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preface

Today is a time of change. This generation will have the unique
experience of participating in the alteration of a system of measure-

ments that has been used in our country for hundreds of years.

Of lesser import, but of great significance to students of mathe-

matics, science, engineering, and technology, are the revolutionary

advances that have been made in the design and manufacture of

computers and small electronic computational machines which greatly

enhance the speed and accuracy of analytical procedures. For over 200

years the slide rule has been an international “workhorse instrument”

for individual calculation purposes, and because of its low cost it will

continue in dominance for a number of years in the future. However,

the widespread adoption of small hand-held solid-state calculators is

only a matter of time.

Previous editions of this text have emphasized primarily the slide

rule and technical problem solving. These areas have been amplified

and strengthened in this third edition. In addition, extensive chapters

have been added on the use of electronic hand calculators and metrifi-

cation. The new international SI system is emphasized, but numerous

problem solving exercises are included for both metric and English

units.

The subject matter in this text is arranged so that it is suitable both

for classroom use and for individual study. In presenting the text

material, the authors have stressed the practical application of mathe-

matical tools to help the student grasp the role of mathematical skills

in problem solving situations.

The sections on the slide rule and electronic hand calculators have

been arranged so that the student can follow the examples shown for

each operation, and then check learning progress with a set of problem

situations for which answers are given. The sections on the problem

solving process and general problem solving are designed to present

situations involving the application of basic physical principles. The

student is encouraged not only to use step-by-step reasoning in analyz-

ing each problem but also to present the solution in a neat and orderly

manner.
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J
presentation of

engineering and scientific

calculations

FORMAT

In problem solving, both in school and in industry, considerable importance

is attached to a proper analysis of the problem, to a logical recording of the

problem solution, and to the overall professional appearance of the finished

calculations. Neatness and clarity of presentation are distinguishing marks of

the engineer's work. Students should strive always to practice professional

habits of problem analysis and to make a conscious effort to improve the ap-

pearance of each paper, whether it is submitted for grading or is included in

a notebook.

The computation paper used for most calculations is 8%2 by 11 inches in

size, with lines ruled both vertically and horizontally on the sheet. Usually

these lines divide the paper into five squares per inch, and the paper is com-

monly known as cross-section paper or engineering calculation paper. Many

schools use paper that has the lines ruled on the reverse side of the paper so

that erasures will not remove them. A fundamental principle to be followed

is that the problem work shown on the paper should not be crowded and

that all steps of the solution should be included.

Engineers use slant or vertical lettering (see Figure 1-1); either is accept-

able as long as there is no mixing of the two forms. The student should not

be discouraged if he finds that he cannot letter with great speed and dexterity

1
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at first. Skills in making good letters improve with hours of patient practice.

Use a well-sharpened H or 2H pencil and follow the sequence of strokes

recommended in Figure 1-1.

 

  
 

 

 
    

 
  

         

 
  

  
          

 
       

 
 

      
                   

 
Figure 1-1. Vertical lettering.



Presentation of Engineering and Scientific Calculations / 3

Several styles of model problem sheets are shown in Figures 1-2 to 1-5.

Notice in each sample that an orderly sequence is followed in which the

known data are given first. The data are followed by a brief statement of the

requirements, and then the engineer’s solution.

 

Problem | (Algebra) Smith, Bill

a. (x™* (x?) = x4n+2

b. x7 = x5
%2

 

 

Problem 8 (Logarithms)

GIVEN:

a. (35) (6)= Ans.
b. (400) = Ans.

75)

 

SOLUTION:

a. log ans.= log 35+log 6

log 35 = 1.544]

loge =07782

log ans. = 23223

ans. = 210

b. log ans.= log 400-log 75

log 400 = 2.6021

log 75 = 1.875]

log ans. = 0.7270

ans. = 555     
Figure 1-2. Model problem sheet, style A. This style shows a method of presenting

short, simple exercises.
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When the problem solution is finished, the paper may be folded and en-

dorsed on the outside or may be submitted flat in a folder. Items that appear

on the endorsement should include the student’s name, and the course,

section, date, problem numbers, and any other prescribed information. An

example of a paper that has been folded and endorsed is shown in Figure 1-6.

 

Margin line should be drawn in Show last name first

Problem No. Name

GIVEN:

SKETCH

Show as much of the given data as possible
TT 1 on the sketch. Show all dimensions, weights,

and other pertinent information which might 

   

 

 

a
3 aid the student in solving the problem. List

Wt.= 71 Ib. any other data which cannot be shown on
Z the sketch

FIND:

a. List here all required answers

b.

SOLUTION:

a. Show completely all steps necessary for the solution.
Circle all required answers. Everything is printed
using either slant or vertical letters

b.

    
Figure 1-3. Model problem sheet, style B. This style shows a general form which is
useful in presenting the solution of mensuration problems.
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MH 81-12 SEPT 18 1975| ASGT. NO. 10 SMITH, J.C. r2
x X aS
(pro BLEM NO. 8-2 \ Date due Number of this sheet” 5

Course & number 8 Pp Number of sheets 4
—> in this assignment

’ DATA

 

 

Determine magnitude of force P to prevent block A

 

 

 

   

 

from sliding down the plane. REQD

FREE BODIES ON 0 CATON ON RIGHT SOL’N

y Show all steps
X\ pd in solution

7
SF, =0

Ny = 1000 cos 30° =0
N, = 866 Ib

Fa = uuNy=020(866)=173.2 Ib
2Fx =0

7 = 1000 sin 30°+173.2=0

= 500-173.2 = 326.8 /b

y

>, -
5 60% Ng = 600 = 0

¥ Ng = 600 /b

<< PL Fg =puNg = 0.20(600) = 120 Ib

2Fx = 0
—5 P+Fg-T=0

P+ 120-326.8=20

Np P= 2068 Ib —> —=——=>p

Double underline answers,Saordirection of
and state units vector quantities

Index answer /

 

(If two or more problems can be placed on one sheet, draw a double
line between adjacent problems. Do not begin a new problem when
it is obvious that. it cannot be completed on the same sheet.)  
 

Figure 1-4. Model problem sheet, style C. This style shows a method of presenting stated

problems. Notice that all calculations are shown on the sheet and that no scratch calcula-

tions on other sheets are used.
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Smith, John
ME 101-2

Oct. 3, 1975

Prob. 12.3

Figure 1-6

   
Scientific presentation of measured data

Since measured data inherently are not exact,it is necessary that methods of

manipulating data be examined so that information derived therefrom can

be evaluated properly. It should be obvious that the diameter of a saucepan

and the diameter of a diesel engine piston, although each may measure about

6 in., usually will be measured with different accuracies. Also a measure-

ment of the area of a large ranch which is valued at $50 per acre would not

be made as accurately as a measurement of a piece of commercial property

that is valued at $1000 per square foot. In order to describe the accuracy of

a single measurement, it can be given in terms of a set of significant figures.

Significant figures

A significant figure in a number can be defined as a figure that may be con-

sidered reliable as a result of measurements or of mathematical computations.

In making measurements, it is customary to read and record all figures from

the graduations on the measuring device and to include one estimated figure

which is a fractional part of the smallest graduation. Any instrument can be

assumed to be accurate only to one half of the smallest scale division that has

been marked by the manufacturer. All figures read are considered to be sig-

nificant figures. For example, if we examine the sketch of the thermometer

in Figure 1-7, we see that the mercury column, represented in the sketch by

a vertical line, lies between 71° and 72°. Since the smallest graduation is 1°,
we should record 71° and include an estimated 0.5°. The reading would then

be recorded as 71.5° and would contain three significant figures.

As another example, suppose that it is necessary to record the voltmeter

reading shown in Figure 1-8. The needle obviously rests between the gradu-

ations of 20 and 30 volts. A closer inspection shows thatits location can be

more closely determined as being between 25 and 26 volts. However,thisis
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|| F105

41 E100

— —95

170 Figure 1-7  
   

 

the extent of the aid which we can get from the individual graduations. Any

further refinement must be accomplished by eye.! Since the scale of the

voltmeter is calibrated to the nearest volt, we can estimate the reading to the

nearest half volt—in this case 25.5 volts. An attempt to obtain a more pre-

cise reading (such as 25.6 or 25.7) would result only in false accuracy, as

discussed below.

The designated digits, together with one doubtful digit, are said to be *“‘sig-

nificant figures.” In reading values previously recorded, assume that only

one doubtful digit has been recorded. This usually will be the last digit re-

tained in any recorded measurement.

DC Volts

40
CRY

\W

Figure 1-8

 

In most cases, estimation by eye (beyond the precision obtainable from the graduations) is accept-

able. It should be recognized that this final subdivision (by eye) will give doubtful results.
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False accuracy

In analysis of engineering problems one must prevent false accuracy from
appearing in the calculations. False accuracy occurs when data are manipu-
lated without regard to their degree of precision. For example, it may be
desirable to find the sum of three lengths, each having been measured with a

different type of instrument. These lengths might have been recorded in

tabular form (rows and columns) as:

Columns

abcd efg

First Measurement: Row A ......... 157.39 £0.02 ft.

Second Measurement: Row B ......... 18.025 +0.001 ft.

Third Measurement: Row C ......... 853. +2 ft.

1028.41 5 (By regular addition)

Although the sum of the columns would be 1028.415, it would not be

proper to use this value in other calculations. Since the last measurement

(Row C) could vary from 851 to 855 (maximum variation in Column d), it

would be trivial to include the decimal numbers in Rows A and B in the sum.

The final answer should be expressed as 1028 + 2, or merely 1028. In this

case the last digit (8) is of doubtful accuracy.

In the tabulation of data (readings from meters, dials, gages, verniers,

scales, etc.), only one doubtful digit may be retained for any measurement.

In the preceding example, the doubtful digits are 9 (Row A), 5 (Row B), and

3 (Row C). The example also shows that when numbers are added, the sum

should not be written to more digits than the digit under the first column

which has a doubtful number.

Scientific notation

The decimal point has nothing to do with how many significant figures there

are in a number, and therefore it is impossible to tell the number of signifi-

cant figures if written as 176,000., 96000., or 1000. This doubt can be re--

moved by the following procedure:

1. Move the decimal point to the left or right until a number between 1

and 10 remains. The number resulting from this process should contain only

significant figures.

2. This remaining number must now be multiplied by a power of ten,

(10) number of decimal moves [f the decimal is moved to the left, the power of

10 is positive.

Example Express the number 1756000 to five significant figures:

1.756000. (Move the decimal point to the left to get
XesrwRsR
654321 a number between 1 and 10.)
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Answer (1.7560)(10)¢ (The power of 10 is the number of

decimal moves.)

Note Only the five significant figures remain to be multiplied by

the power of 10.

Example Express the number 0.016900 to three significant figures:

0.01,6 9 (Move the decimal point to the right to get a

1 3 number between 1 and 10.)

Answer (1.69)(10)2 (The power of 10 is the number of decimal
moves and is negative in sign.)

Note The three significant figures remain to be multiplied by the

power of 10.

Examples of significant figures:

385.1 four significant figures

38.51 four significant figures

0.03851 four significant figures

3.851 X 107 four significant figures
7.04 X 107% three significant figures
25.5 three significant figures

0.051 two significant figures

0.00005 one significant figure

27,855 five significant figures

8.91 X 10% three significant figures
2200 May have two, three, or four significant figures depending on

the accuracy of the measurement that obtained the number.

Where such doubt may exist, it is better to write the number

as 2.2 X 10® to show two significant figures; or as 2.20 X 10°
to show three significant figures.

