct with a cross sectional area of 12 square inches.

-

What will be the dimensions of the cross section? Look at Figure 2.

L ¥

.1.
W l-lm«‘-: 2w+ 2L= \4-) hote -Hla‘,'
A you should consider L large—r

0 1] .

! A 1 thon W.

Figure 2: Rectangular duct. Find L and W.

- The perimeter of a piece of sheet metal is 288 inches. Your supervisor

asked you to find the length and width of the sheét. The length is 3
inches more than twice the width. Remember that the perimeter is 2L +
2W if L = length and W = width.

L LK

- Your boss asked you to cut a 36-inch piece of steel rod into two pieces.

The longest piece should be 6 inches less than 4 times the length of the
short piece. What is the length of the lcng piece? What is the length
of the short piece?

Long piece Short piece

. A customer buys 8 identical shims and 6 identical brackets for $16.80.

Another customer buys 6 of the shims and 8 of the brackets for $15.40.
How much does a bracket cost? How much does 'a shim cost?

Shim cost Bracket cost

. You wish to mix a 207 solution of cutting oil with a 5% solution of

cutting oil to get 2 gallohs of 10% solution of cutting oil. How nany
gallons of each solution should be mixed? (Hint: Refer to example
problem No. 3 on page 19 of this Project Sheet.) ’

., .
Gallons of 207 ecolution

Galions ¢f &% sclution
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6. You have a mixture of nuts and bolts which total 175. The number of

. bolts is 25 more than twice the number of nuts. How many nuts and
; bolts are-there?

Nuts Bolts

7. Your boss gives you the layout of a right triangle as shown in Figure 3.
You are to lay out a similar right triangle so that its area will be
twice the area of the given right triangle. Remember that the area of a
triangle is one-half times its base times its height.

a = 22 | h b

— &8 —

‘ : hint: recall +hat aor're-spondms sides of
similar +rlangles are Propor'honal-

Figure 2: Area of eimilar triaigle.

8. Your supervisor asked you to cut a plece of sheet metal such that the
length is 3 inches more than twice the width. The difference between I
the length and width is 18 inches. What is the area? (Hint: First !
find the length and wvidth.)

Area

9. Here's a good practice problem. Although it may not be a shop problem,
it will make you use your abilities in translating English statements
into algebraic expressions. If 4 times the larger of two numbers is
added to 3 times the smaller, the result is 26. If three times the larger
is decreased by twice the smaller, the resuit is 11. Find the two numbers.

Large niurter Small wmber

3-2855 12
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10. Your boss wants you to machine a channel as shown below in Figure 4.
The inside cross sectional area is to be 3 square inches. The inside . ‘
width of the channel is to be 12 times the inside height of the channel.
What are the dimensions of the inside width and the inside height?

Inside width ~ Inside height ~
< —_— wnr_

Figure 4: Find inside width and height,

~

SHOW YOUR WORK TO YOUR ILSTRUCTOR. 2

\:‘/' ‘

BAS

3-237
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PROJECT SHEET

SKILLS |

Training Module_Shop Math for Machinists

CENTER Cluster _Meral Trades Occupation Machinisr Helper

@ Training Milestone _ 3. Specialized Math Skills

PROJECT 4
SHOP GEOMETRY: PART 1

TRAINING
CONDITIONS: " Here's what you will need:
1. This Project Sheet.
2. A protractor to measure the angles on
page 3.
3. A pen or pencil to answer the problems
In this Project Sheet.
TRAINING

e PLAN: ° Here's what you do:

Thie Priject Sheet is about geomezry. You wil]
learn about angles and their measurements. You
will learn what a polygon s angd how to find
the area and perimeter of differen: kinds of
polygons. This Project Sheet will help you to
solve many shop problems using geometry,

1. Read and study the basic rules and form-
ulas on pages 2 to 3.

2. Work the Shop Problems on pages 32 to 35.

3. Have your Instructor check your work and
record vour score on your Student Train-
1ng Record,

4. Ask vour Instructor for your next Project
Sheet .

TRAINING
GOAL: ‘ Here's how well you must do:

I. You must score 8 cut of 10 c:torrect on

the Shop Problems.

de Viu must answer guestions about this Pro-
Ject Sheet to the approval of your Insti-
ructor.

= 4
o 3-238 RO




SHOP GEOMETRY-PART 1 2 of 35
ANGLZ MEASUREMENT

lines. (Lines ave said to intersect when t

Vartex -

An angle may be identified in any one of the following ways:

4 ABC or A cea A D 4 e
vertex letter in verfex letber a letter or number
+he rmiddle only ploced inside +he angle

As an example, the angle shown below may be named in four

{

different ways:

% L & xyz (vertex leMHer in +he midd le)
z4Y (vertex leter only)
3 4 zvx (verkex lether in the middlc)

Y ik | z 4 4 u (lebrer placed inside 4he angle)

Tne basic unmit of measurement of

sngle size is called the degree.

o0°

A degree is defined ass"é-'oth of

a8 circle. In other words, one full 260"

circle equals 360 degrees. The \

symbol f{or degree is °©. Quor‘h’:r
Full circle
Circle
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The degree can be subdivided into smaller angle units known as minutes and

seconds (which are mnot related to units of time). The symbol for minutes

is ' (the same as the symbol for feet), and the symbol for seconds jg (the
Same as the symbol for snches).

1 degree or 1°

60 minutes or 60’

“

An angle of 46 degrees 32 minutes and 14
For your work in the metal trades

nearest degree, sometimes to the neare
nearest second.

1 minute or '

60 seconds or 60"

seconds is writfen as 46°32'14",
the required accuracy is usually to the
St minute, and very rarely to the

You .measure angles with & Protractor.
simple to measure angles with a prot
tor for assistance.

Below is a picture of one. It is quite
racto:. If you need help, ask your instruc-

To measure an angle, place i.be protractor over it so
up with one tide-of the angle, and the center mark
in degrees where the other side of the angle in

When reading an angie clockwise, use the up
dockwise,_ use the: lower scale, -

that the zero-degree mark is lined
is on the vertex. Read the measure
tersects the scale of the protractor,
per scale and, when reading counter-

in the drawing. <A OB should be read clockwise from the 0* mark on the lef.
ZAOB = 45°. . ’

<E0D should be read counterclockwise from the 0° mark on the night. ZEOD = 60*,

®

©5€&€ Your protractor tc measure the fcllowing anples:

(n _40° (2) 547 (3) _103° (4) e’
If you dont get the abovs answers ask your nshruckor for assishance

2552




FACTS ABOUT ANGLES

1.

2.

4 of 35

An acute angle is less than $0°.
An obtuse angle is move than $0°.

3. A right angle is 90°.
4. A straight angle is 180°,
i
acute engle obtuse angle HSH- angle s'h-msk*}' aujle
(less +hen 90) (more +han S0°) (equal o 90°) (équnf $o 180"
5. Two lines that meet in a right or 90 ° angle, are said to be perpendicular,
The symbol for perpendicular lines is_Jl_.
6. The symbol for a right or 90° angle ig Ll_
7. The sides of a straight or 180° angle make a straight line.
8. Two angles that add up to 90° are said to be complementary angles. (For
example, 47° and 43° are complementary angles since 47° + 43° = 9o °.)
9. Two angles that add up to 180° are said to be supplementary angles. (For
example, 132° and 48° are supplementary angles since 132° 4+ 48¢ = 180 °.)
10. When two straight lines intersect, the opposite angles are equal and the
v Vvertical angles are equal. (See below)
4 Q =4C (OPP95l+& an3i5$)
L b= d (Vertical anﬁléé) :
note fhat vertical angles an olso be
Considered as oppesite angies,
11. wnen two straight lines intersec:, the adjacent angles 'tuc argies with
& common side) alwaye add up zc 18C°., !See below)
AN '
F-a+2db =180° (X'saandb are adJacen#Z;.'s)
4 b +2.¢ = 180° (ZS.'s b ond ¢ are adJacen‘l-é_'s)
4 C-&-A.d = 18D° (A_s ¢ andd gre quocen+5_’s)
Ad+&Xa =180° (X' d and a qre adjacent &5)
1Z. The interior angles cf any triangle acc up to 180°.

3-24] 257
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13. Two lines that are always the same distance apart are paralle

14. When parallel lines are cu: by a third line there are some special re-
lationships between certain angles. When you know the facts about these
relationships you can figure out a lot about all the angles with just
3 little bit of information. As you read through the list ¢f facts below,
locate each angle or pair of angles in the drawing.

FDarafleI
lines

.

A's ¢ 4 e, S are called interior angles. They are inside or interior
to the parallel lines,

A's as by, g k are calied exterior angles.

They are outside or exterior
to the parallel lines.

&A's ¢ and f are called alternate interior angles,

They are interior angles
that are on opposite sides of line XY,

dﬁ's dand g are also czlled alternate interior angles,

They are interior
angles that are on opposite sides of the line XY.

A's ¢ and K are called alternate exterior angles.

They are exterior angles
that are on oppesite sides of the line XY.

&A's b and g are also called alternate exterior angles. They are exterior
angles that are on opposite sides of the line Xy.
Here is the importance of the zbove definitions:

Alternate interior angles are equal.

"‘.’c=z..“and2{c3= 2;.6

Alternate exterior angles are equal,

Xc=Xrkand Xt = Xag

Ctner pairs of equal angles can be proven:

’ 2{a=2i€’2\’6=2€9v Xl =X7, Ad = R
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EXAMPLE PROBLEMS: Use some of the above FACTS ABOUT ANGLES TO SOLVE THE
following problems:

1 = Given: Line segment AB is parallel to
CD. Line segments AB and CD are cut by
N\ p line segment EF. (NOTE: A line segment

I'N 70 -3 is part of a line.)

Find: Xp, Xq X1 X5 Xt, Xu, Xv.

|
|
a. & p= 110° , since 70° + 5.q= 180°. |
b. £49=110° <cince pand qare opposite angles. I
c.Xr=70° since 4 ris opposite the 70° angle.
d. &48= 70° since 8= Ar(alternate interior angles).
e. &%= 110°, since J t= A.q(alternate interior angles).
f. Qu= 110°, cince Au=4p(a1ternate exterior angles).
8.} V= 70°, since Ju+ L= 180°.
2. Given: Set of paralle! line cut by a third line. .
Find: Angles z, y, &, u, L, %, uw

]

« X z= 140° (straight angle = 1809

o
.

& v= 140° (opposite angles are equal)
- Hs=40° (opposite angles are equal)

d. Xu= 40° (alternate interior angles

[a}

are equal)
e, 2;.1:: 140° (alternate interior angles

are equal)

f.4;:= «C¢ (elternate exterior angles
are equal)
£. 4;‘: 142° (alternate extericr angles

are equal’




3. Find all the indicated angies shown in the diagram below,

\
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(@) (b)

=

4 E= 180°~(23°+ z0°)

4 €= 180° 43
.4 p= 30° (s+rozgh+ Ong'esz' I80%) 4 E =137

A we S0 (3‘1';013% Angles = 180°
Pat q = 30° (oPPoSl‘l“e engles are equol)

|

©) 46°12'58"

N r 73°446'32"

G A =180"- (46"12/58" + 75°44752")
2 A =80 45°%12' 58"
+ 73%46 32"
119°58' 90" = 119° 55", (130") = 119°575" 25"
A A= 180°-)15°S9'x0" . 179°59'60" — note +hal 180°¢ 179°59'¢0"
—119°59" 30"
srm 60° 0" 30", or X A~60° 30"
Yo

260

3-244
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PLANE FIGURES: AREA AND PERIMETER

A polygon is a closed plane figure containing three or more angles and bounded .

by three or more straight sides. The worcd "polygon" means many sides. The
follpowing figures are polygons:

A figure with a curved side is not a polygon.

These are not Pelygons

it 1s important for every metal
this section you will learn how to
the different kinds of polygons,
polygon.

trades worker to understand polygons. 1In

identify the parts of a polygon, recognize
and compute the perimetcr and area of any

In the general polygon shown in Figure 1 below, each vortex (or corner) is
labeled with a letter A, B, C, D, and E. The polygon is simply named polygon
ABCDE.

vertex A

Diagonal AD
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ts that form each side:
1> placed over the letters to in-

The sides of the polvgon are namecd by the line segmen
AB, BC, CD; and so on. Nctice that & bar
dicate a3 side.

The diagonals of g polygon are the line segments connecting nonconsecutive
vertices (vertices that are not rext to each other) such as.AC and AD. These
are shown as dot:ted lines in Figure 1 on page 8. Look at Figure 1 again.

In.the sketch below, identify all the sides, vertices,

and diagorals
of the given polygon

The most important polygon measurement

S you will find 1n practica
2re the perimeter and the area. The

outside o0f the Polygon. The perimeter of any polygon
lergths of the sides.,

1 shop problems
perimeter is the distance arsund the

1s found by adding the

2™ L in the polygon KLMy the perimeter ;g
K 3u + “u + 6" - 5" = 18"-
gn . The perimeter ;g 2 length, so it has
length units, in thys case, inches,
n
4 M
6"

Adding up the lengths of :he sides will
a8 polygon. Finding the area 15 a lic:ie
hancy formulas you can use to calculare
can use these formulas, You mus: learn
polygens. First look at the quadrilateral cr

always give you the perimeter of
Mmore complicated. There are some
the area of a polyzon. Before You

to identify the different types of
four-sigeg polygon,

3-246
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The first type of quadriiateral is a parallelogram. In a parallelogram the

sides opposite each other are parallel and equal in length. Look at the sketch.
below:

|
|
1
|
|
A ] -3 /B !
These sides ore These sides are
peraiiel ond «fuc(.q 7 poraildosram 7 — 6lso parails] and
\n !tngHv Aseo equo! lﬂ(ehﬁ"\
10’
c ‘ )
E T F
Figure EFHG at the right is a rectangle, a — g -
parallelogram in which the four corner angles
are right angles. The h__ symbol at the vertices 4 V.

means right angles. Such a rectangle is a
parallelegram because opposite sides are equal
and parallel.

G 7 (x]
¢ o 3 ‘
-t Fxlg{;re 1JKL at the left is a square,
4m 4m /Vrec:angle with all sides equal.
u Am K
M % N
Figure HNQP at the right 1s a trapezoid. g These sides
A trapezoid contains two parallel sides
and two nonparallel sides. MN and OP are . are parallel
parallel. MP and NO are not. but no.}.e?uc,
o
P i
Q
T —————e .+ & fcir-siged pclygon has none of the
above special features--nc parallel sides—-
we cell 1t a quadrilaterai. GRST to the
s 3 lefr :?%%uacrzlaceral.

ey

3-247
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RECTANGLES

The area of any plane figure is the number

of square units of surface within
the figure.

For example, in the rectangle shown below:

4 1
ol R - IL]

sﬂ

Su

you can divide the surface into exactly 20 small 5quares, eath one inch on
2 side. By counting Squares you can see that the area of this 4-inch by 5-inch
rectangle contains 20 square inches. Twenty square inches can be ab&;eviated'
20 sq. in, or 20 in%. '

0f course, there is no nead to draw lines and count squares in such a basic.

manner. You can find the area by multiplying the two dimensions of the rectangle
Look at Figure 2.

Ar¢e of T
rec+qn3{€ ; A = Lbns*;-h x Wid+h W. wdih
A=Lw )

4
{"* L, '_"'""l
lu3+

Figure 2: Area of a rectangle.

Another example:

t:in¢ the area of rectangle EFGH. £ o

£
L = S inches
w = 5 1nches g
A, area = LW = (9 1n)(5 in)
A = 45 sq in H G

The formula is €asy to use, but be careful' It is only good for rectangles.,

the correct

If you use this formula with i different polygon, vou will not get

3-248
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The formula A = LW may also be used to find L or W when the other quantities

are known. As you learned in Alzebra 1 and Algebra 11, the following formulas
are all equivalent:

A=L1LW L = -A—. W= .A_

w L
For example, a sheet metal worker must build a heating duct in which a rect-
anglular vent 6" high must have the same area as a rectangular opening
8% by 9% Find the length of the vent. Look at the sketch below.

——

T Arca of the
&" opening s Actw
‘L‘ A= 8'; S =72 sg-n.

The ‘enj-l—h
of theventis L= A

e

w

L.: 72 6q.§_:l_. = ]2 n,
& in,

Another formula that you will need to know for many

is for finding the perimeter of a rectangle if you kno
Look at Figure 3.

types of shop problems
w its length and width.

Ptrun1e+er
of a rectangle P ZL+2Zw

= v —

Pigure 3: Perimeter of a rectangle.
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EXAMPLE PROBLEMS: Work

through these

rectangles.

problems on areas and perimeters of

" 1. Find the area and perimeter of the rectangles shown below:

6“
4%
8“
(@)
—_—
2"
()
(a) A =LWw P =
A =(8")(6" P =
A = 48 sq in P =
P =
(b) A = LW N P =
A = (43")(12") P =
A = 516 sq in P =
P =
(c) &4 = LW P =
A = (9.667 yd)(2.667 yd) P =
A =25.78 sq yd P =
P =
(d) A = LW P =
A= (1.8 m)(1.8 m) P =
A =3.26 sqm P =
P =

NOTE: in problem (d) above,

Look at Figure 4 below.

1.8m

F
&

1.8m

@
25 vds

2L+ 2w

2(8%) + 2(6%)
16% 4+ 124

2, in

2L + 2w
2(43") + 2(12%)
86"+ 24n

110 in

2L + 2w
2(9.667 yd) « 2(2.667 yd)
19.23 yd + 5.33 yd

24.67 yd

2L + 2w

2(1.8 m) + 2(1.8 m)
3.6m + 3.6 m

7.2 m

the rectangle is a special rectangle--a square.

Area of a square, A - 3% g
Purimeter of a square, P =43
S
igure ¢: Perimeter and areq of a square.
3-250 o p
v as
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From Figure 4 on Page 13 you can find the side of a square if you know

the area. ‘

sz= A e Solve for §

J 82 - f; ~=— Take the square root of both sides
of the equation.
S = Jrl-i-

PARALLELOGRAMS

You should remember that a parallelogram is a four-sided figure whose

. Opposite pairs of sides are equal and parallel. Here are some parallel-
ograms.

“These polygens are lj h

all parailsl ograms.'

To find the area of a parallelogram use the following formula in

Figure 5.
1
i |
A=bh ! h
’ {
i

Area of o para!(elosram

ol

b

Figure 5: Areac of a parallelogran.

KOTE: You do not use only the length of a side tec find the area of a
parallelogram. The height % is the Perpendicular distance be-
tween the parallel sides at top and bottom. The height % is
perpendicular to the base b .

< b
For example, in parallelogram CDBA the base is |
7" and the height is 10" Find its area. |

th=10"
First: Write the formula 4 = bh |

Second: Substitute given values: A = (7")(1025';‘
Third: Calculate the area A = 70 €Q 1n

|
l
Hotice that you ignore the slant height 12 inches. d

O ‘ b s 7”
3-251
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Now, find the area of the parallelogram shown below. Be sure you use
the correct dimensions.

' ‘

I Area
20¢em : 24 cm

I

|

n

I8 cm

bh

>
L}

(18 cm)(Z0 cm)

>
1]

360 sq cm

Try another example:

bh

L}

‘\ Area
7

(24 cm)(15 cm)

360 sq cm

\
\
Y/

. TRAPEZOIDS

A trapezoid is a four-sided figure with only one pair of sides
parallel. Here are some trapezoids:

N

+we

porallel
Sides

e
\_,, e

To find the area of a trapezoid, use the formula shown in Figure 6,

Area of a trapezoid, A.-,(b. ;bz)fw

b

|

|

|

or A_-’-_Ll_(bi"'bz) I
2 e

Figure 6: Arec of a trapezoid.

3-252 28 O
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The factor (Di + b,)

is the average length of the two parallel sides b,
2
and b:_. The height his the perpendicular distance between the two

parallel sides b, and bz. For example, find the area of a trapezoid-
shaped piece of metal as shown below.

7“
J The paratle] sides, b, and b, . have
] ﬂl O‘F' " ", 4h - *_ h
S 6 | 8" l&ngi-hs 7" and 12 j +he hc—.ssh
{
i

1S &Y, Then:
A:. (bl"" ba h -(‘7"-}-!2" ‘"
iz 2 <
A:.(_l_s_”) Y TA
Z
A=¥§ 7 sqin
EXAMPLE PROBLEMS: Work through the example problems below and find the
area and perimeter of each of the following trapezoids.
g 20m Svyd
I g s
{ G
w
“ 2l 5"
i 19m '
~
d 25m
26"
(@) ()

@) ,L\.(aﬁ:a zs") 12" - ( E= Ty

Z
A=07")12"

Pe 44 8"+ 15"+ ze"
A« 204 sq1n

P=6Tn

(b) A= (4m2+.19m> 20m = (_£2§_n_,.) 20m

A=(11.sm)zom

P=<4m+20m+ 19m+ 25 m
A=230 sq m

p = 68 ™
©) A.—:(Nm(d 4 53\/::1) 1Byd = /49 d) layd 0
C ‘.—4_2.
A=(24.5vd)1Byd  Pu lbyd+ 19yd4 SZyd + 2lyd
Ax44] 5q yd P= 8953,

3-253 o




TRIANGLES

A

A triangle is a polygon with three sides. It is the most simple of all
. plane figures.

| three
angles

= <¢hree s1des —-i

Just as there are several varieties of four-sided figures—-squares,
rectangles, parallelograms, and trapezoids—there are several varieties
of triangles. With triangles, one formula can be used to find area.

First you need to know how to identify the many kinds of triangles
that will appear in your shop work.

An equilateral triangle is one in which all three sides have the same
length. An equilateral triangle is also equiangular. When three sides
are equal, the three angles are also equal. Each angle of an equilat-

eral triangle will equal 60° since the sum of the three angles of any
triangle equal 180°,

Eq«.n)t"eml) Equmnjulor

+r:an3|e

An isosceles triangle is one in which two of the three sides are equal.

It is always true that the two angles opposite the equal sides are
always equal.

+wo equal sides ——

e

Isosceles
\Z i1z

Trmnglc

6
fwo ¢ qual Qngl*-‘»

3-254
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A right triangfe contains a 90-degree angle. Two of the sides are per-

pendicular to each other. The longest side of a right triangle is al-

ways the side opposite to the right angle. This side is called the
hypotenuse.

l—-’u

right angle

A scaleme triangle is one in which no sides are equal. A right triangle
can be a scalene triangle.

y\ Scalene
T?vansle
Twm

ldentify the triangles shown below as equalateral, isosceles, or sca-
lene. Also name the ones that are right triangles.

8"
8 @ 8
©)

1 ; g B 4m

6.25

G m

12 vd
J L J

43

(d) (€)

4 V7 vd 1
2 P\

(a) (B) (c)

(d) (e) O 4f)

Check your answers with the list on the next’page.

3-255
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(8) scalene - all sides are unequal
(b) equilateral - 31l sides are equal
(c) isosceles - two sides are equal
(d) isosceles - two sides are equal
(e) equilateral - two angles equal 60° so the third angle must
equal 60° since 3 X 60 °= 180°. Therefore, all
angles are equal.
(£) scalene - all sides are unequal
(a) is also a right triangle since one of the angles is labeled LL_
which means right angle.
(d) is also a righe triangle. Two of the angles total 90° (45°
+ 45°) so the third angle must equal 90 ° since all three
angles must add up to 180°.

PYTHAGOREAN THEOREM

The Pythagorean Theorem is a rule or formula that allows you to
calculate the length of one side of a right triangle when you know
the lengths of the other two sides. This formula is named after Pytha-
goras, an ancient Oreek mathematician. Look at Figure 7.

Pigure 7: Pythagorean
Theorem: For any right
iriangle, the square of the
hypotenuse is equal to the
sum of the squares of the
other two sides.

Qa

other two
T sides

You can use this formula to solve many different typés of shop prob-
lems. For example, in the sketch below, find the unknown length of
a triangular piece of sheet metal.

%\‘ T Find C- since ¢ 13 +he b

Ypetenuse  write
9’ c®= (127)2 4 (9')
= 1 il L
C'= 225 sq f+
— 12" —o C = V225 5o fF

C =15 &

]

3-256 7 5]
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This rule may be used to find any
angle if the other two sides are g

can be rewritten asg:

c =Jat+ B2 a

Remember: This is on%y true for a ri

right or 90 “angle.

