
https://ebook.ac/machinery32e
https://ebook.ac/machinery32e


Machinery’s Handbook 32  
Digital Edition

• MATHEMATICS

• MECHANICS AND STRENGTH  
OF MATERIALS

• PROPERTIES, TREATMENT, AND  
TESTING OF MATERIALS

• DIMENSIONS, GAGING, AND  
MEASURING

• TOOLING AND TOOLMAKING

• MACHINING OPERATIONS

• MANUFACTURING PROCESSES

• FASTENERS

• THREADS AND THREADING

• GEARS, SPLINES, AND CAMS

• MACHINE ELEMENTS

• MEASURING UNITS

• MH PRIMARY, STANDARDS,  
AND MATERIALS INDEXES

• DIGITAL EDITION-ONLY CONTENTS

• DIGITAL EDITION-ONLY INDEX

Machinery’s Handbook, 32nd Edition.  

Also includes:

Machinery’s  
Handbook Guide  

to Using  
the 32nd Edition

Machinery’s Handbook, 
32nd Edition, and Digital Edition–only content

Guide!

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


LICENSE AND LIMITED WARRANTY AGREEMENT AND FAQs 
PLEASE CAREFULLY READ THIS LICENSE AND LIMITED WARRANTY AGREEMENT (this “Agreement”). 
This is a legal agreement between you (either as an individual or an entity) and Industrial Press, Inc. By setting up 
an account at the Industrial Press eBookStore site (ebooks.industrialpress.com) and directly purchasing on this site, 
using an access code to add this digital product to your Industrial Press eBookStore account, or otherwise taking 
ownership of this product for use online, downloading this encrypted product (for offline use on your devices with 
the supplied proprietary reader), and/or using any of the contents of this product in any manner or context, you 
agree to be bound by this Agreement. Both the program(s) (including all content, data, and information contained 
therein) and all documentation related to this product are protected under applicable copyright laws. Your rights 
to use the program(s) and the documentation are limited to the terms and conditions described herein. 

Limited Non-Exclusive License: You May: (a) use the Machinery’s Handbook 32 Digital Edition product on a single 
personal computer, laptop, or other applicable digital device; (b) access the program on another personal computer, 
laptop, or other applicable digital device, provided that the product is used on only one digital device at any one time. 

You May Not: (a) distribute copies of the program(s) or related documentation to others; (b) rent, lease, or 
grant sublicenses or other rights to the program(s) or documentation; (c) provide use of the program(s) in a 
computer service business, networking, timesharing, multiple CPU, or other multiple-user arrangement without 
the prior written consent of Industrial Press*; or (d) translate, decompile, reverse engineer, reproduce, or otherwise 
reuse or alter the program(s) or documentation without the prior written consent of Industrial Press. 

Terms: Your license to use the program(s), content, and related documentation will automatically terminate 
if you fail to comply with the terms of this Agreement. If this license is terminated, you agree to destroy all 
downloaded copies of the Machinery’s Handbook 32 Digital Edition program(s) and related documentation. 

Limited Warranty: Industrial Press is committed to providing the most accurate data possible on a digital 
platform that performs as presented. This eBook digital product should effectively replicate the printed Machinery’s 
Handbook, 32nd Edition, and Machinery’s Handbook Guide books, as well as offer valuable online-only material and 
capabilities. All text, tables, figures, and special character sets should appear as in the original files. However, 
Industrial Press shall have no liability related to any hardware or software-related display issues, errors, or 
omissions in the program(s), data, illustrations, or information. Additional limits of liability and disclaimer of 
warranty information are provided on page iv of this digital product. 

Privacy Policy: For our privacy policy as it pertains to Industrial Press eBookStore subscribers, please see the 
following web page: ebooks.industrialpress.com/staticcms/privacypolicy. 

Setup, Usage, and Technical Questions: General information on ordering, accessing, and using our eBook 
products, a demo video demonstration, and information about single versus multi-user eBook subscriptions and 
packages may be found in this page of our primary website: books.industrialpress.com/order-install-ebooks/. For 
more information on product access and use, refer to the “Support” section of the Industrial Press eBookStore 
website: ebooks.industrialpress.com/staticcms/support. Click on “How-to Guide” to view online/offline and 
alternate device viewing instructions; the online instructions again include the demonstration video. 

Please Note: Industrial Press digital eBook products can be used on a desktop, laptop, PC, Mac, iPad, iPhone, 
and Android device using the provided reader application. We will do our best to resolve application issues for 
current hardware configurations and operating systems; however, we cannot guaranty functionality on out-of-
date or nonstandard systems. 

If these instructions do not answer your question(s): You can email our digital products department at: 
help@industrialpress.com. Please include the details of your question(s) or issue (including screenshots if 
applicable), the eBook product you are referencing, and your viewing device and operating system. We usually 
respond to such inquiries within a few business days and thank you in advance for your patience. 

Contact the Editors: Have questions or comments about some specific content of the Machinery’s Handbook 
32 Digital Edition? To address such to the Machinery’s Handbook Team, please send a detailed email, referencing 
the page number, to MHTeam@industrialpress.com. We welcome your input and try to respond to all emails. 

Sales and Other Information: For more information on our numerous digital offerings, please see our 
eBookStore website ebooks.industrialpress.com. For information on other products and packages, visit us at our 
print book website books.industrialpress.com.* Or email our customer service team at info@industrialpress.com. 

*Attractive multi-user institutional site licenses for Industrial Press digital eBook products are available. 
For information on multi-user options and applicable discounts, email info@industrialpress.com. 

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/
mailto:info%40industrialpress.com?subject=MH32%20Customer%20Support
mailto:info%40industrialpress.com?subject=MH32%20Customer%20Support
https://books.industrialpress.com/
https://ebooks.industrialpress.com/
mailto:MHTeam%40industrialpress.com?subject=MH32%20Content%20Feedback
mailto:help%40industrialpress.com?subject=MH32%20DE%20Help%20and%20Support
http://ebooks.industrialpress.com/staticcms/support
https://books.industrialpress.com/order-install-ebooks/
https://ebooks.industrialpress.com/staticcms/privacypolicy


A REFERENCE BOOK
FOR THE MANUFACTURING AND MECHANICAL ENGINEER,

DESIGNER, DRAFTER, METALWORKER, TOOLMAKER,
MACHINIST, EDUCATOR, STUDENT, AND HOBBYIST

Machinery’s  
Handbook

32nd Edition

BY ERIK OBERG, FRANKLIN D. JONES,  

HOLBROOK L. HORTON, HENRY H. RYFFEL, AND 

CHRISTOPHER J. MCCAULEY

LAURA BRENGELMAN, EDITOR

2024

INDUSTRIAL PRESS, INC.

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


INDUSTRIAL PRESS, INC. 
1 Chestnut Street

South Norwalk, Connecticut 06854 U.S.A.
Phone: 203-956-5593

Toll-Free: 888-528-7852

Title: Machinery’s Handbook, 32nd Edition
 

COPYRIGHT

 
 

Limits of Liability and Disclaimer of Warranty
 
 
 

 

MACHINERY’S HANDBOOK
32ND EDITION 

First Printing

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/
https://ebooks.industrialpress.com/
https://books.industrialpress.com/
https://books.industrialpress.com/
mailto:info%40industrialpress.com?subject=


TABLE OF CONTENTS

PREFACE vii
ACKNOWLEDGMENTS AND SPECIAL THANKS ix
MACHINERY’S HANDBOOK, 32ND EDITION, TEAM xi

MATHEMATICS 1
• REAL NUMBERS AND THEIR OPERATIONS • ALGEBRA • GEOMETRY  
• TRIGONOMETRY: SOLUTION OF TRIANGLES • MATRICES  
• CALCULUS • STATISTICAL ANALYSIS OF MANUFACTURING DATA  
• ENGINEERING ECONOMICS

MECHANICS AND STRENGTH OF MATERIALS 149
• MECHANICS • VELOCITY, ACCELERATION, WORK, AND ENERGY 
• STRENGTH OF MATERIALS • RIGID BODY PARAMETERS • BEAMS  
• COLUMNS • PLATES, SHELLS, AND CYLINDERS • SHAFTS  
• SPRINGS • DISC SPRINGS

PROPERTIES, TREATMENT, AND TESTING OF MATERIALS 358
• THE ELEMENTS, ENERGY, HEAT, MASS, AND WEIGHT • PROPERTIES  
OF WOOD, CERAMICS, PLASTICS, METALS • STANDARD STEELS  
• TOOL STEELS • HARDENING, TEMPERING, AND ANNEALING  
• NONFERROUS ALLOYS • CORROSION • PLASTICS

DIMENSIONING, GAGING, AND MEASURING 619
• DRAFTING PRACTICES • ALLOWANCES AND TOLERANCES FOR 
FITS • MEASURING, INSTRUMENTS, AND INSPECTION METHODS  
• MICROMETERS AND CALIPERS • SURFACE TEXTURE