55 two significant figures

55.0 three significant figures. The zero is significant in this case,

since it is not otherwise needed to show proper location of

the decimal point.

In engineering computations it is necessary to use standard computed

constants, such as 7 (3.14159265...) and € (2.71828. ..). It is feasible to

simplify these values to fewer significant figures, since most calculations will

be done on the slide rule where five, six, and seven significant figures are im-

possible to read. Usually three or four significant figures are sufficient, but

this may vary somewhat with the nature of the problem. Since we do not
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need a large number of significant figures, let us examine some rules concern-

ing “rounding off” the excess figures which need not be used in a given

calculation.

Retention of significant figures

1. In recording measured data, only one doubtful digit is retained, and it

is considered to be a significant figure.

2. In dropping figures which are not significant, the last figure retained

should be increased by 1 if the first figure dropped is S or greater.

3. In addition and subtraction, do not carry the result beyond the first

column which contains a doubtful figure.

4. In multiplication and division, carry the result to the same number of

significant figures that there are in the quantity entering into the calculation

which has the least number of significant figures.

1-1. Determine the proper value of X for each problem.

IN] . 0.785 = 7.85(10°)
. 0.005066 = 5.066(10%) 1000 = 10(10%)
. 6.45 = 64.5(10%) 0.001 = 1(107)

h. 2.54 = 254(107)
i

J.
© 10.764 = 10764(107) k. 44.2 = 0.442(10)

I
m.

n.

o
>

IIE
S
V
R

1973 = 0.01973(10) 0.737 = 73.7(10%)
£ 0.3937 = 3937000(10°) 1.093 = 10930(10%)
g 30.48 = 0.03048(10%) 4961 = 0.4961(10%)





4
the slide rule

The slide rule is not a modern invention although its extensive use in business

and industry has been common only in recent years. Since the slide rule is a

mechanical device whereby the logarithms of numbers may be manipulated,

the slide rule of today was made possible over three and a half centuries ago

with the invention of logarithms by John Napier, Baron of Merchiston in

Scotland. Although Napier did not publicly announce his system of loga-

rithms until 1614, he had privately communicated a summary of his results to

Tycho Brahe, a Danish astronomer in 1594. Napier set forth his purpose

with these words:

Seeing there is nothing (right well beloved Students of Mathematics) that is

so troublesome to mathematical practice, nor doth more molest and hinder

calculators, than the multiplications, divisions, square and cubical extractions

of great numbers, which besides the tedious expense of time are for the most
part subject to many slippery errors, I began therefore to consider in my

mind by what certain and ready art I might remove those hindrances.

In 1620 Edmund Gunter, Professor of Astronomy at Gresham College, in

London, conceived the idea of using logarithm scales that were constructed

with antilogarithm markings for use in simple mathematical operations.

William Oughtred, who lived near London, first used “Gunter’s logarithm

scales’ in 1630 in sliding combination, thereby creating the first slide rule.

Later he also placed the logarithm scales in circular form for use as a “cir-

cular form for use as a “circular slide rule.”

Sir Isaac Newton, John Warner, John Robertson, Peter Roget, and Lieu-

tenant Amédée Mannheim further developed these logarithmic scales until

13
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there exist today many types and shapes of rules. Basically all rules of mod-

ern manufacture are variations of a general type of construction that utilizes

sliding scales and a movable indicator. The principles of operation are the

same and they are not difficult to master.

DESCRIPTION OF THE SLIDE RULE

The slide rule consists of three main parts, the “body,” the “slide,” and the

“indicator” (see Figure 2-1). The “body” of the rule is fixed; the “slide”is

the middle sliding portion; and the “indicator,” which may slide right or left

on the body of the rule, is the transparent runner. A finely etched line on

each side of the indicator is used to improve the accuracy in making settings

and for locating the answer. This line is referred to as the “hairline.”

LEFT INDEX HAIRLINE RIGHT INDEX

Figure 2-1

 

BODY INDICATOR

The mark opposite the primary number 1 on the C and D scale is referred

to as the “index” of the scale. An examination of the C and D scales indi-

cates that each scale has two indexes: one at the left end (called the left

index”’) and one at the right end (called the “right index”).

Regardless of the manufacturer or the specific model ofslide rule that may

be used, the principles of operation are the same. The nomenclature used

here is general although some specific references are made to the Deci-Lon

(Keuffel & Esser Co.), the Model 10,000 KOH-I-NOOR,Inc., the Versalog

(Frederick Post Co.), the Maniphase Multiplex (Eugene Dietzgen Co.), and

the Model N4 (Pickett, Inc.) rules. These models are those most frequently

used by engineers, scientists, and technicians.

CARE OF THE SLIDE RULE

The slide rule is a precision instrument and should be afforded reasonable

care in order to preserve its accuracy. Modern rules stand up well under

normal usage, but dropping the rule or striking objects with it will probably

impair its accuracy.

In use, the rule may collect dirt under the glass ofthe indicator. Inserting

a piece of paper under the glass and sliding the indicator across it will fre-

quently dislodge the dirt without necessitating the removal of the indicator
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glass from the frame. If the glass has to be removed for cleaning, it should

be realigned when replaced, using the techniques described below.

The rule should never be washed with abrasive materials, alcohol, or other

solvents, since these may remove markings. If the rule needs to be cleaned,

it may be wiped carefully with a damp cloth, but the excessive use of water

should be avoided because it will cause wooden rules to warp.

The metal-frame rules are not subject to warping due to moisture changes,

but they must be protected against blows which would bend them or other-

wise throw them out of alignment. A light layer of lubricant of the type

specified by the manufacturer of the metal rule will increase the ease with

which the working parts move. This is particularly important during the

“breaking in” period of the new rule.

MANIPULATION OF THE RULE

Some techniques in manipulation of the rule have been found to speed up

the setting of the slide and indicator. Two of these suggested procedures are

described in the following paragraphs.

 
Illustration 2-1. In setting the indicator, a rolling motion with the forefingers will permit

rapid and precise locations to be made. Keeping the fingers of both hands in contact with

the indicator, exert slight forces toward each other with both hands.
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Illustration 2-2. In moving the slide, use fingers to exert forces toward each other. A

rolling motion with the forefinger aids in setting the indexes. Avoid pinching the frame

because this will make the slide bind.

1. Settings usually can be made more rapidly by using two hands and

holding the rule so that the thumbs are on the bottom with the backs of the

hands toward the operator.

2. In moving either the indicator or the slide, the settings are easier to

make if the index fingers and thumbs of both hands are used to apply forces

toward each other than if only one hand is used to apply force. For example,

in setting the indicator, put the forefinger of each hand against the respective

edges of the indicator and move it by a combined squeezing and rolling mo-

tion of the forefingers. The same general procedure is used in setting the

slide, where both hands exert forces toward each other. The student is cau-

tioned in setting the slide not to squeeze the frame of the rule, since this will

cause the slide to bind.

ADJUSTING THE RULE

Regardless of the make, most rules have the same general form of adjust-

ment. The method of adjustment is simple but should not be applied in a

hurry. It is desirable to use a magnifying glass, if one is available, to aid in

lining up the scales and hairline.

To determine whether or not a rule needs adjustment, line up the indexes

of the C and D scales. The indexes of the scales above and below the C and
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D scales should also be aligned. If they do not coincide,slightly loosen the
screws that clamp the top bar of the frame and carefully move the frame to
the right or left until the indexes are aligned. Tighten the screws slightly and
move the slide to check for proper friction. If the alignment and friction are
satisfactory, tighten the frame screws to complete that part of the adjustment.

Next, test the hairline for proper alignment by setting the hairline over the

indexes of the C and D scales and checking to see that the hairline also coin-

cides with the other indexes on this side of the rule. If it does not coincide

with all the scale indexes, slightly loosen the screws which hold the glass

frame to the indicator. Rotate the frame slowly until the hairline coincides

with the indexes on this side of the rule. Tighten the screws holding this

frame; then, while the hairline is aligned on the indexes of the C and D

scales, turn the rule over and check for the alignment of the hairline with the

indexes of the scales on the other side of the rule. If the hairline does not

coincide with the indexes on this side of the rule, loosen the screws on the

indicator and make the necessary adjustment as before.

Check the tightness of all screws when the adjustment is completed. The

student is cautioned not to use excessive force in tightening any screws, as

the threads may become stripped. With reasonable care, a slide rule will

usually require very little adjustment over a considerable period of time.

ACCURACY OF THE RULE

Most measurements made in scientific work contain from two to four signifi-

cant figures; that is, digits which are considered to be reliable. Since the

mathematical operations of multiplication, division, and processes involving

roots and powers will not increase the number of significant figures when the

answer is obtained, the slide rule maintains an accuracy of three or four sig-

nificant figures. The reliability of the digits obtained from the rule depends

upon the precision with which the operator makes his settings. It is generally

assumed that with a 25-cm. slide rule, the error of the answer will not exceed

about a tenth of 1 per cent. This is one part in a thousand.

A common tendency is to use more than three or four significant digits in

such numbers as 7 (3.14159265...) and € (2.71828 ...). The slide rule

automatically “rounds off” such numbers to three or foursignificant figures,

thus preventing false accuracy (such as can occur in longhand operations)

from occurring in the answer.

In slide rule calculations the answer should be read to four significant

figures if the first digit in the answer is 1 (10.62, 1.009, 1195., 1,833,000.,

etc.). In other cases the answer is usually read to three significant figures

(2.95, 872., 54,600., etc.). The chance for error is increased as the number

of operations in a problem increases. However, for average length operations,

such as those required to solve the problems in this text, the fourth signifi-

cant digit in the slide rule answer should not vary more than +2 from the
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correct answer. Where only three significant digits are read from the rule,

the third digit should be within * 2 of the correct answer.

  

Example

16.27 0.0859Ce +
+ 27slide rule accuracy foo

Correct Answer 16.25 0.0857 Correct Answer
      

16.24 ... 0.0856
24hslide rule accuracy {oouss

Rules of modern manufacture are designed so that results read from the

graduations are as reliable as the naked eye can distinguish. The use of mag-

nifying devices may make the settings easier to locate but usually do not have

an appreciable effect on the accuracy of the result.

INSTRUCTIONS FOR READING SCALE GRADUATIONS

Before studying the scales of the slide rule, let us review the reading of scale

graduations in general. First let us examine a common 12-in. ruler

(Figure 2-2).

 

 

12 Inch Ruler

0 2 3 4 5 6 7 8 9 10 nu 12 Figure 2-2

   
Example We see that the total length of 1 ft has been divided into 12

equal parts and that each part is further divided into quarters, eighths, and

sixteenths. This subdivision is necessary so that the workman need not esti-

mate fractional parts of an inch.

Example Measure the unknown lengths L, and L, as shown in Figure 2-3.

Li=47 in.
Ly=?>

| } | Lad I } ] Figure 2-3Lu
LE 1 I T T 1| ———

TT

 

 
 

 
 

  

English Measurement
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The English system of measurement as shown in Figure 2-3 is probably

familiar to all students. The unit of length in the metric system which cor-

responds to the yard in the English system is called the metre. The meteris

39.37 in. in length. For convenience, the meter is divided into 100 equal

parts called centimetres, and each centimeter is divided into ten equal parts

called millimetres. Since we can express units and fractional parts of units

as tenths or hundredths of the length of a unit, this system of measurement

is preferred many times for engineering work.

Example Measure the unknown lengths L, and L, as shown in Figure 2-4.

 

 

Figure 2-4 .
 