Solve the following problem:

10

20 of 25
of the three sides of a right tri-
2 bz

b= Je2 . g2

ght triengle--a triangle with s

A carpenter wants ts use a
12-foot ladder to reach the
top of a 10-foot wall. Hov
far must the foot of the ladder
be from the base of the wall?

See below:

Use +he formulg a=v C"-—b") +hen
* =v (12)2 = (1)

X a\l’(Hﬁﬁ#)-(loosq-H-)
X = quH
X = 6.6 4 (reunded)

EXAMPLE PROBLEMS: Work through

gorean Theoren.

the following problems using the Pytha-

1. What is the distance between the cente
placed 9" to the left ancd 6"

r of two pulleys if one jis
above the other?

Ce Va"+b='

¢ - V&5 (9"

c=v 56$q:n+3!$qm
C:=V 17 Sqn
C=10.8Z1n (rounded)

3-257
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2. What is che length of the horizonta! dimension on the blueprint

of a piece of sheet metal with three holes drilled as shown?

° y
T 48

b

b

25 e b
b

b

J %)

L4

—— P —

B V c_l_af.
= (48mm)" ~ (28 mm)*
=VZ304 mm* — 625 mm*

VI679 man?*

3. What 1s the missing dimension =z in the sketch of a taper punch
shown below?

First, ‘{'m_zi_dtmcnslon Q
a =V C’"‘" >
a .-:\[(2.5")"-— (2.0")2'

P
_J_ acV6.25n 4>

+hen *?'md b
b=a-~0.15"

b=sl.s5in—0.5n

b= L"SS'; +hen find x
¥ =2b

X =2(1.35)= 270
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sdys SPECIAL TRIANGLES

1f you draw a triangle with
. legs 3 wunits, 4 units and- 5
(1) 3-4-5 5 units  long, it will always

+rmng$e 4 be a right triangle.

(2) _30."630'90. In a triangle with angles 30°,
60° and 90° the shortest
ri ’ ’
t ansie 2a X side will always be exactly
b one-half the longest side.
Side bis about 1.732a.

(3) 450_4,50_300 If. the two legs of a right
triangle are equal, the angles
<45 4 will be 45°, 45°, and 9¢° .
The  hypotenuse e will  be

- 2 times the length of the
45 & other side. This kind of 2
a triangle is called a right-
isusceles triangle.

a/2"

1.4a(rounded)

[N

it

hypotenuse ¢

e

(<]

AREA OF A TRIANGLE

The area of any triangle, no matter what its size or shape, can be
found by using the same simple formula. Look at Figure 8.

.Area of a '}‘mangle

I
Area, A=.Lbh, or :h
z .
A!—'l_h_h }"""b“""“’{
2

, 27
Figure 8: Area of a triangle. < [/,

o . ya . N
ERIC ¢ %/ 3-259
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Ter example in the triangle below, the base is 13"and the height is
P g g

8" Applying the formula,

Area = 1 bh
2
A = 13“ 8")
b

A = 104 n*
Z

A =52$4,m

0f course the base does not
need to be the bottom of

the triangle. Use any side
of the triangle as the base,
but be certain the height
you use is perpendicular

to that base. For example
in’the triangle at the ?

right: Yy

-

In some triangles the peight'may not be given directly and some addi-
tional math must be done -to “find the area. For example, find the area
of the 1sosceles triangle shown below:

S S
6
|
o/ ' \g
I
"R |
} .
Il
3 5

note +hat the he:gH’

ot an 1sosceles +r:angie

divides +he base into
two equal parts

- b= 25¢m
O Z5em h=1ibem
s Area 5 A=é_ (25)({6)

7 |bem
Ve

A =200em?
Z20em

%u must firgt find +he hexg%l- LY
usms +he %cgornan Theorem

h=J(9)*-(3)*
h:=J8i-9
h=V72

F =85 (rounded)

Now find +he 2\ra:-a
A =%bh

A = _15(6)(8.5) = 25.5

3-260
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in general, to find the area of an isosceles triangle

» use the following
formula. Look at Figure 9,

.Ars-q of an TIsosceles -T?xansle
Aft-a A= | by’a‘ (5) q a
er A= _kgj 4a*-b>

A 4

’ b

i

Figure 9: Area of an Isosceles Triangle.

For example: A piece of sheet metal

is shaped like an isosceles triangle
as shown below. Find the area.

-1 [ 5
2 2

0 TN =6 [i0%- ,i)z
2 z

SJxoo-S
YKl
= Z8.62 sqin

>>»r>r > _»
1"

For the area of an e

quilateral triangle,
can be used.

the formula shown irn Figure 10

Area of an Equda¥er’al
: Triangle

A = V[E;'az. a a
4

A = 0.4%3% g% (rounded)

Q

teure L0: Area cf an ecuilatercl triangle.

.i 27”

t
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EXAMPLE PROBLEMS: Find the areas of the different triangles shown below.
Use the triangle area formulas you have just learned.

1~ ©yd

- (3) “)
L A=Lb-h . A=Lbh : [a*-(b)* A=, *
5 z b 3.4 2 &) 4. A=.433q

2. = a*

A=.423(6)"
=15.19 =810 =6 B 6\ =.433(32
Arinds Argge g eI ot di
A:142.5 squn A=40sqm A-3J72.25-9 (roundj)

A=~3J63.25
A-23.86 Sq{:# (rounded)

"l’ HERO'S FORMULA

It is possible to find the area cf any trian~'. f,om the lengths of its
sides. The formula that tells you how was developed nearly 2006 years ago
by Hero, a Greek mathematician. It looks like a 4difficulr formula and you
may feel like a hero wher you learn how to use it. Look at Figure

11.
Y, ¢ Area= VS(5-a)s-b)(5-0) , where s=abic
Z=
b S 15 called the ha!F-Pernme+er
Fer Eixarnfﬂe : & ]
first: s= a+b+C = S+6+T= 5

2 2
A= J9(9-7(9-X9-5)
A =y S(zX(3Y4)
A=NZIE ‘
® A =14.T sqin (reunded)

Figure 1l: Hero's Formula

3-262
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REGULAR POLYGONS

A polygon is a plane geometric figure with three or more sides. A regular

polygon is one in which all sides are the same length and all angles are
equal. The equilateral triangle and the square are both regular polygons.

S
ell sideg S0° S0
equnJ
all ansles s s
equal | gp 507
s

The regular hexagon is a six-sided polygon 1n which each 1nterior angle
is 126° an<d all sides are the same length.

If you draw the three diagonals, six equilateral

b triangles are formed. Since the formula for the
area of an equilateral triangle is 0.&33c};the
0 /&0 a area of a hexagon will be six times 0.4334a, or
° 2
&0 Area, A = 2.598¢ (rounded)
z
For example, 1f 7z = 6 cm, A = 2.598(6)
a -8
A = 2.598(36)
a .
A = 93.5 sq cm(rounded)

b:men:uons O‘F Q l—‘e;{agon

d = distance across corncrs

d=2a, or a=o.5d

4-‘ distance across -mal-s

f= 17324 (approx.), or a=0.577f (apprex)
279

3-263
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i
Fcr example, & hex nut has & s.ge iength of & inch. From :the feilowing

tist of wrenches pick the smalles: s1ze wrench that will fit the nu-:

n " 7 " » "
o (a) -‘1’- (b) -g. ©) = (d) -5"- €) 5
Lock at the sketch below: f = 1.732¢
f = 1.732(.25)
f = $.e33"
Converting the given fractions to
decimals you get: .
B;" ¥ ; @ 5; 0.25" () %”: 0.575, (c) l_"l;; 04375 "
4 d) 2. 0.5, ©) 5", 0.625"
"'\ 2 8

; A :
Therefore the 7z wrench is the
smallest size thar will fit.

Qo 3-264
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IRREGULAR POLYGONS

Many times the shapes of polygons that appear in practical work are not
the simple geometric figures that you have seen so far. The easiest way
to work with irregular polygon shapes is to divide them into simpler,

5 more familisr figures. Look at the L-shaped figure shown below:
6-
“Thare are twe ways Yo
T3 /_-‘md +he areq of +his sthe
" 13"
22
- Method I - Addihen Method Ir- Subtrachion
e &"
===
I
16 o 1 :
1 13° {
22" ; 21; Ty
: I 22-10=12" T
; |
: ®
6+413'= 15"
METHOD I METHOD 11
By drawing the dotted line, the In this method, subtract the area of

figure is divided into two

the small rectangle I from the area of
rectangles, 1 and II.

the large rectangle II.

1 1 A 11 Total Area = Area I1 - Area 1
Total area = Atrea + Area A= (22)(19) - (10)(13
A= (22)(6) + (13)(12 A= 418 ~ 130 = 288(;q)in
A= 132 4+ 156
A = 288 sg in




®

Finc the area of the shape shown below:

T

1o’

~ !
61

p——— 33’ —F

You may want to try to divide the figure into two triangles as shown by

the dotted line, but that would be impossible because of the given dimen-
sions.

The only method you can use is to subtract triangle I from triangle 11.°

'TFlangie.I 13 &H ABC
'T‘rxangle Tis A ADC

Area of AT bh sﬁSXBz = 98 qu
z 2

Area of AT -Eh .(322(16) « 264 sq '

Area of Shape » Area A-Aréa BT
A= o8 sqﬂ‘
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EXAMPLE FROBLEM: Find the ares of the shape below.

o 6" wfa- Tt 8+

L] 3'
S io—-—j—— !l;-—-—

H

’4—@‘—4‘-—- Ga_."'— *,
H
=

- - -

-

. You right have been tempted to cut the figure into 5 shapes as shown on
the right. This would work, but there is a much easier way. Look at the
sketch below. Did you think of finding the area this way? You only need
to ~omput: three areas and then subtract II and III1 from the area of 1.

- ———— . ’

The outside rr-&ang\& s AreaT -

Ioc I thure I: base = 6+ 17+8 = 8}
-~ ——— beight = 8+e+15 = 5)
Areq = hb: (3!)(3(‘)
I A =96l sqin
Fxgure I: base=10
heijhi’t s

A= hba (0)(is)
A= 15059 1n
Figure IC: (Trapezoid)
Dases = 17 and 10

Total Area = Area T - AreaTl-Aveq TT hc-.;gth* 8
Area = 961~ 150 - 108 A= (b+b)h
A = 961 - (150-108) 2
A = 96| - 258 A=(1+1g
A=7T03 Sq 1N 2.

A:(z—z)(4)= 108 sqin ’

You can easily see that when working with complex figures, neatness will
help ycu to eliminate mistakes. Now you can try some more example problems.

¢
)
8()

3-267
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EXAMPLE PROBLEMS: Work through :he following problems and find the area
of each shape shown.

T Make two equal trapezoids (Tand Ir) and one
Tom rec+an3!¢ ().

-———-is— ‘Shape Area = Z-AreaT + AreqIC
8.5 o Az2 bl+b’)h+ bh
- z
| As z(e.s +14, 5) 7.6 +(8.5)(z)
F6m 2
.L A=23(7.0) Hg.5)(2)
}‘——_’4'5"‘—-’1 A=200.3 sqm

H IH!H

Make two €qual equchr{*eral triangles
Arcq of shape « 2 (Arsq of I)
Ugs the areca formula for equclﬁi-t—rcl +rmn9[é.5
_:_t,_ Arsa of Shapé =2 (6.43x% at)
r A =z (0.433)(6*)
A < 2(c.4z3)3L)
A=3.zZ sq £+ (mund&d)

P,

o Meke 4wo rechangle-s and ene "’ra\bewd
, shapc Arr.a =AreaT + Area][
+ Area I

Area I =(12Y40) :480sqR Area s (22X1i) = 242 5o 4
Areal[:(b!+bi)h, h=7s~(1z41) = 52

: < b, =40-1€=24

| . ' A«=(24 +8) 52 B2=22-14 =8
"b; I b: Ir |22 (79 2=22- 14
] [}

P—— A=(cX52) =832 sq 4
. - 75 o~ Then Total Areq = AreaT+ Areall + Area IT

A= 480+ 2424 832
A= i554 <qf+

NOW YOU CAN DO SOME SHOP PROBLEMS.

Q “ 3'268 28.'1
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SHOP PROBLEMS

In the piece of steel shown in the sketch below, your boss has asked

you to drill four 4-inch diameter holes, spaced at equal intervals
around a 12-inch diameter inner circle. You must find the dimension
S. HINT: Use the Pythagorean Theorem.

Distance S

12" d

—

7

\\/"
/ /___4“&
\
Y
\\®<< @

3 ) 1
You have circular bar stock with diameters of 2", li-“, 12", 13", and
1". If you must mill a square rod with dimensions 1" by 1", which
diameter circular rod do you choose” Look at the sketch below.

Diameter of bar stock

e
Do
O
N




3. You have finished machining &

wn

- You have milled a triangular gage

as shown beiow. You need to know
the area to the nearest thousand:h
of a square millimeter. (Remember,
if you need to know the answer to
the nearest thousandth-~three
decimal places--you need to do a:il
vour figuring to four decimal
places or more and then round t
three decimal places.)

HINT: Use Hero's formula shown on
page 25, Figure 11 of this
Project Sheet.

- Your boss gives you the sketch of a

a2

pattern gage

Area

as

shown in the sketch
below. You must find the area of che gage in order to know how much
to charge for material. What is the .rea?

4Imm & Tmm
™~
9.8xm o -
Area

gage pattern

that you must eut

a a grind to close tolerance. To nake this gage pattern, you need Lo
xnow the missing dimensions and the area to the closest thousandth of
an inch. Look at the sketch below and find the area A and the missing

dimensions x, s, anc¢ h.

w
—— s — )

N
R
"

et o .

B DO SV VALY = 10 WP P28 Pt o e s e




6. Your supervisor wants you to machine a ‘
pentagon-shaped gage as a part of a
fixture. You need to fingd the missing
dimension g, the Perimeter, and the
area. Look at the skcich on the right.

S

Perimeter

“4mm  324mm
Area ;

—s —

7. You need to mill a hexagonal shape from circular bar stock. You have
2 selection of stock with diamciers of 1.75", 1.5", 1.375", 1.25" and
0.75". 1f you minimire your waste, vwhich diameter of

circular bar
stock is best rec use? Look at the sketch below.

hsn+: locl: 6‘}
page 26 of t+his '
Prgec‘l‘ Shee‘l‘

Diameter of bar stock

8. You have just finishzg cutting and machining a pattern. Look at the
sketch below. If your boss charges h:is custemers 4 tocal fee of $8.75%

per square inch for this type of ma_hine work, how much does he
charge for the piot.~vn veu Fave made”

l-s"—“i\l ot A N o RSO, usﬂ ‘-5"
rﬂ- "~ -—o-r- *1
C-G"

e v

b~ ]_S" l‘5|\l.v' . '
0.75" \\

3-271
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)

9. Your boss has given vou the job of m-chining a taper punch. You must
find the missing dimens: n L on :th. sketch shown below before you
can do the ;cb.

L

h\

S

— L —=

10. Look at the sketch below. You must find the radius R of the circular

wheel with center at 0. You have placed two round pins with centers
at A and B and radii of 0.5 inches. With a micrometer, you then very

accurately mzasure the distance a and find it to be 8 inches. With
the above gi °n dimensions, what is the radius R?

R

radius 0.5"

i

SHOW YOUR WORK TO YOUR INSTRUCTOR.

B4S

3-272
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MACHINIST HELPER FORIULAS FOR PLANE GEOWETRIC FISURES L of 2

Item 212
TIGURE ~ D L\\kéb\ Da&m&r&.ﬁ.
® ' w
l. RecranoLe = r A-Lw PsZL+2w
L
S
Z Squire L d A-s® P: 4s

3. Dagaile LOGF i:#]

A=bh P-a+b+c
4. TrianeLe 2

. 5. EouiL AT &EAL
TRIANG

/J 6. I'sosceiles

A=b 01—(&)" P=Za+b
TRIANGLE z Z
{
by
7 TRAPEZO\D 4 h A = h(b,+b2) P=at+b+k,+c

n z 7/
b, or __'Y_\_ (b‘-l,-bz\\

z /

n

: &
S REGULF.f e A=2.8980 - P.lLa
HexAGon {

254
Q 3-273
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. —da ;
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SECTOR
i
j

.
L4

LRE £ ?EF\:MT—J‘E&,
A'-"-“_P:_ C = TrO.. .
A=07£54 47 C=2mTr

A=Tr(R>-r2)
A=CT854(D%d*) (=zmwR.

A= 0.00875 ra. L= 0.01745ra

A :LE._ a = S-Zo.ZSGL .
z F

~— = )

e e ‘

l : & / \“ ~ r——
// -\ ' L\=L':FL-\\F-¥1/ c=2Vh (U"‘h)
iZ., CreQCULEk_ \~ / h « L =0.01745 re
SEGMEI\\T W\ 1 ~ = Qz_L4h'>
» Bh |
=57. 0950
I\;
’ —— 12 * } . [ —_
3 riEes ©Toy r.o1r 2 .& z 6‘06\{ r.t :l(‘“,'!: J—:Eh\’:i —Owi A
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\
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: PROJECT SHEET
SKILLS |...

CENTE R Cluster __Metal Trades Occupation _Machinist ‘Helper

¢

: Training Module __Shop Marh €or Machipists
i Training Milestone _3. _Specialized Math Skills

PROJECT 5

SHOP GEOMETRY: PART 2
)

TRAINING

CONDITIONS: qb Here's what you will need:

I. This Project Sheet.

2. A pen or pencil to answer the Shop Prob-

lems in this Project Sheet.

TRAINING )

PLAN: @ Here's what you do:

‘ In cthis Project Sheet, you will learn more
about Geometry. You will learn about circles
and many rules that relate to circles. You will
iearn about solid figures including prisms, pyra-
mids, frustrums, cones, cylinders and spheres.
You will learn to find the areas of circles,
You will also learn to find the surface area
and the volume of solid figures. The information

in this Project Sheet will help you solve many
shop problems using Geometry.

1. Read and study pages 2 to 33 of this
Project Sheet.

- werk the Shop Protlems on pages 34 to 27.

3. Have your Instructor check your
and record your score on your

Training Record.

work
Student

4. Ask your

Instructor for your next Project
Sheet.

TRAINING
GOAL: Gb Here's how well you must do:

- You must score 8 out of

180 correct on
the Shop Problems.

3-275
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SHOP GEOMETR¥: PART 2

CIRCLES

A circle is probably the most familiar and the simplest plane figure. A circle
is the geometric shape that is most often used in shop work. The definition

of a circle is: A closed curve with every point on the curve an equal distance
from a point interior to the closed curve. You don't have to remember that
definition. You do have to remember the sketch and the definition shown below.

»

r = radius . . Radius is the distance

from the center point 0
of the circle to any point

on the circle.

d = diameter .g—__ Diameter is the straight

c line distance across the
circle through the center
point O.

¢ = circumference g.. Circumference is the dis-
tance around the circle.
The circumference of a cir-
cle is similar to the peri-
meter of a polygon.

For all circles the ratio of the cirumference to the diameter is always the
same number. That means that the relationship between the distance around a
circle and the distance across the circle will always be the same number.

circumference
diameter

=3.14159,., =T

The value of this ratio has been given the
c labeiljthe Greek letter pi. The value of pi is
approximately 3.14, but the number has no simple
decimal form. The digits continue without ending

or repeating. For most practical work use T] =
3.1416.

Remember: Pi has no dimensiorns or units. Pi
is a ratio.

The relationships between radius, diamter, and circumference are shown in
Figure 1 below:

Circle -formulas
diometer of a arde, d=2r
. or r=d
2
circumference of a circle , C=Td
2 or C=2MUr .
N
3-276 7~ )
Figure 1: Cirele Formulas
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EXAMPLE PROBLEMS

1.

Your boss wants you to know the radius and circumference of a hole you
tt

have drilled with a Z dratl.

A 3 drill has a diameter of %- or 0.75".

4 a
. _ é _0.75
The radius r = 2 =73

r = 0.375" o radius

The circumference o
s,

wd = 3.1416 (0.75)
2.3562" g circumference

- You must bend a piece of sheet metal into a circular tube having a diameter

of 3.25 feer. What is the required length of sheet metal?

The length of the sheet metal will equal the circumference,

-

so ¢ =da
e = (3.1416) (3.25)
¢ = 10,2102 f¢t.

- You must ‘space 8 bolrs equally around a circular steel plate at a radius

of 9 inches. What must be the spacing between the bolt holes along the
curve? Look at the sketch below.

arcumterence ¢ =rd , d=2r
¢ (2-9) =1 (18)
¢= 31416 (18)
C= 86.5488
since the spocing distance S
€guals 1 of +he carcum-perenc.e,
& 5= ¢ = 56.5488
8 8
S= 7.0686"
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FINDING PARTS OF CIRCLES

As a sheet metal worker or machinist, you will be required to find the lengths

of portions of circles. A common problem is to find the length of something
that is partly curved and partly straighe.

When you calculate the length of a curved section of metal, you must
remember that the material on “the inside of the curve is compressed
(smaller) and the material on the outside is stretched. Therefore, you must
calculate the length along a neutral axis. Look at the sketch below.

The inside radius is 2'". The stock
is 1" thick. Therefore, the midline

= or neutral axis has a radius of 2.5".
" The curved section of the bar is
25 r one-quarter of a circle so the curved
i section is one-fourth of C.
i
C=Td=2Z7r
— 1" fo- L(9)=1 (zwr)=1r
+ /3 2
¢.Tr = (34)2.5) . Z3.93"
4 2 2

Then the total length will be the sum of the two straight segments and the
curved segment.

3" 4+ 2" 4+ 3.93"
8.93"

Length L
L




EXAMPLE PROBLEMS

1. Find the length of the ornamental piece of iron grill neeaes t> bend the

shape shown in the sketch below.

. +he lower curved section:

c. fotal leng-Hn = Sum of :}ra:gh% prece

a. the upper curved section:

radius of +he nevtral auis E
F=<4+0.2%5 =4 25"
half of +he arcumference IS ;

dc. ! (2mr)=Tr= 3,141 (4.25)
z 2

de= 135,39 (roundcd)
2.

radius of the neutral axis 15 ;
F=3%5+0.25=375"
three - fourths of +he c;rwm—faramc— ;
2c=3 (2mr)= ¢(3.1416)(3.75)

“ 4
C =17.67" (rounded)

Hlw B

plus curved sechions a and b above.
L= 64+ 13.85"+ 17.67"
L« 37.02"
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L]

2. Find the length of round stock needed to form the U-shaped form shown in
the sketch below. ‘

¥ a. the }wo slrrasﬂH' secthons -

Le it =32"
16
b. +he [ower curved sechon :

redius of the neutral axis s
'!' 18.5- ’_?_’_54- LS =928 4+.75 = 10.0"

2 2
curcum-g—e-rence = Zur, half o'p the
creumference = e = 31416 (10)
= 3L.446"

“S“

c. total lenSH; (;qnmf Sum of a and b

i
|
|
\
\
\
|
\
\
above : l
<l L=32+ 31416 = 65.4 6"

FINDING THE AREA OF A CIRCLE

To find the area of a circle, use the formulas shown in Figure 2.

Avrea of a crele

A=TT2
or A:lri’“;__oojaf. 4z
4

-~

Pigure 2: Area of a circle. .

294 o

v)
0y
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EXAMPLE PROBLEMS
1. How much sheet metal is needed to make a circular metal table top with a
‘ diameter of 24 inches? Look at the sketch below:

= 452.3904 <q 1n

2. What is the area of the largest circle that can be cut from a square
piece of sheef metal 4 feet 6 inches on a side? Round your answer to the
nearest hundredth. Look at the sketch below:

T A= Td* 2 0.78544*
4.
46"  A=07854(4.5%), note: 4°¢"- 4.5’
4 A = 0.7854 (20.25) ‘
l A =15.90 sq 4 (rounded)
X

‘ f— 4 o™ —

A circular ring is defined as the area between two concentric circles.
circles

radii.

Two
are concentric when they have the same center point but different

A washer is a ring. So is the cross-section of a pipe or a cylinder.

To find the area of a circular ring, subtract the area of the inner circle
from the area of the outer circle. Use the formula shown in Figure 3.

Areq of a ring

Areq = Area of Outer curcle

minus oréa of inner arcle
Area = TR*TP* = T(R-r%)
or A= W-Td* = T (D-4*)
4 4 4

AT 0.7845 (D*-d*)

Figure 3: Area of a ring.