TOOLING AND TOOLMAKING 818
• CUTTING TOOLS • CEMENTED CARBIDES • MILLING CUTTERS  
• REAMERS • TWIST DRILLS AND COUNTERBORES • TAPS  
• STANDARD TAPERS • ARBORS, CHUCKS, AND SPINDLES  
• BROACHES AND BROACHING • FILES AND BURS • KNURLS AND 
KNURLING • TOOL WEAR AND SHARPENING

MACHINING OPERATIONS 1061
• CUTTING SPEEDS AND FEEDS • SPEEDS AND FEEDS TABLES  
• ESTIMATING SPEEDS AND MACHINING POWER • MICROMACHINING  
• MACHINING ECONOMETRICS • SCREW MACHINES, BAND SAWS,  
CUTTING FLUIDS • MACHINING NONFERROUS METALS AND  
NONMETALLIC MATERIALS • GRINDING FEEDS AND SPEEDS  
• GRINDING AND OTHER ABRASIVE PROCESSES • NONTRADITIONAL 
MACHINING AND CUTTING • CNC PROGRAMMING AND CAD/CAM

MANUFACTURING PROCESSES 1388
• SHEET METAL WORKING AND PRESSES • ELECTRICAL DISCHARGE 
MACHINING • METAL CASTING, MOLDING, AND EXTRUSION  
• POWDER METALLURGY • SOLDERING AND BRAZING • WELDING  
• FINISHING OPERATIONS

Each section has a detailed Table of Contents located on the page indicated.

v

LICENSE AND LIMITED WARRANTY AGREEMENT ii

Click on each section to go to a detailed Table of Contents on the page indicated.

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


 

FASTENERS 1649
• TORQUE AND TENSION IN FASTENERS • INCH THREADED FASTENERS  
• METRIC THREADED FASTENERS • HELICAL COIL SCREW THREAD 
INSERTS • BRITISH FASTENERS • MACHINE SCREWS AND NUTS  
• CAP AND SET SCREWS • SELF-THREADING SCREWS • T-SLOTS,  
T-BOLTS, AND T-NUTS • RIVETS AND RIVETED JOINTS • PINS AND  
STUDS • RETAINING RINGS • WING NUTS, WING SCREWS, AND THUMB 
SCREWS • NAILS, SPIKES, AND WOOD SCREWS

THREADS AND THREADING 1939
• SCREW THREAD SYSTEMS • UNIFIED SCREW THREADS  
• CALCULATING THREAD DIMENSIONS • METRIC SCREW THREADS  
• ACME SCREW THREADS • BUTTRESS THREADS • WHITWORTH 
THREADS • PIPE AND HOSE THREADS • OTHER THREADS • MEASURING 
SCREW THREADS • TAPPING AND THREAD CUTTING • THREAD 
ROLLING • THREAD GRINDING • THREAD MILLING

GEARS, SPLINES, AND CAMS 2203
• GEARS AND GEARING • HYPOID AND BEVEL GEARING • WORM  
GEARING • HELICAL GEARING • OTHER GEAR TYPES • CHECKING  
GEAR SIZES • GEAR MATERIALS • SPLINES AND SERRATIONS  
• CAMS AND CAM DESIGN

MACHINE ELEMENTS 2391
• PLAIN BEARINGS • BALL, ROLLER, AND NEEDLE BEARINGS  
• LUBRICATION • COUPLINGS, CLUTCHES, BRAKES • KEYS AND  
KEYSEATS • FLEXIBLE BELTS AND SHEAVES • TRANSMISSION  
CHAINS • BALL AND ACME LEADSCREWS • ELECTRIC MOTORS  
• ADHESIVES AND SEALANTS • O-RINGS • ROLLED STEEL, WIRE,  
SHEET METAL, WIRE ROPE • SHAFT ALIGNMENT • FLUID POWER

MEASURING UNITS 2835
• SYMBOLS AND ABBREVIATIONS • MEASURING UNITS  
• US SYSTEM AND METRIC SYSTEM CONVERSIONS

INDEX 2885

Each section has a detailed Table of Contents located on the page indicated.

TABLE OF CONTENTS

vi

PRIMARY INDEX 2885
INDEX OF STANDARDS 2995
INDEX OF MATERIALS 3008

ADDITIONAL MATERIAL ONLY IN THE DIGITAL EDITION 3044
• MATHEMATICS • MECHANICS AND STRENGTH OF MATERIALS  
• FLUID MECHANICS • PROPERTIES, TREATMENT, TESTING OF  
MATERIALS • DIMENSIONING, GAGING, MEASURING, 
INSPECTION • TOOLING AND TOOL MAKING • FORMING TOOLS  
• MACHINING OPERATIONS • MANUFACTURING PROCESS  
• FASTENERS • THREADS AND THREADING • SIMPLE, COMPOUND, 
DIFFERENTIAL, AND BLOCK INDEXING • GEARS, SPLINES, AND 
CAMS • MACHINE ELEMENTS • ADDITIONAL

INDEX TO DIGITAL EDITION–ONLY MATERIAL 3836

Click on each section to go to a detailed Table of Contents on the page indicated.

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


PREFACE
-

Machinery’s Handbook.
-

.

 

Handbook’s -

Handbook -

-

Handbook. 
-

Handbook 

Handbook

Handbook

Machinery’s Handbook CD- ROM, con-

Machinery’s Handbook 32 Digital Edition,

Handbook
Guide to the Machinery’s Handbook. Machinery’s Handbook 

Guide Pocket Com-
panion,

Machinery’s Handbook, 32nd Edition
-

-
Handbook

Machinery’s Handbook  
-

Handbook,

vii

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


 PREFACE  

-

-

Machinery’s Handbook 32 Digital Edition.
Machinery’s 

Handbook, 32nd Edition -

-
-

32nd Edition
PROPERTIES, TREATMENT, AND TESTING OF MATERIALS, the -

 362

Sustainability Consider-
ations for Materials and Processes, -

PLASTICS  553  

the Rotomolding  583
 Polymer Composites  585 -

CNC Machining of 
Carbon- Fiber Reinforced Polymers, on  1385

DIMENSIONING, GAGING, AND MEASURING
Tolerance Analysis and Assignment  685  

MEASURING, INSTRUMENTS, AND INSPECTION METHODS,
Reading Verniers and Micrometers,  691 -

MICROMETERS AND CALIPERS,  766

MACHINING OPERATIONS, CNC 
PROGRAMMING AND CAD/CAM  1338

Shop- Floor Programming, on -
cation of CNC Programs, on Feature- Based Machining, on  1385

MANUFACTURING PROCESSES
METALWORKING DIES, on -

-
WELDING,  1612

METAL CASTING, MOLDING, AND EXTRUSION, Using Computer Model-
ing to Optimize Casting Processes, on  1518

Metal Additive Manufacturing, -
Standards for Additive Manufacturing -

viii

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


PREFACE

FASTENERS THREADS AND THREADING -

-
 1713 Hexalobular Internal 

Driving Feature ®  1732
MACHINE ELEMENTS, BALL, ROLLER, AND NEEDLE BEARINGS, 

LUBRICATION,
 2502  2526 Food- Grade Lubricants

COUPLINGS, CLUTCHES, BRAKES,  2527

SHAFT ALIGNMENT, on  2726
Reverse 

Dial Alignment Method, on  2755 Laser Alignment on  2757

Handbook  
32nd Edition  

 

Machinery’s Handbook 32 Digital Edition. -
-

ence the Digital Edition

Handbook,
-

Handbook

Handbook,

Handbook

ACKNOWLEDGMENTS AND SPECIAL THANKS

The Machinery’s Handbook -
Handbook

. 

Handbook

ix

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


Handbook, -

-
Handbook, -

-
-

Handbook -

Machinery’s Handbook, 32nd 
Edition -

-

-

-

The Handbook -

 
.

Machinery’s Handbook Resources  

Machinery’s Handbook

Laura Brengelman
Editor

x

ACKNOWLEDGMENTS AND SPECIAL THANKS

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


Editorial Advisory Board

Steve Heather,
-
-

®

Engineers Precision Data Pocket Reference, AutoCAD® 3D Modeling, Auto-
CAD® 2D Resource Kit, Beginning AutoCAD® 
Exercise Workbook, Advanced AutoCAD® Exercise Workbook, AutoCAD® Pocket 
Reference, -

 
Machinery’s Handbook, -

.

David O. Kazmer -

-

Machinery’s Handbook.

Howard Kuhn  

-

-

-

Contributors

Vukota Boljanovic

-

Handbook,

MACHINERY’S HANDBOOK,  
32ND EDITION, TEAM

xi

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


Applied 
Mathematical and Physical Formulas Pocket Reference; Die Design Fundamentals; 
Metal Shaping Processes: Casting and Molding, Particulate Processing, Deformation 
Processes, and Metal Removal; Sheet Metal Forming Processes and Die Design;
Sheet Metal Stamping Die Designs: Die Design and Die- Making Practices.

Ron Brook’s

-

Rotating Machinery Reliability for Technicians, .

Arief Era

-

Machinery’s Handbook, -
 

Ken Evans
-

-
ming; Programming of CNC Machines Student Workbook;  
Interpretation of Geometric Dimensioning and Tolerancing.