 

 
e—1,=2—>| 1,=12.6cm
 

Metric Measurement

The scales of the slide rule are basically divided as in the metric system in

that between each division there are ten subdivisions. However, the student

will find that the main divisions are not equal distances apart. Sometimes the

divisions will be subdivided by graduations, and at other times the student

will need to estimate the subdivisions by eye. Let us examine the D scale of

a slide rule (Figure 2-5).

D Scale

 

igure 2-
1 2 3 4 5 6 7 8 91 Figure 2-5

I | 1 1 Nn | Cobenbiden  
Since the graduations are so close together, let us examine the rule in three

portions: from left index to 2, from 2 to 4, and from 4 to the right index.

Example Left index to 2 as shown in Figure 2-6.

Scale DScale
readings |(010 365)

1] Qos 1 2 3 4 Figure 2-6

utili wuld
 

 

 

      Hairline
positions 1 2 3 4 5 6 7
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The student should refer to his own rule for comparisons as he studies the

diagrams in this chapter. In the example using Figure 2-6, we note that from

the left index (read as one-zero-zero) to the digit 1 (read as one-one-zero),

there are ten graduations. The first is read as one-zero-one (101), the second

as one-zero-two (102), and so on. Digit 2 is read as one-two-zero (120), digit

3 as one-three-zero (130), and so on. If need be, the student can subdivide

by eye the distance between each of the small, unnumbered graduations.

Thus, if the hairline is moved to position 4 (see example above), the reading

would be one-three-six-five or 1365. Position 6 might be read as 1817 and

position 7 as 1907. The student is reminded that each small graduation on

this portion of the rule has a value of 1.

Example 2 to 4 as shown in Figure 2-7.

 

 

 

 

 

readings
2 3 4

nm mmnm wll wlll Lud, ! Figure 2-7

Hairline
positions     

1 2 3 4 5

Since the distance between 2 and 3 is not as long as the distance from the

left index to 2, no numbers are placed over the graduations. However, we

can use the same reasoning and subdivide as in the previous examples. Set

the hairline in position 1 (see example) and read two-one-zero, or 210. We

note that the distance between 200 and 210 has been divided into five divi-

sions. Each subdivision would thus have a value of 2. Consequently,if the

hairline is in position 2, a reading of 228 would be obtained. Remember

that each of the smallest graduations is valued at 2 and not 1. What are the

readings at 3, 4, and 5?!

Example: 4 to the right index as shown in Figure 2-8.

 

 

= :
Scale

: ?
readings 9 (603) ® ®

4 6 7 8 95

(LLL lata (ladailay ld
Figure 2-8

       Hairline [
positions 1 2 3 4 5 6

Readings at 3, 4, and 5 are, respectively, 281, 309, and 365.
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The distance between 4 and 5 is still shorter than the distance between 3

and 4, and it becomes increasingly more difficult to print such small sub-

divisions. For this reason there are ten main divisions between 4 and 5, each

of which is subdivided into two parts. With this type of marking it is possible

to read two figures and estimate the third, or to get three significant figures

on all readings. If the hairline is set as indicated in position 1, the reading

would be four-nine-zero (490), and position 2 would give six-zero-five (605).

What are the readings at hairline positions 3, 4, 5, and 6??2

Problems on scale readings
 

Set hairline to Read answer on
 

ST T LL, CI K DF LLy; LL, L

scale scale scale scale scale scale scale scale scale
 

1. 210onD

2. 3980onD

3. 10560nD

4. 1004 on D

5. 866onD

6. 222onD

7. 11960onD

8 439onD

9. 57750nD

10. 23250nD

11. 9170onD

12. 323 onD

13. 1077 on D

14. 1854 0onD

15. 268 on D

16. 833 0onD

17. 551 onD

18. 6670onD

19. 81250nD

20. 406 on D

21. 918onD

22. 8050onD

23. 1466 on D

24. 288 onD

25. 466 on D

26. 798 on D

27. 1107 on D

28. 396o0onD

29. 1999 0onD

30. 998onD
 

2 Readings at 3, 4, 5, and 6 are, respectively, 678, 746, 810, and 963.
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If the student has followed the reasoning thus far, he should have little

trouble in determining how to read an indicated value on any scale of the

slide rule. Several of the problems on page 21 should be worked, and the

student should thoroughly understand the principle of graduation subdivision

before he attempts to delve further into the uses of the slide rule.

It is suggested that one have a good understanding of logarithms before

proceeding to learn the operational aspects of the slide rule. Those who may

desire to review these principles should refer to Appendix IL.

CONSTRUCTION OF THE SCALES

Let us examine how the main scales (C and D) of the rule are constructed.

As a basis for this examination, let us set up a scale of some length with a

beginning graduation called a left index and an end graduation called a

right index as in Figure 2-9.

 

 

Left index Right index Figure 2-9

    
Next let us subdivide this scale into ten equal divisions and then further

subdivide each large division into ten smaller divisions as shown in Fig-

ure 2-10. We call this the L scale.

 

 

LScale

0 1 2 3 4 5 6 7 8 9 1 Figure 2-10

dsssb    
Let us place a blank scale beneath this L scale so that the left index of the

L scale will coincide with the left index of the blank scale as shown in

Figure 2-11. We shall call the blank scale the D scale.

LScale
 

 

 

Figure
2-11

D Scale
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Now let us graduate the D scale in such a way that each division mark is
directly beneath the mark on the L scale that represents the mantissa of the

logarithm of the number. Before examining the scales closer, we should note

that the mantissa of 2 is 0.3010, the mantissa of 3 is 0.4771, the mantissa of

4 is 0.6021, and the mantissa of 5 is 0.6990 as shown in Figure 2-12 (see

also page 223-224).

LScale ® &f eeMantissas |

0 1 2 3 4 5 6 7 8 9

| Ltddtu |

DScale

   

 

 

 

Figure 2-12
1 2 3 4 5

<—- log 2—> Hairline
® @ @® @ positions

~<— log 3

If the student will examine his rule, he will find a C or D scale and an L

scale. The C and D scales are identical, so use the D scale since it is printed

on the body of the rule. Several problems should be worked, determining

the logarithms of numbers by using the slide rule.

Remember to:

  
     

 

1. Set the number on the D scale.

2. Read the mantissa of the number on the L scale.

3. Supply the characteristic, using the characteristic rules given in the

discussion on logarithms in Appendix I

Example What is the logarithm of 55.8? Use Figure 2-13.

7466) Mantissa

Figure 2-13

 

Number

From slide rule: Mantissa of 55.8 = 0.7466

From characteristic rules: Characteristic of 55.8 = 1.0000

Therefore log of 55.8 = 1.7466
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From the preceding example, we can see that the D scale is so constructed

that each number lies below the mantissa ofits logarithm. Also we note that

the distance from the left index of the D scale to any number on the D scale

represents (in length) the mantissa of the number as shown in Figure 2-14.

Since the characteristic of a logarithm is governed merely by the location of

the decimal point, we can delay its determination for the time being.

   

  

Figure 2-14

 

log 2

log3

 

  
log 55

log 765

   

Problems

2-1. Use the slide rule and find the logarithms.

a. 894. Jj. 5.91 x 107 5. 33.6 X 107°
b. 1.845 k. 9.06 x 1074 1. 4.40 x 103
c. 0.438 L 66.9 x 108 u. 98,700
d 815 m. 155.8 x 10? v. 40.3 x 107
e. 604. n. 23.66 x 104 w. 21.8 x 10°
£7.41 0. 0.06641 x 108 x. 1.057 x 10-3
g 11.91 p. 9.33 x 1072 y. 719. x 10°
h. 215. g. 29.8 X 10-1 z 49.2 x 107
i. 993,000. r. 0.552 x 106

MULTIPLICATION

As shown in Figure 2-15, the C and D scales are divided logarithmically

with all graduations being marked with their corresponding antilogarithms.

These scales can be used for multiplication by adding a given logarithmic

length on one of the scales to another logarithmic length which may be

found on the other scale.

Example (2)(3) = 6, as shown in Figure 2-15.

  

   

         

 
 

   

  
   

log 2 + log 3 = log 6

log? log 3———>1 Figure 2-15

ose § 1 11 p [RYJEE—

OScale 7 3 1 Pf 7EP)
B log 6 | 
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Procedure

1. Set the left index of the C scale above the digit 2 on the D scale.

2. Move the hairline to the right until it is directly over 3 on the C scale.

3. Read the answer (6) directly under the hairline on the D scale.

The A and B scales are also divided logarithmically, but their overall

lengths are only one half the lengths of the C and D scales. Therefore, al-

though the A and B scales can also be used for multiplication and division,

their shortened lengths will diminish the accuracy of the readings.

Similarly other pairs of scales of the slide rule may be used to perform

multiplication if they are graduated logarithmically. A majority of slide rules

have at least one set of folded scales that can be used for this purpose. Most

frequently they are folded at 7 (3.14159 ...). Special use of these scales will

be explained later in this chapter.

In some cases, when the logarithm of one number is added to the logar-

ithm of another number, the multiplier extends out into space, and it is

impossible to move the indicator to the product (Figure 2-16).

Example (3)(4) = ?, as shown in Figure 2-16).

 

 Figure 2-16 

 

 

 

 <——log ans.=?

In this case it is necessary to relocate the right index of the C scale above

the figure 3 on the D scale and move the hairline to 4 on the C scale as shown

in Figure 2-17.

   

   

 

laa a laaal
 

   
h 2 3 4 5 67891 2 3 4 5 67891]
Viva bdobpdLal sala! | 1 Il 111 1lIf

tog 3—]
NX Figure 2-17

= log 12 

Procedure

1. Set the right index of the C scale above the digit 3 on the D scale.

2. Move the hairline to the left until it is directly over 4 on the C scale.

3. Read answer (12) directly under the hairline on the D scale.
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The location of the decimal point in multiplication problems is ascertained

either by inspection or by applying one of the several methods explained

in the following paragraphs.

METHODS OF DETERMINING
DECIMAL POINT LOCATION

Several methods which may be used are given below. Although these

methods by no means include all ways to determine the decimal point loca-

tion, they will be suitable for instruction of students, particularly those

having an elementary mathematical background.

Inspection Method

This is the simplest method and consists of determining the decimal point

location by observing the location of the decimal point in the numbers

involved in a slide rule operation and locating the decimal point in the

answer by a quick estimation.

28.1
Example (7.20)

~ N
r

= 390 (decimal point to be determined)

A quick examination of the numbers involved shows that the answer will

be somewhere near the number “4,” so the answer evidently will be 3.90.

This method will have its widest application where only one or two opera-

tions are involved and where the numbers lie between 1 and 100.

Example (1.22)(58.2) = 71.0

In the example above, it is seen that the number 58.2 is multiplied by a

number which is a little more than 1. Therefore, the answer will be slightly

greater than 58.2.

Approximate Number Method

This method is an extension of the inspection method. It involves the same

general procedures except that the numbers used in a problem are “rounded

off” and written down and an approximate answer is obtained that will show

the decimal point location.

Example (37.6)(0.188)(5.71)(11.92) = 481 (decimal point to be located)
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Rewrite, using simple numbers that are near in value to the problem
numbers.

[(40)(0.2)] [(6)(10)] = (8)(60) = 480

This shows that the answer in the example problem should be expressed

as 481.

A problem that is more involved can be solved by this method, as shown

by the following example.