W

3-281
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~

For example, to find the cross-sectional area of the wall of a steel pipe

whose inside diameter (i.d.) is 8 inches and whose outside diamter (o0.d.) is

8.5 inches, substitute D = 8.5" and d = 8" into the second formula. Look at
the sketch below:

A = 2(3.1416) (8.5" - 8%

A= (0.7854) (72.25 — 64)

A= (0.7854) (8.25)

A= 6.48 sq in (rounded) 8s 8"

™
Notice that 7 rounded to four decimal places
is 0.7854. '

Also notice that the diameters are squared
- first and then the results subtracted.

{ EXAMPLE PROBLEMS |

1. What is the cross-sectional area of a steel collar 0.6 cm thick with an
inside diameter of 9.4 cm? Look at the sketch below:

0.6em
i.gd, = 9.&
o.d. = 9.4 + 0.6 + 0.6 = 10.6
A = 0.7854(10.6"% - 9.4™)
9.4cm A = 2.7854(112.36 - 88.36)
A = 18.85 ecm (rounded)
/
/

2. For a cross section of a pipe with an i.d. of 8 inches, how much more
material is needed to make the pipe 0.5 inches thick than to make it
0.375 inches thick?

a. 0.5" thick 2 . b. 0.375" thick . .
A= 0.785(97 - 87) A = 0.7854(8.75 - 8)
A = 0.7854(81 - 64) A = 0.7854(76.5625 - 64)
A = 0.7854(17) A = 0.7854(12.5625)
A = 13.35 sq in (rounded) A = 9.87 sq in (rounded)

Cross-sectional area of a pipe 0.5" thick = 13.35 sq in.
Cross-sectional area of a pipe 0.375" thick = 9.87 sq in.
Material difference

13.35 sq in - 9.87 sq in
3.48 sq in.




OTHER TERMS AND RULES RELATING TO CIRCLES

of circles. 1In shop work, there are other definitions and formulas you will
need to know. Look at Figure 4.

‘- So far, you have learned about radii, diameters, circumferences, and areas

1. The straight line joining the points ¢
and D is called a chord of a circle.

2. The distance on the circle between C
and D is an arc of the circle and is
)
sometimes written as CD.

3. The shaded area between the arc and the
chord is called a segment.
I
4. The avea of the segment plus the area of
the triangle OCD is called the sector COD.

5. A line outside g3 circle which touches
the circle at only one place is called a
tangent line. In the sketch at the lefe,
line .AB is tangent to the circle at

Figure 4: Terms relating point T. Point T 1is called a point of

to a circle. tangency.

Look at Figure 5 to see further terms relating to a circle.

’ 1. A central angle is an angle whose vertex
is at the center of the circle and whose

sides are radii of the circle. In Figure
8 5, angle DOE is a central angle.
A 2. An angle drawn inside a circle with its
vertex on the circumference is called an
» inscribed angle. 1In Figure 5, angle ABC
is an inscribed angle.
E 3. Both central angles and inscrited angles

c are said to intercept the arcs between
their sides. For example, central angle
DOE intercepts the arc DE and inscribed
angle ABC intercepts the arc AC.

N

Figure 5: More terms
relating to circles.

234
3-283 |
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RULE 1: A line drawn tangent to a given circle is perpendicular to the
radius drawn to the point of tangency; conversely, a line perpendi- ' -
cular to a radius at its extremity (where it touches the circle),
is tangent to the circie.. Look at Figure 6.

Line AB 1is tangent to circle O, then
line AB 1is perpendicular to the radius r
at the point of tangency C.

Conversely: Line ED is drawn perpendi-
cular to radius r at its extremity (point
F), then line ED is tangent to circle O
at point F.

Additionally, anv line verpendicular to
the tangent at the poin: of tangeny must
pass through the center of the circle.
(For example, line JF 1is perpendicular
to the tangent 1line at the point of
tangency F; therefore, JF goes through
the center 0. Also, line HC passes through
the center 0.)

Pigure 6: Rule 1.

RULE 2: 1If two lines are drawn tangent to a circle irom an outside point,
these lines are equal to each cther. Also, the angles made by these

two tangent lines and a line from the outside point through the
center of the circle are equal. Look at Figure 7.

Line AB and line AC are tangent to the
circle at O, then line AD = line AE.

Also, line OA bisects angle DAE, or angle
a = angle D,

Remember: The word bisect means divide
into two equal parts.

Ju'
Figure 7: Rule 2.

3-284




11 of 37

. \?\ ’
RULE 3: If an angle is inscribed in a circle, the angle is equal to one-half
the number of degrees of its intercepted arc. 'Also, an inscribed

angle is always equal to one-half of the central angle if both angles
intercept the same arc. Look at Figure ‘8.

‘Angle s ABC is an inscribed angle. (It has its

© wvertex on the circumference of circle 0.) Then
angle ABC equals one-half the number of degrees
of arc AC.

B

Also, angle- AOC is a central anéle. (It has
" its vertex at the center of the circle 0.) Then
3g

.angle ABC—equals one-half of angle ACC, or Xb ==

c

Figure 8: Rule 3. )

RULE 4: An inscribed angle based on the diameter of a given circle is a right
* angle since the intercepted arc is 180 degrees. (That is, the in-
scribed angle equals one-half of the intercepted arc, or the insc-
ribed angle equals e-half of 180 degrees, or 90 degrees.) Look
at Figure 9. | cn\\\\ .

LY
-

Line AB is the diameter of a circle with
its center at O. Angles AaDB, ACB and
AEB are- all inscribed angles based on
the diameter AB. Therefore, angles ADB,
ACB and AEB are all equal to 90 degrees.

Figure 9: FRule 4.

k4

RULE 5: 1f a perpendicular is drawn from the center of a circle through any
chord in the circle, the chord is bisected and so is the intercepted
arc. Look at Figure 10,

Chord AB intercepts arc K%, line
OD 1is perpendicular to chord AB,

then chord AB 1is bisected. (Line
segment AE equals line segment EB.)
Also, arc_ AB is bisgg:ed by line
. o - "~ OD (arc AD equals arc DB).
/\‘\yﬁ'

D

Pigure 10: Bule 5,
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RULE 6: When two line cut through a circle and intersect the outside of

the circle.: the included angle between these two lines is measured ‘
by one-half the difference of the intercepted arcs. Look at Figure
11.

Lines AB and AC cut ‘through the

circle with the center at 0O and
intersect outside the circle at \
point A. ~

Angle BAC intercepts arcs DE and
BC. Then angle BAC equals one-half
the difference of the intercepted

arcs f&?: and 6;:, or angle a =BC - DE

Figure 11: Rule 6.

* SOLID FIGURES

Plane figures have only two dimensions: length and width or base and height.

A piane figure can be drawn exactly on a flat plane surface. Solid figures

have three dimensions: length, width, and Leight. Making an exact model of ‘
a solid figure requires shaping it from clay, wood, plastic, paper, or other
materials. A square is a two-dimensional or plane figure. A cube is a three-
dimensional*or. solid figure.

Metal workers encounter solid figures in the form of tanks, pipes, ducts,
gears, shafcs, etc. As a metal worker, you must identify a solid shape and
its component parts. You must learn to compute surface area and volume,
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PRISMS

A prism is a solid figure having at least one pair of parallel surfaces that
create a uniform cross-section. The sketch below shows a hexagonal prism.

I \/ I Cutting the prism  anywhere

i parallel to the hexagonal sur-

f ) Parallel faces produces the same hexa-

I | gonal cross section.

, | surfaces

A ™,

/ ¥
A
7N
| S
r .

All of the polygons that .'//f
form the prism are called ’ base
faces. The faces that ’
create the uniform cross ——
section are called the | ! l 1
bases. The shape of the  ——— | edgGS
bases give the prism its altitusle | ::j
name. The other faces | e
are called lateral faces. vertices ag- laberdl
The sides of the polygon - A —— ] Surfaces
are the edges of the -- <
prism, and the corners 4 N
are called vertices. \%:
The perpendicular distance \
between the bases is B
called the altitude. ; base

In" 2 right prism, the lateral edges are perpendicular tc the bases and the
lateral faces zre rectangles. Look at the sketch below. In this Project Sheet
you will learn about right prisms.
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In the sketch below, count the number of faces, vertices, ‘and edges.

¢ .
“ .

|

l Number of faces -
Number of edﬂes -

: Number O'F vertdices = —
| !
F-—p -4
/ \
/ \

Answers:
*ms1ad aaoge ay3l uo

$8271332A Q1 pue ‘salpa G] (sedoej yeiele] ¢ pue saseq ) S3%BJ ; 91p 213YL

"RECTANGULAR PRISM

The most common sclid in practical work is the rectangular prism. All oppo- ‘
site faces are parallel, so any pair can be chosen as the bases. Every face

is a rectangle. .The angles at all vertices is 90 degrees because the edges
are all pezpendicular.

) R base

|
|
: |« QlFitude
}
]
]

(helgh{')

base

CUBE

A cube is a rectangular prism in which all
edges are the same length. Each face is a
square. S

30 j — |~

3-288 3
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TRIANGULAR PRISM

‘ In a triangular prism the bases are triangular.

hersh‘l‘

base _ _ buses

TRAPEZOIDAL PRISM

In a trapezoidal prism the bases are :dentical trapezoids.

base . —— -1
® r
R bage ! *l— ~ base
/L"" """xﬁ —_ - __k
7/ \ ~
h&igi + a!t *Udé} N~
// I’\ M= 'S" ( , ~ ~
base L_ athitude

You can tell that the trapezoids and not the other faces are the bases be-

cause cutting the prism anywhere parallel to the trapezoid faces produces
another trapezoidal prism.

Three important quantities may be calculated for any prism: the lateral sur-

face area, the total surface area, and the volume. The formulas in Figure
12 apply to all prisms.

hs helgh“‘ l PN Lokeral Surtace Area:
p= Penmt{'er of base,or l ' T L= ph
p= Sum ot the edges of | : h Total Surface Area:
+he base Jod 4 S=L+zA
c A= ares of the base 7 A J_ or S=PH'ZA
Volume: V= Ah
305
o 3-289

EMC Figure 12: Formulas for right prisms.
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From Figure 12 on page 15:
1. The lateral surface area L is the area of all surfaces except the ‘
bases. . '
L=Lakeral
Surﬁmu}anal

’

2. The total surface area S is (he area of all surfaces plus the area
of the two bases.

~

S = Total

O B surface areq

3. The volume ‘or capacity of a prism 1s the total amount of space
inside the prism.

EXAMPLE PROBLEM: Look at the sketch below and find the lateral surface area
L, the total surface area S, and the volume V.

a. The perimeter of the base is:
P - 6!| + 8” - 10" = 2&”
Then the lateral surface area 1g:

ph = (24")(15")

R" i A L = 360 sq in
1
' 5. In this prism the bases are right rri-
- 1 angles, so the area of each base is:
0o 1 < Ly oo (6)(8)
1 A_—bh..-__Zl‘sqm
X 2 2
! . Then the total surface ares is:
! IS
i S=L+2A=36Osqin+2(245qin)
,6\ S = 360 sq in + 48 sq 1n
’
s \ S = 408 sq in
. . ®
,,’ \ ¢. The volume V of the prism is:
ton V = ha = 15 1n(21‘ 5q in)

V = 360 gu_in
390
3-290
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In practical problems it is often necessary to convert volume units from

cubic inches*or cubic feet to gallons or other units. Here are some more
examples of conversion factors:

‘ ‘

1 cu ft = 1728 cu in 1 cuyd = 27 cu ft
= 7.48 gal
1///fh__—‘-_:;71 = 28.3 liters 1 cuin=16.38 cu cm
= 0.0283 cum
‘?:%: 0.806 bushels 1 gal = 231 cu in 0
231 CUIN-

-EXAMPLE PROBLEM : Calculate the volume of water, in gallons, needed to fill
the swimming pool shown in the sketch below. Round your
answer to the nearest hundred gallons.

%

12 First: Find 4he area o'f- a base

+hai gives a constant cross
se&:o‘n- Inthis case 1+ witd
be the side of the peel, which

1Sa +raPez_old.

-A:is'—\‘-ll')lf'{ds ; Temember +o chanse Tds. to -“‘

z
A= §l+'2>_(75’2 = $25 sq £} ; -then find +he volume-

V= hA< (2’525 sq &)
V= 63co cutt ;  ~+hen 4o find +he number of ?a”ons,

use conversin factor from 4ubls above
{c.u-g- g-(: Vo‘um& = 748 30]3 —H\e-v\ ‘H’;& onveérsion ’Fad-or ts T4 af

Then +he volums 1n ga!lon,s ©: VeT.48 gal | b3vo Tk {cu $+
§

‘ \/::(’7.4-6 30()(6300) = 4-7!?,4'30’ ,or
Vs 471003al (round&d)
307 3-297




18 of 37

EXAMPLE PROBLEM:

In many practical problems the prisms you work with have
irregular polygons for their’ bases. Find the volume of
the slotted bar as shown in the sketch below. If steel

weighs 0.283 1b per cu in, what would be the weight of
this bar?

e 22—

First calculate the
volume of the prism.

"o

To do this, divide
the base area into
more familiar shapes.

A

D
o

e o o V1Y
)

The area of the bases of the three base shapes is:

The volume of the bar is V

The weight of the bar is W

N STV N T 9)

43 4 )

A:

A= 6.75 sq in
= A‘h

V= 6.75(18)

V =121.5 cu in

"

(121.5 Tomig) (92283 1b,

=
n

34.3845 1b or 34.4 1b (rounded)

The most common source of errors
in most calculating of this kind
is carelessneds. Organize your
work neatly. Work slowly and

‘ carefully' .
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Now try this problem. Remember, organize your work and work slowly and care-

fully.

Find the weight of a pieze of brass shown in the sketch below.

Brass

weighs 0.2963 1b per cu in. Round to the nearest tenth.

Y4
[
4

| >

. A
= &

\/o}umé. I, V= (2-)(7)(.%)2= 4 cuin

Volume I, V= (LXT)(2) = 28 cu in
Volume I, V= (1X4X2) = 8cuin
Volume IT, V= (|+8)éé.)(22 - &4 cuin

Then W= (104 T0)(0.2963 1)
Taag

-

od

Separate the bases into
the shapes as shown below.

PN
T ]

sum of Volumes
I, r,m and I :

Vr = 144+ 28 +8+54
V1 = (64 ¢un
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PYRAMIDS

A pyramid is a solid object with one base and three or more lateral faces

that taper to a single point opposite the base. Thie single point is called
the apex.

A right pyramid is one whose base is a regular polygon and whose apex is

centered over the bpase. You will learn about right pyramids in this Project
Sheet.

- OPGX

| luteral {ac&s

base

The altitude of a pyramid is the perpendicular distance from the apex to
the base. The slant height is the height of one of the lateral faces.

dﬁ+ude,h




Several kinds of pyramids can be constructed:

squars p\(rn mid
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'T?"!ansu\ar P{ranud, or +etrahedron

lateral faces
are 1sosceles

H:angles

| ... base 1354 Squaie

aH—&ude, h

- QPEX

loteral fa(es

dre Isesceleg
4 an3\65

base 13 an

equu]a{‘eraf +rmn3|e

o AN e AN

There are several useful formulas relating to pyramids

- Look at Figure 13.

P\(l‘ﬂﬂ‘llds

Lateral Sur-.cace. Ar&a :

L=ps_
2

where

: P: Parlme"'er a-p hase

Volume : S = slant He:gH' ofa
V= Ah lateral face
S A\ - Area o" -“)e‘: base
h= altdude

Figure 13: Pyramid formulas.

3-295
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Using the formulas from Figure 13 on page 21, find the lateral surface area
and volume of the square pyramid shown in the sketch below:

5=10.8", h=10", p-8+8+8+8~ 52"
A=(8%) = 64 sqin

“H\en, L:E = (52&!0-8)
2 2

Ls(lé)(lo.a) < |72.8 sqin .
(area of thed +r:anjular *Faces)
dnd) V= -,5;}, = éi('_dl
3 3

V= 21%3.%5 cuin (r‘ounded)

EXAMPLE PROBLEM: Find the lateral surface area and volume nf this triang-

ular prism. (Remember, the base is an equilateral tri-
angle.) Look at the sketch below.

perimster, p= 1416416 = 48em

L-ps =(48X365)
2 2
L=8T1.2 sq em

$236.3cm  V=Ah , recall that the area of an
equilateral +r:anjle s
A=0.435 3% where s 15 the

/}\ Side of %e."’rlonsle,"rheni
\I=:'7; (0.433)(16*)(36)

V=(0.433)06YILY 36) = 1330.176 cu cm

3




CYLINDERS

/ -
‘ A cylinder is a solid otject with two identical circular bases. The altitude :
of a cylinder is the perpendicular distance between the circular bases. Look

at the sketch below:

{ A right cylinder 1s one whose
curved side walls are perpendi-
cular to its circular base.

— Whenever you talk about the
radius, diameter, or circum-
ference ¢f a cylinder, you

bases are talking about the dimen-
ions of the cylinder® ircu-

oititude, h —_— Tar Zase. ’ v

s ~
s N\

You can find the lateral surface area and the volume of a cylinder by using
. the twc formulas shown in Figure 14,

C~(lmd€:l’

Laterol Surface Arsa: c= arcumference
. L=ch of +he base
or L=Tdh b= radws of the base

d = diameter of the base

\blume - h= altdude of +he
J=11r*h c,(hnder

or V07854 d%h approx.

,..__ 3
~C
\
\
I
/
/

— e

. Figure 14: Culirder ‘or-wlac.
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EXAMPLE PROBLEMS: Work through the problems shown below.

1. Find the lateral surface area and volume for a cylinder with a radius of
11 inches and a height of 24 inches.

Lateral surface area L = ch = Tdh = 2mrh

= 2m(11)(24)

= 1658.7609 sq in

1659 sq in (rounded)
=1Trzh

=T (11)(11)(24)

= 9123.1851 cu in

= 9123 cu in (rounded)

Volume

< < < < - C o
H)

2. Find the lateral surface area and the volume in gallons of the cylindrical
storage tank shown in the sketch below. Round answers to the nearest unit.

L = ch =Tdh
L =TI(14)(h) = 1319 sq ft (rounded)
0.7854d"h = 0.7854(14)(14)(30)

A
\\\—_—_——////// | 'Y 4618 cu ft (rounded)
[

E2) Then change cubic feet to gallons:
7.48 pal
——— = (& f.%0 gal
// ~ < v (618'(:'\3-&.)(,1 E)
1 \ V= (4618)(7.48) = 34540 gal (rounded)

’

3. A pipe 3 inches in diamter and 40 feet high is filled to the tep with
water.If one cu ft of water weighs 62.4 15, what is the weight of the
water at the base of the pipe?

,V = 0.7854 d%h
v
»’

NOTE: You want your answer in cu ft, so
0.7856(.25)%(40) e you must change the diameter

dimensions to feet (3 in = .25 ft).
1.9635 cu ft

Then change cubic feet tc pounds:
62.41b )

1 su-fo,

W =122.5 1b (rounded)

Wom (1.9635 wufr)(

)
A,
LARY'Y
LA N

3-298
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4. The inside walls and bottom of the tank shown below are to be lined with _/,:>
copper sheet metal. How many square feet of copper sheet metal are required -

. for the lining? .

First find the lateral surface area:

L = 2nrh
Ny L = 2(M)(5)(10)
L = 314.2 sq ft
{0’ Then find the area of the base:
== A =Tt = W(5)(5)
- ;\‘ 4 A= 78.54 sq ft
— 9

Then add the surface area and the base

area:

L+ A=316.2 + 78,5 = 392.7 sq ft

CONES

A cone is a pyramid-like solid figure with

a circular base. The radius and diameter

of a cone refer to the dimensions of its
’ circular base. The altitude is the perpendi-

cular distance from the apex to the base.

The slant height is the distance from the

apex to the base along the surface of

a cone.

You can find the lateral surface area and volume of a cone by using the for-
mulas shown in Figure 15.

Cone

Lekeral Surface Area:

L=Trs
orL=Tds_ where r=radius of

2 +he base

Volume : h=altdude

V= rrth S = slant ha3h+

3

or VZ0,2618d%h

Figure 15: Cone formulas.
- 3-299 317
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Find the lateral surface area aqd volume of the cone shown in the sketch
below:

h=18" L =Trs = W(!OX’g)

s=18" L=565.8 59 in (rounded)

r =10 ‘

S V=_1wr*h .-.-_i_’rr(lo)(no)js‘
’ 3 .3

V= 1S7] cun (rounded)

You should remember that for any Zone the radius, slant height, and altitude
are related:

s*=h*+r*

’Therc-?or-e, L You are

'gwen any two of the
three quantities, you
Can easily {ind +he third.

Another thing for you to remember is that the
volume of a cone is exactly one-third the volume
of the cylinder that just fits around it.

)

ssaeerrytanerare

I HH IO LR AT
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EXAMPLE PROBLEMS: Work through the problems shown below:

1. A pile of sand dumped by a hopper is cone-shaped. The diameter of the
base is 18'3" and the altitude is 8'6". How many cubic feet of sand is
in the pile? Round your answer to the nearest tenth.

First: Since the problem asks how many cu fr, put all
the dimensions 1n feet.

d = 18'3" = 18.25"'

h =8'6" = 8.5”, then

VT 0.2618d%n

V = £.2618(218.25)(18.25)(8.5)

v 741.2 cu f¢ (rounded)

2. You have been isked to machine a punch as shown in the sketch below. What
is thé volume Sf the punch? Round your answer tc the nearest hundredth.

_L f First recogn: e Hhet
lem Zem Y°U must ‘Flhd 4‘%6

Yeume of ond cone
T l and +we cy\lnéers.

em Zem __ Ll Team

The Vz.2e18 4% h
L V= 0.2618 (22)(3)
. V231416 cu em

. Vo= Tr*h = T(%)2
\/1= 6.2832 cu em
Vs=Tr*h = m(p.5%)s
V3= 2.3562Z cuem . The total Volume =V, +\/x."‘\/3
Vr = 31416 + 6.2832 +2.3502 cuem
’ Vr= 1178 cuem (roundcd)

o
» -
-1

3-301
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3. Find the lateral surface area of a cone with a diameter of 12 inches and
a height of 10 inches.

First you must find the slant height s. Look at the sketch below.

| sT*=h>+ T*, h= loln.’f‘=_é=£__z_:6m.
Ih \$ <* = (10)10) + (8)(6) z =
,—"}"\ h S s'= 1260t
— S = \1156 = 1.661n (rounded) ,+hen
r

L=mrrs= 3.4 (&)(11.66)
L= 219.67 qn (roundc:d)

FRUSTRUM

The frustrum of a pyramid or cone is the solid figure remaining after the
top of the pyramid or cone is cut off parallel to the base.

frustrum

Frustrum

—
Frustrum shapes appear as containers, building foundations, funnels., transi-

tion sections of ducts, machine parts and so on.
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Every frustrum has two bases, upper and lower, that are parallel and differ-
‘ ent in size. The altitude is the perpendicular distance between bases.

upper base

L lower base b fower base

The following formulas are used to find the lateral area and volume of any
frustrum (pyramid or cone). Look at Figure 16.

Area A, -Pernimeter P

F'ru§+r'um$ :

«reo A“ - dame“‘erd(

Lateral Surface Area:
L:é (e + Pz)s

or L:_‘_T(dﬁ'dz)s
2 Area A, - Rerimeter B

\/oiume : : .
V= .é,l'\ (A!+A2+ VA,A,'_) ﬂr&ﬁ Ay - diameter dz

Figure 16: Frustrum formula

Remember that in the formulas in Figure 16:

Py and Py are the upper and lower perimeter for a ramid frustrum.
1 2 PP p Py
dy and dy are the upper and lower diameter for a cone frustrum.

‘ Ay and Ay are the upper and lower areas for any frustrum.

3-303 31!
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Find the lateral surface and volume of the pyramid frustrum shown below:

Leteral Surface Area:
L:l?(ﬂ-;-Pz)s:%(sé-%-ﬁo)s

L=240 gqn

1s® Volume :

e 4" uppcrperlme'l’er R: Ve_t h (A,+A2+ /AIAZ)
$5" R:05+9+9+9: 3¢" 3

lower perimeter P, : V=1 (4)(81+225+8i 225 )

Prc 15+ 15415415 S

R =6o" V=l (4)441)

A.: 9‘.9‘8‘ 6qm s

Az=1515=225 sgwn V=588 Cun

Look at the sketch below and find the total surface area and volume of the

cone frustrum.