Charles Gillis -

Hammer’s Blueprint Reading Ba-
sics Blueprint Reading Basics Instructor’s Resource Kit,

Cam Design and Manufacturing Handbook  
Machine Designers Reference.

MACHINERY’S HANDBOOK, 32ND EDITION, TEAM

xii

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


Michael D. Holloway
-
-

-
-

-
 

the -

Krishna Murty Kommajosyula

-
-

 
All- in- One Manual of Piping Practice: On- The- Job Solutions, 

Tips and Insights Why Industrial Bearings Fail: Anal-
ysis, Maintenance, and Prevention.

David R. Quinonez
 

-

 
-
-

 
1,001 Questions & Answers for the CWI Exam: Weld-

ing Metallurgy and Visual Inspection Study Guide,

Richard Rex

-

-

Choosing & Using the Right Metal Shop Lathe 
Choosing & Using the Right Milling Machine,

MACHINERY’S HANDBOOK, 32ND EDITION, TEAM

xiii

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/




1

REAL NUMBERS  
AND THEIR OPERATIONS

ALGEBRA 

 

 

 32 Common

ALGEBRA 
(Continued)

GEOMETRY

 

 

 

 

TABLE OF CONTENTS 

MATHEMATICS

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


2

TABLE OF CONTENTS 

MATHEMATICS

TRIGONOMETRY:  
SOLUTION OF TRIANGLES

 

 

MATRICES

 

CALCULUS

STATISTICAL ANALYSIS OF 
MANUFACTURING DATA 

ENGINEERING ECONOMICS

Time

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


3

REAL NUMBERS AND THEIR OPERATIONS

Real Numbers

real number system
naturals, whole numbers, integers, rationals,

irrationals counting numbers

-

not

6  703

π e

Properties of Real Numbers.— -
-

Handbook

Equivalence Properties: -

a a
a b b a

a b b c a c
a b a b

Operational Properties: -

Property Addition Multiplication

a + b b + a a b b a

a + b c a b + c a b c a b c

a a a a a a

a a a a

Other Properties:

a b + c a b a c a + b c a c b c

a b a b

a b a b

Integers (Signed Numbers).—

integers signed numbers
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TRIGONOMETRY: SOLUTION OF TRIANGLES

Absolute Value: magnitude -

n n

Real Number Line:

Operations on Signed Numbers:

Addition and Subtraction:

Examples, Addition Examples, Subtraction

Multiplication and Division:

Examples, Multiplication Examples, Division

5 

Order of Operations.— -
P E -

M D A S -

grouping symbols

2
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5

Fractions
numerator denomina-

tor
50
10
------ 50 10÷ 5= =

×  

A × B AB × × a a

⋅

Fractions

common fractions decimal fractions -

 ab  or a b a b

b

2
5

6
1 6= .

a
b a b means ÷ .

Multiple: n n  
least common multiple

-

60
60

Factor: An integer a n n a
 n ÷ a 12

3

Unit Fraction: -
2

2 
8

8
16

16
32

32 
Proper Fraction: 1 1

2 

Improper Fraction: 3
2

5

8

Reducible Fraction: -

12
18

12
18  

to 2 3
16

21

Mixed Number:
4 2

9
2
9  4means .+  
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6

Examples: 

9 +   =   +   =1
2

18
2

1
2

19
25 +   =   +   =2

3
15
3

2
3

17
35   =2

3 9      =1
2

-

2
1
2
--- 2 2 1+×

2
--------------------- 5

2
---= =

3
7
16
------ 3 16 7+×

16
------------------------ 55

16
------= =

17
8 = 17 ÷ 8 = 2 1

8
26
16 = 26 ÷ 16 = 1  = 110

16
5
8

Equivalent Fractions: -

1 × 16
3

8 ×  12
32

n m
n n m m

Example: 1 × 
16

16 16
Reciprocal: The reciprocal a a

multiplicative inverse  
a × a 1

8 7
7

Least Common Denominator: -
2
5

1
5

2 1
5

3
5+ = =+ , -

a
c

b
c

a b
c+ = +  

equivalent forms -

least common multiple
least common denominator

2
9

5
6 and -

2

9

2

2

4

18

5

6

3

3

15

18
× = × =  and  

Example: 9
11

7
10 and ×  

9

11

10

10

90

110

7

10

11

11

77

110
× ×= =  and  

Adding and Subtracting Fractions and Mixed Numbers
To Add or Subtract Common Fractions:
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7

Example, Addition of  
Common Fractions

Example, Subtraction of  
Common Fractions

1
4

1
4

4
4

4
16

3
16

3
16

1
1

3
16

7
8

7
8

2
2

14
16

21
16

LCD = 16 × =

×    =
+ + ×    = +

15
16

15
16

3
3

45
48

7
12

7
12

4
4

28
48

17
48

LCD = 48 × =

− − × =−

To Add Mixed Numbers:

-

Example  s, Addition of Mixed Numbers

Method 1

2 2 2

4 4 4

1 1 1

7

1
2

1
2

16
16

16
32

1
4

1
4

8
8

8
32

15
32

15
32

1
1

15
32

39
3

=

+ + +

22
7
32

7
327 1 8= + =

=

=

→

×

×

×

Method 2

2

4

1

1
2

5
2

5
2

16
16

80
32

1
4

17
4

17
4

8
8

136
32

15
32

47
32

47
32

1
1

=

+ + = ++

=

47
32

263
32

7
328

→ =

=

=

=

×

×

×

To Subtract Mixed Numbers:

unless smaller -

Example  s, Subtraction of Mixed Numbers

Example 1     Example 2        Example 3        Example 4

12 43 43 20 19 1 19

19 19

4
5

14
15

14
15

2
2

2
9

2
9

11
9

3
5

9
1

8 7 1 7

4 1
5

= = + =

=

= + =

− − − 55
1
2

1
2

3
5

5
15

1
3

1
2

7
9

7 7 7 1 1 11
2

4
9

4
9

4
9

8 24 24 12 6

− −

=

= = − − = − = −

Multiplying Fractions and Mixed Numbers
To Multiply Common Fractions:

To Multiply Mixed Numbers: -

Examples, Multiplication of Fractions

 
2
3

8
15

2 8
3 15

16
45× = =×

×    
2
5

22
5

4
3

22 4
5 3

88
154 1 1

3× = = =×
××
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8

Dividing Fractions and Mixed Numbers
To Divide Common Fractions: -

-

To Divide Mixed Numbers:
 

Examples, Division of Fractions

 
2
7

5
21

2
7

21
5

2 21
7 5

42
35

6
5÷ = × = = =×

×   
10
3

14
5

10
3

5
14

50
423 21

3
4
5 = =÷ ÷ × = = 225

21

Decimal Numbers.— -

 
 

 

125
1000

Adding or Subtracting Decimal Numbers:

Examples, Adding Decimal Fractions

0.125

1.0625

2.50

0.1875

3.8750

1.750

0.875

0.125

2.0005

4.7505

++

Examples, Subtracting Decimal Fractions

1.750

0.250–

1.500 

2.625

1.125–

1.500

Multiplying Decimal Numbers:

Examples, Decimal Number Multiplication

24 035

0 08

1 92280

.

.

.

three decimal places

two decimal places

  

×

ffive decimal places

6 002

41 3

18006

60020

.

.

three decimal places

one decimal place×

22400800

247 8826. four decimal places

+
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Dividing Decimal Numbers:  

÷ ÷ ÷ ÷ ÷ 

Ratio and Proportion.—A ratio a to b a:b a b

inverse a:b b:a

compound ratio
a:b c:d e:f ace:bdf

a b  c d, proportion a:b::c:d
a  b c d

a:b::c:d,
the extremes  means

a b c d ad = bc
a:b::c:d a d b c

n
n n

n n n n
ALGEBRA

mean pro-
portional

2

Example 1, Involving Proportion:

Solution: x x
x

4

18

14

x
=

x 18 14×
4

------------------ 63 days= =

Example 2, Involving Direct (Simple) Proportion:
x

Solution: 
 

10 100 912
10

100 912

10 912
: :: : , :x

x
x x that is,  Solving for = =

×

1100

9120

100
91 2= = .  meters

32 81 100 912
32 81

100 912
. : :: : ,

.
   :x

x
x x that is,  Solving for = = =

332 81 912

100 100
299 2

.
.