(12,560)(0.0387) _

Example (594,000) 818 (decimal point to be determined)

Using simple numbers near in value to the problem numbers, write the

same problem:

(12,000)(0.04) _
(600,000) 0.0008

By cancellation the numbers can be simplified still further to obtain an

approximate answer of 0.0008. One way of doing this would be to divide

12,000 into 600,000, obtaining a value of 50 in the denominator. This value

of 50 divided into 0.04 gives 0.0008. Referring to the original problem, the

decimal point must be located to give an answer of 0.000819.

Scientific notation or power-of-ten method

The power-of-ten or scientific notation method is a variation of the charac-

teristic method discussed on page 29. In this method the numbers in the

problem are expressed as a single digit, a decimal point, the remaining digits,

and followed by the number “10” raised to the appropriate power. This

process simplifies the numbers, and the decimal point in the answer can be

determined by inspection or by the approximation method. For a review of

scientific notation refer to page 9.

Example

(15.9)(0.0077)(30500)(4660) = 1740 (decimal point to be located)

Write the same problem with each number expressed as a digit, decimal

point, and the remaining digits followed by the appropriate power of 10.

(1.59 X 101)(7.7 X 1073)(3.05 X 10%)(4.66 X 10%) X 174.0 X 10°

Since all the numbers are now expressed as numbers between 1 and 10,

followed by 10 to a power, the approximate value of the multiplication can
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be determined rapidly, by inspection, to be about 170. The power of 10 is

obtained by adding algebraically the powers of 10 of each of the rewritten

numbers. The answer to the original problem is therefore 174.0 X 10°, or

17,400,000, or 1.740 X 107.

Example  8:9000307) _ 4586 (decimal point to be located)
(0.552)

Rewrite the problem using powers of 10:

(2.85 X 10%)(3.07 X 10?)SEI = 1.585 X 107 

By inspection and approximation the product of the numerator will be

found to be near 9, and dividing 5.52 into it will give about 1.6. This pro-

cedure determines the decimal point location for the digits of the answer.

The powers of 10 are added algebraically to give 107, which completes the

decimal point location in the answer. The answer may be rewritten as

15,850,000 if desired.

Digit method

In this method the numbers of digits in each number are counted and the

following rules apply.

Multiplication Add the number of digits to the left of the decimal of each

number to be multiplied. This will give the number of digits to the left of

the decimal in the answer. If the slide projects to the right, subtract 1 from

the number of digits to be pointed off.

Example (27,300)(15.1) = 412,000

There are five digits to be counted in the first number and only two digits in.

the second number. Since the slide projects to the right, subtract 1. There

will be six digits to the left of the decimal point in the answer.

Division Subtract the number of digits to the left of the decimal in the

denominator from the number of digits to the left of the decimal in the nu-

merator to obtain the number of digits to the left of the decimal in the

answer. If the slide projects to the right in division, add one digit more to be

pointed off.

(12.88)
466) = 0.0276 Example

Subtracting three digits in the denominator from two digits in the numerator

gives (-1) digit to be located in the answer. Inspection shows that the answer

will be a decimal quantity. In any case where decimal numbers are en-



The Slide Rule / 29

countered, the method of counting the digits is to begin at the decimal point

and count the number of zeroes between the decimal point and the first digit

that is not zero to the right of the decimal. Since the digit difference shown

above is (1), there must be one zero between the decimal point and the first

significant figure, which gives an answer of 0.0276. The student will observe

that the digit count of decimal numbers is considered as a minus quantity

and that the addition and subtraction of the digit count must take into ac-

count any minus signs.

Variations and extensions of these methods may readily be set up to solve

problems involving roots and powers. Some schools prefer the “character-

istic” or “projections method” to determine decimal point location, and

this method is given in detail in the discussions which follow.

Characteristic method

Projection rule for multiplication This method of decimal point location is

recommended for students who are inexperienced in slide rule computations:

1. Before attempting to solve the problem, place the characteristic of

each quantity above or below it.

2. Solve for the sum of the characteristics by simple addition, and place

this number above the space for the answer.

3. Begin the multiplication with the slide rule, and each time the left

index of the C scale extends past the left index of the D scale, add a

(+1) to the sum of the characteristics previously determined.

4. Add the original sum to the +1’s obtained from left extensions. The

total number is the characteristic of the answer.

 

  

I
Examp € one left extension

Characteristics ©) + (0) — (0)+1 = +1 « characteristic of answer

(5) 3) = 15 Answer

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:

(5)(3) = 1.5(10)! « ESTIMATED ANSWER

Example one left extension

1
Characteristics #2) + -3) > -D+1=0

(390) (0.0030) = 1.17 Answer

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
(4)(10)2(3)(10)73 = 1.2(10)® < ESTIMATED ANSWER
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Example two left
J extensions

Characteristics -3) + (+1) + (+2) + +4) > (+4)+2 = +6

(0.001633) (79.1) (144) (96,500) = 1,800,000 Answer

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
(2)(10)73(8)(10)! (1)(10)2(10)* = 1.6(10)° « ESTIMATED ANSWER    

Example
amp three left

J extensions

Characteristics +1) + (#3) + 3) + (-4) -> (-3)+3=0

(73.7) (4460) (0.00704) (0.000853) = 1.975 Answer

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
(7)(10)!(4)(10)*(7)(10)3(9)(10)™* = 1.8(10)° « ESTIMATED ANSWER    

Example two left extensions

Characteristics #2) + (+2) + (0) - +4) + 1+1 = +6

(861) (204) (9.0) = 1,580,000 or (1.58)(10)® Answer

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:

(9)(10)2(2)(10)2(9) = 1.6(10)® < ESTIMATED ANSWER   

Multiplication practice problems

(23.8)(31.6) = (7.52)(10)2
(105.6)(4.09) = (4.32)(10)?
(286,000)(0.311) = (8.89)(10)*
(0.0886)(196.2) = (1.738)(10)"
(0.769)(47.2) = (3.63)(10)"
(60.7)(17.44) = (1.059)(10)3
(9.16)(115.7) = (1.06)(10)°
(592.)(80.1) = (4.74)(10)*

2-10. (7.69 x 10%)(0.722 x 108) = (5.55)(10) 3
2-11. (37.5 x 1071)(0.0974 x 103) = (3.65)(10) *
2-12. (23.9)(0.715)(106.2) = (1.815)(10)3
2-13. (60.7)(1059)(237,000) = (1.523)(10) 1°
2-14. (988)(8180)(0.206) = (1.665)(10)°
2-15. (11.14)(0.0556)(76.3 Xx 10-5) = (4.73)(10)->
2.16. (72.1)(7)(66.1) = (1.497)(10)*
2.17. (0.0519)(16.21)(1.085) = (9.13)(10) !
2-18. (0.001093)(27.6)(56,700) = (1.710)(10)3
2-19. (0.379)(0.00507)(0.414) = (7.96)(10) 4
2-20. (16.05)(23.9)(0.821) = (3.15)(10)2
2-21. (1009)(0.226)(774) = (1.765)(10)°
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2-22.
2-23.
2-24.
2-25.
2-26.
2-27.
2-28.
2-29.
2-30.
2-31.
2-32.
2-33.
2-34.
2-35.
2-36.
2-37.
2-38.
2-39.
2-40.
2-41.
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(316)(825)(67,600) = (1.762)(10)1°
(21,000)(0.822)(16.92) = (2.92)(10)5
(0.707)(80.6)(0.451) = (2.57)(10)*
(1.555 x 103)(27.9 x 10°)(0.902 x 1077) = (3.91)(10)2
(0.729)(10)3(22,500)(33.2) = (5.45)(10)
(18.97)(0.216)(899)(7)(91.2) = (1.055)(10)
(7160)(0.000333)(26)(19.6)(5.01) = (6.09)(10)>
(1.712)(89,400)(19.5)(10-5)(82.1) = (2.45)(10)°
(62.7)(0.537)(0.1137)(0.806)(15.09) = (4.66)(10)*
(10)8(159.2)(144)(7,920,000)(7) = (5.70)(10)7
(0.0771)(19.66)(219)(0.993)(7.05) = (2.32)(10)3
(15.06)(7)(625)(0.0963)(43.4) = (1.236)(10)
(2160)(1802)(7)(292)(0.0443) = (1.582)(10)%
(437)(1.075)(0.881)(43,300)(17.22) = (3.09)(10)
(7)(91.6)(555)(0.673)(0.00315)(27.7) = (9.38)(10)
(18.01)(22.3)(1.066)(19.36)(10)~> = (8.29)(10)-2
(84.2)(15.62)(921)(0.662)(0.1509) = (1.210)(10)>
(66,000)(25.9)(10.62)(28.4)(77.6) = (4.00)(10)
(55.1)(7.33 x 10-8)(76.3)(10)5(0.00905) = (2.79)(10)
(18.91)(0.257)(0.0811)(92,500)(7) = (1.145)(10)>

Multiplication problems

2-42.

2-43.

2-44,

2-45.

2-46.

2-47.

2-48.

2-49.

2-50.

2-51.

2-52.

2-64.

2-65.

2-66.

2-67.

2-68.

2-69.
2-70.

2-71.
2-72.
2-73.
2-74.
2-75.
2-76.
2-77.
2-78.
2-79
2-80.
2-81.

(46.8)(11.97) 2-53. (31.05)(134.9)
(479.)(11.07) 2-54. (117.9)(98.9)
(9.35)(77.8) 2-55. (55.6)(68.1)
(10.09)(843,000.) 2-56. (1.055)(85.3)
(77,900)(0.467) 2-57. (33,050.)(16,900.)
(123.9)(0.00556) 2-58. (6.089)(44.87)
(214.9)(66.06) 2-59. (34.8)(89.7)
(112.2)(0.953) 2-60. (43,900.)(19.07)
(87.0)(1.006) 2-61. (41.3)(87.9)
(1,097,000)(1.984) 2-62. (99.7)(434,000.)
(43.8)(0.000779) 2-63. (0.0969)(0.1034)(0.1111)(0.1066)

(1.084 x 1075)(0.1758 x 1013)(66.4)(0.901)
(234.5)(10)%(21.21)(0.874)(0.0100)
()(26.88)(0.1682)(0.1463)(45.2)(1.007)
(75.8)(0.1044 x 108)(10)72(54,000)(0.769)
(34.5)(31.09)(10)"6(54.7)(0.677)(0.1003)
(6.08)(5.77)(46.8)(89.9)(3.02)(0.443)()
(1.055)(6.91)(31.9)(11.21)()(35.9)(4.09)

(10.68)(21.87) 2-82. (0.307)(46.3)(7.94)
(88,900.)(54.7) 2-83. (2.229)(86.05)(16,090.)()
(113,900.)(48.1) 2-84. (44,090.)(38.9)(667.)(55.9)
(95,500.)(0.000479) 2-85. (568.)(46.07)(3.41)(67.9)
(0.0956)(147.2)(0.0778) 2-86. (75.88)(0.0743)(0.1185)(0.429)
(15.47)(82.5)(975,000.) 2-87. (10)~7(69.8)(11.03)(0.901)
(37.8)(22,490,000.)(0.15) 2-88. (46.3)(0.865)(10)°(0.953)()
(1.048)(0.753)(0.933) 2-89. (665.)(35,090)(0.1196)(0.469)

2-90. (888.)(35.9)(77.9)(0.652)1.856)(10)3(21.98
S763.08) ) 2-91. (43.4)(0.898)(70.09)(0.113)(w)

(0.045)(0.512)(115.4)
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DIVISION

Multiplication is merely the process of mechanically adding the logarithms of

the quantities involved. From a review of the principles of logarithms,it

follows that division is merely the process of mechanically subtracting the

logarithm of the divisor from the logarithm of the dividend.