Laberal Surface Areq :
L=_é_~n- (di+d;)s = 314 (4+10)s
Z

L= 197.92 5qn (rounded)

\éu must now find dhe areas of the
upper ond lower bases and then add
these aveas +o the lateral surface area.
Total Arec= L+A,+Ag

Ap=1979Z + T, 4 1rr}y = 197.92 +T (2%) +7(5%)

Ay =197.92+ 12.57 + 78.54

AT =289.0% sq in (roundcd)

\lo'ume \/-..'._h (A +Az+ "A'Az')
3

Ve "_z; (8.8)(12.57+78.54 + {(;2.51)(18.6‘4))

\/-:_L(B.S)(:zz.ss) = 34717 cuin (rounded)
3

P
3304 94l
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EXAMPLE PROBLEMS: Work through the problems shown below.

1. Find the lateral surface area and volume of the frustrum shown in the
sketch below:

I'_ 65‘“—.‘ First find R and P, ; A, and A,
R =Xt.5)=39cm, P,-)X5)= 1B em
T From Geome+rY Pari I, Areq of ¢
Tem f Z.bcm hexagon « 2.698 a* where a 15 q side,
L / A=z 2.598(6.8) = 166.77 sq cm (rounded)

A,=2558(3)=2338 sq cm (rounded )

P-scm*i

Then Lateral Surface Area Lel (R+P)s
Volume \/=,§,h(A,+A,_+JA_.3:) L:.lz(ssus)(v.c.)
=4 (1(109.77+ 2338 +V(105.77)(23.38) ) L=2i6.6 sqcm
P J:_;_(uas.e:) = 428.89 cucm

2. A connection must be made between two square vent openings in an air con-

ditioning system. Find the total amount of sheet metal needed.

Loolt at
the sketch below.

- -
First find B and P,
P‘n bto+b6+6=24 n
o=9+9+9+49= Zbmn
Then Lateral Surface Area:
9" L=l (P+P.)s«l (24+36) 28
2. 2
L=(c0)(28
2
S" L= &40 59 1n
N1
3-305 ~ =
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3. How uany cubic yards of concrete are needed to pour the foundation shown

in the sketch below. (Watch your units!) Round the answer to the nearest
hundredth.

First find A, and A,

2
y - A = (22X 22) - 484 5q £t
O Az=(35)(55)=12255qﬂ
i
. © f
e/ 4
. 35’/

Then 4he volume \/:%h (A,-{-A;.'i‘ \/A.Al), no{'& l‘\:é"or O.SI

V= 0.5 (484 +1225 + J484 - 1225 )
3

V=413.7 wft | leuyd= 27 cutd, Hhen
Veqiarmdd x | cu vd _ = #13.17 cu yd
27 zodd. 21

V= 15,3 cuyd

SPHERES

The sphere is the simplest of all solid geometric figures. Geometrically,
it is defined as the surface whose points are all equidistant from a given
point called the center. The radius is the distance from the center to any
point on the surface. The diameter is the straight line distance across the
sphere through the center. Look at Figure 17.

sSphere

:Surface Area:

S =4mr?

or S=1wd?
\/olume:

Figure 17: Eormulas for Ffinding surface area and volume of a sphere.

oy
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Find the surface area and volume of a
basketball with a diameter of 9%".

hundredth.

Round your answer to the nearest

Surface Area :
S=mwd = (34)(9.5)*
S= 283 53 359 (n

Volu me ;

V=Td < 3.14 (9.5)°
S o

V=448 o2 cuin (rounded)

Summary of Solid Figure Formulas

f:tgur'é Lateral Surface Areq \/olume_
Prism L= Ph V= Al
pYYamld L=ps V= Al
2 3
CY‘mder L=7dh Ve Trr2h
. or L=2nrh or J= 0.7854.d%*h
Cone L=1ds V= wrrh
2 S
or L=Trs or \= 0.2618d%h
Frugtrum of L=v_’_,<f3.+pz)5 \/=b_(A,+Az+JA|Az_)
a Pyramid 2 3
Frusbrum of Le T_l_'_(d,+dz)s \,/.r.- _b_(AH'Az.‘*'\J A.Az)
Q@ cone 2 3
Sphere S=4mr® V=4 1rr3
or S=Ta* 3
or V= 418885
or V= T__r_é_a
6

or \V=0.523643

NOW +RY SOME SHOP PROBLEMS.

3-307
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SHOP PROBLEMS

1. You are asked by your boss to find thke weight per gross of wrought iron ‘
rivets. (1 gross = 12 dozen = 144).Wrought iron weighs 0.28 1b per cu
in. Look at the sketch below,

HINT: First find the volume of one rivet. then mulitply the volume of
one rivet by 144, and finally multiply the weight per cu in by the
total volume,

Weight of one gross of rivets

4
]
WA
|G
|

nj-
A

Testvvstertes e rtrssesae.

2. You have machined
the aircraft part
shown at the right
out of aluminum.
The weight must be
known to the nearest
one~hundredth of a
pound. 1f aluminum
weighs 0.0975 1b
per cu in, what is
the weight of your
machined part?

Weight
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3. Your supervisor wants to know the weight of the taper bushing that you

have machined. It is made of steel which weighs 0.2833 1b per cu in. Look
. at the sketch below.

Weight

4. Cast iron weighs 0.2607 1b per cu 1in. z* z"
You weigh the cast iron shape shown in |
the sketch at the right and find it to | 3° ‘
‘ be 5.90 1lbs. Are your scales correcct Ao Zin
to the nearest hundredth of a pound? - ~ z
~ " ¥~
-~ < i
Yes No AT -

5. You must space 5 holes equally on a circle whose diameter is 14 inches.
What is the arc distance sbetween each hole? Look at the sketch.

i Arc distance

Q 3-309 25
ERIC
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6. The sketch below was given to you to lay out. In order to find the dimen-

sions you will need, you must first find angle a. What is the size of .
angle a?

Angie a

A D Pis the Cf_-n‘l’ér o-p
-er CH‘C]&

hn‘ AB s {‘angén*’ +O ‘H\b
circle at PO.n{’ D.
¢ line CR 13 +an3tn‘p o +he

wrde of Pom‘l' E.

7. Steel weighs 0.000017 lbs per cu mm.
How much do 1200 hex nuts weigh? The -,15nm}¢-
dimensions are given in the sketch
shown at the left.

Weight

HINT: Area of a hexagon equals 2.598a , -f—
where a = length of a side of the {0nem

hexagon. -1—

Omm —

8. You must shape a steel rod as shown in the sketch below. How long must
the rod be to begin with?

HINT: Refer to example problems 1 and 2 on pages 5 and 6 cf this Project
Sheet.

Length

Q LD N
ERIC 3-310 321




9. Your boss wants to know the weight of an aircraft

Trequal to 3.1416 and round to the nearest thousandth.

insidée hole 5d= o.50"

in
ou+6lde hole s ; ; dxo.375"
O
o o
\O/ 075" We ight

N

i0. You have machined a hollow cylindri

shipping, you must fill out a form.
How many cu in of 1liquid does the ga
at the sketch below.

cu in of liquid

37 of 37

part that you have mach- T
ined. Look at the sketch below. Aluminum weighs 0.092z5 1b per cu in. Use ° |

cal liquid gage that is supposed to
hold an exact amount of fiuid. Before you can send

One of the quastions on the form is:
ge hold when filled to the top? Look

it to packing and

Top View Front View

|
!
I
!
|
|
\

SHOW YOUR WORK TC YOUR INSTRUCTOR

Ask your Instructor for your next Project Sheet.
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h G"l'\ uqe—
P L(,—nme'ter

1 ‘Lllé Cnie
P=Si+S 4. 455
A\: area of e

boce |

S=3iant heght-
EVimeter Cc1
ase

=545, 4. t5n

A\ = czrea of +he

base

h = l’e:ah‘l’

C- CirCun TETErCe

C =Tl

C=2zmr

= 4.i9r%
= 0.57




Congs

LmLeraf Sur)[ace Area L =1rs F=rodis o7 ‘
or L=lwds Lase
2 S = SiamL kma'mL
1 zh _ 4_ . L
V;an V=11r d = diemeterof
3 base

or V& 0.2654*h

Frusteurs

Area A, er:mder 5-5ian+ ;'w‘a'h“
’ P P‘ h =l’\bt3h+ ~

\/oiumt V= T"'S- h (A&;'{’Az*L NA Az )

Lateral Surfaaz Arcq L= _'z_ (P,ﬂ%) 5’ !
1
\

Area /:.1, e reede P

‘s = slant L\e«{k’r

Area A, , diameter d’ h = hc-,lﬁh{* )
Lotersl Soimace Areo L= tm(d +dy)3
: 2

1 ]
} . .
Area b dencivt g,
-~

&

‘\/biun‘.-e \/: = F, i/;\\—AZ+V'—'|hL>
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PROJECT SHEET
SK'LLS Name - Date .
CENTER | Clust-er ._MeLa_LTradp: Occupation Machinist Helper -

Training Module_Shop Math for Machigiers

@ Training Milestone __ 3. Specialized Math Skills
A

PROJECT 6
TRAINING INTRODUCTION TO TRIGONOMETRY

CONDITIONS: ® Here's uhar you will need:
1. This Project Sheet.

2. A pen or pencil to answer the questions
in this Project Sheet.

3. A hand-held calculator with scientific fun-
ctions.
TRAINING
PLAN: @ Here's what you do:

‘ In this Project Sheet, you will review some
basic triangle geometry. You will learn about
the measurement of angles. You will zlso learn
about triangles, especially right triangles. This
will prepare you for vyour next Project Sheet
which is about trigonometry. This work will help
you solve many shop problens.

1. Read and study the geometry review on
Pages 2 to 16 of this Project Sheet.

2. Work the Shop Problems on pages 17 to 20.
3. Have your Instructor check your work and
recurd your scecre on your Student Training

Record.

4. Ask vour Instructer £or your next Project

Sheet.,
TRAINING
GOAL: ® tHere's how well YOU must do:
1. You must scere 8 oyt of 10 correct Shop
Problems,
@ e

uiL auswer questionrs about this Pro-
Ject Sheet tn the appro. 2l of your Iast-

Q !

ERIC 3 330
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INTRODUCTION TO TRIGONOMETRY

This Project Sheet is an introduction to the next Project Sheet about ‘
trigonometry. When you work in a shop, you will use trigonometry to find g
missing dimensions on a blueprint or drawing, to do layout work, and teo

use gages to check tolerances.

. Lot
ANGLES AND THEIR MEASUREMENT

Angles are measured in degrees, minutes, and seconds.

DEGREES:  (°) unit of z;:easure of angles

MINUTES: (") unit of measure of angles,
one degree = 60 minutes

4

SECONDS : (") dnit of measure of angles,
one minute = 60 seconds,
one degree = 60 minutes
one degree = 3,600 seconds

Y

The symbol for angle is Z‘_ There are four types of anglees. Look at '
Figure 1.

A
A l *he symbol fora

— r:gh"i‘ angle s b

1) : & ° B

L ,
—~@eyte angle ¢ XL Aog 13 more right angle : X Ace = 90°
'than O° but less than 90°
A .
o B A m B
obtuse angle : X AcB 1s more straight angle: 4 Aog = 180"

+han- 90° but less Than 180°

®

Figure 1: Four kinds ¢7 ancles.

-



An angle can be named in one of two different ways. Look at Figure 2.

A
a
o L s
Ao® or BOA : a: a simply names
A ﬁhs end ;?‘one side ﬁ angle. This 1s the
of The angle, B 1s the end mest common way of

of the otficr side of ihw angle,  naming angles.
and O1s the vertex of the
angls Dhere +he two sides meet.

Figure 2: Neming an angle.

Most angular measurement on sketches, specifications, or blueprints are
given in degrees, minutes and seconds. When you use 2 calculatoer in your
work you will have to know how to convert arn angle measured in degrees,
minutes and seconds, to its 2quivalent in decimal numbg.rs.

For Example:

A

4 [ J
1720 = 11+ (20 % U
Lo s vt (2 )
L 3 . . .
- 174 20° , Divide the minutes by 60 to
60 get the decimgl part.

= 11"+ 0.83°

o - iT.3%°

14

’

2. 22°46" 14" - 22° 440" 4 (147 % £y

60
= 22° 446 + 14 Divide seconds by
(23] ' €0 tc get decimal
= 22° 4 46 + 0,235 part of minutes.

o 22°4 46.23%°

= 22" +(46.235 % 1°)
60
S>ne - Divide minutes by
= Z2°% 4+ %éiss - €0 to get deeimal
rart of decrees.
» 22°% 0.771° ‘ T

e 22.7T1"°

,3-316 330




It may also become necessar

4 of 20

y to change a decimal form of degrees back to

minutes and seconds.

For example:

* * ’ Multiply the decimal part of
45+ (07%60 ) e sy
+(0.7x 60 ) degrees to get minutes.

4%y 42°
45°42'

fl

2. 7%.84°

75"+ (0.84} % Lﬁ') ~<

(1]

73% 50.4° , )
73%4 8o’ (0.4 X %0_7 ) < — e

T3+ 50 + 247
75° 50  24°

L]

Multiply the decimal part
of degrees to getr minutes.

Multiply the decimal part
of minutes to get seconds.




PI AND RADIANS

' You will work with the constant number called p7 (a Greek letter), normally
written as W . The value of pi can be figured in many ways, but it will
be enough for you to know that it is the ratio of the eircunference of any
circle to its diameter. Look at Figure 3 below:

~——— circumference - distance around
any given circle
digmeter - length of a line throuch the

Center of the circle +o +he
outer edges of +he circle.

circumference = T e 31416 ...
diameter T~

~
~

Since T 15 not an exoct number use +he follow:n valueg .
T = 31416 4o Hhe nearest Yen theousand+h
T = 3.142 to the nearest +housand+th
v = 3.14 +to +he nearest hundred+h

Figure 2: = the circumference ¢f a eircle divided by the diameter.

In some technical measurements you may run into a measurement of angles

called radians. 1t is enough for you to know how radians and degrees are
related and how to conver: from one to the other,.

1 radian = 57,296 degrees

1 degree = 0.0175 radians

Here's how to convert radians and degrees:

1. Convert 0.76 radians to degrees

degrees = 0.76 radians x (57.296) cgpe multiply radians by 57.29¢
to find degrees

therefore, C.76r « 413.5:.°¢

* ,') ¢
Q 3-318" 3‘)*
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2. Convert 72.5 degrees to radianms.

radians = 72.5 degrees X (0.0175) —e— multiply degrees by (0.0175) .
to find radians

therefore, 72.5° ¥ 1.27r

You should also know that there are 21T radiams in a circle.

2XT %1 radian = 2% 3.1416 X 5T.2%6
= 560.00°
= 560° (+the number of
degrees in any c:rc[a)

TRIANGLES

Before you can learn trigonometry, you must know all about triangles. You
must know how the sides and angles of a triangle are related.

A very important thing about triangles is that the sum of the three angles
in gny triangle is equal to 180 degrees. Look at Figure 4 below: .

A ax 300
b=38°
+ ceruz*
*triongle ABC: 180°

c

Figure 4: Triancles have 180 degrees.

Figure 4 shows that if you know how many degrees there are in any two angles
of any triangles, you can find how many degrees there are in the third angle.
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To see how to find the size of an angle in 2 triangle when you know the
other two angles, look at Figure 5:

4 0=35%, X b=84" Find Xc
first add S a+xb

]

35°+84°
= 119°

+hen subtract +hat
total from I80° or

180°~119° = XC  or
XcC=0bl°

Figure 5: BHow many degrees are in angle C?

Remember: 1In ql1 triangles, the sum of the three angles always equals 180°.

RIGHT TRIANGLES

A right triangle is a triangle with one angle equal to 90 degrees. In other
words, it is a triangle that has two of i-s sides perpendicular to each other.

Look at Figure 6.

A

[ . Y

A c

Figure €: PRight triangles.

The 90 degree angle in a right triangle
is marked with a little square:

Perpendicular: (1) when two Tines meet in
a right or 90 degree angle,




\
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The three angles in a right triangle always add up to 180° just like all
other triangles. The right angle in a right triangle equals 90° so the

other two angles must add up to 90° to make the sim of 180°. Look at
' Figure 7. .

23 you k.now that
da+Xb+Ac=180°

90° + (4 b+c)=180°

90°+ (90°) = (80°

and you can see that
Xb+ X c=90°

d:.90° c
A c

Figure 7: The sum of the two acute angles of a
right triangle equal 90 degrees.

When you use trigonmometry it is much easier to work with triangles in a
standard position. Of the right triangles below, only triangle ABC is in
the standard position.

\ INTo STANDARD
\ PosimioN  §

3-321




To see how to place a right

Figure 8.
C
Vertical
Side
Longest
side
A \ght
P T
- Horizon+tal
Side

9 of 20

triangle in the standard position, look at

Place the triangle so
that the right angle
is on the right side,
one side (AB) is
horizontal, and the
other side (BC) is
vertical. The longest
ide (AC) will slope
up from left to right.

figure 8: Standard position for a right triangie.

) Look at Figure 9.
standard position.

You can see how each triangle has been turned to be in

F £ -
S‘f'andard
position ‘;::>
-E G G nlz )
r
8
A &
standard
posiion >
c
A c
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Now that you understand standard position, you can name the sides of a
right triangle in a way that has also become standard. Look at Figure 10.

b

hypotenuse

opposite
side to

ansle a

adjacent side
to angle a

Figqure 10: The language of right triangles.

Look at Figure 10 again. Angle E is the right angle. The longest side, FD,
opposite the right angle, 3is called the hypotenuse (high-pot'~a-noose). For
angle &, the side DE is called the opposite side, and the side, FE is called
the adjacent side. TFor angle ¢, FE is the opposite side, DE is the adjacent
side, and FD is still the longest side or hypotenuse.

Check your understanding of the above names ty figuring out which sides are
which for the triangle shown in Figure 11.

B
1. Side crrosite &Y a

2. Hupcteruse

- .

2 Ca ~Nara - - -
2. Side affasev: z¢ o

§. Side allacent iz Y o
_—
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Did you get these answers in Figure 11?

1. AC 2. BC 3. AC 4. AR 5. AB

If you had any trouble getting the above answers, 1

ook at Figure 10 again
and compare the names to the questions in Figure 11

PYTHAGOREAN THEOREM )

A very important thing to kmow about right triangles is the Pythagoremn
theorer, or law. Pythagoras was a Greek. You don't need to remember that,
but you do need to remember his theorem. Look at Figure 12,

PY-ngorean Theorem :

(Fbranyrwgh++rmnglé) -f-
H* = A*+ B>, or %

HxH = (AxA)+(BxB) / ®
i

Figure 12: The Puthagoremn theorem.

In words, Figure 12 says; For any right triangle, the square of the

hypotenuse equals the sum of the squares of the other two sides of the
right triangle.

Another way of thinking about the
next page in Figure 13.

> \ o

Pythogorean theorem is shown on the

Z @

3-324 34”,




The area of the squore A,

with sides a, pius the

area of the square B,

with sides b, 1s egual C

to the area of the square

C, with sides ¢, or: S

c
Arca of A + Arca of BaArcaof C

L1}
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(axa) + (bxb) (cxe)
a* 4 b* c*

Figure 13: Another way of thinking about the Pythogorean theorem.

SPECIAL RIGHT TRIANGLTiS

There are three special right triangles that are used very often in practical
shop problems. 1If you can work with these triangles your shop work will be

easier and quicker. Look at Figure 14.

\E’ 45° 1 i Y ngxe
45° e ~xTe -
{ ‘ V¥ WS4

r~ X1°*
means odbout3T®

Flgure 1é: Tnree special right triangles.

The first triangle is a 45 degree right triangle.

v

3

~53® meang
about+ 5%°

Its angles are 45 degrees,

45 degrees and 90 degrees; and it is formed by the diagonal and two sides
of a square. It is an isosceles triangle. An isosceles triangle has two

of its sides equal. Look at Figure 15 on the next page.

3-3253 1!
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Figure 15: Forty-five degree right triangle.

The triangle in Figure 15 has the shorter sides, each 1 unit long. You can
draw a-45 degree right triangle with any length sides. 1If you increase the .
length of one‘side, the other sides increase in proportion, while the angles

stay the smgs’ize. Look at Figure 1.

c
/ ABC 15 a 45°right trigngle

ADE 15 a 45° raghi"l'rlong‘e
c / ‘ AFEG 15 q 4s°r:5h++raangle
and soon ..,

45°
A -8B D F
¥ 88 » | unit +hen  1f AD:=2 uribs then f AF=3 units t+hen
ToBe s untt, and DE=2units and F6»5units, and
AC «VZ units AE=2ZV2 units AG=3JZ units

Figure 1€: Forty-*ive cegree richt triamgle.

In Figure 16, you can see that in a 45 degree triangle the sides are always
in a proportion of i, 1, and V2 . Thar means that the two shorter sides
are aiways equal and the long side, or hypotenuse, is always fZ_ (about
1.4) times the length of the short side. ,

»
4
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EXAMPLE PROBLEM: In triangle ABC below, if AB = 4.63", what is “he

length of AC; what is the length of BC?
|
|
i
i
|
|

c o

solution ; ABC 1sa 45° ngM +rxangl£—.

o Therefore you know +hat
S AB= AL, or AC=4.63"
r‘A and Bl=z &, 63" y\J2Z
B 465" , - 4.65"x |.414
= 6.548"

Remember this: No matter what the size of the triangle--if one angle

is 90 degrees, and if the second angle is 45 degrees, |
then the third angle is 45 degrees also. The two
shorter sides are equal, and the hypotenuse is |
or about 1.4 times the length of a side. |

2 ! The symbal = means nearly equalto
Wm———
Wim—
IMPORTIN vZ 2 1.4
INFO

|

|

|

|

|

O 1

|

Ay |
|

|

In Figure 14\on pag: 1Z, the second special triansle is tre 30-Gegree/60-
¢ \ Z : 2 <
degree right triang

In this zriangle the length of the side
N opposite the 30-degree angle (the shortest

side) is eractly one half the length of the
hypotenuse (the longest side).
2 60%) |
Tre length of the third side is \/E; times
the Length of the shertest side.
30°
£ ]

V3

-

In ary 3C-degree/é0-degree right triangle, the hypotenuse is twice the
length of the shortest side. The other side is VI or about 1.7 tizes
the shortest side.

e O s
O‘ON ° L o) © o .0.?1300 quooao
Q .
o ] , ‘
.,. . -
;

, S %

3-327310




EXAMPLE PROBLEM: In Figure 17, CB = 24 units. Find €. a, AB, and AC.

Solution: Tna right frmn%ie the sum of t+he
+wo angles ‘hat are not right
angles 15 equal to 90° Thercfore
X a + 30° =.90°

Aa 260°

Side AC =2 x Side Be

2 x 24 units
=48 umits

Side AB= V3 ¥ si1de RC
.73 X 24 umits
= 4!.52 Unl+$

A <3

Figure 17: 30° right triangle.

In Figure 14, the third special right triangle is the 3 - 4 - § right
triangle. If a triangle has sides equal to 3 units, 4 units and 5 units
long, it must be a right triangle. If you multiply 3, 4, and 5 by the same
number, you will get a new triangle that is a right triangle. For instance,
multiplying 3, 4 and 5 by 3; you will get a new right triangle with sides

9, 12 and 15, and so on.

You can use this 3-4-5 right triangle irn lavout worl to set up a right
triangle. Look at Figure 18 on the next page to see how.
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CONSTRUCTING A RIGHT TRIANGLE

point of intersection B

s
4
- - \
Sertntn  ° 39 © o
s zrh:; Drow an arc Draw arcs as .Connect Bto6
3units in showrt from BO 1sperpendicular
length O and A to OA. X ¢ = 90°

Inany 3-4-5 rignt Triangle the acute angles (% a and 2-b)
are approximately "37° gnd 53° . The Smalle3tangle 1s
always opposiTe the shortesgt side.

[

Pigure 1&: It's easy tc construct q 3-4-5 right triangle.

The thvee special right triangles you just read about w

i1l appear cften
in triangle trigonometry.

If you have any questions about this review o

r the Example Problems, see
your Instructor. Otherwise,

|
turn to the next page and work the Shop Problems. i




17 of 20

SHOP PROBLEMS

\

- You have a calculator that accepts angular measurement in decimal form
only. You need to make some calculations using the angles listed below.

Find the decimal form of the angles to the nearest hundredth of a degree.

(1) 34 degrees and 16 minutes =

(2) 15 degrees and 47 minutes =

(3) 64 degrees and 51 minutes =

- You have been given the angles below in decimal form.