×
=

29,922.72
feet
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Inverse Proportion:

x

270 : x 40 : 44::

270
x

--------- 40
44
------= and x 270 44×

40
--------------------- 297 workers= =

Problems Involving Both Direct and Inverse Proportions:

Product of all directly proportional items in first group
Product of all inversely proportional items in first group
--------------------------------------------------------------------------------------------------------------------------------------

Product of all directly proportional items in second group
Product of all inversely proportional items in second group
---------------------------------------------------------------------------------------------------------------------------------------------=

Example: 

Solution:

x

10( ) 13.50( )
65

----------------------------- 9x
72
------=

x 10( ) 13.50( ) 72( )
65( ) 9( )

----------------------------------------- $16.62 per hour= =

Percentage.—

×
Example: 

30
280
--------- 100× 10.71 percent=

Percent Change:

percent change
final  original amount 

original
percent change

−
× =100  
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final  original amount 

original

 300  280 −
× =

−
× =100

280
100

20

2800
100 7 14× = . %

-

  245 280

280
100

35

280
100 12 5

−
× =

−
× = − . %

Powers and Roots

Powers: The square or second power
× -

exponent2 2 ×
The cube or third power n n × n × n n3

× × 3

n a an a base n exponent

Roots: The square root

16

×

cube root

643  

× ×
n a an or a n

Properties of Exponents

anam an m+= an

am
------ a n m–( )= am( )n amn= ab( )m ambm=

a n– 1
an
-----= 1

a n–
-------- an=

a0 1 a 0≠( )= a1 n/ an=

a
b

a
b

n n

n=( ) am n/ a1 n/( )m= or (am)1/n

am n/ an( )
m

= = amn( ) unless a < 0, and m 
and n are both even

Example  s:

3132 31 2+ 33 27= = = x( ) x3( ) x 1 3+( ) x4= =

54

52
----- 54 2– 52 25= = = x9

x6
----- x 9 6–( ) x3= =

24( )2 2 4( ) 2( ) 28 256= = = x3( )3 x 3( ) 3( ) x9= =

9x( )2 92x2 81x2= = ab4( )2 a2b8=

323 5/ 321 5/( )3 325( )
3

= = = 23 = 8 4 3– 1
43
----- 1

64
------= =

1
2 5–
-------- 25 32= = 9x0 9 1( ) 9= =
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-
Logarithms 31

2

-

-
Avogadro’s number

23

 

Engineering notation
MEASURING UNITS on 2836

4.31 10 2–×( ) 9.01 10×( )× 4.31 9.01×( ) 10 2– 1+× 38.8331 10 1–×= =

5.98 104×( ) 4.37 103×( )× 5.98 4.37×( ) 104 3+× 26.1326 107×= =

-

× 10 × 100 0 × 107

× 108

× 10 × × × × 105 × × × 10
× 103 × 10

4.31 10 2–×( ) 9.0125 10×( )÷ =

4.31 9.0125÷( ) 10 2– 1( )× 0.4782 10 3–× 4.782 10 4–×= =–

Example: 250 4698× 0.00039×
43678 0.002× 0.0147×
---------------------------------------------------------

Solution:
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2.5 102×( ) 4.698 103×( )× 3.9 10 4–×( )×
4.3678 104×( ) 2 10 3–×( )× 1.47 10 2–×( )×

-----------------------------------------------------------------------------------------------------------

2.5 4.698× 3.9×( ) 102 3 4–+( )
4.3678 2 1.47××( ) 104 3– 2–( )

--------------------------------------------------------------------------- 45.8055 10×
12.8413 10 1–×
------------------------------------==

3.5670 101 1–( )–×= 3.5670 102× 356.70= = (rounded)
Factorial Notation.— !

n
n

× 2 × × 2 × 3 × × 2 × 3 × × 5 
× 6 ×

Permutation.—
n n -

× 3 × 2 ×
r n permutation 

Pn r
n!

n r–( )!
------------------=

Example: 

Solution: r n  
× 2 ×

Example: 

Solution: r n

P10 3
10!

10 3–( )!
--------------------- 10!

7!
-------- 10 9 8×× 720= = = =

Combination.— r n
n r

r n

Cn r
n!

n r–( )!r!
----------------------=

Example: 

Solution: r n

C52 6
52!

52 6–( )!6!
--------------------------- 52!

46!6!
------------- 52 51 50 49 48 47×××××

1 2 3 4 5 6×××××
------------------------------------------------------------------- 20,358,520= = = =

Prime Factorization of Numbers. —

factor n n p
n n n n n

× ×

÷
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÷

A prime number

prime factor

The prime factorization
 

2 × 2 ×
Table 1

P Table 2

ADDITIONAL MATERIAL in the 
Machinery’s Handbook 32 Digital Edition

Example 1: 15
Solution: 15

÷

From 
To

0 
100

100 
200

200 
300

300  
500

500 
600

600 
700

700 
800

800 
900

900 
1000

1000 
1100

1100 
1200

… … … … … … … … … … … … …

33 3 7 P 3 P 13 3 P 7 3 P 11
… … … … … … … … … … … … …

From 
To

0 
100

100 
200

200 
300

300  
500

500 
600

600 
700

700 
800

800 
900

900 
1000

1000 
1100

1100 
1200

… … … … … … … … … … … … …

19 P 7 3 11 P 3 P P 3 P P 3
… … … … … … … … … … … … …

P

From 
To

0 
100

100 
200

200 
300

300  
500

500 
600

600 
700

700 
800

800 
900

900 
1000

1000 
1100

1100 
1200

… … … … … … … … … … … … …

17 P 3 7 P 3 11 P 3 19 7 3 P
… … … … … … … … … … … … …

× 7 ×
Example 2:

÷

Solution: × 2 × 7 × 7 ×
× 2 × 2 × 2 × 5 × 5 ×

3332
1200
------------ 2 2× 7× 7× × 17

2 2× 2× 2× 5× 5× 3×
---------------------------------------------------------- 68 49

48 25
----- ------= =  ( ) ( )

Example 3:
Solution: ÷

17

-
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Table 1a. Prime Number and Factor Table for 1 to 1199

From 
To

0 
100

100 
200

200 
300

300  
500

500 
600

600 
700

700 
800

800 
900

900 
1000

1000 
1100

1100 
1200

1 P P 3 7 P 3 P P 3 17 7 3

2 P 2 2 2 2 2 2 2 2 2 2 2

3 P P 7 3 13 P 3 19 11 3 17 P
5 P 3 5 5 3 5 5 3 5 5 3 5

7 P P 3 P 11 3 P 7 3 P 19 3

9 3 P 11 3 P P 3 P P 3 P P
11 P 3 P P 3 7 13 3 P P 3 11

13 P P 3 P 7 3 P 23 3 11 P 3

15 3 5 5 3 5 5 3 5 5 3 5 5

17 P 3 7 P 3 11 P 3 19 7 3 P
19 P 7 3 11 P 3 P P 3 P P 3

21 3 11 13 3 P P 3 7 P 3 P 19

23 P 3 P 17 3 P 7 3 P 13 3 P
25 5 5 3 5 5 3 5 5 3 5 5 3

27 3 P P 3 7 17 3 P P 3 13 7

29 P 3 P 7 3 23 17 3 P P 3 P
31 P P 3 P P 3 P 17 3 7 P 3

33 3 7 P 3 P 13 3 P 7 3 P 11

35 5 3 5 5 3 5 5 3 5 5 3 5

37 P P 3 P 19 3 7 11 3 P 17 3

39 3 P P 3 P 7 3 P P 3 P 17

P 3 P 11 3 P P 3 29 P 3 7

P 11 3 7 P 3 P P 3 23 7 3

3 5 5 3 5 5 3 5 5 3 5 5

P 3 13 P 3 P P 3 7 P 3 31

7 P 3 P P 3 11 7 3 13 P 3

51 3 P P 3 11 19 3 P 23 3 P P
53 P 3 11 P 3 7 P 3 P P 3 P
55 5 5 3 5 5 3 5 5 3 5 5 3

57 3 P P 3 P P 3 P P 3 7 13

59 P 3 7 P 3 13 P 3 P 7 3 19

61 P 7 3 19 P 3 P P 3 31 P 3

63 3 P P 3 P P 3 7 P 3 P P
65 5 3 5 5 3 5 5 3 5 5 3 5

67 P P 3 P P 3 23 13 3 P 11 3

69 3 13 P 3 7 P 3 P 11 3 P 7

71 P 3 P 7 3 P 11 3 13 P 3 P
73 P P 3 P 11 3 P P 3 7 29 3

75 3 5 5 3 5 5 3 5 5 3 5 5

77 7 3 P 13 3 P P 3 P P 3 11

79 P P 3 P P 3 7 19 3 11 13 3

81 3 P P 3 13 7 3 11 P 3 23 P
83 P 3 P P 3 11 P 3 P P 3 7

85 5 5 3 5 5 3 5 5 3 5 5 3

87 3 11 7 3 P P 3 P P 3 P P
89 P 3 17 P 3 19 13 3 7 23 3 29

91 7 P 3 17 P 3 P 7 3 P P 3

93 3 P P 3 17 P 3 13 19 3 P P
95 5 3 5 5 3 5 5 3 5 5 3 5

97 P P 3 P 7 3 17 P 3 P P 3

99 3 P 13 3 P P 3 17 29 3 7 11
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Table 1b. Prime Number and Factor Table for 1201 to 2399