8) _Example ~~ = 4, as shown in Figure 2-18.
(2)

LL 7

log 8 1 log 2 - log 4

log 2—>

C Scale

 

      

 

—
w

 

O Figure 2-18
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5 6 7 8 91}
L111]

   

3
|

4

|

ol
>

   

Procedure

1. Set the divisor (2) on the C scale directly above the dividend (8), which

is located on the D scale.

2. Read the answer (4) on the D scale directly under the left index of the

C scale.

For location of the decimal point in division problemsit is suggested that

the ‘scientific notation” method be used (described on page 27). As an

alternate method the following Projection Rule may be followed.

Projection rule for division

1. Locate the characteristic of the dividend above it and the character-

istic of the divisor below it.

2. Subtract the characteristic of the divisor from the characteristic of the

dividend.

3. For every left extension of the C scale’s left index, add a (-1) to the

total characteristic already obtained.

4. The sum is the characteristic of the answer.
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Example left extension
J Sheracterisile of answer

(+2) (*+2)- (0) >+2-1=+1
(575) _605)5 (9:50)(10)

 

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
2

A = 1(10)? < ESTIMATED ANSWER
  

Example left extension
J characteristic of answer

-1) -D)-H*1)>-2-1=-3

(0.465) _ 3Ea (8.61)(10)

 

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
5(10)7!
5(10)
 = 1(10)2 < ESTIMATED ANSWER

  

Division practice problems

2-92.
2-93.
2-94.
2-95.
2-96.
2-97.
2-98.
2-99.

2-100.
2-101.
2-102.
2-103.
2-104.
2-106.
2-106.
2-107.
2-108.
2-109.
2-110.
2-111.
2-112.
2-113.
2-114.
2-115.

(29.6) + (18.02) = 1.641
(1.532) + (72.6) = (2.11)(10)~2
(0.1153) (70.3) = (1.64)(10)3
(89.3) + (115.6) = (7.72)(10)"!
(0.1052) = (33.6) = (3.13)(10)"3
(40.2) = (50.8) = (7.91)(10)"!
(0.661) + (70,500) = (9.38)(10)°
(182.9) + (0.00552) = (3.31)(10)*
(0.714) = (98,200) = (7.27)(10)"®
(4.36) + (80,300) = (5.43)(10)"5
(1.339) = (22.6 x 10%) = (5.92)(10)6
(17.03) + (76.3) = (2.23)(10)*
(0.511) = (0.281) = 1.819
(67.7) = (91,300) = (7.42)(10)*
(5.04) = (29,800) = (1.691)(10)*
(18.35) + (0.921) = (1.992)(10)!
(29.6 x 10%) + (0.905) = (3.27)(10)°
(0.1037) = (92.5 x 10%) = (1.121)(10)"®
(537) = (15.63 x 1077) = (3.44)(10)8
(26,300) = (84.3 x 10°) = (3.12)(10)3
(6.370) + (0.733) = (8.69)(10)?
(1.066) = (7.51 x 10%) = (1.419)(10)"*
(29.6 x 10%) + (0.973) = (3.04)(10)°
(0.912) + (10.31 x 10 5) = (8.85)(10)°
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2-116. (17.37 x 10%) + (0.662) = (2.62)(10)~3
2-117. (0.693 x 105) + (1.008 x 10-5) = (6.88)(10)*°
2-118. (89.1 x 10%) + (189.3 x 10%) = (4.71)(10)2
2-119. (0.617) + (29,600) = (2.08)(10)"°
2-120. (18.06 x 107) + (15.29) = (1.181)(10)’
2-121. (56.8)(10)* + (29.6)(10)"% = (1.919)(10)”
2-122. (183,600) + (76.3 x 107%) = (2.41)(10)®
2-123. (75.9 + (0.000813) = (9.34)(10)*
2-124. (43.6) + (0.0837) = (5.21)(10)?
2-125. (156.8 x 103) = (0.715) = (2.19)(10)°
2-126. (216 x 1073) = (1557) = (1.387)(10)*
2-127. (88.3 x 1071) + (29.1 x 107%) = (3.03)(10)3
2-128. (1.034 x 103) = (0.706 x 107%) = (1.465)(10)"
2-129. (55.2)(10)® = (0.1556 x 10%) = (3.55)(10)*
2-130. (0.01339) + (1896 x 10%) = (7.06)(10) *
2-131. (4,030 x 1077) + (75.3 x 1079) = (5.35)(10)°

Problems in division

 

 

 

 

 

2-132. 899 2-147, (0.001755) 2-161. (233.17)
© 25. (6.175) (5506)

2-133, 147. 2-148, (0.000559) 2-162. (712.13)
22. (0.00659) (52.03)

2-134, 9.06 2-149.

_

(5.065) 2-163,

_

(6607)

7.1 (0.0003375) (1.91 x 10°)

2-135, 1985. 5-150, (469.000) 2-164. (1993 x 10°
78.55 C08) (72.31 x 10-9)

2-136, 19.230. 2157. (5.100000) 2-165. (461 x 10%)
64.88 ©x109) (0.003617)

7 . _ -52-137. ci prs (3765 X 109) 2-166. (990x 10 0)

548 ey 2-167 on2-138. 54.8 -167. 0.711
9.10 2-153. oy 11,980.

2-139. 0.877 (0-5) 2-168. 0.01253
33.07 9-154. (3516) 66.8

2-140, 1144 (1.65) 2-169. 0.974
24.9 1.0585155. (00916)

2-141 187,900. (0.331) 2-170. 0.000497

© T7145 389 x10°5156. (193.7)
2-142. 0.00882 © 75.06 2-171. 48.6 x 107°

87.04 1.977 x 10°
2-157 (113.05) 69.990 1018

2-143. 0.675 © (72.35) 2-172,X
54.8 a3 439 x 102

2-144. 879 2-158. pas 9.173. 5.06 x 10-7
45.7 : 0.001853 x 10°

2-145, 164,800. 2-159, _317) 2-174. 1.097 x 10-6
3.88 (3.1416) 458. x 10-1

2-146. 7.09 x 10° 2-160. (0-221) 2-175. 89.99 x 1073
18.45 (56.91) © 740.7 x 106
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2-176. 659.000 2-178. 15.06 x 107 2-180. 33.97 x 107
0.1148 x 10-2 33.8 x 107 56.98 % 103

2-177. 8838 2-179, 1.095 2-181,x389 x 10°11 24.66 76.4 x 107

Combined multiplication and division

Since most scientific calculations involve both multiplication and division,

the student should master the technique of combined multiplication and

division. The projection rules for both multiplication and division also apply

in a combination problem.

Example

(+6) - +2) —> +4

= 32,900, or 3.29 X 10*

 

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
5(10)2(1.5)(10)*

(2.5)0(10)2 3(10)* « ESTIMATED ANSWER 
 

In order to work the problem above, first set 513 divided by 238 on the

C and D scales. Now, instead of reading this answer, move the hairline to

15,300 on the C scale (thus multiplying this latter quantity by the quotient

of the first setting).

The student should always alternate the division and multiplication set-

tings and should not try to take readings as he progresses with the steps.

Only the final result is desired and since each reading of the rule further

magnifies any error, the fewest readings possible should be allowed.

Example (left extension
from the division)

!
1) (-4) +2) -1) - (#2) > 3-1=-4

(47:80)(Q00039 1693.5) _
= -4

ODHGIp03 YC eexio
1) =D (+2)

 

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
5(10'4(10)*7(10)?
3(10)L6(10)18(10 1(10)™3 « ESTIMATED ANSWER  
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Remember that when you want to divide, you move the slide, and when

you want to multiply, you move the hairline.

A common mistake made by many students is to multiply all the quanti-

ties in the dividend and all the quantities in the divisor and then divide these

two results. This is a bad habit and such practice should not be followed.

There are too many chances for mistakes, in addition to the method’s being

slower.

Combined multiplication and division practice problems

2-182. OURO_ ooo
37)

2-183. pha= (4.37)(10)°

2-184. Raul = (1.884)(10)?

2-185. Ty= (4.55)(10)°

2-186. rh= (3.32)(10)*

2-187. ee. = (9.76)(10)*
s2-188. TT— (2.10)(10)1°

2-189. TIE

TO

=(6.29)(10)®

2-190. ETeeTTT — (3.61)(10) 7

2-191. TR

Tr

= (7.29)(10)*

2-192. udALA = (4.61)(10)

2-193, TST= (7.65)(10)'

2-194,A= (1.024)(10) 3

2-195,

TI

a= (4.80)(10)7

2-196.a— (4.67)(10)

2-197. SSSI = (2.31)(10)2

2-198. __(UO0DO2I0)449)100
(0.817 x 10%)(1.372) —



2-199.

2-200.

2-201.

2-202.

2-203.

2-204.

2-205.

2-206.

2-207.

2-208.

2-209.

2-210.

2-211.

2-212.

2-213.

2-214.

2-215.

2-216.

2-217.

2-218.

2-219.

2-220.

2-221.

(51.6 x 102)(0.00001118)

(23.3 x 10-1)(0.1996)

(0.369)(10.02 x 10°)

(21.6)(11.03)(54.6)
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(176,300)(42.8 x 103)
(68.3)(15.01)

(39,200)(89.3 x 107)
1079)(155.5)
(0.763 x 1074)(0.01004)

©(443)(7,150,0000
(152,300)(88,100)
~(0.00339)604)  — 6590107
(90,400)(2.05 X 106)

= (7.36)(10)6

= (1.104)(10)2

= (2.42)(10)15

@43 x10200227) ~ C3000F
14.3 2)(0.(14.36 x 102)(0.907) —26X10)

991,0 : :(G91.000(603 x 109 _;gs)10y12
4 329. _(840)(10)%29.6 X 107%) _ c)10y-10

(54.9)(26.8)(0.331) _ (3.74)(10)2

(17,630)(0.1775)(92.3)
~(0433)(0.0061)(573) = (1908)(10)°

(0.821)(0.221)(0.811) }
{0.0907)(10.72)(66.300) — 228)10)°¢

(0.00552)(89.6)(0.705)
= (4.42)(10)"8 

(30,600)(29.9)(0.00777)

(49.3 x 103)(11.21)(61.6)

(90.3)(75,100)(0.01066)

(33.6)(88,100)(0.432)

(19.52 x 10%)(18.03)(22.4)

(485)(19.32)(62.6)
= (1.212)(10)2

(54.1)(0.393)(16,070
) (10010)

(44.2)(100.7)(62,400) _ 3g4310)3

(78.4)(15.59)(0.01669) _ ;595)(10)

(994,000)(21,300)(0.1761)

AAAI)

x1

0

—>

(16.21)(678,000)(56.6)

(001073)(@980)303) = C3910

(61.3 x 103)(0.1718)(0.893) = (4.18)(10)*
 

(21.6)(0.902)(0.01155)
(20,900)(16.22 X 104)(0.1061)

(877)(20.1 x 10-4)(5.03)
(999,000)(17.33)(0.1562)

= (4.06)(10)" 

= (2.60)(10)7 

(0.802)(0.0443)(29.3 x 10-1)

(16.21)(0.0339)(151.6)(0.211) _ }cin10)-1 

(0.00361)(0.785)(93.2)(406)

(84.3)(0.916)(0.1133)(21.3) _ (2.71)(10)™*
 

(66.2)(0.407)(55.3)(462)
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Problems

Solve by combined multiplication and division method:

2-222.

2-223.

2-224.

2-225.

2-226.

2-227.