Convert each one
to the nearest degree, minute and second.

(1) 48.65 degrees =

(2) €5.37 degrees =

(3) 15.12 degrees =

. You have been given the angles below in radian

to convert each one to degrees in decimal form
of a degree.

Lmeasurement. You need
to the nearest thousandth

(1) 0.432 radians

8

n

(2) 0.714 radians

(3) 1.521 radians

L]

. You are given the sketch shc.n below in Figure 19, Your Instructor wants
you to find the missing angles.

————— e —

& 1. . by
ioure 15 Fing

& the missing angles
t, e, and d.

2

________ Not drawn
To Scale.
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5. Your supervisor gives you a rough sketch of a profile gage as shown in

Figure 20. You are to calculate the missing angles. Find angles a, b, .
¢, d, e, f, g and h.
a = b= c = d = e = f = g = h =

Figure 20: Find the
missing angles, a
° through h.

M G Sy S M ore—-  —— a— v— So——

6. To understand trigonometr
the right triangle in relation to a

at Figure 21. Fill in the chart.
you,

¥y You must know the names of the three sides of

given angle and the right angle. Look
The first triangle has been done for

Trsansis hypetenuse | 61de opposite | s1de odjocent

(\ongeat Sde) +te & Q. ted-a
] AC =Y AB
2
3
<
)
o
7
8 7 3
. ©
& B f E
£ H
O
! ®

oy
DAY

3-331
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7. Your boss wants you to layout the gage block shown in Figure 22. Find
the missing dimensions to the nearest tenth of an inch.

A= B = C = D =
k

Figure 22: Pind +the migsing dimemsions A, B, C and D.

8. On your job you are given the following sketch of a gage pattern to layomt
and cut. You must find the missing dimensions A, B, C, D, E, F, C, B and J.
Look at Figure 23, ’

{- 330




20 of 20

%. You were told by vour supervisor to lay outa right triangle. After you
finished, you measured the three sides and found them to be 12 cm, 13 cm,
and 5 cm long. Did you, in fact, layvouta right triangle?

Yes No

10. Your boss asks you to cut a brace from bar stock for a platform as shovn
in Figure 24. " Find the length of the brace to the nearest hundredth of
a foot. (Hint: The square root of 3 = 1.73.)

Length of brace =

—e— Drace 8'

ST
301\_! fe

. - I .
Figure 2¢: Hew Torg ie the Prace’

ASK YOUR INSTRUCTOR TO CHECK YOUR WORK.
BAS

3-333 )
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PROJECT 7

SHOP TRIGONOMETRY-PART 1

@ Here's what vou will need:

1.

()

This Froject Sheet.

« A pen or pencil to answer the problems in this

Project Sheet.

. A hand-neld calculator with scientific functions.

® Here's what vou do:

In this Project Sheet, vou will learn the basic trigorometry
of right triangles (a triangle with o.e angle equal to 90°).
This Project Sheet will help vou to solve many shop problems

using
1.
2.

3.

@ Here's

1.

trigonometry.
Read and study pages 2 to 26 of this Project Sheet.
Work the Shop Problems on pages 27 to 30.

3
Have your Instructor check your work and record
Your score on vour Student Training Record.

- Ask vour Instructor for your next Project Sheet.

hew well ccu must do:

You must correctly answer 8 or more of the 10 Shop
trobiems 1n thisc Project Sheet.

SHIE

-334




SHOP TRIGONOMETRY-PART 1

In this Project Sheet, you will learn some basic trigonometry. You will
learn how to find and work with sines, cosines and tagents. What you
learn will help you find the dimensions of angles and sides of right
triangles. These are things you will need to know to do certain shop
work.

TRIGONOMETRIC RATIOS

A ratio (ray-she-o) is a comparison of two quantities of the same kind,
expressed in the same units. You will compare the sides of a right triangle.
This comparison will be expressed as a quotient (quo-shunt). A quotient is
the answer you get when you divide one number into another number. The
quotient has no dimensions of length such as feet, inches, yards, etc. but

is simply a number. Look at Figure 1.

length of side A ratio o& two

$|dc—s, Aand B,
length of side B of a triangle

X=
quohen'}' —j

(no dlmenS!ons)

The key to understanding trigonometric ratios is to realize that in every
right triangle there is a fixed relationship (or ratio) connecting the lengths
of the hypotenuse, adjacent side, opposite side and the angle that determines
the right triangle. Look at Figure 2.

H, Ha HJ & Bﬁ
20° & 20° By zo® } 20*
’ AI ) Az ’ A5 } A+
The quotient, or ratio, of odjacent side _ A _ Ay | Ax - Ao ot
hypotenuse H 2 Hz Hg
= 0.9397
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There are six of these trigonometric ratios relating the side lengths of
a right triangle. You will only need to know three of them.

THE FIRST RATIO: SINE

The first of these ratios is called the sine of angle x (sine ryhmes with

dine) and is written as sin z. Look at the right triangle in Figure 3.

the ratio siny 1s
defined as
H
B Sinx = oppesitesude o
. hy'pefenuse
_ N snx = B
A H

Figure 3: The ratio sir z.

EXAMPLE PROBLEM 1: 1In the triangle shown in Figure 4, find the sin of
60° and the sin of 30°.

SN 60° = Side opposite Eo°

hypotenuse.
732"

H

Z 0.866 (rounded)

i

sin 30" = Side opposite Zo°
hypotenuse

‘ "

‘Z.II

0.5

i

Y]

Figure 4: Finding the cin cf €0° and +ne cin of 3.

Hypotznuse

»




Every possible angle x will have s me number, sin x, relating to it.
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Also,

you can calculate the value of sin x from any right triangle that contains

the angle x.
below.

6l.4

For example, you can find the sin of 40° in the triangle shown

3in ‘400 . _éLL’{ Q?FOSF"& 5]&&

95’ ] hYpdenuse

¥ 0.643 (rounded)

EXAMPLE PROBLEM 2: Find the sin of 0° an? the sin of 90°.

To find sin 0°,

H
1

draw a triangie with a very small angle for angle r.

-3
Sin = = TT , VOou can see

A8

that as angle z gets closer

$ o A
angle % (mar13=b )

<in O.,__o___
Y

x> O

to 07, B gets swaller and
smaller. When angle x
equais 0°, B equals 0O and

P divided by H equals 0.

To find sin 90, draw a triangle with a very large angle for angle .

tin 90° . H
H

—

H c

0"3“’ ~ (nearly = 90")

This 1e a gond thing for veu

B

inx = |’ You can see that as angle X

o

gets closer and closer to 90°, B gets
cljoser and closer to H. When angle >
equals 907, B = H znd B divided bv H

equales 1.

Fror the ahove, vou car see that for any
r

argle - equal to N er Q0 desrees, or
retween Loand 90 degrees, tie ein ¢f the
ie o ovaries hetween O oanc b
1ot L ovan eav that tre o <x i angle
Detweer T ana 90 degrees  ar rever be
Lees than Ooor preater truer |

Teremher Tae A 1t w LT T estimAate

veur answers and to find mistirve-,

O

ERIC

Aruitoxt provided by Eic:

QT
(VRN Y



THE SECOND RATIO:

COSINE

The second ratio is called the
Look at Figure 5.

cosine of angle x. It is written as cos z.

the ratio cosx s

defined as:
- B Cos % = adjacent side , or
¥ hypotenuse
[ cos X :_&.
A H
Figure §: The ratio cos .

EXAMPLE PROBLEM 3: In the triangle shown in Figure 6, find the cos of 60°

and the cos of 30°,

Figure €:

As before with sin =z, every possible angle x
You can calculate the value

relating to it.
that contains the angle «x.
triangle below:

For example, vou can

cos 60° . sde adjecent fo 60°

hypetenuse

n

1.0
2‘0.'
0.5

cos 30° = gide adjacent to 30°

hypotenuse
= .73
z.o"
T 0.866 (rounded)

Coe €0° and cos 20°.

will have some number, cos z,
of cos x from any right triangle
find the cos of 36° in the

-

c-os 36" 65"J°5J°C‘="+ side |
80’ - 80' hYPo+enus€
‘ 3co T 0.81 (rounded)
65

3-338
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EXAMPLE PROBLEM 4: Find the cos of 0° and the cos of 90°.

To find the cos of 0° draw a triangle with a very small angle for angle .,

A
Cos x = gt you can see that
as angle x gets closer to 0,

A gets cleser to H. Whzn angle

H
__:i_————“""__———ﬂ—————_-___—_’_:] B z = 0% A=Hand A divided by

H equals 1,
cng)e X
(nearly < 0°) cos o = H

To find cos 90° draw a triangle with a very large angle for angle z.

cos 90 = f‘_ Cos 90° == You can see that as angle
H 2 0 Z gets closer and closer to 90°, A gets
8 smaller and smaller. When angle x equals

0°, A = 0 and A divided by H = 0.

_—— angle %
(nearly = 90°)

& \\

From the above, you can see that the cos 2f the angle = varies much like
the sin of the angle. For any angle x that 1is equal to 0 or 90 degrees,
or between 0 and 90 degrees, the cos of the angle r varies between 0 and 1.

Or again you can say that the cos of angle = between 0 and 90 degrees can
never be less than 0 or gieater than 1.

This is a good thing to remember. Tt will help vou to esticate answers and
t> find errors.
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THE THIRD RATIO: TANGENT

‘ The third of the three ratios is called the wancent x. It is written as
tan x. Look at the triangle in Figure 7.

The rotio fonx 15
B defined as:

tan x - ©oppesite side
adJacen'l' side

tan % = B ¢
A

or

]

Figure 7: Ilanzent

3]

In the triangle shown in Figure 8 find the tan of 60°

EXAMPLE PROBLEM 5:
and the tan of 30°.

Tan 60° = 3,de opposite &0°
Side adjocent 60°

- ‘.'75"
1"
‘7311 ' :.‘ 1.73

Tan Xo0°

[

Side o?posvh’: 30°
Side adJarrm'*' 3I6°

{° )

L7
©.578

(1}

. -~ i e
Figure £: Tan €15 and o

As before with sin z and cos < every possible angle » will have sonme number,
tan z, relating to it. You can calculate the value or tan r from any right
triangle that cont2ins the angle -. For example, You can find the tangent
of 36° in the triangle below.

'}‘dh X(e - 47' :""‘Opposl'*'e side
80’ 65’ adjacent side

’ 47’ d

3¢° = 0.7Z (rounded)




. \\;
'

EXAMPLE PROBLEM 6: Find the tan 0° and the tan 90°.

To find tan 0°, draw a triangle with a very small angle for angle x.

Tan £ =-—, you can see that as

A
M B angle x gets closer to 0°, B gets
| closer to 0. When angle x = 0°,

angifé‘l» A B = 0 and B divided by A = O.“
(Ndrhj: 0°) +an ©° =%

o

"

To find tan 90°, draw a triangle with a very large angle for angle x

“ e

+dﬂ 90 = _E?_ -8
o Tan x = —A > You car see that as
= 00 angle r gets cleser to 90° A gets
Yhe SYmgO! o closer tc 0. When angle z = 90°, :
. means m«F,m-}—Y' H B A = 0 and B divided by A is said to .:
and 1s sndefined be infinity, or undefined, because
there is no number big enough to
define B divided bv 0.
angle « . 1.
(neorly=98C") A :

’
Trigonometric ratios are very important. You shcu’d memorize thex. To

review what vou have learned about the ratioe so far. look at Figure 9.

sin %L

"

R=— oppesite side

Hea hypotenuse

B cos . A= adjacent side

"

H-~+ hypotenuse

1

A tan x . B= oPposite side ()
A = adjacent side




TRIGONOMETRIC TABLES

You have been asked to calculate these triz ratios in this Project Sheet

to help you get a feel for how the ratios are defined and to memorize a few
valves. In actual shop application of trigonometry, the values of the ratios
for any angle are found directly by looking them up in a Table of Trigonometric
Functions or Trig Table, or by using a scientific calculator. To see a portion
of a page from a typical Trig Table, look at Figure 10.

Table
of Trigonometric Functions

Angle Sine Cosine Tangent
0° 0 000 1.000 0 000
01& 1 000 018
035 g4 035 .
052 499 032 Sin & = 0.{05
070 998 070 cos 1o = 0.98%
i ags 085 fan 14°= 0.249
w6 g 5ts 0,258
';;; P ;;f cos 3°=-0.999
156 4gA 158 fon $°= 0.088
174 983 176
191 982 195
208 a7k 213
002 974 23
97t 240
966 265

Sample values:

0 use the tatle, first iocate : .e argie in the left cclumn. Second. meve
te the right te the column wit.. the trig function 1sin, cos, cr tan) that
vou want to find. Then read the trig ratio.




[Ty
o
[}

Py
i»
o

For example, find the sin of 53°. Look at Figure 1].

The sine

r column

Angle Sine Cosine  Tangent

46° 719 695 1036

47° 731 .682 1.070

48° 743 669 1.1

49° 755 656 1.150

50° 766 643 1190

51 T 629 235

50¢ 788 616 i;g; [Thén ré;ﬂd
First find the | o £57) ——i2 s sin 5§3° =.799
angle here 54° 09 588 1.376 here

35¢ Rig 574 1.49%

56° 29 .559 1.483

37 B3¢ 545 1.540

548 530

- -
I~

1.600

Many times 1in trigenometry you will know the value of the trigonometric
ratio and vcu need to work backwards tc find the angle associated with
the ratic. For example, in Figure !Z, find the angle whose cosine is 0.982.

the cosine
?’ column
Angie Sine Cosine Tangent
(AN ' T O iy
! BT TSN 0la
z £33 Qo G335
: -l v nl
4 DT Glam (Ol
i T Gl (Y
S TN G 103
W s
, “ T e 15
e T ; 174 9 17¢
| Then read Thed (T ] [55] First find the
.l jem—— e un |
| angle here | T e o 213 ratio value here
IL — 12 2.5 T4 23]

i -
4 32 “ 24¢
- \\/ e B~
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EXAMPLE PROBLEM 7: From the portion of a Trig Table shown in Figure 13,

‘ ind the following trig ratios and angles.
Angie Sine , . . .
g‘ - Cof'?e Tangent {1) You know the angle. Find the ratio.
46 719 64 1 03¢
45" 31 €52 107> . o
- o ‘- A. Find the cos 58°.
48° 743 664 111
49° 755 656 1 , . .
. o ' 1150 1. First find 58° under the angle
50 76€ 642 1190 e
. —— - column.
51 1 ‘23 1.235
52° Py} G ) - . .
53° -.95 z‘l,.b l':i‘” 2. Then move to the right and
o e i 1327 find the required trig ratio
54 804 Sk 1376 1 ; hi h ;
55« £19 o 1o column (in this case the ecosine
. 5 e 42x column).
56 &24 554 1 4R5
57° Y 54 I ] .
sqe 2& Z:f: 1540 3. Then read the ratio value. You
< i S0}
) -t oo 160/ get cos 56° = 0.530.
59 857 515 1664
60° =66 500 739 .
ol 1ie2 E. Find the tan 67°.
.
61° &75 487 1 5 . First find the angle 67°.
62 882 47 1 6R]
63¢ 84} 454 145, 2. Then move to the right to find
64° &ag 455 WIS the tangent column.
65°* 9 423 2742
66° G4 507 2046 3. Then read tan 67° = 2.356.
0 P AN 263 2.356
6R*" go" 37E 24"L ¢2Y Tou know the rat::. Find the angle.
(33 G54 35% 268
70° a4r 4 0t 4. Find the angle whose tangent =
T 44¢ 32¢ 26w 1.732.
w REN S J7E
3 55¢ 29, 327 i. First fina the w@worent column
74° I 276 348" and locate the ratio.
5" Gh8 54 5702
2. Then mcve to the left to the
Figupe 10+ Fareiil epliiwe~ - angle celumn.
t2kle.
2. Tnen resad 60",
L. Find zre angle whose <.n = £ 794
~. First finc the ratic (.799 1n tre er- ¢ lurr
o, Thermove e el oto e arile tolunt ant read SG°
when weu 8 Ive pretiems lire 24 and JF. as shown above, vou are flnding the
Imterse of a4 trig rati . The<e inversee are written mathematicallw in two
different wavs.
i‘i’]
\)‘ ST ety

ERIC

Aruitoxt provided by Eic:
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The inverse of the sin is known as the are sin and is abbreviated as the ‘

sin=! . The arc sin of a8 number means that you are working backward from
that number to get the angle,

For example:

{.If sin 30°20.5 +hen |30°= arc 811 0.5, or
20°= sin~! o5

]

in words this s+ 30° 13 the angle whose sin 15 0.5
Snnnzlorlyﬁ

2. 1f cos 45°z0.707 then |45°_ arc Cos 0.707, or
4% ¢ cos-l o.707

in words This 1s —s 45° 15 The angle whose cos s 0707

3. 1f ton 60°=1.732 then [ 60° = are tan 17132, or
€0” = tan-! 1.7232
: Qo

i word This 1s o 60° 18 +he angle whose +an 15, 1.732

- \/
. . - ~1 :
The potation sin ‘, cos ‘, and ctan érpears on nearly all scientific .
calculators.
4

ESTIMATING 0R INTERPOLATION

I vou use an electronic s-ientif;. calculater to find the values of the
trigonometric ratios wou can find the value for any angle or fraction of
an angle cuickly and easilv. Sonme tables, like the ones vou have been

using he-2, have »z values fcr fra;tional degrees. To include fractional

Cegrees wruld require a ruch larzer table. However, it is possible to

R ,.,ﬂ&, R e L e )

R foT 2errclate the value for fracticns of a degree,
N - OKS
F,(_:.C -
- T T I AA L E
- — EQ My
- o
o~
-~ /"WC\/ .
T~ G m
P~ . ~
~ -
A SN
’ N
* > ¥
, J
A
.
Q,
<‘7)x
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EXAMPLE PROBLEM 8: Using the table shown in Figure 14, find the value of
(1) sin 56° and 15 minutes, and (2) cos 49.6°.

Angle Sine Cosine  Tangent (1) Find sin 56° and 15 minutes.

46° 719 695 1.036
;e 781 682 107 Solution:

48° .743 .669 1

49° .755 .656 1.150 Step 1. Convert the angle to degrees
50° .766 643 1.192 and decimal part of degrees.
51° ki 629 1.235 © . nl o ° °
520 .788 .616 1_28.0 ,56 ‘S b 56 +§oa 56.25

53° .799 .602 1.327 !
540 809 588 1.376 Frow Figure 14, find the values

55¢ 819 574 1.428 of the trig ratios for the whole
56¢ 829 559 1483 number degrees on either side of
7 839 545 1.540 the angle given.

58° 848 530 1.600 sin $6°=0.829

59° 857 515 1.664 o
60" 866 500 1329 Sin §7°= 0.839

Sin 56.25 degrees will be
between 0.829 and 0.839.

Pigure 14: Trig Table.

Multiply the (.25) degree decimal
by the difference in the whole
56° 0.829 angle sin values (.010). Then
825 - differen add that result to the sin value
|| < ence of the smaller angle (.829) since
=.010 the sin values are increasing.

56.25° ?
S7° 0.539

.25 x 010 =.0025

<n §6.25° = 0.829 + .0025
- 0085'5

(2) Find cos 49.6°.
Solution:

Step 1. Convert angle to degrees and decimal part of degrees.
(49.6° is already in decimal form.)

Step 2. From Figure 14, find the values of the trig ratios for the
whole number cesrece on either side of the angle given.

COs 49° = 0.656
cos 50° = o. 643

Cos 49.6 degrees will be between 0.656 and 0.643.
3-346

36
_J6)
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Step 3: Multiply the degree decimal
(0.6) by the difference in

tos 49* . .666:}— difference the whole number cos values

° - (0,013), Then subtract that
cos 49’5’ = 6;4_5 =.0t% result from the smaller
¢os 5o = o. whole angle cos value
(0.656) since the cos values

are decreasing.
0.6 X.015 =,0078 "
o In other words, subtract
t+hen co0s 49.6° = 0.656 -. 0078 .013 from the cos value

= 0. 6487 of 49°,

You may need to do the opposite of the above process of estimating or

interpolation. You may need to find an angle whose trig ratio lies between
two of the values on the table.

EXAMPLE PROBLEM 9: Using the table shown in Figure 14 on the previous page,
tind the value of (1) the angle whose sin is 0.751 and
(2) the angle whose cos is 0.512.

(1) Find the angle whose sin is 0.751.

Solution:

Step l: Find the values in the table in Figure 14 on either side of the
given values.

sin 48° = 0743
sin 49° = 0.75%

The angle you are looking for is between 48 and 49 degrees.

Step 2: Find the difference between the table values and the difference

between the given trig ratio value and the smaller angle table
value.

sin 48° 0.743% difference
? 0.75} ' 1 oz
sin 49° o 0.755 -

difference = .ood

Hi

il
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Step 3: Use these differences to find the decimal part of the angle.

S 0667 e for is 0.667 of the way
o1z

The angle you are looking
0.008 = 8
) between 48 and 49 degrees.

Therefore, the angle whose sin = 0.75] is 48.667°, or written in other
ways:

sin~  0.751 = 48.667 degrees
arc sin 0.751 = 48.667 degrees

(2) Find the angle whose cos is 0.5]2

Solution:

Step 1: Find the values in the table 1in Figure 14 on either
side of the given values.

Cos §9°= 0.515
Cos 60° = 0.500

The angle you are looking for is between 59 and 60 degrees,

Step 2: Find the difference between the table values and the
difference between the given trig ratio value and the
smaller angle table value.

? - 0.512 = .05
Cos 60° ., . 500

cos Se° 00.5!5} difference

difference = .00%

Step 3: Use the differences to find the decimal part of the angle.
The angle you are looking for
0.c03 . 3 = 0.2 ~tf————— . 15 0.2 of the way between 59
0.018 \s and 60 degrees.

Therefore, the angle whose cos = 0.512 is £9.2°, or written in other
ways:

cos =1 0.512 = 59,2 degrees
arc cos 0.512 = 59,2 degrees

3-388 35!
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ANGLES BETWEEN 90 AND 180 DEGREES

1f you have a scientific calculator

» any angle between 0 and 180 degrees
can be entered directly. But if

you need to use tables you xust know some
rules about angles bigger than 90 degrees. This is because mcst tables

only go to 90 degrees. You do not need to worry about angles bigger than
180 degrees. Look at Figure 15,

Trig ra¥ios for angles between 90° ong I80°

Irig ratios for angles between S0°and 180°

[
fo Tind values of Sine, cosine, and tangent rotios
forangles greater +han 90°

and less +han 18p°
use +he 'f'ollownng : ©
cos (90"-«-&) = — Sin
Sin (90°4+a): cosa
+an (%0°+ a)= — +an (90°= a)

For eéxample : Find cos j140°
step 1. Break angle down to 90° plus some

Smaller angle.  Cos 140" . cos (So+50°)

step 2. ®ind the right formula +from abeve,
Co3 (90+50%) = — 3in So°

step 3,

Look tp value of +he smaller anale
In the rig +able "C)guré 14 v

=21N 50° = —07766 ~ Cos 140°
Furtner examples :

?'F“md Sin 150° Sin 150° = € 1n (90°+€>O°)

Sin (90°+ éo") = OS5 60°
COS 60° = 0.500= 5n 150°

Find +an [28° ‘tan 125° . 4an (90°+55°>

Ton (90°+35°) = _+an (90°- 35°)
~ton (90°-35) = _+an &§5°
—Fan 55° = —1.428 . +an 125°

N
S
Xy

] ~
v LeIreel.
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. SOLVING RIGHT TRIANGLES

So far in this Project Sheer. voo have learned about the trigonometric
ratios, their definitions and now t. l.ox thLem up in & table. You have
learned to find these ratios tron t'.2r angles, and you have learned to
do the inverse. The inverse was when vou found the angles from the given
ratios.

For now you are only working with right triargle trigenometry. That is
where one of the angles of the triangle is equal to 90°. TIf you know one
of the acute angles (less than 90°) and one side of the triangle, vou can
find the other two sides and the other angle. If you know two sides, vou
can find the other side and the two acute angles.

If you do not have a scientific calculatcr, use the table in Figure 16 on
the next page to do the Example Froblems that begin on page 19.