From 
To

1200 
1300

1300  
1500

1500 
1600

1600 
1700

1700 
1800

1800 
1900

1900 
2000

2000 
2100

2100 
2200

2200 
2300

2300 

1 P P 3 19 P 3 P P 3 11 31 3

3 3 P 23 3 7 13 3 11 P 3 P 7

5 5 3 5 5 3 5 5 3 5 5 3 5

7 17 P 3 11 P 3 13 P 3 7 P 3

9 3 7 P 3 P P 3 23 7 3 P

11 7 3 17 P 3 29 P 3 P P 3 P

13 P 13 3 17 P 3 7 P 3 P P 3

15 3 5 5 3 5 5 3 5 5 3 5 5

17 P 3 13 37 3 17 23 3 P 29 3 7

19 23 P 3 7 P 3 17 19 3 13 7 3

21 3 P 7 3 P P 3 17 3 P 11

23 P 3 P P 3 P P 3 7 11 3 23

25 5 5 3 5 5 3 5 5 3 5 5 3

27 3 P P 3 P 11 3 P 3 17 13

29 P 3 P 11 3 7 31 3 P P 3 17

31 P 11 3 P 7 3 P P 3 P 23 3

33 3 31 P 3 23 P 3 P 19 3 7 P

35 5 3 5 5 3 5 5 3 5 5 3 5

37 P 7 3 29 P 3 11 13 3 P P 3

39 3 13 P 3 11 37 3 7 P 3 P P

17 3 11 23 3 P 7 3 13 P 3 P

11 17 3 P 31 3 19 29 3 P P 3

3 5 5 3 5 5 3 5 5 3 5 5

29 3 P 7 3 P P 3 23 19 3 P

P 19 3 P 17 3 P 3 7 13 3

51 3 7 P 3 13 17 3 P 7 3 P P

53 7 3 P P 3 P 17 3 P P 3 13

55 5 5 3 5 5 3 5 5 3 5 5 3

57 3 23 31 3 P 7 3 19 11 3 37 P

59 P 3 P P 3 P 11 3 29 17 3 7

61 13 P 3 7 11 3 P 37 3 P 7 3

63 3 29 7 3 P 3 13 P 3 31 17

65 5 3 5 5 3 5 5 3 5 5 3 5

67 7 P 3 P P 3 P 7 3 11 P 3

69 3 37 13 3 P 29 3 11 P 3 P 23

71 31 3 P P 3 7 P 3 19 13 3 P

73 19 P 3 11 7 3 P P 3 P 3

75 3 5 5 3 5 5 3 5 5 3 5 5

77 P 3 7 19 3 P P 3 31 7 3 P

79 P 7 3 P 23 3 P P 3 P 3

81 3 P P 3 13 3 7 P 3 P P

83 P 3 P P 3 P 7 3 P 37 3 P

85 5 5 3 5 5 3 5 5 3 5 5 3

87 3 19 P 3 7 P 3 P P 3 P 7

89 P 3 P 7 3 P P 3 P 11 3 P

91 P 13 3 37 19 3 31 11 3 7 29 3

93 3 7 P 3 P 11 3 P 7 3 P P

95 5 3 5 5 3 5 5 3 5 5 3 5

97 P 11 3 P P 3 7 P 3 13 P 3

99 3 P P 3 P 7 3 P P 3 11 P
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Table 2a. Prime Numbers from 2 to 6869
2 347 773 1259 1753 2293 2803 3389 3929 4517 5099 5689 6277
3 349 787 1277 1759 2297 2819 3391 3931 4519 5101 5693 6287
5 353 797 1279 1777 2309 2833 3407 3943 4523 5107 5701 6299
7 359 809 1283 1783 2311 2837 3413 3947 4547 5113 5711 6301

11 367 811 1289 1787 2333 2843 3433 3967 4549 5119 5717 6311
13 373 821 1291 1789 2339 2851 3449 3989 4561 5147 5737 6317
17 379 823 1297 1801 2341 2857 3457 4001 4567 5153 5741 6323
19 383 827 1301 1811 2347 2861 3461 4003 4583 5167 5743 6329
23 389 829 1303 1823 2351 2879 3463 4007 4591 5171 5749 6337
29 397 839 1307 1831 2357 2887 3467 4013 4597 5179 5779 6343
31 401 853 1319 1847 2371 2897 3469 4019 4603 5189 5783 6353
37 409 857 1321 1861 2377 2903 3491 4021 4621 5197 5791 6359
41 419 859 1327 1867 2381 2909 3499 4027 4637 5209 5801 6361
43 421 863 1361 1871 2383 2917 3511 4049 4639 5227 5807 6367
47 431 877 1367 1873 2389 2927 3517 4051 4643 5231 5813 6373
53 433 881 1373 1877 2393 2939 3527 4057 4649 5233 5821 6379
59 439 883 1381 1879 2399 2953 3529 4073 4651 5237 5827 6389
61 443 887 1399 1889 2411 2957 3533 4079 4657 5261 5839 6397
67 449 907 1409 1901 2417 2963 3539 4091 4663 5273 5843 6421
71 457 911 1423 1907 2423 2969 3541 4093 4673 5279 5849 6427
73 461 919 1427 1913 2437 2971 3547 4099 4679 5281 5851 6449
79 463 929 1429 1931 2441 2999 3557 4111 4691 5297 5857 6451
83 467 937 1433 1933 2447 3001 3559 4127 4703 5303 5861 6469
89 479 941 1439 1949 2459 3011 3571 4129 4721 5309 5867 6473
97 487 947 1447 1951 2467 3019 3581 4133 4723 5323 5869 6481