2-228.

2-229.

2-230.

2-231.

2-232.

2-233.

2-234.

2-235.

2-236.

2-252.

2-253.

2-254.

2-255.

2-256

(0.916)
(90.5)(13.06)
(0.00908)

(22.3)(33.2)
(24.5)(43)

(36)

(82)(9.3)
(56.5)
(167)(842)
0.976)

(5.72)(3690)mn

(925)(76.9)bani

(9.87)
(1.76)(89)

(85.4)
(26.3)(213)

(1525)
(73.6)(0.007)
(84,500)

(126)(37.3)
(76)(23.7)

 

(13.5)(373)
(6.23)(2.14)
(0.00531)

(21.3)(370)
(10.9)(758)
(0.00215)(2520)

(7.57)(118)

(39.1)(680,000)(3.52)(1.1 x 106)

2-237.

2-238.

2-239.

2-240.

2-241.

2-242.

2-243.

2-244,

2-245.

2-246.

2-247.

2-248.

2-249.

2-250.

2-251.

 
(0.0316)(9.6 x 105)(26.3)

(7.69)(76,000)(5.63)(0.00314)
 

(0.00365)(10 x 106)

(3.97)(6.71 x 1073)(0.067)
 
(63.1)(3 x 107)(7.61)(80,175)

(697)(0.000713)(68.1)
(234)(9.68)(5.1 x 10%)

_(43,400)(9.16)(8.1 x 107%)
 
(0.00613)(67,000)(0.416)

(755)(1.15)
(51.4)(0.093)
(916)(0.752)

(5.16)
(23.1)(1.506)

(6.27)
(42.6)(1.935)

(750.3)
(77.1)(10.53)
(331.0)(73)
(56.7)(0.00336)
(15.06)(8.23)

(14.5)(10)3(6.22)
(53.3)(0.00103)
(42)(1000)

(5.23)(0.00771)
(1.331)

(916)(506)
(4320)(0.7854)

(134)(0.9)
(0.00713)(329)
(0.0105)(1000)
(103.4)(0.028)

(0.0798)
(1573)(4618)
(3935)(97)
(47.2)(0.0973)

(85)(37.6)
(0.0445)(0.0972)
(0.218)(0.318)
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2-257. (691.6)(7.191)(3 x 107)

2.258. (37.615)(81.4)(9.687)(0.0017)
(13.13)(0.076)(43)

2-259. (512 X 1076)(3.41 x 105)(36.1)
(96.69)(7 x 1072)(0.134)

2-260. (6-716)(3.2 X 103)(0.0173)(413)
(0.0000787)(6.6 x 10%)

2-261. (1-061) X 1071)(96,000)(3.717)
(7.34 x 1078)(3.9 x 10%)(13.5)

(361)(482)(5.816)(38.91)(0.00616
(0.07181)(3 x 10%)(39.36)

(0.019) x 108)(111.15)(0.0168)
(7.96)(58.6)(0.0987)(3,000)

(21.4)(0.82)(39.6 x 1071)
(10.86)(6.7 x 1072)(37,613)

(63,761)(43,890)(0.00761)

108)(0.0781)(67.17)
(516.7)(212 x 103)(0.967)(34)

(76,516)(2 x 10-6)(618)

(5.1 x 108)(370)(8.71)(3,698)
(0.00176)(36,170)

(59.71 x 1076)(0.00916)(0.1695)(55.61)
(17.33 x 10%)(0.3165)(10.56)(1.105)

(773.6)(57.17)(0.316)(912.3)
(56,000)(715,000)(471.3)

(51.33)(461.3)(919)(5.03)
(66,000)(71.52)(0.3316)(12.39)

(0.6617)(75.391)(0.6577)(91.33)
" (0.3305)(5.69 x 10)(0.00317 x 107%)

 

 

 

 

2-262. 

2-263. 

 2-264.

2-265.

2-266. 

2-267. 

2-268. 

2-269. 

2-270. 

2-271 

Proportions and ratios

A “ratio” of one number to another is the quotient of the first with respect to

the second. For example, the ratio of a to » may be written as a:b or + A

“proportion” is a statement that two ratios are equal. Thus, 2:3 = 6:8 means

that i = z

The slide rule is quite useful in solving problems involving ratio or propor-

tion because these fractions may be handled on any pair of matching identi-

cal scales of the rule. The C and D scales are most commonly used for this

purpose.

In the example, Z = g, 2, 3, and 6 are known values and B is unknown.

The procedure to solve for B would be as follows:

1. Divide 2 by 3 (using the C and D scales). In this position the value 2

on the D scale would be located immediately beneath 3 on the C scale.
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2. The equal ratio of would also be found on the C and D scales. The

unknown value B may be read on the C scale immediately above the known

value 6 on the D scale; B = 9.

With this particular location of the slide, every value read on the C scale

bears the identical ratio of 2:3 to the number directly below it on the D

scale. It is also important to remember that the cross products of a propor-

tion are equal. In the above example, 3 X 6 =2 X B.

Examples a 47 _ 18 Answer, A = 8.04

 

21 4

b oT = 2 Answer, B = 48.2

C. Lz = Ll Answer, C = 36.7

d. —L = oo Answer, D = 0.225

e. Ten =a Answer, E = 0.1914

Folded scales

The CF and DF scales are called folded scales. They are identical with the C

and D scales except that their indexes are in a different position. On the

majority of slide rules, the CF and DF scales begin at the left end with the

value 7, which means that their indexes will be located near the center of the

rule. On some rules the CF and DF scales may be folded at € (2.718) or at

some other number.

Since the CF and DF scales are identical in graduations with the C and D

scales, they can be used in multiplication and division just as the C and D

scales are. Another important fact may be noticed when the scales are ex-

amined; that is, if a number such as 2 on the C scale is set over a number such

as 3 on the D scale, then 2 on the CF scale coincides with 3 on the DF scale.

This means that operations may be begun or answers obtained on either the

C and D scales or on the CF and DF scales.

For example, if we wish to multiply 2 by 6, and we set the left index of

the C scale over 2 on the D scale, we observe that the product cannot be read

on the D scale because 6 on the C scale projects past the right end of the rule.

Ordinarily this would mean that the slide would need to be run to the left so

that the right index of the C scale could be used. However, by using the

folded scales, we notice that the 6 on the CF scale coincides with 12 on
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the DF scale, thereby eliminating an extra movement of the slide (see
Figure 2-19). In many cases the use of the folded scales will reduce the
number of times the slide must be shifted to the left because an answer
would fall beyond the right end of the D scale.

 

 

 

Figure 2-19
 

 

 

 

 

There are several methods by which the location of the decimal point in

the answer can be determined. The decimal point location can best be found

by using the method of scientific notation.

The projection rule can be used if it is always remembered that an answer

read on the DF scale to the right of the index (near the center of the rule)

corresponds to a left projection. Since in many operations the decimal point

location in the answer can be determined by inspection, the decimal point

can often be placed without reference to projection rules.

A convenient method of multiplying or dividing by = is afforded by the

use of the folded scales. For example, to find the product 27, set the hair-

line over 2 on the D scale. The product 6.28 is read on the DF scale under

the hairline. Of course this same operation may be performed by using

either index of the slide.

Reciprocal scales

The CI, DI, and CIF scales are known as reciprocal scales or inverted scales.

They are identical with the C, D, and CF scales, respectively, except that

they are inverted; that is, the numbers represented by the graduations on

these scales increase from right to left. On some slide rules, the inverted

scale graduations are printed in red to help distinguish them from the other

scale markings.

An important principle to remember when using these scales is that a

number on the C scale will have its reciprocal in the same position on the CI

scale. Conversely, when the hairline is set to a number on the CI scale, its

reciprocal is under the hairline on the C scale.

The inverted scales are useful in problems involving repeated multiplica-

tion or division because some movements of the slide may be eliminated.

Example Find the product:

(1.71)(8.30)(0.252)(4910)(53.8)
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In order to perform this operation, using the inverted scales, the follow-

ing steps are used:

Set the hairline to 1.71 on the D scale.

Move the slide until 83 on the CI scale is under the hairline.

Move the hairline until it is set on 252 on the C scale.

Move the slide until 491 on the CI scale is under the hairline.

Move the hairline until it is set on 538 on the C scale.

Read the product 94600 under the hairline on the D scale.S
c
n
s
w
n
=

The actual process has involved the use of reciprocal quantities in division

in Steps 2 and 4 of the sequence above. Rewritten as the operation is

actually performed, the problem appears as follows:

(1.71)(0.252)(53.8)
(1/8.30)(1/4910)

 

ESTIMATION OF ANSWER BY SCIENTIFIC NOTATION:
(2)(8)(2)(10)7 (5)(10)*(5)(10)' = (8)(10)° « ESTIMATED ANSWER  
 

Since the digits read on the slide rule were 945, the actual product would

be 9.45(10)%. The projection rule should not be used with inverted scales,

since the number of left projections are sometimes difficult to determine.

Proper use of the folded and inverted scales will enable one to work each

practice problem below with only one setting of the slide.

Use of folded and reciprocalscales practice problems

2-272. (264)(564)(522) = (1.77)(10)7
2-273. (387)(7.32)(176) = (4.99)(10)°
2-274. (0.461)(4.79)(1140) = (2.52)(10)3
2-275. (6.69)(1548)(92,000) = (9.53)(10)8
2-276. (561)(3.30)(1.94) = (3.59)(10)3
2-277. (1456)(0.351)(0.835) = (4.27)(10)2
2-278. (1262)(0.405)(65,100) = (3.33)(10)7
2-279. (0.1871)(5.04)(53,000) = (5.00)(10)*
2-280. (7.28 x 10-5)(4.16)(14.10) = (4.27)(10)-3
2-281. (10.70)(19,400)(0.0914) = (1.897)(10)*
2-282. (4.56)(47.4)(87.1) = (1.883)(10)*
2-283. (0.510)(68.9)(3.370) = (1.184)(10)5
2-284. (2,030)(14.72)(129.7) = (3.88)(10)8
2-285. (1824)(29.1)(21,800) = (1.157)(10)°
2-286. (0.0255)(0.0932)(0.867) = (2.06)(10)3
2-287. (93.6)(3.99)(5,680) = (2.12)(10)¢
2-288. (4.48)(103.5)(0.198) = (9.18)(10)!



2-289.

2-290.

2-291.

2-292.

2-293.

2-294.

2-295.

2-296.

2-297.

2-298.

2-299.

2-300.

2-301.

(3050)(1.00 x 10-20)

(0.000570)(24,700)

(15.14)(0.00194)

(543)(119.8 x 10-4)

(0.580)(43,700)(40.3) = (1.021)(10)°
(7.05)(62.0)(34.9) = (1.526)(10)*
(74.8)(8.)(483,000) = (2.89)(10)3
(208)(902) _ ———
(30,600)

A]=(8.26)(10)*

ar= (8.52)(10)%

at= (140)(10)°

en—(2.42)(10)?

Eu.— (3.09)(10)-5

(71.4)(0.946) = (4.52)(10)~1*

(1670) = (1.186)(10)?

(1.5) — (1.753)(10)?

(17,000) = (1.41)(10)®

Squares and square roots
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The A and B scales have been constructed so that their lengths are one half

those of the C and D scales (see Figure 2-20). Similarly some slide rules are

so constructed that they have a scale Sq 1 and Sq 2, or R; and R,) which is
twice as long as the D scale. This means that the logarithm of 3 as repre-

sented on the D scale would be equivalent in length to the logarithm of 9 on

the A scale. Where the Sq 1 and Sq 2 or the R, and R, scales are used in

conjunction with the D scale, the logarithm of 3 on the Sq 2 (R,) scale would

be equivalent in length to the logarithm of 9 on the D scale.