ERIC ’

Aruitoxt provided by Eic:




Table 18 of 30
of Trigonometric Functions o
— |
Angle Sine Cosine Tangent Angle Sine Cosine Tangent
0 0 000 1000 0.000 46° 718 .695 1.036
1° 018 1000 018 47 731 682 1.050
2+ 035 999 035 48 .743 .669 Lin
3° 052 .999 052 49 755 656 1.150
4 070 998 070 50¢ 766 643 1.192
5° 087 996 088 51¢ o .629 1.235
6 105 995 105 52¢ .788 616 1.280
7 122 993 123 53¢ .799 €02 1327
& 1°9 990 141 ©54e 809 588 1.376
G+ .156 988 158 58 .814 574 1.428
10¢ 174 985 176 56¢ .829 559 1.483
11¢ 191 982 194 57¢ .839 945 1.540
12° 208 978 213 58° .B48 530 1.600
13¢ 225 974 231 54¢ 857 515 1.664
14 242 97 .249 60° .666 .500 1.732
15¢ 259 966 266
16° 276 961 287 61° 875 485 1.804
17¢ 292 956 306 62° 883 470 1.881
18° 304 451 . 325 63¢ .891 454 1963
19° 326 946 .344 64¢ 899 438 2.050
20¢ .342 940 364 5¢ .906 .423 2.145
21¢ 356 934 384 66" 914 407 2.246
22¢ 375 827 404 67° 921 .391 235 '
23 391 921 425 68° 927 375 2.475 ‘
24° 407 914 445 6ac 834 .358 2.605
' 25°¢ 423 906 466 Rt 940 342 2.747
26° 43& 899 48¢ Tl 946 326 2.904
27°¢ 454 &91 510 72 951 .309 3.078
28¢ 470 883 532 T3¢ 956 292 3.271
29° 455 875 554 T4°¢ 961 276 3487
30° 500 &66 577 75¢ .966 .259 3732
31° A1d 857 601 6 870 242 4.011
32° 530 A48 625 e 974 225 4.331
33 545 839 649 Ta 978 .208 4.705
34% 554 820 79 982 191 5.145
35° 574 8149 700 N 985 174 5.671
36° Shk ROG 727 £1¢ 988 156 6.314
377 6 T4 54 &2° an 134 7115
3% fir TA T4 3 493 122 8.144
2ar £,2% P K16 4 995 105 9.514
40 6473 Thh b aG 5 SILd] OR7 1143
4 676 Ta5 aHG ki 498 070 14 30
42 oLy 744 ani &7 L9444 (152 19 06
43 byl 73l Gl tale 9494 (.35 28 64
34° 647 Tl Uht, s 1 0o 018 57.29
45 i W 10y G I oo fan x

- " -
e s * B oA R e VSN
' N ’ T T ‘ MR .- ’ A EMAN 49 N T I tre
L e . . . . -
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‘ EXAMPLE PROBLEM 10: 1In Figure 17, solve for the length of side A.
Step l: Decide which trig ratio is the right one to
) use. In this case, you know the hypotenuse
2| (21 feet), and you know the angle (50°).

You need to find the adjacent side (A).

50 So, pick the trig ratio with the angle.
hypotenuse and adjacent side. From before:
A q = adjacent side
cos hypotenuse
Step 2* Substitute the known values of the given
Figure 17: Find the triangle in the cosine relationship in
length of side A. Step 1 above.
A
~ o 52—
cos 50 21

Step 3: Solve the equation for the unknown quantity (in this case A).

Find the cos 50° from your calculator or from the table in
Figure 16.

cos 50° =

21
A XA' = 2
‘ 2

A
A

multiply bath sides

# Cos Sof T of the equation by 2V

X 0.64%
1%, S0%’
15.58'  (rounded)

A
/
‘I
‘l

L I |

EXAMRLE PROBLEM 11: 1In Figure 18, solve for the length of gside M.

Step 1: Decide which trig ratio to use. You know
the hypotenuse (36 m) and you know the
3 ?4 angle (40°). You need to find the
. opposite side (M). So, pick the trig
40 ratic with the angle, hypotenuse, and
opposite side. TFrom before:

Figure 16: Find tre . opposite side
L, . sin g =
length cf side M. hypotenuse

Step 2: Substitute the known values of the given triangle in the sine
relationship in Step 1 above.

sin 40° = 3%—
m e

3-352 it
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Step 3: Solve the equation for the unknown quantity (in this case M).
Find the sin 40° using vour calculator or the table in Figure 16.

sin 40° =

™M %z_igm
Mz 36m x 0643

M= 23148 m
M= 23.1S m (rounded)

M
3bm

Tom x sin 40° < Multiply both sides

of The equation by 36m

-
-

EXAMPLE PROBLEM 12:

In Figure 19, solve for the length ot side C.

Step l: Decide which trig ratio to use. You know
the adjacent side (14 feet), and the angle
(32°). Ycu need to find the opposite side
c (C). So pick the trig ratio with the angle,
adjacent side and opposite side. From before:
32°
g opposite side
4 tan @ = - -
14 a adjacent side
Figure 18: Find :h. Step 2 Substitute the known values of the given
cength of eidc °

trianr’e¢ in the tangent relationship in
Step 1 above.

C

16!

Step 3: Solve the equation for tne unknown quantity (in this case C).
Find the tangert of 32° from vou calculator or from the table
in Figure 16.
[ 3
ton 32° = C
/

\M'/*ﬁC

1]

:i/ x tan 520 mUHIPlY bo“rh sides

' / of the cquation by 14
M'c - 14 x0.625 q by
C = 8.748
C - 8.7’ (round&d)




]
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EXAMPLE PROBLEM 13: 1n Figure 20, solve for the angle a.

‘ Step 1:

Decide which trig ratio o use. You know
the hypotenuse (18 inches) and the opposite
side (12 inches). You need to find the

angle a. So, pick the trig ratio with the
|8“ 2" angle 2, the opposite side and the hypotenuse
From before:
a
] sin g = opposite side
hypoter.use
Figure 20: Find Step 2: Substitute the known values from the given
angle a. triangle in the sine relationship in Step 1
above.
in g = E—
S 18"
Step 3: Solve the equation for the unknown quantity (in this case the
angle a).
Sina = %é& Write as the inverse sin (sin -} ) which
‘ says: a is the angle whose sin is 0.667.
BIN Q@ = 0.667

To find the angle, use the inverse on
a = SIin~! o66T vour calculator, or use the method in
a = 4).810° Example Problem 9 on page 14 of this
a = 41.8° (rounded) Project Sheet.

EXAMPRE PROBLEM 14:

In Figure 21, find che length of side P

P Step 1: Decide which trig ratio to use. You know
the angle (25°), and the adjacent side

. (15mm). You need to find the side which
2S is the hy'»tenuse. So, pick the trig ratio
with the angle, the adjacenr side and the
1S mm hyvpotenuse. From before:
Figure J1: Find eide ¢

adjacent side
hypotenuse

Ccs o =

Step &+ Substitute the rnown values fror th

¢ given triangle in the cosine
‘ relationship in Step ! above.
Ysrw—\
~ 4 G
ces 25 = T

- e ..,
_";512\} { I
Q
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Step 3: Solve the equation for the unknown quantity (in this case P). ‘
Find the oos 25° from your calcuiator or from the table in
Figure 16.
cos 25° = ISmm
* P
Px Cos25% = 1Smm x P multiply both sides
<G—
> of the equation by P
P2 0.906 « 1I5mm
PYXJ9a6 - ISmm - dwide both sides
o906 0.906 ot +he equotion by o.906
Pa ISmm
as 06
P = |16.8556 mm
P= 16.56 mm (rounded)
EXAMPLE PROBLEM 15: 1In Figure 22, find the angle a.
Step 1: Decide which trig ratio to use. You '
know the opposite side (14") and the

a adjacent side (16.5"). You need to
14 find the angle a. So, pick a trig ratio
with the angle a, the opposite side and

a the adjacent side. From before:
16, 51: tan q = opposite side

adjacent side

Figurea22: Find angle A. Step 2: SubstltuFe the I.cnovm values from the
i given triangle in the tangent relation-
ship in Step 1 above.

ran q = 4"
a 16.5"

Step 3: Solve the equation for the unknown quantity {in this case angle «).

T~
(1]

tan a = 14 Write as the inverse tan {tan -1 ) which
Ie.5" says: a is the angle whose tangeat is
tan g = ©.848 0.848. To find the angle,use the inverse
+an-! 0.84-8 on your calculator, or use the method in
@ = Tan ) Exampie Problem 9 on page 14. 0
a = <40.298°
A =« 40.3° (rounded)

3

3-355
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EXAMPLE PROBLEM 16

In the sier

dimension -

4of.owno1n Figure 23, vou are te find the
and the angle o,

vy
~ o
-3
‘a,
(3
S~

5,

vy
X
13

You must first find out wnich
know you nust work with angle

going tc work with., You
3 inches.

the dimension equal to

ou
. éimensaiorn
Loox at the sxetch shown below:

rz = T'adluS

of big wheel

r' = f'QdIUS r
of httle wheel '

0
i " = |
= 3.0 >

r

In this sketch you can see frcm georetryv that Vou can extend a line from

point 0, varallel to line x, over to the radius of the big wheel, and the
length of that line will be equal to Now lecok at the sketch below.

N
o e

4




ERIC ,

[Arun et provided oy eric SN

From Figure 23 the diameter of the little wheel is G.8" and the diameter
of the big wheel is 1.6". Therefore, the radius r, of the little wheel is

0.4 and the radius T of the big wheel is 0.8". Then you can find the
dimension : as follows:

3'+'1 =y
5+0.4'= 0-8"
Lj:08"-0 4"
H = O.<4"

Then vou have the triatzle v.o tewd arg o “formation vou neec. Neoo look
at the sketch below:

* 04"

3l

Notice that yvour triangi~: is upside down from the way vou have normally
worked with triangles--bit the names of the sides are the same. The side
adjacent is r, 3" is the iongest side or hypotenuse (it is opposite the
right angle} and 0.4" is tne side cpnosite angle a. The easiest way to
find the unknowns is to first find angel 2. Sc choose *the trig ratio that
involves angle 2, ovposite side and hypotenuse. You've done that before.

8ina - Opposs+e side
hYpo+enu$6
sina = 04"
zn
a=<<n"! 01333

a =7 66°(rounded)

Sow that vc. know the angle . tu scive for > choose another trig ratio
<that involves r, angle , and either C.4" cr 3" . 1If you choose the ratio
that involves r (adjacent sice;. (.<" forocsite side) and angle a, vou have:
coun
tan & = T

If vou choose the ratio that irnwelves ~ fadtacent side), 3" (hvpotenuse)
and angle 7, vou have:
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Although either ratio w111l give vou the sarxe answer, the cosine ratio 1is
easler to calculate, especially :f vou don': have a computer.

tos a = _'_Y'_
zn
3t cosa = &
X
3 x 05 7.66° < 4
3'"X 099 =«
X= 2 97" (rounded)

L]
X —-—— Maltirly both sides of the equation by 3",

EXAMPLE PROBLEM 17: To know if you have machined deep enough on certain

"V" notch type cuts, a rod of known dimensions is used
as shown in Figure 24. ‘rou cannot measure the dimension
shown as 1.00" to check for depth because of the radius
shown at the bottem of the "V" cut.
measure demeniscen A,
should dimensicn A be

However, you can
Whes vcu are deep enough, what

Solution: First of all, YOU must snrw g Yosoei
is tangent (or just touching) to a
point of tangency to the center cf
Look at the sketch beirw,

€ geometry. When a circle
‘ine, another line from the
the circle makes a 90" angle.

P 15 the centerof
the circle
\ P angle a = 90°

O s the pom+ o{'
o *I"ancjencl/

Q ine PO s the radius
of the circle

3-358
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text find out what you must know to find the answer. Then pick out the
triangle you have to work with. If you can find the distance y from the
top of the circular rod and subtract it from 1.00", you will have A.
Ipok at the sketch below:

i
A

) I you know
Y

2. angle a =90~ 60°
a - 30°

1 [ Since you need fo know
%, prck a *‘rys ratio
Now look at the sketch below: l”VOIVms Ong‘é a,r, and 7.

r 3ing = opposite side =
h\(fao+enuse %

sin 30°- p.2s5"
p
v L x Sin 30 G;._:Z.S. x \7& < mulhpl\( both sides
% of the Equa‘!ﬂon bu(f;/.
a X x M = 0,25%" < Sivide both Sides of
Zb\i) (0.5) the equetion by Sin 3005
025"
0S

X e O.5"

ke
]

Hen from before - distance Y = ')t+“r )
Y = 0.5+ 0.25
Y= 075"
and A = l.oo" -/
A <« loo"-0.75"
A= o025"

So when A = 0.25" you have cut deep encugh.
Now wyou can try some Shop Problems.

32359 o
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You are using a computer operate

d cutter.
need to find the distan

To cut a certain slope you
to position your cutter.

he required position.

(Round to nearest hundredth)

cutter is shown in ¢t
d the dimension shown as L.

Detance !

You need to fip

i—aéucm&er—

cutder

51°P4 ‘}'0 be cu’}'_ — °
52

Hint: find distance X bY 678
-Lnjoﬂom&*""/. T’icn

675"+ X = L
3 _base Jine

2. You need to use a screw with a head
larger than 70°. Your su

angle A of nc less than 65° and no
Will it b. satisfactory?

Pervisor gave vou the screw shown in Figure 26.

— A F 8.5mm 27.‘5mm

T

"’l <~ 14 . 2mm

3"360 ¢

370

)
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5 Yeu need a screw with a pitch of 4mm. If the angle of the V thread is
36.5°, what does the depth D of the thread need to be? Look at Figure 27.

Depth D

“"“‘—4mm —

D

S

36.5°

Figure £7: Find the depth D.

4. Your boss gave you a sketch to lay out a pattern of holes to be drilled.

In order to do this you need to find some missing dimensions. Look at
Figure 28. Find the missing dimensions.

d = r

anzle a

6 holes evenl spaced
around a circle whose
circumference 1s 28"

Find d,r and angle a.

5. You are given the job c¢f making a punch as shown in the sketch below.
The taper of the punch is to be 15,. You must find the angle a and
the diameter P.

187

(Y

Y. e 12 diareter F

r_.___.‘qomrn -—.g..! (O MM g 1S mvna

ﬂnn+: a 159£+upcr

msans aq ra+ao 04

15 . So:
100 s . Pl
100 “4 O
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6. You have cut a V notch in a steel bar te a
using a steel rod of l-inch diameter,
B. Assuming the V notch has been cut
dimension B read? Look at Figure 30.

control depth of 2.00". By
you are able to measure the dimension
to the proper depth, what should

—

Hint: Look of
60" example Prob!em 17,

poge 25 of this
ProJed Sheet.

Pigure 30: Firnd dimeneion =,

7. Your boss needs to know the taper angl

e of a shaft with known dimensions.
Look at Figure 31. What is angle a?

faper'
a T~

S
0

. Yoy have drilled three holes in
a steel plate according to the
pattern shown in Figure 32.
Your boss wants to know the
distances between the holes.
Find dimensions A, B, and C.

o]

~
,;: E’: c

—L
0.62."

|
T
&

1 i
—-..' o.ez"’,.h A _!.1

Pind dimensione 4, E
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9. You have drilled and reamed 8 holes equally spaced around the curcim-

ference of a circle as hown in Figure 33 below. To check the accuracy

of your work, two stick pins are placed in two adjacent holes. You
then make a measurement M across the two pins (M=3.0620"). This
measurement is then compared to the corresponding dimension M hwich
you must compute by trigonometry. To the closest ten-thousandth of
an inch, what is the difference between your measurement M=3.0620"
and the dimension you computed by trigonometry?

Difference (accuracy) in.

hint : angle a = 360°
8
a = 45°

Figure 33: Find the
accuracy of dimension M.

b ltd

10. You have machined a tocl punch as hsown .:. Figure 3k bglov. You
measure angle E as 50.25°. Tc check your accuracy against the.
drawing, you must compute angle E by trigonomgtry and compare it to .
your measured angle ¢~ 0.29°. What is the difference, to the nearest
one~-hundredth of a deg:ee, tetween your measured angle E and your
computed angle E.

Iifference {accuracy) degrees.

e 1.8375" ——— 4 —  0.875"

10 ?
angle E 0 0.950

BAS
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PROJECT 8
SHOP TRIGONOMETRY: PART 2

TRAINING
CONDITIONS : ® Here's what you will need:

1. This Preoject Sheet.

2. A pen or pencil to answer the Shop Problems in
this Project Sheet.

3. A hand-held calculator with scientific functions.

S TRAINING
LAN: ® Here's what you do:

In this Project Sheet, you will learn the basic trigo-
nometry of oblique traingles. Although there are many
other laws and methods in trigoriometry, this Project Sheet
only deals with the Law of Sines and the Law of Cosines.
This Project Sheet, along with Shop Trigonometry-Part 1,
will give you the ability to solve the majority of all
shop problems dealiug with trigonometry.

1. Read and study pages 2 to 10 o this Project Sheet.

2. Vork the Shop Problems on pages 11 and 12 of this
Project Sheet.

3. Have your Instructor check your we *k and record
your score on veur Student Training Record.

4. Ask your Instructor for your next Project Sheet.

TRAINING
GOAL : @ Here's how well you must do:

1. You must understand the Law of Sines and the Low
of Cosines well enough to score 4 out of 5 of the
Shop Prolems in this Project Sheet.

:3513
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SHOP TRIGONOMETRY-PART 2

in the previous Project Sheet, Shop Trigonometry-Part 1, you learned how

to solve many types of shop problems by solving right triangles. Sometimes
you solved oblique triangles by reducing the oblique triangle to a series
of right triangles. In many cases, it was hard to do and it took too much
time. So, in this Project Sheet, you will learn two shorter and direct

methods of solvirg oblique triangles. .

SOLVING OBLIQUE TRIANGLES

An oblique triangle has no angle equal to 90°--no right angles. Any oblique
triangle can be solved with trigonometric ratios if Zhree eiements are known
and one of those elevents is a side. Problems that can be reduced to oblique
triangles, and solved, are usually divided into four groups--depending on
which parts of the triangle are given. You can find all the rest of the
dimensions of a triangle if you know the dimensions given in any of these
four groups:

Group 1: Any two angles and one side are given.

Group 2: Any two sides and the angle opposite one of the sides
are given.

Group 3: Any two sides and the angle between the twe sides are given.

Group 4: When all the sides are given.

TWO SIMPLE FORMULAS

There are two simple formulas. the Jin >° Sivee and the law ol Cosines.
With these two formulas, you -an easily and quickly solve the above four
groups of oblique triangles. 1In this Project Sheet, you will see how the
formulas come from making right triangles out of oblique triangles. ” You
don't need to remember how to get the formulas. You dc need to remember
what the formulas are. You'll also need to learn how to use the formulas
to solve the Shop Problems. o

I'm an oblique triangle...see?
You can alvtayr pick me out of
a crowd. I doa't have
any right angle-
at all




THE LAW OF SINES

Look at Figure !. Name the sides _: triangle AB” as &, !, and ¢. Name the

angles opposite these sides as 4, !, and C. Dra- the perpendicular % and

you get two right trianvlies. ABL ard BCD.

B
c | inright & Ao, h = sinA, or h=csinA
L a c
I
b 4 \c inr|3h+A BdC, h =s5inC, or h=dasinC
D Q
equa+ln9 the two EXpressions for n - cxinA=asinl, or

Qa = C -— equa-\'lon @
smhA  sinC

now redrow A ABC b TaWing G “‘V'P&nchculor h 4rom an
¢xtension of side ¢ the pont C (sec below).

in nsm'*a AEC, = sinA,or h=bsin A

\h i r.gh"r S B =smF or h=asinF

J

h
b
h
a

frem Seome¥rtj F=180°~ & so h= a$m<(80 B)

¥ can be shown +that sin <180°~B) =5n B tHhen hzgsinB®

+hen equa+m3 He two Express.ons for h: bsinA= asin 5, or

Q = l ——— equa%on@
SinA sin B
C°"'bmm3 equchons @ and @ .
a - b = C ] _ Low o{: Sines
S\n A S B Sin C J
Z.a-k P ~ v - -3 bk "‘g{‘

.-36b




Sometimes the Law of Sines is written as three equations: . .

a = b‘ 3
- ati
sin A sin B Each ?f tEeSe equations
contains Jour elements
- - of the given triangle.
<in A sin C 1§ any Fhree elements are
giver (in any one equation)
b - o the fourth element may
ein B sin C easily be found.

In other words, this says: In any triangle, right or oblique, any side is
proportional to the sins of its opposite angle,

Call us group 1 triangles. You know two of
our angles and one of our sides. You can
solve us with the law of Sines. Yea!

We're group 2 triangles. You know two of
our sides and cthe angie opposite one of those
sides. Sclve US with the law of Sines. Hooray!




. THE LAW OF COSINES

Look at Figure 2. Name the sides of triangle ABC as a, ¢, and ¢. Draw

perpendicular % and you get two right triangles ABD and BCD.
rm and 7 as shown below.

the
Divide % into

B in +‘he r|3h+ A DB
a* = h*>4 n"az,.._Pﬁhasormn @
c Theorem
Ih \23 .
' adlso n= b-m 5
A 4D c in r.gh*‘ LA ABD m=cecos A , Hhen

b laal ——«}n—n—-a ’q-b—CcosA
b ——

n*z b™ Zbccos A + Cicos A - @

Also in rngk“’ A& ABD . h= CsinA
nV= CSintA —-— @

‘ Sub:ﬁ’:-}-u*}'ms 6qu04'von$® and @ into E:qua'hon @

Q%= €T SintA + b — Zbe COSA-{-C."OOS’A/ re orranging
O = b + CESInTA + (¥ oS A ~2be cos A , ‘fad'prmg c*
oF =t* 4 A (sin*A+cos¥A) - Zbeccos A

SmtT X+ cos™ = { s 4 ‘}ritjonomé+rlc ;den-l—ui-Y) +hen
At =b*+c*({)-2zbccos A
at~ B+ cr*—2bCcos , Sumi ‘arll,j
b*= a4+ - 2accos"H
cr=0r4b - 2abceosC

A% w B 4 Y- 2bccos A
o = a*+¢c*-2accos B
C* = a*4 b*- 2abceos C

—— . Low o‘p Cosines

L T L
AL Do B the Law o

Tooinel fe dertioed Spomopiahc tpionzlec
3-368 2¢ ¢
O B\JA
ERIC ‘




e

i~

|
i

oo

S

A,
i




Again, each of these equations contains four elements of the given triangle.

If any three elements are given (in any one equation), the fourth element
may easily be found.

In other words, this says: In any triangle, right or oblique, the square of
any side is equal to the sum of the squares of the other two sides, less double

the product of these two sides multiplied by the cosine of the angle included
between the two sides.

Don't wory if you don't understand how to get the sine and cosine formulas.

A1l you need to know is what the formulas are and how to use them in your
shop.

We're group 3 triangles.,Cha Cha Cha.
You know two of our sides and t?e
angles between, Solve us by using _
the law of cosines. s

Ei there! I'm a group 4 triamgle.
You know all my sides but NONE
of my angles. Find all my angles

}}T

and solve mz dv using the law of Cosines.
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. HOW TO USE THE LAW OF SINES AND THE LAW OF COSINES

Now you are prepared to solve problems dealing with the four groups of
oblique triangles listed on page 2 of this Project Sheet. The groups
are also shown on pages 4 and 6 in the illustrations. When you have an
oblique triangle to solve, you must first choose which formula to use.
Find the formulas from the Law of Sines_or the Law of Cosines according
to the information you have about the triangle. Pick a formula that uses
the three elements you know and the one you want to find.
numerical values you know into the formula.
the unknown element.

Substitute the
Then calculate the value of

Group 1: Any two angles and any one side are given. Look at Figure 3.

Given that the length of 2 = 64.6°. You need to find angle B,
length of side a, length of side £.

B

Solutien:
¢ o Remember +hat XA+XR+XC =180
+hen : X B= 180°-4A-xC
A . c X B 180°- 23.5%- (4. 6

-3,.’. &= 180°- 88.1°
®

- X B= 51.8°

An equation from the Law of Sines is selected since,

now, all angles and
one side are known.

Therefore, any of the remaining sides may be found.

a = C , and a = csinA , subshitute the

sin A sin C sinC known elemants
a = (3.486)(sin 23.5°) . {3.480")(0.5988)

Sin 64.6° ©.903%%
a=153c"

rJow, select another eqqa-‘-ion n'n/ols(mg side b
-{.rom +he (aw b‘p Sines.

b = & , ond b=csnB

sinB® wnC SinC
" o wy/ "
b = (3.480")(sin 91.9°) . (3.480"X0.999) _ 3.850
. <sin 64.6° 0.9503%
Fioure I: Sciving a triang s <o - wl LT che L of Sives
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GROUP 2: Any two sides and the angle opposite one of the sides are
glven. Look at Figure 4. Given that length of a = 2.864",
the length of b = 4.228", and angle B = 82.4°. You need
to find the length of side ¢, angle A, and Angle C.