101 491 953 1451 1973 2473 3023 3583 4139 4729 5333 5879 6491
103 499 967 1453 1979 2477 3037 3593 4153 4733 5347 5881 6521
107 503 971 1459 1987 2503 3041 3607 4157 4751 5351 5897 6529
109 509 977 1471 1993 2521 3049 3613 4159 4759 5381 5903 6547
113 521 983 1481 1997 2531 3061 3617 4177 4783 5387 5923 6551
127 523 991 1483 1999 2539 3067 3623 4201 4787 5393 5927 6553
131 541 997 1487 2003 2543 3079 3631 4211 4789 5399 5939 6563
137 547 1009 1489 2011 2549 3083 3637 4217 4793 5407 5953 6569
139 557 1013 1493 2017 2551 3089 3643 4219 4799 5413 5981 6571
149 563 1019 1499 2027 2557 3109 3659 4229 4801 5417 5987 6577
151 569 1021 1511 2029 2579 3119 3671 4231 4813 5419 6007 6581
157 571 1031 1523 2039 2591 3121 3673 4241 4817 5431 6011 6599
163 577 1033 1531 2053 2593 3137 3677 4243 4831 5437 6029 6607
167 587 1039 1543 2063 2609 3163 3691 4253 4861 5441 6037 6619
173 593 1049 1549 2069 2617 3167 3697 4259 4871 5443 6043 6637
179 599 1051 1553 2081 2621 3169 3701 4261 4877 5449 6047 6653
181 601 1061 1559 2083 2633 3181 3709 4271 4889 5471 6053 6659
191 607 1063 1567 2087 2647 3187 3719 4273 4903 5477 6067 6661
193 613 1069 1571 2089 2657 3191 3727 4283 4909 5479 6073 6673
197 617 1087 1579 2099 2659 3203 3733 4289 4919 5483 6079 6679
199 619 1091 1583 2111 2663 3209 3739 4297 4931 5501 6089 6689
211 631 1093 1597 2113 2671 3217 3761 4327 4933 5503 6091 6691
223 641 1097 1601 2129 2677 3221 3767 4337 4937 5507 6101 6701
227 643 1103 1607 2131 2683 3229 3769 4339 4943 5519 6113 6703
229 647 1109 1609 2137 2687 3251 3779 4349 4951 5521 6121 6709
233 653 1117 1613 2141 2689 3253 3793 4357 4957 5527 6131 6719
239 659 1123 1619 2143 2693 3257 3797 4363 4967 5531 6133 6733
241 661 1129 1621 2153 2699 3259 3803 4373 4969 5557 6143 6737
251 673 1151 1627 2161 2707 3271 3821 4391 4973 5563 6151 6761
257 677 1153 1637 2179 2711 3299 3823 4397 4987 5569 6163 6763
263 683 1163 1657 2203 2713 3301 3833 4409 4993 5573 6173 6779
269 691 1171 1663 2207 2719 3307 3847 4421 4999 5581 6197 6781
271 701 1181 1667 2213 2729 3313 3851 4423 5003 5591 6199 6791
277 709 1187 1669 2221 2731 3319 3853 4441 5009 5623 6203 6793
281 719 1193 1693 2237 2741 3323 3863 4447 5011 5639 6211 6803
283 727 1201 1697 2239 2749 3329 3877 4451 5021 5641 6217 6823
293 733 1213 1699 2243 2753 3331 3881 4457 5023 5647 6221 6827
307 739 1217 1709 2251 2767 3343 3889 4463 5039 5651 6229 6829
311 743 1223 1721 2267 2777 3347 3907 4481 5051 5653 6247 6833
313 751 1229 1723 2269 2789 3359 3911 4483 5059 5657 6257 6841
317 757 1231 1733 2273 2791 3361 3917 4493 5077 5659 6263 6857
331 761 1237 1741 2281 2797 3371 3919 4507 5081 5669 6269 6863
337 769 1249 1747 2287 2801 3373 3923 4513 5087 5683 6271 6869
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Table 2b. Prime Numbers from 6871 to 15277
6871 7523 8117 8737 9343 9931 10601 11257 11927 12539 13159 13807 14533
6883 7529 8123 8741 9349 9941 10607 11261 11933 12541 13163 13829 14537
6899 7537 8147 8747 9371 9949 10613 11273 11939 12547 13171 13831 14543
6907 7541 8161 8753 9377 9967 10627 11279 11941 12553 13177 13841 14549
6911 7547 8167 8761 9391 9973 10631 11287 11953 12569 13183 13859 14551
6917 7549 8171 8779 9397 10007 10639 11299 11959 12577 13187 13873 14557
6947 7559 8179 8783 9403 10009 10651 11311 11969 12583 13217 13877 14561
6949 7561 8191 8803 9413 10037 10657 11317 11971 12589 13219 13879 14563
6959 7573 8209 8807 9419 10039 10663 11321 11981 12601 13229 13883 14591
6961 7577 8219 8819 9421 10061 10667 11329 11987 12611 13241 13901 14593
6967 7583 8221 8821 9431 10067 10687 11351 12007 12613 13249 13903 14621
6971 7589 8231 8831 9433 10069 10691 11353 12011 12619 13259 13907 14627
6977 7591 8233 8837 9437 10079 10709 11369 12037 12637 13267 13913 14629
6983 7603 8237 8839 9439 10091 10711 11383 12041 12641 13291 13921 14633
6991 7607 8243 8849 9461 10093 10723 11393 12043 12647 13297 13931 14639
6997 7621 8263 8861 9463 10099 10729 11399 12049 12653 13309 13933 14653
7001 7639 8269 8863 9467 10103 10733 11411 12071 12659 13313 13963 14657
7013 7643 8273 8867 9473 10111 10739 11423 12073 12671 13327 13967 14669
7019 7649 8287 8887 9479 10133 10753 11437 12097 12689 13331 13997 14683
7027 7669 8291 8893 9491 10139 10771 11443 12101 12697 13337 13999 14699
7039 7673 8293 8923 9497 10141 10781 11447 12107 12703 13339 14009 14713
7043 7681 8297 8929 9511 10151 10789 11467 12109 12713 13367 14011 14717
7057 7687 8311 8933 9521 10159 10799 11471 12113 12721 13381 14029 14723
7069 7691 8317 8941 9533 10163 10831 11483 12119 12739 13397 14033 14731
7079 7699 8329 8951 9539 10169 10837 11489 12143 12743 13399 14051 14737
7103 7703 8353 8963 9547 10177 10847 11491 12149 12757 13411 14057 14741
7109 7717 8363 8969 9551 10181 10853 11497 12157 12763 13417 14071 14747
7121 7723 8369 8971 9587 10193 10859 11503 12161 12781 13421 14081 14753
7127 7727 8377 8999 9601 10211 10861 11519 12163 12791 13441 14083 14759
7129 7741 8387 9001 9613 10223 10867 11527 12197 12799 13451 14087 14767
7151 7753 8389 9007 9619 10243 10883 11549 12203 12809 13457 14107 14771
7159 7757 8419 9011 9623 10247 10889 11551 12211 12821 13463 14143 14779
7177 7759 8423 9013 9629 10253 10891 11579 12227 12823 13469 14149 14783
7187 7789 8429 9029 9631 10259 10903 11587 12239 12829 13477 14153 14797
7193 7793 8431 9041 9643 10267 10909 11593 12241 12841 13487 14159 14813
7207 7817 8443 9043 9649 10271 10937 11597 12251 12853 13499 14173 14821
7211 7823 8447 9049 9661 10273 10939 11617 12253 12889 13513 14177 14827
7213 7829 8461 9059 9677 10289 10949 11621 12263 12893 13523 14197 14831
7219 7841 8467 9067 9679 10301 10957 11633 12269 12899 13537 14207 14843
7229 7853 8501 9091 9689 10303 10973 11657 12277 12907 13553 14221 14851
7237 7867 8513 9103 9697 10313 10979 11677 12281 12911 13567 14243 14867
7243 7873 8521 9109 9719 10321 10987 11681 12289 12917 13577 14249 14869
7247 7877 8527 9127 9721 10331 10993 11689 12301 12919 13591 14251 14879
7253 7879 8537 9133 9733 10333 11003 11699 12323 12923 13597 14281 14887
7283 7883 8539 9137 9739 10337 11027 11701 12329 12941 13613 14293 14891
7297 7901 8543 9151 9743 10343 11047 11717 12343 12953 13619 14303 14897
7307 7907 8563 9157 9749 10357 11057 11719 12347 12959 13627 14321 14923
7309 7919 8573 9161 9767 10369 11059 11731 12373 12967 13633 14323 14929
7321 7927 8581 9173 9769 10391 11069 11743 12377 12973 13649 14327 14939
7331 7933 8597 9181 9781 10399 11071 11777 12379 12979 13669 14341 15121
7333 7937 8599 9187 9787 10427 11083 11779 12391 12983 13679 14347 15131
7349 7949 8609 9199 9791 10429 11087 11783 12401 13001 13681 14369 15137
7351 7951 8623 9203 9803 10433 11093 11789 12409 13003 13687 14387 15139
7369 7963 8627 9209 9811 10453 11113 11801 12413 13007 13691 14389 15149
7393 7993 8629 9221 9817 10457 11117 11807 12421 13009 13693 14401 15161
7411 8009 8641 9227 9829 10459 11119 11813 12433 13033 13697 14407 15173
7417 8011 8647 9239 9833 10463 11131 11821 12437 13037 13709 14411 15187
7433 8017 8663 9241 9839 10477 11149 11827 12451 13043 13711 14419 15193
7451 8039 8669 9257 9851 10487 11159 11831 12457 13049 13721 14423 15199
7457 8053 8677 9277 9857 10499 11161 11833 12473 13063 13723 14431 15217
7459 8059 8681 9281 9859 10501 11171 11839 12479 13093 13729 14437 15227
7477 8069 8689 9283 9871 10513 11173 11863 12487 13099 13751 14447 15233
7481 8081 8693 9293 9883 10529 11177 11867 12491 13103 13757 14449 15241
7487 8087 8699 9311 9887 10531 11197 11887 12497 13109 13759 14461 15259
7489 8089 8707 9319 9901 10559 11213 11897 12503 13121 13763 14479 15263
7499 8093 8713 9323 9907 10567 11239 11903 12511 13127 13781 14489 15269
7507 8101 8719 9337 9923 10589 11243 11909 12517 13147 13789 14503 15271
7517 8111 8731 9341 9929 10597 11251 11923 12527 13151 13799 14519 15277
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ALGEBRA

-
Handbook

-

-

Operation:

Inverse Operation: -
n

Constant:
x a

b c ax + by c e π 

Variable: n x y x t  e π 

Exponent:
Monomial: -

x y2 xy2z3  

x x x x
5x  16n  2r -

x x
x

Term: x x
8x x

Like Terms:
x x n2 n2 rst rst

a ax0 x x  

Expression: operators ⋅

Equation:

Examples: 5x = x2 3 14x =

Inequality: ≠
Evaluating Algebraic Expressions.— evaluated  

x2 x x 2  

1 2
− x x = − −= =1

3
1
3

2 1
9

8
91 1 is ( )

Combining Like Terms.— -

3 7 3x x x x+ =  –         –   2 2 22 2

4
5

4n nn n+ − =    2 14 11rst rst rst rst+ =–                      –
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Solving an Equation for an Unknown.— x
x  

inverse operations combining like terms factoring  
ALGEBRA GEOMETRY TRIGONOMETRY: SOLUTION OF TRIANGLES

-
formula

A lw
l w P
SVW S V W

A, B, 
C  D

Solving by Adding or Subtracting:

A: 
B: 
C: →
D: →
C D

keeping in mind that subtracting a term is the same as adding its negative
Integers (Signed Numbers) 3 C or D

C C  
C:

C:  B C A D → C A D B → C A D B →  
C A + D + B

D:  → B C A D → B C A D →  
B + C + A D D A B + C

Solving by Multiplying or Dividing:
multiplying by the reciprocal

cross- multiplying

Example
AB

C
D=

A
B

C
:

C

B

AB

C

C

B
D A

C

B

D CD

B
A

CD

B
= = =

1
, so ×                ×                     ×      =→

B
A

C
:

C

A

AB

C

C

A
D B

C

A

D CD

A
B

CD

A
= = =

1
, so ×                ×                     ×      =→

C C: C
AB

C
AB CD =→×        =     ×C D

D D

AB

D

CD

D

AB

D

AB

D1

1

1

1
= =C C, so ×      =        ×                  →
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Examples: 

Solve for A B
C

D A+ = :

Multiply both sides by A B
C

C C D C A B D+
+ = CC

B A B B DC B A DC B CD BSubtract  from both sides  or + − = − − −

→∙       =     ∙                  

→ =

Solve   for A B
C

B D D+
= − :

Add  to both sides

ubtract f

A B
C

A B
C

D D B

S

+

+

+ =

rrom both sides D B A B
C= −
+

Solve  for B A AA B
C

= −
+ :