 

 

2 4

Lali] | Ll |

 

  
      w

nlog 3

Figure 2-20
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To find the square root of a number using the A and D scales

1. Get an estimate of the intended answer by placing a bar over every two

digits, starting at the decimal point and working outward. There will

be a digit in the answer for each bar marked.

2. Set the number on the A scale and read the square root on the D scale

under the hairline. Note that the estimated answer will always indicate

which A scale to use, since only one of the scales will give a square root

near the estimated value.

Greater accuracy can be obtained by using the D scale in conjunction with

the Sq 1 and Sq 2 scales (R; and R)).

Examples for finding the location of decimal points:

9 x
——— The estimated answer is somewhere between 90 and 100.

a. 97 65

.0 5 } .
b. 5030 The estimated answer is approximately 0.05.

Note In the last example, since the given value was 0.003, an extra zero

would have to be added after the 3 to complete the digits beneath the bar.

Examples for finding the square root of a number:

1 = x

57 The estimated answer is somewhere between 100 and 200.

= 101.8 = 1.018 X 10?

Q —
] SlWw W
I

|

— O
o
W
w

(9
1
3

X

> S
l
e

S
l
e

S
l
e

r
o

o
O The estimated answer is approximately 0.02.

0 = 0.02280 = 2.280 X 1072=
]

o
O.00 o
O 5 r
o

Examples for finding squares:

1. Express the number in scientific notation.

a. (0.0000956)? = (9.56 X 107%)?

2. Square each part of the converted term by setting the number to be

squared on the D scale and reading its square on the A scale under the

hairline.

a. (9.56) X (107%) = 9.14 X 107° = 9.14 X 10°



b. (90100) = (9.01 X 10%)?

(9.01)> X (10%)? = 81 X 10% = 8.11 X 10°

c. (357000000)*> = (3.57 X 108)?
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(3.57) X (10%)* = 1.27 X 10** = 1.27 X 10"

d. (0.00000001050)
(1.05) X (107%)? =

Squares and square roots practice problems

(1.875)(10)°

(11.92 x 10-4)2 = (1.421)(10)-6
(0.291 x 10-5)2 = (8.47)(10)-12

(33.5 x 1078)2 = (1.122)(10)~°

(50.9 x 10%)? = (2.59)(10)15
(9.86)(10)°

2-302. (408)2 = (1,665)(10)5
2-303. (8.35) = (6.97)(10)!
2-304. (3,980)% = (1.584)(10)7
2-305. (0.941) = (8.85)(10)"!
2-306. (57.4)2 = (3.29)(10)3
2-307. (0.207) = (4.28)(10)~2
2-308. (784)2 = (6.15)(10)°
2-309. (296,000)? = (8.76)(10)1°
2-310. (1037) = (1.075)(10)¢
2-311. (8.93)? = (7.97)(10)!
2-312. (30.9)? = (9.55)(10)2
2-313. (43,300)? =
2-314. (0.00609) = (3.71)(10)-5
2-315. (0.846) = (7.16)(10)~1
2-316. (55.2 x 103)? = (3.05)(10)°
2-317. (0.0707)% = (5.00)(10)-3
2-318.
2-319.
2-320. (449,000)? = (2.02)(10)11
2-321. (0.000977)% = (9.55)(10)~7
2-322.
2-323. (8,810)% = (7.76)(10)7
2-324.
2-325. (99,300)2 =

2-326.
2-327. 96,100 = (3.10)(10)2

2-328. 0.912 = (9.55)(10)-!

Problems

(0.0714 x 10-%)2 = (5.10)(10)-15

Solve by method of squares and square roots.

2-352.
2-353.
2-354.
2-355.
2-356.
2-357.
2-358.

(1468.)2
(0.886)?
(67.4)2
(11.96)2
(0.00448)?
(0.000551)?
(9.22)?

2-359.
2-360.
2-361.
2-362.
2-363.
2-364.
2-365.

= (1.05 X 1078)?
1.10 X 1071¢

2-329. 249 = 4.99
2-330. 0.01124 = (1.06)(10)-!
2-331. V/5,256 = (7.25)(10)!
2-332. 0.3764 = (6.14)(10)!

2-333. 1/43,800,000 = (6.62)(10)3

2-334. 0.01369 = (1.17)(10)~!
2-335. V/73.6 = 8.58
2-336. V/1.1025 = 1.05
2-337. 487,000 = (6.98)(10)2

2-338. V/580.8 = (2.41)(10)!
2-339. /0.00002767 = (5.26)(10)-3

2-340. 0.1399 = (3.74)(10)~*
2-341. /6,368 = (7.98)(10)*

2-342.x= (3.38)(10)”"
2-343. /6.496 x 101 = 8.06
2-344. \/190,970 = (4.37)(10)2

2-345. 1/3,204,000 = (1.79)(10)3
2-346. 1/0.003807 = (6.17)(10)-2
2-347. 1/0.08352 = (2.89)(10)"!
2-348. 1/3069 = (5.54)(10)!
2-349.x= (7.86)(10)~2
2-350.x= (1.91)(10)~*

2-351.x= (9.96)(10)2

(64,800.)2 2-366. (64.88)?

Toger 2-367. \/I18]
(1.802 x 109)2 2-368. 1/4567.

(0.00358)? 2-369. 1/0.01844

(5089)% 2-370. 1/0.9953
(44,900.)2 2-371. \/1395.
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2-372. 1/0.0001288 2-376. 1/73,800. 2-379. 1/0.1148
2-373. 1.082 x 102 2-377. \/13.38 2-380. 1/0276
2-374. \/759 2-378. 1/93.07 2-381. 9.31

2-375. V7

2-382. (0.774)%(11.47)V/2 2-387. 415. \/= \/86.4

2-383. (0.1442)1/2(33.89)1/2 2-388. 1/15.66 /0.1904 \/7

2-384. (54.23)%(88,900)1/2 2-389. (34.77)%(54.8)%(0.772)V/2
2-385. /234.5 1/55,900. 2-390. /7.90 \/7.02 \/11.54
2-386. /16.38 /45.6 V0.9 2-391. V/31.19 /56.7 \/54.8

Cubes and cube roots

The D and K scales are used to find the cube or cube root of a number as

shown in Figure 2-21. The same general procedure is used as that followed

for squaring numbers and taking the square root of a number. The K scale is

divided into scales K,, K,, and K;, which are each one third the length of

the D scale. Thus, if a number is located on the D scale, the cube of the

number will be indicated on the K scale. It follows that if a number is lo-

cated on one of the K scales, the root of the number would appear on

the D scale.

8 27 125 7340

Figure 2-21

 

2)° 3 (5)° (6.97)

To find the cube root of a number

1. Get an estimate of the intended answer by placing a bar over every

three digits, starting at the decimal point and working outward. There

will be a digit in the answer for each bar marked.

2. Set the number on the K scale and read the cube root on the D scale

under the hairline. (Some slide rules, such as those made by Pickett,

have three cube root scales instead of the conventional K scale. These

cube root scales are used with the D scale to determine cubes and cube

roots of numbers. When they are used, however, the number should

be set on the D scale and the cube root read on the appropriate cube

root scale.)



The Slide Rule / 47

Examples for finding the location of decimal points:

3 X.

a. /44, 800. The estimated answer is somewhere between 30 and 40.

0. 0 2

b. /0. 000 O11 The estimated answer is approximately 0.02.

Note In estimating the answer by marking bars over the digit groupings, be

sure that the bars cover three digits instead of two, as was the case in square

roots.

Since an estimated answer [see Example a above] has been obtained,it is

easy to pick the proper K scale (K,, K,, or K;) to use. Remember that only

one of these will give an answer between 30 and 40 [see Example a].

Examples for finding the cube roots of a number:

1 Xx X

a. ¥/1 490 000. The estimated answer is somewhere
between 100 and 200.

3/T 490 000. = 114.1 = (1.141)(10)2.

0 0 6

b. 0. 000 156 9 The estimated answeris approximately 0.06.

000 156 9 = 0.0537 = (5.37)(10)2,= o
o
o
o
o
O

I
t

A
N

Examples for finding cubes:

1. Convert the number to a number between 1 and 10 (scientific nota-

tion) that must be multiplied by 10 raised to some power.

a. (0.00641) = (6.41 X 1073)°

2. Cube each part of the converted term by setting the number to be

cubed on the D scale and reading its cube on the K scale under the hairline.

a. (6.41 X 1073)3 =(264)(10)™° = 2.63 X 107’

b. (93.88)% =(9.388 X 10)?
(9.388)3(10')% = 830 X 10° = 8.27 X 10°

c. (2,618,000.)% = (2.618 X 10°)
(2.618)3(10%)% = (17.95 X 10)!® =1.794 X 10°

d. (0.000001194)3 = (1.194 X 107%)3

(1.194)3(1075)® = 1.701 X 1078
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Cubes and cube roots practice problems

2-392. (206)? = (8.74)(10)° 2-419. /491 = 7.89
2-393. (7.68)3 = (4.53)(10)2 2-420. 9.91 x 1011 = (9.97)(10)
2-394. O00” : (1398)(1077 2.421. 0272 = (6.48)(10)-!

2-395. (33.5)° = (3.70)(10)* 2-422. V/TI8400 = (4.91)(10)!
2-396. (0.229)3 = (1.201)(10)-2 ’
2-397. (1090)= (1.295)(10)° 2-423. V5! = 2.54
2-398. (0.0579)3 = (1.94)(10)* 2-424. /527,500 = (8.08)(10)!
2-399. (9.89)3 = (9.67)(10)* 2-425. V/1.295 = 1.09

2ai3000 i 2-426. /0.0001804 = (5.65)(10)-2
-401. (52.4)° = (1.439)(10)° 2-427. /360,100,000 = (7.72)(10)>2-402. (0.0249)3 = (1.544)(10)-5 v ;

2-404. (2.96) = (2.59)(10)! 2-429. /0.11620 = (4.88)(10)!
2-405. (397)° = (6.26)(10) 2-430. 1/0.0030486 = (1.45)(10)"!

3 — 52-406. G00)=io 2-431. V/0.0309 = (3.14)(10)""
2.408. (0.0783) — (4.80)(10)-* 2-432. V5044 = 7.96

2-409. (0.844)3 = (6.01)(10)"! 2-433. V/8,869,000 = (2.07)(10)?
2-410. (5.41)3 = (1.583)(10)2 2-434. \/174,700,000 = (5.59)(10)2
2-411. (35.5) = (4.47)(10)* 2-435. V/5.886 x 101° = (3.89)(10)3

az 1279"OD”: 2-436. V/5.885 x 10-1 = (8.38)(10)-
-413. (20.7)% (8:87)(10) 2-437. V/76.105 x 10= (9.13)(10)-22-414. (691)3 = (3.30)(10) v

2-415. (0.719) = (3.72)(10)-! 2-438. 327.1 = 6.89
2-416. (4.34)3 = (8.17)(10)! 2-439. 0.02567 = (2.95)(10)-!
2-417. V/30,960,000 = (3.14)(10)? 2-440. /0.0004118 = (7.44)(10)-2
2-418. V/0.001728 = (1.20)(10)! 2-441. 1/68,420 = (4.09)(10)!

Problems

Solve by method of cubes and cube roots.