Solution: Since two sides and an angle opposite one of the sides is given,

you can first solve for the second angle with an equation from
the Law of Sines.

a = b , then:
SINA sind
¢ a SInA = genB®  subshitute
b known vgluesg
A C  sinA = (2864"Nsin82.4°)
) b 4.228"
simA = (2.864")0.89912) _ 0. 6714
4. 228"

then A = sin"! a4, and X A= 42 1a8°
then 4o find X C
1I80° = AA+AB+XC
X-C=180°-FA-4R
AC = 180°-42.18°~-82.4° = 5542°

now select another €quation, n velving side C, from +he
Law of Sines.

¢ =_b , 4hen c- bancC
sinC  sSmB sin®

¢ =(4.228") sin 55.42°)

Sin 82.4°
¢ =(4.228")0.8234)
(0.9912)
C= % 512"
rfgu!’e 4 Srlelon 2ot P T e Yoo
35

3-371
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Group 3:  Any two sides and the angle’ included between them are given.
Look at Figure'5. Given that the 1%®gth of @ = 5.274", the
length of b = 9.836", and angle C = 23.78°. You need to find
the length of side ¢, angle A, and angle B.

Solution: A problem of this type cannot be solved directly by the Law of
Sines because the given data does not include a single ratio
between any one side and the sine of its opposite angle. There-
fore, use the Law of Cosines first to find the side ¢ opposite

the given angle C. Then solve the rest of the triangle by
using the Law of Sines.

B

. c*s a*+b*~ Zabcos ¢

A C ¢ = Jaz_*_ bz—zabCOSC
substitute known values

¢ = \/( 5.274%) + (9.83¢)*~ 2(5274X9.836)(0.9151)

C= \/;9.62

C= 5442"

then select an equahon m\lol\nns L A or AB, 'From +he
LOW o@ S:nes.

a = C , then sinA . asinC
Sin A sinC [J
sinA = (5,274 W sin 23 78°)
(S 442")
sn A = (5274")0.403) - 0.2906
(§442")
A= sin' 0.3906 = 22.99°

then o find A B: AR = 180° - X A-XC

A8 = 1IBO°- 22.95°- 23 78°
4B = 157 zx°

P

F P (g P T PR . R N O ~
rLTure O [AEINE RV B (¢ SIS . 4 . 4 .
b T

3-372 35§,
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Group 4:  All the sides are given. Look at Figure 6. Given that the

length of a = 4.146", the length of b = 6.264", and the length
of ¢ = 8.786". You need to find angle A, B, and C.

Solution: This problem is like Group 3. You cannot use the Law of Sines
first because you don't know any angles, Therefore, as a first
step you must use the Law of Cosines to find one of the angles.

/\ Q"= b* +*-2bc cosA
A B

Solve t+he above ec’ua-hon ‘For Cos A
CosA = b cr—a*
Zbe

Subshitutbe Hhe bnown elements:

Cos A = (&.264-")* +(8.786")% - (4.146%)"
N 2 (6.ze4"X8 785"

Cos A = 35.24in® 4 77.191n*— |T.19in*
Ilc.b-o'l n%
Cos A = 99.24mm* . 0.%0161, then
110.0T1n?%
A=z cos-! 0.9016]
A= Z5. 6"

thea seleck an equa.-l-xén m\)olxhnj X B orc Lrom dhe Low of Sines

a = b
Sind SinB®
SinB =z bsinA , Substitube known clements
a
Sinfd = (6.2&")(5"1 25.63%) = (6.26")(0.4-3261)

(41" (4-8c")
Sin B = 0.6536], +hen

= sin”! 0.66361, and B = 4o.81°

then 4o find A C . AA+EB +XC

= I80°
A-.C = 180° (25.63°+ 40.81°)
4 C = 180°-66,44°
& C= I1B856°

jadiy aya . - . o IR ’- o £ ~ >
Slpure £€: Colving a triangle from Grour ¢ 0ith the Law of (ocines.

COMPLETE THE SHOP PROBLEMS BEGINNING ON THE NEXT PAGE.

oy
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SHOP PROBLE}S

‘ 1. A sketch with dimensions as shown in Figure 7 is given to you to lay

out prior to machining. To complete the layout, you must find dimensions
Z, ¥ and 2.

-~

FPigure 7: Find x, y, and 2.

2. You are given a layout to check a certain dimension for accuracy. Look
at Figure 8. You measure dimension A, the distance between the points
‘ of tangency M and N, to be 4.234". How many thousandths of an inch is
dimension A in error? (Hint: Solve for dimension A by trigonometric
methods. Then compare the trig A to your measured A. The difference
| is the error.)

Error __ to the closest thousandth.

Figure 6: Find the error of A to the nearest thousandtb.

I
3-374 39
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3. You are given a triangular pattern to lay out. You know the dimensions
of the three sides but your problem is how to place it with respact to .
a horizontal base line. You need to find angle A. Look at Figure 9.

Angle A

her-zontel s

bo.se lmb

Figure 9: FPind angle A.
4. You have been given a pattern of three holes to be drilled. Look at
Figure 10. To check the accuracy of the position of the three holes,
you need to find angles A, B, and C.

Angle A

S.*
- Angle B
% B A —
A - /‘:—
0.3

Figure 10: Find angles A,
B and C.

5. You have been given the hole pattern shown in Figure 11 to lay out. To
do this, you must find the missing dimensions A, B, and C.

A

B

¢

4.67" Figupe 11: Find 4, B, and C.

SHOVW YOUR WORK TO YOUR INSTRUCTOR. ‘
BAS

33!
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CHAPTER 3

CONCLUSIONS AND RECOMMENDATIONS
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CONCLUSIONS

Through this project, we found that metal trades vocational training students
(average age approximately 25 years) are requiring further applied practical
shop math training after cempleting high school algebra, geometry and trigono-
metry, to meet metal trades industry job requirements. Further, students must
receive hands-on vocational training in a specific metal trade occupation con-
current with applied shop math training for that occupation.

Most students showed significant improvement in solving metal trades on-the-job
math problems after receiving 30 to 40 hours applied practical shop math
training in a small (5 to 15), open-entry, open-exit class setting.

RECOMMENDATIONS

Develop and add the following materials to those identified previously in this
report:
1. Individualized learning projects, called Project Sheets, on percentages
and Charts and Graphs for metal trades.

2. Training outlines, Student Training Records, for Building Trades:

Bricklayer Apprentice D.0.7. 861.381-022
Cabinet Maker Apprentice D.0.T. 660.280-014
Carpenter Apprent:ce D.0.T. 860.381-026

as defined by job requirements of the building industry.

3. Individualized learning projects, Project Sheets, for each building
trade occupation cited above.

4. Criterion referenced shop math pretests and postests which will measure
the math entry level and exit level of each metal trades and building
trades student.

Evaluate the materials:
1. Administer shop math pretests and pcstests;

2. Analyze results of the above tasts;

3. Revise training materials as necessary. (See Table B)

392
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The training modules and milestones hsted below are required for the
shown above The D O T aumber is a Job Serv.ce code for this occu
outline to give the student alternate employment options. Copies o

student,

4/ STUDENT TRAINING RECORD

“ SKILLS | ~-

CENTER Cluster __Metal Tradeg

Occupation __Machinist Helper D.0.T. 600.280-026

Date Started

Date Terminated

student to seek entry-level employment n the occupation
pation. Appropriate D.O.T. codes may be histed in the training

f this record wili be prepared and issued upon request from the

w £
DATE
TRAINING MODULES AND MILESTONES On

PERFOAIMANCE {x}

with
his/her Min Max Additional
. Start Complaete Own Super Super Teaning
ORTENTATION
1. Introduction to Machining
LT: You and Machining™
2. Shop and Job Safety
ST:  "Shop Safety-Think Safetvy"
ST: "Machine Teol-General Machine Shop
Safety"
ST: "Shop Safety-General Shop Hazawrds"
ST:  "Introduction to Machine/Meta) Shop
Safety”
ST: "Shop Safety-Hand Saws, Chisels and
Files"
ST: "Shop Safety-Drill Presses and Lathes'
ﬂﬂ;H‘FOR MACHINISTS (See STR)
BLUEPRINT READING FOR MACHINISTS‘%See STR).
MEASUREMENT
. HO/CT: Measure with steel rule
2. HO/CT: Measure with outside micrometer
A._HO/CT: Measure with vernier caliper
| 4. HO/CT: Measure with inside mike
5. HO/CT: Measure with small hole gage
6. HO/CT: Measure with telescoping gage
HO: Measure with depth rule
8. HO/CT: Measure with depth mike
9. HO: Measure with depth vernier
10, _HO: pasuring with protractors
1._HO: Measuring with_dial indicator
12: HO: Measuring angles and taper with sine
plate
13. HO: Measure with dial bore gage
. : ith_i -mi
HO/CT: Measure with radius gages
16. HO: Measure with optical comparator —_
Ho: Measuring with thread micrometer
0/CT: Measure thread pitch diameter
(Go, No Go)
. HO/CT: Check concentricity {lenter and
indicator)
5-2
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PERFORMANCE {(x)

' . TRAINING MODULES AND MILESTONES DATE On with
. his/her Min Max Additrona!
N Stort Comptlote Own Super Super Tesimng
Ql._HO: Measuring with thread plug gage
C 22, HO: Measure hardness of meta] with
) Rockwell Hardness Tester
23. HO: Measuring with toolmakers mitroscope
+ _24. HO: Check hole location by coordinate
method
25. HO: Check hole Tocati " by true position
method
26. HO: - Check precision square for squareness
, with cylindrical square
27, HO/CT: Check squareness with precision
square
28. HO/CT: Checking surface finish with surface
comparator gage
29. HO/CT: Measure hole diameter with deltronic
"~ pins
LAYOUT AND BENCH WORK
—1. HO: Rough layout
2. HO: Precision lavoyt
3. HO: Sawing with hand hack saw
4. HO: dtraight and draw filing
- 5. HO: Sizing holes with hand reamers
6. HO: Cutting threads by hand with *aps
/. HO/CT: Hand methods of deburring parts
. HO: Hand 'methods of removing broken
i ___studs .
9. HO: Cuttind threads by hand with dies
Q4O Lapping a surface on lap plate
11, HO: Filing a contour with reciprocating
- filing machine
14: HO: Broaching keyway using an arbor
press .
J5. HO: - Center drilling on center dilling
; machine .
DO-At1_ SAW
_ 1. Contour Saw Operation -
PS/CT: Operating a Do-Al1 Confour Saw
2. Butt Welding a Rlade '
PS/CT: Butt Welding a Blade
3. Mounting Saw Guides
PS/CT: Mounting a Set of Saw Guides
4. Mounting and Removing Bands
PS/CT: Saw Bands
PS: File Bands
S. Sawing to Layout Lines
’ PS: Layout and Sawing
DRILLTNG MACHIRE
1. HO/CT: Drill press operational control
. familiarity
ﬂ/cn Sharpen a’drill by hand
- HO:" Mount and hold work on the drill
press |
—4. HO: Drill_holes to layout lines ]
5-3 IR
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DATE PERFORMANCE ix}
TRAINING MODULES AND MILESTONES On with
: his/her Min Max Additiona!
Stant Complate Own Super Super Trarmng
gi HO; Drill_holes through center of round
stock
6. HO/CT: Step drill holes accuratelvy to <ize
—8, HO/CT: Courtersink, counterbore and spot-
face
9. HO/CT: Ream holes to size
~11. HQ/CT: Tap holes in drill press by hand
LATHES
1. PS/CT: Grinding a Right Hand Turning Tool
2. HO/CT: Tathe operator control familiarity
2A. HO/CT: Lathe operator control for 17X36
Leblond Regal
3. HO/CT: Install and remove chucks and face
plates-cam lock
4. HO/CT: Install and remove chucks and face
plates-third nose
5. HO/CT: Install and remove chucks and face
plates-taper key
6. HO/CT: Rough centering in 4-jaw chuck
7. HO/CT: Facing in a chuck
8. HO/CT: Center driiling in chucks and colletd
9. HO/CT: Alignment of lathe centers
10, HO/CT: Mounting work between centers
11, HO/CT: Straight turning between centers
. HO/CT: Knurling
#HO: - Taper cutting-offset method
4. HO/CT: Straight turning work in a chuck
15, HO/CT: Precision centering in a 4-jaw chuck
—16. HO/CT: Cutting steep tapers and chamfers
17, HO/CT: Drilling in 2 lathe
» 18. HO/CT: Reaming in a lathe
.19, HO: Grooving and parting operations
. 20. HO/CT: Grind 600 threadinag tool
21. HO: Cutting external threads
22. HO/CT: Grinding a radius tool
23. HO/CT: Grinding a round nose form tool
24. HO/CT: Radius and fillet turning
25, HO: Boring with_an engine lathe
26 \HO/CT: Cutting internal threads
7. HO- Center driliing work between centers
1.28. HO/CT! Grinding a right hand facina too]
129, HO/CT: Facing work to length hetween
cénters
30. HO: Taper tyrning-teoer attachment
31. HO/CT: Tapping threads in a lathe
32. HO: Mounting facing and turning work
on_a mandre}l
33. HO: Rough and finish turning using
cemented carbides and ceramics
35A. HO: Changing jaws in a 4-jaw independent
chuck : |
‘HO: Changing jaws in a 3-jaw universal
: ’ chuck with inside and outside jaws 1
35C. HO: Reversing jaws in a 3-jaw universal |
chuck with cap screw mounting jaws !
5-4 —
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DATE PERFORMANCE (x)
TRAINING MODULES AMD MILESTONES On with
b his/hes Min tAax Additional
* . Strt Complete Own Supes Super Tearmng
6. HO: Machining a part with tracing
attachment
37. _HO- Reaming a tapered hole
38. HO: Using a steady rest
POWER HACK SAW
1. HO/CT: Power hack saw operational controi
familiarity
2. HO/CT: Install hack saw blade
3. HO/CT: Cut off stock using power hack saw
HORIZONTAL MILLING MACHINE
1. HO: Operation control familiarity
¢. HU/CT: Install arbor in spindle
3. HO/CT: Install cutter on arbor
4. HO/CT: Siab mill a piece square held in
vise
5. HO/CT: Face mill part clamped to table
6. HO/CT: Straddle mill a part clamped to tablg
7. HO. Mount dividing head and foot stock
8. HO: Cut teeth on spur gear
9. HO: Cut keyway in shaft with plain
milling cutter
13. HO: Machine external radius
14. HO: Miil anaular slot
7. HO: S1it work held in vise
tHO: MiTT muTti-Tevel surfaces
YERTICAL MILLING MACHINE
1. HG/CT: Vertical milling operational
control familiarity
2. HO/CT: Chuck end mill in collet in spindie ]
—3. HO/CT: Alian spindle perpendicular to table
4. HO/CT: Mount and aiign vise to table
5. HO/CT: Sauare work clamped to table
6. HO/CT: Square work held in vise
7. HO: Locate, drill and ream holes using
coordinate method
8. HO: Locate ard bore holes using coordi-
nate method
9. HO/CT: Stop drilling holes accurately to
size
10. HO/CT: Locate and mi1] STot or pocket
11. HO/CT: Countersinking, counterboring and i
spotfacing |
12A. HO: Mill & square on workpiece
128. HO: Mill a hexagon on workpiece
_13. HO/CT: Machine flat surface using fly
cutter
14A. HO/CT: Drill and ream eqrally spaced holes \
on bolt circle using direct indexing
148. HO/CT: Drill and ream equally spaced holes
on bolt circle using simpTe indexing
. HO: Mill a part using tracer unit . !
16. HO/CT: Mill multi-level surfaces ]
accurately i 1
5-5 | | ]
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TRAINING MODULES AND MILESTONES

OATE

L. T

PERFORMANCE (x}

On with
his/her Min Mlax Additonal
* Sty Compiaste Own Superc Super Traimng
7. HO: 4111 fillet corner with ball miT]

—18. HO: Machine taper or wedge psing tilting
table
_21. HO: Tap holes on vertical mill using
tapping attachment
23. HO: Orill holes using drill jig

SPECIAL ASSIGNMENTS

N-THE-J0B TRAINING

0
1
2.
3.
4.
5

Q-

—t 4
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STUDENT EMPLOYABILITY REPORT

Weber State College Skills Center ¢ 1100 Washington Blvd., Ogden, Utah 84404

Student Name

Occupational Program _Machinist Helper

Date Started

Date Terminated

Copies of this report will be prepared and issued upon request from the student.

1. SUCCESS FACTORS

O needs prompting

O needs encouragement

D needs encouragement

Initiative Cependability Attitude Willingness
i seeks work O keeps word CJexcellent Ol tries to please
O meets requirements d dependable 0 good 0 goes along

O needs encouragement

O needs follow.up

T needs encouragement

O needs encouragement

Follows Directions Works with Others Accepts Criticism Appearance
0 very well d very well O very well O very neat
O acceptable d acceptable O acceptable 0 acceptable

O needs improvement

2. CERTIFICATES AND HONORS

Certificate{s) Yes{_

Datels) Presented

Honor(s} and Comments:

o
Completion No [J
(MIN 65% ot STR)

of

Proficiency No [J

Certificate Yes Percent Completed Date Mailed Special Projects and Comments:
f

3. CERTIFICATE OF COMPLETION PROFICIENCIES

SHOP AND JOB SAFETY

Mount Bands/Saw to Lines

Cut Teeth on Sour Gear

BASIC SHOP MATH DRILLING MACHINE OPERATION VERTICAL MIL! ING MACHINE
Mount Wor Align Spindle/Mount Vise
BLUEPRINT READING Drill, Ream, Tap Holes Square Work
Drill, Ream. Bore Holes

MEASURING TOOLS

LATHE OPERATION

Countersink/Counterbore

Micrometers: Inside/Qutside Grind Tool Bits/Chase Thrds Spotface
Vernier Calipers Turn_Tapers/Drill/Ream Index Head
Radius/Feeler Gaucges Bore/Knurl/Steady Rest Fly Cutter

Protractors/Dial Indicators

LAYOUT AND BENCH WORK |
Layout/Saw/File/Tap/Deburr |
Remove Broken Studs ‘

DO-ALL SAW OPERATION
VieTd BTades/Mount Guides

Turn Between Centers
Tracer Attachment

POWER HACK SAW OPFRATION

HORTZONTAL MILLING MACHINE

Slab Mill/Face Mill
Straddie MTIT/Tnt Keyway

4. JOBPLACEMENT

SPECIAL TRAINING PROJECTS

Employed By Termination Code__
Address Telephone
Job Title Wage

Referred By

‘Late Placed

Advisor/Instructor Date Supervisor

5-7
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STUDENT TRAINING RECORD

|SKILLS | -
! CENTER Custer __Metal Trades

Occupation _Precision Metal Finisher D.0.T. 705.484-010

5/81

Date Started Date Terminated

The training modules and milestones listed beiow are required for the student to seek entiy-level employment in the occupation
shown above The DO T number is a Job Service code for th's occupation Aop.opriate D.O.T. codes may be listed tn the training
ouJ™1 ne 1o give the student alternate employment options op.es of this record vili be predared and issued upon reques: from the

student.
DATE PERFORMANCE (x)
gg TRAINING MODULES AND MILESTONES On with
et his/her Min Max Additiorai
= Start Comptete Own Super Super Training
ORTENTATION
1. Introduction to Metal Finishing
LT: Instructor Interview-Shop Tour
1 PS: Precision Metal Finishing Shop Rules
2 PS: Introduction to PMF
3 PS: Layout and Cutting Circles and
Squares
ST: "Shop Safety-Think Safety"
ST:"Introduction to Machine/Metal Stap
Safety"
S7:"Shop Measuring Instrumerts-Steel
Rules and Related Instruments"”
ST:"Bench Metalwork-Introduction, jools
and Processes"
ST:"Measuring Instruments”
ST:"Shop Measuring Instrumen*s-
L Micrometers"
4 PS: Finish It Safely
5 PS: Stee]l Rules and Feeler Gauges
6 HO: Measuring .
7 QZ: Measuring Instruments
2. Metal Finishing Tools
8 PS: Tools and Their Use
ST:"Shop Measuiing Instruments-
Calipers and Dividers"
ST:"Shop Measuring In$truments-
Vernier Instrumends”
9 PS: The Vernier Caliper
ST:"Machine Too]-Gpnecél Machine Shop
Safety"
iC PS: Operating a Do-All Contour Saw
i ST:"Machine Tool-Introduction to the
Metal Cutting Band Saw"
ST:"Machine Tool-Operating the Band
Sawll .-
B ST:"Bench Metalwork-Files and the Filina
# Process”
1 PS: Filing and Grinding a Flat
Aluminum Block
ST:"Machine Tool-Introduction to the
Drill Press” . 5-8 400
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PERFORMANCE (x)

o TRAINING MODULES AND MILESTONES On with
= his/hes Min Max Additional
Start Compiste Own Super Supesr Teaimng

PS: Drilling Holes

PS: How to Drill. Counterbore and

_Thread Aluminum Stock

4

®
| ol d r;)

PS: Pre-Vocational Summary*

{Pre-Vocational Exploration Complete}

BASIC BLUFPRINT READING

(See Basic Blueprint Reading STR)

SHOP MATH FOR PRECISION METAL FINISHERS

(See Shop Math for Precision Metal

Finishers STR)

SHEET METAL ORIENTATION

1. _Introduction to Sheet Metal

LT: Instructor Interview

ST:"Sheet Metalwork: Introduction and

Overview"

15 PS: The Sheet Metal Industry
2. Shop and Job Safety .
16 PS: Why Safety is Important to the

Sheet Metal Worker

ST:"Shop Safety: Think Safety” (review)

ST:"Shop Safety: General Shop Hazards™

ST:"Shop Safety: Hand Saws, Chisels end

Files"

ST:"Shop Safety: Screwdrivers, Wrenchesa

Sheet Metal and Weldinag Tools"

BV: Ipstructor Interview-Shop Fules

3. Basic Metals

17 PS: Basic Metals and Sheet Gauces
18 PS: Your Guide to Basic Metals |
|
 HAND TUOL IDENTIFICATION AND USE |
1. Measuring Tools |
ST:"Shop Measuring Instrumets: Stee] !
Rules and Related Instruments"”
(review)
ST:"'Measuring Instruments™ (review)
ST:."Shop Measuring Instruments
Micrometers” (review) {
ST:"Shop Measuring Instruments: ! ‘
Calipers and Dividers" , ; | ‘
i | i !
2. Scribing Tools : f [ i
20 oM: Using Scribing Tools ! ' : | !
2] PS: Scribing on Metal* ! | ; :
3. Haend Operated Cutting Tools : [ !
ST :"Sheet Metalwork: Cutting Methods" | !
ST:"Bench Metalwork: Cutting Procecces"” | | i
22 PS: Your Hand Cutting Tools : | ! :
? PS: Cutting Exercises* i i ' ‘
4 PS: Cutting Circles* | [ R
5 PS: Cutting Squares* | | :
_26 PS: Cutting Straight Lines* R
i
o 5-9 . i
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| PERFORMANCE ix} :
= . DATE }
5o TRAINING MODULES AND MILESTONES I on with
o= his/her Min Max Additionz!
Start Complets Own | Super Super Tezrung
4. Hand Operated Bending Tools and Machineq 1 | i
ST:"Sheet Metalwork: Drilling. 'orming : =
and Bending-Part 1" l i :
ST:"Sheet Metalwork: Formina and | ' |
Rending-Part 2" i ! {
OM: leaf Brake % !
Di1: Slip Roll j )
DM: Hand Seamer f | !
ST:"Sheet Metalwork: Straicht Line [ | i
Pattern Development” ; i
27 PS: Forming Pipe* :
- M: Pittsburg Seaming Machine ki ' [
28 PS: Forming letter Box* ' !
DM: Box and Pan Brake : i
291 PS: Forming Box with Sliding Top~> )
30 PS: Forming Dust Pan* :
31 PS: Soldering * !
32 PS: Forming Chime Box* i
|
PRECISION METAL FINISHING
1. Precision Measuring Tools Application
ST:"Shop Safety: Hand Saws, Chisels
and Files" (review) !
33 PS: Making Chimes with Electrical ]
Metallic Tubing
34 PS: Using Feeler Gauges* !
t ! __ST:"Machine Tool: Introduction to the : ! |

Pedistal Grinder"® ‘ : !

| ST :"lechine Tool: Grindina wnes| i
b Construction and Types® | | |
i ST:"Macnine Tool: Mounting anc Uressing !

the Grinding Wheel" . |
35 PS: Hole Punching Machines
|36 PS: Driil Punch and Deburr Flat Stock i - [ i
21:"Shop_Safety: Drill Presses and : ! |
Lathes" ! :
ST-"Machine Tool: Introduction to the ! i
Drill Press" (review) i i
ST:"Machine Tool: Operating the Drill
Press" :
ST:"Machine Tool: The Supporting Tools i ‘ | i
: Qf the Drill Press" ‘ | | i
37 PS: Precisjon Drilling Safetv .ire Hole! ' » '
i

|____ST:"Machine Tooi: Introduction to f i : .
leasuring Jnstruments” ; ~ ‘ v ! i

PS: Nicrometers [ !