Add  to both A ssides

Multiply both sides by 

Distribu
C

A B
C

A B

A B

C C A CB

+

+

+ =

+ =( )
tte  Like terms  and 

are isolated from 

Subtr

C A B CA CB A CA

B

+ + =

aact  from both sides Since  and  cannot be coB A CA CB B A CA+ = − mmbined,

 must be factored out

 

Div

Factor out  
A

A C CB BA ( )1+ = −

iide both sides by 1 1+ = −
+

C A CB B
C

Rearrangement and Transposition of Terms in Formulas

A formula

P = SVW

P S
V W

2

S V W
S V

W

P = 33 × 600 ×
P S V

W W
W -

From  multiply both sides by 33,000:P
SVW

P SV= =
33 000

33 000
,

, , WW

SV
P

SV
W W

P

SV
Divide both sides by  or :

,
,

,33 000 33 000
= =
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Algebraic Operations

ARITHMETIC -

Properties of Monomials and Exponents

a ... a+ + na=
n terms( )

a 0+ a= a a–( )+ 0= a b× ab=

a a ... a××× an=
n factors( )

anam a n m+( )= an

am
------ a n m–( )= am( )n amn=

am n/ a1 n/( )m= a n– 1
an
-----= 1

a n–
-------- an= a0 1 (for a 0)≠=

Examples: 

a a+ 2a=

a2a3 a2 3+ a5= = a2( )3 a2 3× a6= =

a 3– 1
a3
----- 1

a
---⎝ ⎠

⎛ ⎞ 3
= = ab( )2 a2b2=

a
b
---⎝ ⎠

⎛ ⎞ 3 a3

b3
-----= a4

a3
----- a4 3– a= =

34a a× aa a2= =12 12a– a– a–=3 4

Properties of Radicals

1
a
---n

1

an
------- a–1 n/= =

a a× a= a b× ab= a

b
------- a

b
---=

an( )n a=

a b+( )2 a b+( ) a b+( ) a 2 ab b+ += =

amn an( )m am n/= = , unless a < 0, m and n are both even

Examples: 

a3 a3× a3× a3( )3
a= = ab3 a3 b3×= a

b
---3

a3

b3
-------=

x 1+ cannot be simplified

a23 a3( )2
a2 3/= = a34 a4 3× a43= =

36
x4
------ 36

x4
---------- 6

x2
-----= =

(a1/4)1/31
a
---3

1

a3
------- a 1⁄3–= = 1

a1/3  =

x    = x2 x x x x x x x= = =3 2 2x x x x x+ − = + − =9 4 1 9 4 6( )

+ =( )x x x x x4 5 3  5

x x x x x= = = ( )100 100 10 35 5 3
== = =x x x x x x x x5 3 3 2 220 4 5 4 5 2 5/

++ = + +=12 5 4 5 12 5 4 5 12 52x x x x x x x x

˙  ˙    ˙   =

˙
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Polynomials

a x a x a xn
n

n
n

n
n

+ +
−

−

−

−

1
1

2
2

a x a+ + +1
1

0� n is a non- negative integer an an a0 
xn  

xn n degree order an a0
the n second- degree

n
Example: x

3
1
6+ a1

1
3 a0

1
6

Example: 4 72x − a2 a0

Example: x x x3 25 1
3+ +− a3 a2 a1

a0
1
3

A monomial x5

x0 binomial
x x2 trinomial x2 + x

quadratic -

Operations on Polynomials.— 

rational expression factored

Combining (Adding and Subtracting) Polynomials:

x x x x x x x x x xx4 3 2 3 2 4 3 26 3 5 11 12 28 7 15 4 17+ − + + + +− −( ) − +( ) = − −

Multiplying (Expanding) Polynomials:
a b + 

c ab Properties of Monomials and 
Exponents 22

Examples of simple distributive case:

2 8 3 6 2 8 2 3 2 6 16 6 124 2 1 4 1 2 5 3x x x x x x x x x+ − = +( ) = − −+ +∙          +    ∙                ∙

Note
-

Examples of Distributive Property for Root and Rational Expressions:

2 7 3 14 6 14 61 2 1 2 1 1 2 3 2 1 2x x x x x x/ / / / /+ = + = +( ) +

1 3 2  1 3 1 2 1 1 2 1 0 27 3 7 3 7 3 7 3x x x x x x x x x x x x−( ) = = = −+ − + − + + − + − + − +

F O Inner L
 ac ad bc bd
FOIL multiplication: a + b c + d ac + ad + bc + bd
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Examples:

( )( )

( )(

x x x x x x x x x x x

x x x

− + = + − − = − −

+ −

6 1 1 6 6 1 1 6 6 5 6

3 2 4

2 2

2 3 55 3 4 5 3 2 4 2 5 12 15 8 10

1

2 3 2 3 5 2 4) ( )

( )(

− = − + −

− +

x x x x x x x x x x

x x 11 1 1 1 1 1 1 1 12 2) = + − − = −x x x x x x x x   (the middle terms dropp out)

( ) ( )( )x x x x x x x x+ = + + = + + + = + +1 1 1 1 2 12 2 2

=     ∙    +    ∙   –    ∙    –     ∙

=        ∙         –    ∙        +       ∙        +       ∙

=    ∙    +     ∙   –   ∙    –    ∙

special product

Raising a Polynomial to an Exponent: a + b 2 a + b a + b
a2 + ab + ab + b2  a2 + 2ab + b2  

a + b 2 a b 2 a + b 3 3 binomial expansion a + b n

a b a b a b a b a bn

n

+ = + + + +( ) ( )( )( ) ( )
 factors

Caution serious

a b a b a b a ab b+ = + + = + +( ) ( )( )2 2 22  NOT +a b2 2

Factoring Polynomials.— 
Factoring a polynomial -

-
Graphs of Functions 30

common factor reverse 
FOIL special products

Common Factors: greatest common factor -
ab + ac  a b + c

Examples of GCF factoring:

6 2 10 2 3 53 2 2x x x x x x+ − = +( )− GCF

+ − = +( )12 2mn m n mn mn m n− GCF

−− − + = − +7 21 4 7 21 42abc bc bc bc a c( ) GCF−

Note

Reverse FOIL of Form x2 + bx + c
x2 + bx + c x + �  

x + �
Example x2 x x + � x + �

x2 x

x2 x x x
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Example

x x x x

x x x

2

2

2 3 3 1 3 1 3 3 1 2

2 3

+ = + − = + =

= −

− − − −

−−

( )( ), )( )

(

since (  and  

33 1 3 1 3 3 1 2

2 32

)( ), ( )( )x

x x

+ = + =

+

− − − −

−

since  and 

  Does not factor over the real numbers, since no two integers have a product of 
3 and a sum+   of −2

Examples
x2 x x x  

x2 x x x

 FOIL for polynomials of Form ax2 + bx + c

3x2 + 13x a b c

Step 1: ac

Step 2 ac

Step 3 b

Step 4 x x + 9x: 3x2 x + 9x + 12

Step 5 x2 x x

Step 6 x x x

Step 7 binomial x x  

Step 8 x2 + 9x x  
 3x2 + 13x + 12

Special Products
difference of squares

conjugate pair a + b a b a2 b2

a2 b2 a + b a b

a3 b3 a b a2 + ab + b2

a3 + b3 a + b a2 ab + b2

a + b 2 a + b a + b a2 + 2ab + b2

2 a2  2ab + b2

Note: The sum of squares a2 2 is not a factorable binomial over the set of real num-
bers Complex Numbers on 

Examples

Difference of squares:  a b2 2−

x x x2 81 9 9− = + −( )( )

100 49 10 7 10 72− = + −( )( )x x x  

Differerence of cubes: a b3 3−

x x x x3 21 1 1− = − ++( )( )

8 2 4 23 2− = − ++( )( )x x x x  

Suum of cubes:   a b

x

3 3

3

+

+11 1 12= + +−( )( )x x x

227 3 9 33 2+ = + +x x x x( )( )–

quadratic formula
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Equation Solving

x
x

y z u t

x second-degree
quadratic
x2 + 3x

x 
x x

x x 
x x x x + 2x

 12x
x

 12x
x

x

Solving a System of Linear Equations. —
system -

intersect at one point, 
unique solution x, y

collinear x, y parallel

substitution elimination

Substitution:
-

Example (Unique Solution): x, y

2 7
2 4

x y
x y

+ =

− = −

x:

x y

x y:

2 2  4   7y y y y y y( ) + = → − + = → = → =4 8 7 5 15 3–

y x

x, y

7 3
14 2 6

x y
x y
− =

− =
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y x 
14 2 7 3 6x x− − =( ) → − + = → =14 14 6 6 6 6x x

a a

Example (No Solution):

y x  
y x x x

x y
a1x + b1y c1
a2x + b2y c2

x
c1b2 c2b1–

a1b2 a2b1–
-----------------------------= y

a1c2 a2c1–

a1b2 a2b1–
-----------------------------=

Example: 

y x

5( ) 3( ) 2y– 11,= 2y 15 11– 4,= = y 2=

Solving a Second-Degree (Quadratic) Equation.—
quadratic equation solve x

x roots or zeros

to the zero property of multiplication AB A B
quadratic for-

mula Using the Quadratic 
Formula

x2 c c

x2 c x c – c x2 x x
ax2 c x2 a c

x a c± /
Note:  

in an equation

x
x -

r x2 c
x2 r2 x r r x2 r2  

3x 4y+ 17=

5x 2y– 11=

x 17( ) 2–( ) 11( )– 4( )
3( ) 2–( ) 5( )– 4( )

----------------------------------------------- 34– 44–
6– 20–

---------------------- 78–
26–

--------- 3= = = =

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


28

x2 r2 Polynomials 23  
x + r x r x r r

x + r x r xx xr + xr rr x2 r2

F O
I L -

x + r x r x + r x r x r or x r
-

Factoring Polynomials
ax2 + bx + c ac a c

ac  b.