ST:"Shop Measuring Instrumenis: Vernier
Instruments”

PS: The Vernier Caliper Review

T:"Machine Tool: Grinding the Twist

Prill by Free Hand"
PS: Metal Blending a Pipe Fitting ,
PS: Making Aircraft Doors

Cad
IS

(€3]
[¥e]

e nd

PS: Blending and Finishing a Weld . [ i ;
Assembly i i i { ;
ST:"Shop Measuring Instruments: Dial ! ; ! i

[ Indicators” 5-10 ) | |




PERFORMANCE (x}

5 o TRAINING MODULES AND MILESTONES On with
:Z l his/her Min Max Additional
.; Start Compien Own Super Super Tramng
431 PS: Calipers and Telescopina Gauges
WYl Py: Usinc Dial Indicators*®
45 PS: Cutting with a Band Saw
T:"Machine Tool: Welding the Band Saw
Blade” i
46 PS: Butt Welding a Band Saw Blade ;
ST:"Machine Tool: Radius Contour - | !
Cutting with the Band Saw" ! i |
47 PS: Precision Layout and Cutting | |
48 PS: Punching and Drilling Holes j
ST:"Grinder., Buffer, Dril] Press and 5
Hand Drill Safety" ]
49 PS: Manufacturing a Drill Gauge
50 PS: Precision Metal Finishina Summary*
i
—— .
i |
! i
| |
: ]
|
{ | i
. : . , !
! l ‘ ) t
{ i ' i i
\ ; H ! ;
i . i
1 ' l ﬁ:
. ; f I
! | | f !
T
*liodes not deveToped ;
5-11 1
407




STUDENT EMPLQYABILITY REPORT

Weber State College Skills Center o 1100'Washington Blvd., Ogden, Utah 84404

Student Name

Occupational Program

Precision Metal Finisher

Date Started__

Copies of this report will be prepared and issued upon request from the student.

1. SUCCESS FACTORS

Initiative Dependability Attitude Willingness
—seeks work O keeps word Tl excellent T tries to please
— meets requirements :dependable :good :goes along

—- needs prompting

—_
— needs encouragement

—
— needs encouragement

-
— needs encouragement

Follows Directions

Works with Others

Accepts Criticism

Appearance

- very well
= acceptable
"needs follow-up

0 very well
O acceptable

T needs encouragement

- very well
3 acceptable

4 needs encouragement

= very neat
[ acceptable

i needs improvement

2. CERTIFICATES AND HONCRS

Certificatels) Yes (] Date(s) Presented Honor(s) and Comments:
of
Proficiency No [J
Certificate  Yes ) Percent Completed Date Matiad l Special Projects and Comments:
of 1
Completion No _J I
(MIN 6E% of STR/ !

3. CERTIFICATE OF COMPLETION PROFICIENCIES

[Safety in Industry
i

Metals Blending

l

]

 Preciiion Measurina Tools

Metal Deburring

Power Hand Tools

Math for Metal Finishing

i

[Basic_Blueprint Reading

| Hetal Cutting Band Saw

Drill Press

:Baqic Sheet Metals

: Harnd Operated Cutting Tools |

kind Operated 8onding Tools .

éng lMacnines

l

I

4. JOB PLACEMENT

Date Terminated_____

Emploved By Termination Code___
Address Telephone
Job Title Wage
Date Placed . Referred By
Advisor/Instructor Date Supervisor

5-12

Aruitoxt provided by Eic:



S

4/81 STUDENT TRAINING RECORD

SKILLS |
CENTER Cluster _Metal Trades

Occusation __Sheet-Metal-Worker Apprentice D,0.T. 804.281-014

P

Date Started Date Terminated

The training modules and milestones listed below are required for the student to seek entry-level employment in the occupation
shown above. The D.O.T. number is a Job Service code for this occupation. Appropriate D.0.T. cades may be listed 1n the training
outline to give the student alternate employment options. Copies of this record will be prepared and 1ssued upon request from the

{s;ud,ent .

T?. — DATE PERFORMANCE (x)
5 TRAINING MODULES AND MILESTONES On with
::Z his/her Min Max Additional
Start Complete Own Super Super Teaining
QRIENTATION

1. Introduction to Sheet Metal

1 LT: Instructor Interview

2 ST:"Sheet Metalwork: Introduction and
Overview" ) *

3 PS: The Sheet Metal Industry

2. _Shop and Job Safety

4 PS: Why Safety is Important to the
Sheet Metal Worker

5 ST:"Shop Safety:Think Safety"

6 ST:"Shop Safety:General Shop Hazards"

7

8

9

0

ST:"Shop Safety:Hand Saws, Chisels.
and Files"
ST:"Shop Safety:Screwdrivers, Wrenches~
Sheet Metal and Welding Tools"
PS: Your Sheet Metal Shop Rules
RV: Instructor Interview-Shop Rules
. Basic Metals
1 PS: Basic Metals and Sheet Gauges
12 PS: Your Guide to Basic Metals
BASIC BLUEPRINT READING (See STR)
BASIC MATH (See Basic Math STR)
SHOP MATH FOR SHEET METAL WORKERS (See STR
HAND TOOL IDENTIFICATION AND USE
1. Measuring Tools
13 ST:"Shop Measuring Instruments: Steel
Rules and Related Instruments"
ST:"Measuring Inst-uments

(I3

4 PS- Reading a Rule
15 PS: Using the Circumfevence Rule
_16 ST:"Shop Measuring Instriments:
Micrometers"
J.17 PS: Micrometers

18 ST:"Shop_Measuring Instruments:
Calipers and Dividers"

2. Scribing Tools
20 DM: Using Scribing Tools

1 PS: Scribing on Meta]
3. Hand Operated Cutting Tools
o ST:"Sheet Metalwork:Cutting Methods" 5-13 .




PERFORMANCE (x)
s TRAINING MODULES AKD MILESTONES On with
4+ Lg his/her Min Max Addi onal
t Start Complets Own Supet Super Teommng
23 ST:"Bench Metalwork Cutting Processes”
24 PS: Youyr Hand Cutting jools N
25 PS: Cutting Exercises
26 PS: Cutting Circles
27 PS: Cutting Squares
28 PS: Cutting Straight Lines
4. Hand Operated Bending Tools and
Machines
29 ST:"Sheet Metalwork Drilling, Forming,
and Bending, Part 1"
30 ST:"Sheet Metalwork Forming and Bending
Part 2"
3 DM: Leaf Brake
32 DM: STip Roll
33 DM: Hand Seamer
34 ST:"Sheet Metalwork Straight Line
Pattern Development”
35 PS: Forming Pipe
36 DM: Pittsburq Seaming Machine
37 PS: Forming Letter Box
38 DM: Box and Pan Brake
39 PS: Forming Box with Sliding Tcp
40 PS: Forming Dust Pan
41 PS: Soldering
42 ST:"Sheet Metalwork Paraliel Line and
Radial Line Development"
43 PS: Forming and Tapping Two Round Pipes
Together
_44 PS: Forming and Tapping Rectanqular
Pipe to Round Pipe
45 DM: Burring, Turring and Reading
Machine
5. Hand Operated Cutting Hachines
46 DM: Beverly Shear
_47 PM;: Pexto Shear
48 DM: Treadie Shear
_49 PS: Duct Layout Projects: 15 Fittings
Fabricated and Assembled
SHOP_WQRK ASSIGNEMENTS
1
2.
3.
4.
5.
!
| :
—
5-14 g0« 1
£y




STUDENT EMPLOYABILITY REPORT

Weber State College Skills Center o 1100 Washington Blvd., Ogden, Utah 84404

‘ Student Name

Occupational Prograin _Sheet Metal Worker Apprentice Date Started

Date Terminated_____

Copies of this report will be prepared and issued upon request from the student.

O meets requirements

DO needs prompting

O dependable

O needs encouragement

4O good

D needs encouragement

r 1. SUCCESS FACTORS
Initiative Dependahility Attitude Witlingness
O seeks work O keeps word O excellent O tries to please

Dgoes along

O needs encouragement

Follows Directions

Works with Others

Accepts Criticism

Appearance

Overy wen
Dacceptable
Oneeds follow-up

O very well
a acceptable

0 needs encouragement

] very well
0 acceptable

O needs encouragement

O very neat
O acceptable

Oneeds improvement

2. CERTIFICATES AND HONORS

Date(s) Presented Honor(s) and Comments:

Certificate(s) Yes (J
of

Proficiency No [J

Certificate  Yes (] Percent Completed Date Mailed Special Projects and Comments:

of
‘ Completion No [J
» (MIN: 65% ot STR)

3. CERTIFICATE OF COMPLETION PROFICIENCIES

Safety in Industry Power Hand Tools Basic Blueprint Reading

Basic Metals Radial line lavout Math_for Sheet Me.al

Measyring Tools Parallel Line Layout

Hand Operated Cutting Tools Iriangulation Layout

Hand Operated Bendinag Tools Bend Allowances

and Machines

Power Shear Machine

Hand Operated Cutting

Machines Power Press Machine

_Seams_and_Fasteners Furnace Operation

Spot_Welding and Soldering Furpace Repsir

4. JOB PLACEMENT

Employed By —— Terminatior Coov_
Address Telephone ___
Jsb Title Wage

' Date Placed Referred By,
Advisor/Instructor Date Supervisor

5-15 409




o191 STUDENT TRAINING RECORD
SKILLS |~

CENTER Cius.er _Metal Trades

Occupation _Combination Welder Apprentice 0.Q.T. 819.384-008_

Date Staned Date Terminated

The tra:n ng modules and m lestones !isted below are required for the student to seek ertry-level employment in the uccupat.on
shown above. The D C.T number is 2 Job Service code for this occupatior . Appropriate D.0.T codes may be listed 1n the traintng
out!'ne to give the student alternate employmen’ options. Copies of this record v i, be prepared and issued upon request from the

student,
DATE PERFORMANCE {x)
s TRAINING MODULES AND MILESTONES On with
wz his/her Min Max Additiona!
= {Gas Welder Apprentice D.0.T. 811.684-010 Start Complote Own Super Super Trasing
URIENTAITON TO OXY-ACETYLENE WELDING
1. Introduction to Oxy-Acetylene Welding
LT: Instructor Interview - Shop Tour
1 PS: You and Your Welding Program
2 PS: The Yelder's dJob

ST:"Your Future as_a Welder Helper "No.]
MP: Orientation: “Euturesin Weldina"

CT:"Introduction-ta Oxv-Acetvler .

Welding" (KC-1)

2. Oxy-Acetylene Shop and Safety

3 PS: Oxy-Acetylene Safety (Part 1
4 PS: Oxy-Acetylene Safety (Part 2

3
ST:"Oxy-Acetylene Safety"(Part 1) No.2
ST:"0Oxy-Acetylene Safety"(Part 2) No.3

| 1T: Safety Lectyre

MP: Safety Film:

DM: Qxy-Acetylene Shop Safety Precedures

BASIC MATH FOR WELDFERS (See STR)

SHOP MATH FOR_WELDERS (See STR)

BASIC BI UFPRINT READING (See SIR)

BLUEPRINT READING FOR WELDERS (See STR)

OXY-ACETYLENE PRCCESSES

1._0.y-Acetylene Helding Fquipment

PS: Setting Up Your Equipment i

PS: lighting Your Torch

C1:"Welding Equijpment Orientation' (KC-2

MP:“"Hottest Flame on Earth" (WSC)

DM: Setting Up Qxy-Acetylene Equipment

OXY-ACETYLENE WELDING POSITIQNS

1. Welding in the Flat Position

7 PS: Making Beads Without Rod

PS: Making Beads With Filler Rod

PS: Welding Butt Joints

PS: Welding Lap Joints

PS: Welding Tee Joints

CT:"Setup and Basic Welds® {KC-3)

CT:"Butt and Lap Joipts" (KC-4)

o CT:"Tee and Corner Welds™ (KC-5) 5-16




lte
No

TRAINING MODULES AND MILESTONES

DATE

PERFORMANCE (x)

Start

Complete

On
his/har
, Own

with

Min
Supsr

Max
Supar

Additional
Traimng

CT:"Heavy Gauge Metal" (KC-6)

MP: "Compressed Gasses Under Your

Contral® (Optional) (Cur)

DM: Oxy-Acetylene Welding in Flat

Pogition

. Welding in Vertical/Horizontal Positions

PS: Welding Vertical tap \aints

PS: Welding Vertical Tee Jaints

=k

PS: Welding Vertical Butt Joints

CT:"Horizontal Applications” (KC-7)

CT:"Vertical Applications” (KC-8)

LT: Metal Characteristics

LT: MeteTs Tdentification

MP:"Preventing Cutting and Welding

Fires™ (Optional) {Cur)

DM: Oxy-Acetylene Welding in Vertical

Position

DM: Oxy-Acetylene Welding in

Horizontal Position

._Welding in Overhead Position

15

PS: Welding Overhead Lap Joints

16

PS: Welding Overhead Tee Joints

17

PS: Welding Overhead Butt Joints

(I:"Overhead Position Yeldina" (KC-9)

CT:"Oxy-Acetylene Welding Test" (WEL 1)

OM: Oxy-Acetylene Welding Overhead

e

FLAME CUTTING

1,

la .

Freehand and Machine Flame Cutting
PS- Flame Cuytting Fundamen*ale

19

!

PS: Cutting Steel Scrap

20

t

PS: Cut and Pierce Stee] Plate

21

+
1

PS: Introduction to Machine Flame Cutting

22

[

PS: Machine Flame Cutting 30 Degree

Bevels

CT:"Fundamentals of Flame Cutting” (KC-13)

CT:"Multiple Uses of Flame Cutting"

(KC-14)

MP:“Fundamentals of Oxy-Fuel Cutting"

MP:"Safety in Oxy-Fuel Welding and

Cutting"

L1-"Oxy-Acetylene Cutting Test"(WEL 2)

DM;_Freehand Flame Cuttinag

OM: Machine Flame Cutting

TQQLS

. Hand Tools Used in Welding

PS: Reading a Rule

H0: Electric Drills

B ) Sy SR FUN S O

HO: Nut and Bolt Fasteners

HO: Screwdrivers

HO: Pliers and Cutters

HO: Files and Rasps

B N S S

ST;"Shop Safety: Screwdrives, Wrenches-

P S [y Uiy SO GUUNRY SRy oy RN P

Sheet Metal and Welding" No. 4

DM: Use of Hand Tools

e,

EERRERERS

fd




tem
-No.

TRAINING MODULES AND MILESTONES

DATE

PERFORMANCE (x}

Start

Complete

On
his/her
Own

with

Min Max
Supet Super

Addutional
Tearmng

BR,IC\ZING (Qptignal) ~ d

srazing Steel and Dis-similar Metals

PS: The Basics of Brazing

PS: Brazina Lap, Butt and Tee Joints

PS: Brazing Copper Tubina

HO: Brazing Torches

Ci:"Braze Welding” (KC-10)

ST:"Brazing and Soldering" No. 5

LT: Weld Joints

LT: Rod Identification

DM: Brazing

i

d

L [PV SRy

QYY-FUEL PIPE WELDING

1.

Pipe Welding

CT:"Cast Iron and Hard Surfacing” (KC-11)

CT:"Heating and Flame Treating" (kC-12})

CI:"Oxy-Acetylene Weldina Safety Test-

Part 1" (WELS 02)

Cl:"Cxy-Acetylene Welding Safety Test-

Part 2" (WELS 03)

DM: Qxy-Acetylene Pipe Weldipg

Arc Welder Apprentice D.0.T, 810.384-010

ORIENTATION 7O ELECTRIC ARC WELDING

1.

Introduction tg Electric Arc Welding

PS: Your Future as an Arc Uelder*

HO: Glossary of Electric Arc Terms

Ci:"Introduction to Welding" (KC-1)

MP:"AC-DC Generation"

MP:"Metals_and Non-Meta:s"

-_Electric Arc Shop and Job Safety

ISSUE SAFETY GLASSES

35

PS: Electric Arc Safetv

— g o -

ST:"Arc Welding Safety" (ARC-1)

LT: Flectric Arc Safety Lecture

DM: Electric Arc Shop Safety Procedures

ELECTRIC ARC PROCESSES
1.

lectric Arc Weldina

PS: Basics of Arc_ Welding - and You

PS: Arc Welding Current and Processes

B Uy U N S

PS: Electrode Classification

CT:"Using the Miller Welder" (KC-2)

CT:"The Welding Arc” (KC-3)

MP:"Arc Welding Methqds" (WSC)

DM: Setting Up Electric Arc Equipment

ELECTRIC ARC WFIDING POSITIONS

1.

Arc Heldina in Flat Position

PS: How to Start Your Arc and Ryn

Stringer Beads

PS: How to Make Parallel Beads

—p—) —dm fanmdar fa

PS: How to Make Square Butt Joints

PS: How to Make Good Lap Joints

PS: How You Make Fillet Welds

PS: Weaying Lap and Fillet Welds




®
Item
No.

TRAINING MODULES AND MILESTONES

DATE

PERFORMANCE {xi)

Start Complete

On
his/her
Own

with

Min
Super

Max
Super

Additional
Teaimng

Beveled Butt and Fillet Welas

PS:
[

oW _You Make Outside Corner Welds

F-NI-NTN

P

Deep Groove and Reverse Polarity

Helding

(T

: "Fundamental Arc Weldina 1asks’ (KC-4)

CT

:"Welding Joints" (KC-5)

Ci:

"Electrode Classification” {KC-6)

T

“Electrode Experiments” (KC-7)

ST

"Running a Read" (ARC-2)

ST

:"Process. Equipment and Safety" (AF”

ST-

~Position Welding” (ARC-4)

ST:

"Welding and Electricity"” (ARC-5)

S1:

“flectrode Classification” (ARC-6)

HO:

Eiectrode Classification

ST:

"The Welding Arc" {ARC-7)

LT

Electrodes and YWelding Joints

Cl:

“Electric Arc Welding" (WELS 03)

Cl:

"Arc Welding Safety™ (WELS 01)

DM

: Arc Welding in Flat Pasition

2, Ar

¢ Welding in Vertical/Horizontal

Bn

sitions

PS

: How to Weld Straight Beads in the

Horizantal Position

Jr

20

PS

:_Welding Straight Beads in the

Vertical Position

)

: Horizontal Butt Weldina

PS

: Welding Vertical Butt Joints

PS

: Helding Horizontal Lap Joints

PS:

Welding Vertical Lap Joints

PS

: Helding Horizontal Tee Joints

PS :

kelding Vertical Tee Joints

| Klaizkaks

CT:

"Welding and Electricity” (KC-8)

CT1:

“Horizontal Welding”™ (KC-9)

Ci:

"Vertical Welding” {KC-10)

ST:

“Single Groove Butt Joints” (ARC-8)

ST:

"Welding Beads on Vertical Plane" (ARC-9

ST:

“Welding Lap Joints"™ (ARC-10)

T:

"Welding Square Butt Joints"(ARC-11)

oM

: Arc Welding in Vertical Position

DM

: Arc Welding in Horizontal Position

3. _Ar

c Welding in Qverhead Position

PS

: Overhead Arc Weldina - Runnina

trajight Beads

PS

: Weldina Qverhead Lap Joints

PS:

Helding QOverhead Jee Joints

PS

: Overhead Arc Welding - Butt Joints

CT

:"Overhead Welding” {KC-11)

cT

: "Horking With Metals" (KC-12)

MP

:"Competitive Edae" (Optional) (Cur)

DM: Arc Welding in Overhead Position

RSy S (NN JSOH B S—

POWER MACHINES

1. Dr

i1l F es3s

DM

: Drill Press Safety and Operation

2. Power Metal Saws

DM: Power Hack Saw Safety and Operation

DM

:_Band Saw Safety and Operation




TRAINING MODULES AND MILESTONES

DATE

PERFORMANCE (x}

Stert

Complete

On
his/har
Own

with

Min
Super

Max
Super

Addiional
Tearmng

3. Horking With Metals

ST:"Working With Mefals™ {ARC-TZ]

ST:"Arc Welding Cast Iron/Hard Snrfarin~

=4

Farm Equipment" (ARC-13)

ST:"Cutting Torch/Arc-Air Torch/

Grinder" (ARC-14)

ADVANCED WELDING (Optional)

1. Gas Metal Arc Welding (GMAY)

614

PS: Basics of GMAW Weldine

82,

PS- Your GM&LFn’uipmpnf

| 63!

PS: GMAK Welding Methods

DM: aMAW Welding

. Gas_Tungsten Arc Welding (GTAH) .

IX: Basic TIG and MIG Ne]dinq, pp 1-77

DM: GTAW Welding

MP: "Wealth Qut of Waste” (Cur)

MP:"Light, Stronq and Beautiful"” (Cur)

MP:"Aluminum: - An Investment in

Energy" (Cur)

MP:"House That Recycling Built" (Cur)

MP:"Aluminum Welding - Different Not

Difficult” (Cur)

MP:"The Effect of Arc Variations on

Aluminym Welds™ (Cur)

. Pipe Welding

oL}

PS: Melding Pipe hy Electric_Arc

ST:"Vertical Lap Joints" (A-1)

ST:"Verticral Tee Jdoints” (£-2)

ST:"Vertical Tee Joints” (A-3)

ST:"Vertical Tee-Grove Joints" (A-4)

SI:"Qverhead Tee Joints" (A-5)

T

SI:"Overhead Vee Butt Joints" (A-6)

ST:"Horizontal apnd Vertical Pipe

Welding" (A-7)

2T:"All Position Pipe Welding" (A-8)

DM: A1l Position Pipe Helding

4

Advanced Blueprint Reading far Welders

OM: Reading Complex Blueprints

5. Yelder Certification

2,

-~

*Modes Not DeveToped

Pl




STUDENT EMPLOYABILITY REPORT

‘ Weber State College Skills Center » 1100 Washmgton Blvd., Ogden, Utah 84404

Student Name

Occupational Program _COmbination Welder Apprentice

Date Started.__________ Date Terminated
Copies of this report will be prepared and issued upon request from the student.

———

1. SUCCESS FACTORS

Initiative Dependability Attitude Willingness
~ R
— seeks work O keeps word 3 excellent O tries to please
O meets requirements O dependable [ good = goes along
— needs prompting O needs encouragement " needs encouragement Cneeds encouragement
Follows Directions Works with Others Accepts Criticism Appearance
0 very well (] very well = very well O very neat
- acceptable (] acceptable = acceptable - acceptable
(I needs follow-up [ needs encouragement T needs encouragement O needs improvement

2. CERTIFICATES AND HONORS

Certificatels) Yes{] Date(s} Presented Honor{s) and Comments:
of-

Proficiency No [J

Cartificate  Yes [ Percent Completed Date Mailed Special Projects and Comm:nts:
@ .

0
Completion No [
(MIN: 65% of STR)

3. CERTIFICATE OF COMPLETION PROFICIENCIES

Shop and Job Safety Oxy-Acetylene Pipe Weldina
Blueprint Reading for Electric Arc Welding
Welders (flat position only}
Math for Welders Electric Arc Welding

(all positions)

Hand Tools

Electric Arc Pipe Welding

Power Tools and Machines

Gas Metal Arc Weldina

Oxy-Acetylene Welding

i
{211 positions) Gas Tungsten Arc Welding -
axy-Acetylene Cuytting | _1ANS Certified '
i
Brazing

4.JOB PLACEMENT

Employed By Termination Code_
Address Telephone _

’ Job Title Wage
Date Placed Referred By

Advisor/instructor

Date Supervisor