Example: x2 x
a b c ac

x2 x x x -
x x

the x x
x

Example: x2 + 22x x
Solution: a b c ac × ac

ac f1 f2 f1 + f2

×

8x
2

22x 5+ + 0=

8x
2

20x 2x 5+ + + 0=

4x 2x 5+( ) 1 2x 5+( )+ 0=

2x 5+( ) 4x 1+( ) 0=
x  

x

2x x x −5
2 or x −1

Example: x2 + 3x −
Solution: a b c − ac × − −

× 
− x x x in the 

8x
2

3x 5–+ 0=

8x
2

8x 5x– 5–+ 0=

8x x 1+( ) 5 x 1+( )– 0=

x 1+( ) 8x 5–( ) 0=
x x − x − x 5

8
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Solving by Completing the Square.— x2 + bx + c

• x2 + bx c
• b 2 x2 + bx b 2 c b 2

• x + b 2

• d c b 2 d
• x + b 2 d
• x b

2
---+ d±=

• x: x b
2
---– d±=  

Example: x2 x
• x2 x
• x2 x 2 2 x2 x
•  x2 x x 2 
• 
• x 2

• x 7±

• x 7±

a
quadratic formula a

Using the Quadratic Formula.— -
ax2 + bx + c

x b– b2 4ac–±
2a

---------------------------------------=

Example: x2 + 6x a b c

x 6– 62 4( )– 1( ) 5( )±
2( ) 1( )

------------------------------------------------------ 6–( ) 4+
2

-------------------- 1–= = = or
6–( ) 4–
2

-------------------- 5–=

Example: 

x x
57 x2 x 2 2

x2 + x ax2 + bx + c a b 
c

x 1– 1 4( )– 1( ) 12–( )±--------------------------------------------------------- 1–( ) 7+
2

-------------------- 3 or= = = x 1–( ) 7–
2

-------------------- 4–= =
2( ) 1( )

x x

Solving a Cubic Equation.—
x2 c x3 c

x3 + ax + b

x b
2
---– a3

27
------ b2

4
-----++⎝ ⎠

⎛ ⎞
1 3/

b
2
---– a3

27
------ b2

4
-----+–⎝ ⎠

⎛ ⎞
1 3/

+=

x3 + px2 + qx + r x1
3 + ax1 + b

x1
p
3
---– x

Machinery’s Handbook 32 Digital Edition

Copyright 2024, Industrial Press, Inc. ebooks.industrialpress.com

https://ebooks.industrialpress.com/


30

Functions

x y
Analytic Geometry GEOMETRY 37

A function X Y rule
x in X unique

y in Y y x y = f x
s -

t s t v t

X domain

y

y f x x
x

y any 
Polynomials 23

f x x x

f x x
y f x x input y x output

or function value y x dependent variable x independent 
variable

Interval Notation: interval notation -

( , )−∞ ∞ [ , );0 ∞
( , );0 ∞ ( , ) ( , ).−∞  ∞0 0∩

-
( , )−∞ ∞ f x x ( , ) ( , );−∞ ∞0 0∩

 

f x x [ , ).0 ∞

Graphs of Functions.— The graph x y
37

y f x x y
vertical line test

f x mx 
+ b m y b forms

Equation Forms of a Line 39
f x ax2 + bx + c

 

Sketches of Basic Functions:
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(a) (b)

(d)(c)

f x x Df ( , );– ∞ ∞ f x x2 Df ( , );– ∞ ∞   

f x x Df [ , );0 ∞ f x x Df ( , ) ( , ).−∞  ∞0 0∩

Logarithms

-
Guide Logarithms 

in the ADDITIONAL MATERIAL in the Machinery’s Handbook 32 Digital Edition

Meaning of Logarithm.— 
-

logb
yx y b x= =means

x b  y b y x y 
x antilogarithm b

b

 log2 y y y
 logb b2 b
 log3 x x x

Properties of Logarithms.— -
properties of logarithms

Common Logarithms on 32
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Property Example

log log

log log

log ( ) log

b

b

b b

b

xy x

1 0 1 0

1 8 1

3

8

= =

= =

= + llog log( ) log log

log log log log log

b

b b b

y y y

x yx
y

2 2

10100
3

= +

= − =( ) ( ) 00 3

3

5

2
3

2

5
11 11

−

= =

= =

log

log log log log

log log

b
r

b

b
r

x r x x x

b r

Common Logarithms.— common
natural e 10x x

2

Examples  ≈ 15
 ≈ 250

 ≈

characteristic
mantissa

1 1 1 ≈
2 2 2 ≈
3 3 3 ≈

ab  a + log b b
 a

-

– 1 – 1 – 1 ≈
Natural Logarithms.— -

natural e

e

e -
e

 ei

e x x
ln x y e x y  x ey

e e1 e e0 e3 e ⋅ 
e

Example  
ln 10
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log
log

logb
a

a

x
x

b
=

e

Base  to base 10: so e x
x

e

x
x xln

log

log

log

.
log . ln= ≈ ≈

0 4343
0 4343

BBase 10 to base  
lnx

2.3026
so 2.3026e x

x
x: log

ln

ln
ln log= ≈ ≈

10
xx

Example log . lnx x≈ 0 4343 :
≈ ≈ ≈

Example 2

log
log

log

ln

ln
.2 9

9

2

9

2
3 170= = ≈e

e

Using Calculators to Solve Logarithms.— -
log ln

Example 6  log  
 

10x

ex  x e x
b x y

Example x in ln x 4  ex

10x ex xy e 
x y

log ln
INV

Solving an Equation Using Logarithms.— -

any
If  . If , then x y x y x y a ax y=  = = =log log for a > 0, a ≠ 1., and x, y > 0, then 

If , then  then log log . .x y x y a a x yx y= = = =      If 
Example 1:

Solution x x: . log log log log/ Let  Then = = = = ≈754 754 754 1
2

754 21 2 .. . .

log . , . ..

8774
2

1 4387

1 4387 10 27 4601 4387

≈

≈                                    = ≈So,  hence,  x x TThat is, 754 27 460≈ . .
Example 2: x x x
Solution x xx x x xog log log ( )(l4 7 4 7 4 33 3= = →         = −− −→

apply 
property

oog )

log log log

7

4 7 3 7
distribute

on the right
by  

calculator

→ = −x x →

→

= −

=

0 6021 0 8451 3 0 8451

3 0 8451

. . ( . )

( . )

x x

proceed
with algebra 

00 8451 0 6021 2 5353 0 243 10 433. . . . .x x x x− → = ≈, so 

: l
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ENGINEERING ECONOMICS 138

Arithmetic Sequence

common 
dif ference d d

−

 a = a1 term
 l = an nth term
 n =
 d =
 Sn = n

l a n − d an a1 n − d -

n S
n

n(a + l)= 2 or
n(a1 + a

n
)

2
d

Arithmetic Sequence Formulas 35

Example 1:

−
÷

n

S
n= 2 (a + l) =  (5 + 40) = 3(45) = 135

6
2

Geometric Sequence

ratio

 ⁄ 

 a =
 l = n
 n =
 r =
 Sn = n

nth term: l arn 1–          and= S rl a–
r 1–
-------------=

Geometric Sequence Formulas 36

Example 2

Ratio r l
a
---n 1–

225
20
---------17 11.2517 1.153= = = =
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Arithmetic Sequence Formulas

a

d l n a l n 1–( )d–=

d n S a S
n
--- n 1–

2
------------ d×–=

d l S a
d
2
--- 1

2
--- 2l d+( )2 8dS–±=

l n S a 2S
n

------ l–=

d

a l n d l a–
n 1–
------------=

a n S d 2S 2an–
n n 1–( )
----------------------=

a l S d l2 a2–
2S l– a–
-----------------------=

l n S d 2nl 2S–
n n 1–( )
---------------------=

l

a d n l a n 1–( )d+=

a d S l d
2
---–

1
2
--- 8dS 2a d–( )2+±=

a n S l 2S
n

------ a–=

d n S l S
n
--- n 1–

2
------------ d×+=

n

a d l n 1 l a–
d

----------+=

a d S n
d 2a–

2d
--------------- 1

2d
------ 8dS 2a d–( )2+±=
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