2-442. (86) 2-455. (0.933 x 10-2) 2-466. /0.3329
2-443. (148) 2-456. (0.1184 x 10%)3 2-467. /1,258,000

2-444, (395,000)° 2-457. (51.5 x 10%)? 2-468. \/0.1853

oan oom 2-458. V118 2-469. /12.88
2-447 (16.9) 2-459, V2.197 2-470. \/4.98 x 107
2-448. (220.8) 2-460. V9 2-471. 1844 x 10-5
2-449. (9.72) 2-461. 1/0.0689 2-472. \/3386 x 10!
2-450. Gon 2-462. \/0.001338 2-473. (9.94)(0.886)1/3
-451. (91.3) ATT 2-474. (284.)(11.98)1/3

2-452. (1.757 x 10%)? 2-463. vo.1794 2-475. (0.117)(0.0964)1/3
2-453. (3.06 Xx 10-7)? 2-464. 0.0891 2-476. (7)3(44.89)3
2-454. (44.8 x 10-1) 2-465. /34.690. 2-477. (6.88)3(0.00799)3

2-478. (0.915)173(0.366)!/3v/11,250 (36.12)""3
2-479. (2.34)%3.34)3(4.56)3(5.67)3
2-480. (8.26)!/3(8.26)3(1000)/3(10)3
2-481. /2670 \/3165 \/1065 \/7776
2-482. \/206 v/0.791 (12.35)3%26.3)3
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Illustration 2-3. Theslide rule is particularly useful in the analysis of engineering designs.
(Courtesy Sylvania Metals and Chemical Parts Division.)

Trigonometric functions

Finding trigonometric functions on a log-log rule is a rather simple process.

The angle may be read on the S (sine), ST (sine and tangent of small angles),

or T (tangent) scales. The functions may be read under the hairline on the

C, D, or DI scales without any movement of the slide.

Sine 0° to 0.574° It is not often that the student needs to know the func-

tion of extremely small angles, but if he does need them, it is possible to get

approximate values for these functions without consulting tables.

Method 1 (Based upon the relation that the sine of small angles is approxi-

mately equal to the size of the angle expressed in radians)

1. This method is more accurate than the following Method 2, and is

preferable.

2. Express the angle in question in degrees.

3. Change the degrees to radians by dividing by 57.3.

Note 57.3° = 1 radian (approximately)
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4. The value obtained is the approximate answer.

Example sin 6' =?

"=6/g0 = 0.10°

._0.10
sin 6 573

sin 6’ = 0.00174 approximately

Method 2

1. Keep in mind the following values:

sin 1” = 0.000005 (five zeros-five) approximately
sin 1' = 0.0003 (three zeros-three) approximately

2. For small angles, multiply the value of 1’ or 1”, as the case may be, by

the number of minutes or seconds in question.

Example sin 6' =?
sin 6' = (6)(sin 1")
sin 6’ = (6)(0.0003)

sin 6' = 0.0018 approximately

Sine 0.574° to 5.74° To find the sine of an angle between 0.574° and
5.74°, the ST and D scales are used as shown in Figure 2-22.

Example sin 1.5° =?

Angle is 1.5°

 

 

ST Scale 1 Ls 2° 3° 40 so
( | | | | l [|

D Scale 2 3 4 5 6 7 8 91
[EE Lo 1 Ll]

Figure 2-22
 

  
 

 Y
Sine of the angle is 0.0262

Instructions

1. Be certain that the left index of the D scale is directly under the left

index of the ST scale.

2. Set the hairline to the angle on the ST scale.

3. Read the answer on the D scale. The answer will be a decimal number

and will have one zero preceding the digits read from the rule.



The Slide Rule / 51

Sine 5.74° to 90° Tofind the sine of an angle between 5.74° and 90°, the S
and D scales are used as shown in Figure 2-23.

Example sin 45° =?

 Figure 2-23
 

 

 

 
 

o
o7Sine of the angle is 0.7

Instructions

1. Be certain that the left index of the D scale is directly under the left

index of the S scale.

2. Set the hairline to the angle on the S scale. If the rule has more than

one set of figures on the S scale, the angles for sine functions are usually

shown to the right of the longer graduations.

3. Read the answer on the D scale. Place the decimal preceding the first

digit read from the rule.

Sines practice problems

2-483. sin 26° = 0.438 2-496. sin 5.17° = 0.0901

2-484. sin 81° = 0.988 2-497. sin 33.8° = 0.556

2-485. sin 16° = 0.276 2-498. sin 203° = 0.348

2-486. sin 15.5° = 0.267 2-499. sin 68.2° = 0.928

2-487. sin 42.6° = 0.677 2-500. arc sin 0.557 = 33.8°

2-488. sin 3.33° = 0.0581 2-501. sin=! 0.032 = 1.83°

2-489. sin 10.17° = 0.1765 2-502. sin! 0.242 = 14.0°

2-490. sin 63.2° = 0.893 2-503. arc sin 0.709 = 45.15°

2-491. sin 70.83° = 0.945 2-504. sin! 0.581 = 35.5°

2-492. sin 26.67° = 0.449 2-505. arc sin 0.999 = 87.5°

2-493. sin 7.33° = 0.1276 2-506. sin! 0.569 = 34.68°

2-494. sin 2.83 = 0.0494 2-507. sin ~1 0.401 = 23.6°

2-495. sin 51.5° = 0.783

Cosine 0° to 84.26° To find the cosine of an angle between 0° and 84.26°, the

markings to the left of the long graduations on the S scale are used in con-

junction with the D scale. Note that the markings begin with 0° at the right

end of the scale and progress to 84.26° at the left end of the scale as shown

in Figure 2-24.

Example cos 74.1° =?
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Angle is 74.1°
4
 

 

 

 

S Scale 80° 70° 60° 50° 40°30° 0
L | LL 11

D Scale 2 3 5 6 7 8 91
L | | [| [a
     Y

Cosine of the angle is 0.274

Cosine 84.26° to 89.4°
89.4°, the complement of the angle on the

with the D scale.

Example

Cosine 89.4° to 90°

To find the cosine

cos 88.5°
complement of 88.5°

sin 1.5°
cos 88.5°

Figure 2-24
 

of an angle between 84.26° and
ST scale is used in conjunction

=
= 1.5°
= 0.0262
= 0.0262

To find the cosine of an angle between 89.4° and 90°,
determine the complement of the angle and find the value of the sine of this

angle as previously discussed.

Example cos 89.94° =?
complement of 89.94° = 0.06°

. o_0.06 _
sin 0.06 573 0.001048

cos 89.94° = 0.001048

Note In finding the cosine of any angle, it is sometimes more convenient

to look up the sine of the complement of the angle.

Example cos 60°

complement of 60°
sin 30°

Therefore, cos 60°

Cosines practice problems

2-508. cos 18.8° = 0.947 2-516.
2-509. cos 33.17° = 0.837 2-517.

2-510. cos 71.5° = 0.317 2-518.
2-511. cos 45° = 0.707 2-519.

2-512. cos 68.3° = 0.370 2-520.
2-513. cos 269° = 0.892 2-521.

2-514. cos 55.7° = 0.564 2-522.
2-515. cos 5.5° = 0.995 2-523.

?

30°

0.500

0.500

cos 81.3° = 0.151

cos 8.9° = 0.988

cos 776° = 0.215

cos 39.1° = 0.776

cos 50.7° = 0.633

cos 11.5° = 0.980

cos 492° = 0.653

arc cos 0.901 = 25.7°
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2-524. cos™1 0.727 = 434° 2-529. cos™1 0.1190 = 83.1°

2-525. cos10.0814 = 85.3° 2-530. arc cos 0.303 = 72.4°

2-626. arc cos 0.284 = 73.5° 2-531. cos™! 0.505 = 59.7°

2-527. cos! 0.585 = 54.2° 2-532. cos10.693 = 46.1°

2-528. cos10.658 = 48.8°

Tangent 0° to 5.74° For small angles (0° to 5.74°) the tangent of the angle
may be considered to be the same value as the sine of that angle.

Tangent 5.74° to 45° To find the tangent of an angle between 5.74° and

45°, the T scale is used in conjunction with the D scale, as shown in

Figure 2-25.

 
 

Example Find tan 30°.

Angle is 30°

Scale S To a TT ToPr = 3 =a] 7

| LI}

D Scale 2 3 4 5 6 7891] Figure 2-25
| 1 | LJ 11    

 (
Tangent of the angle is 0.577

Instructions

1. Be certain that the left index of the D scale is directly under the left

index of the T scale.

2. Set the hairline to the angle on the T scale. If the T scale has more

than one set of markings, be certain that the correct markings are used.

3. Read the answer on the D scale. Place the decimal preceding the first

digit read from the rule.

Tangent 45° to 84.26° To find the tangent of an angle between 45° and
84.26°, the markings to the left of the longer graduations on the T scale are

used in conjunction with the CI or DI scales, as shown in Figure 2-26.

 

 

 

Example tan 70° = ?

Angle is 70°

TScale soe Tre eee 50° 45° |
L | l ] |

  
 Figure 2-26
 

98 7 6 5 4 3 2 DI Scale
|   
Tangent of the angle is 2.74
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Instructions

1. Be certain that the left index of the DI or CI scale is aligned with the

left index of the T scale.

2. Set the hairline to the angle on the T scale.

3. Read the answer on the CI or DI scale. Note that these scales read

from right to left. Place the decimal after the first digit read from the rule.

Tangent 84.26° to 89.426° To find the tangent of an angle between 84.26°
and 89.426°, the complement of the angle on the ST scale is used in conjunc-

tion with the CI or DI scales, as shown in Figure 2-27.

Example tan 88° = ?

Complement of angle is 2°

ST Scale 10 30 4° 50

Figure 2-27
198 7 DI Scale |

 

Tangent of the angle is 28.6

Instructions

1. Be certain that the left index of the DI or CI scale is aligned with the

left index of the ST scale.

2. Complement of 88° = 2°.

3. Read the answer on the DI or CI scale. Note that these scales read

from right to left.

4. Place the decimal point after the first two digits read from the rule.

Frequently the value of the function of an angle is known and it is desired

to find the value of the angle.

Example sin = 0.53;

0 =?

This may be written in the inverse form in either of two ways:

arc sin 0.53 = 0

or sin! 0.53 = 6
then 6 =32°

The forms arc sin, arc cos, and arc tan are usually preferred in modern

practice.
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Tangent practice problems

2-533. tan 29.6° = 0.568 2-546. tan 39.3° = 0.818
2-534. tan48.2° = 1.118 2-547. tan 209° = 0.382

2-535. tan 11.5° = 0.203 2-548. tan 42.1° = 0.904
2-536. tan 71.9° = 3.06 2-549. arc tan 0.362 = 19.9°
2-537. tan 5.7° = 0.0993 2-550. arc tan 0.841 = 40.1°

2-538. tan 614° = 1.834 2-551. tan=10.119 = 6.78°
2-539. tan 33.3° = 0.657 2-552, tan—1 0.0721 = 4.13°

2-540. tan 692° = 2.63 2-553. tan! 1.732 = 60°

2-541. tan 40.6° = 0.857 2-554, arc tan 21.6 = 87.3°

2-542. tan 8.7° = 0.1530 2-555. tan—10.776 = 37.8°

2-543. tan 17.5° = 0.315 2-556. arc tan 89.3 = 89.36°

2-544. tan 85.1° = 11.66 2-557. tan=1 0.661 = 33.5°

2-545. tan 58.6° = 1.638

The following tables have been prepared for reference purposes. The

student should check all the examples with his rule as he proceeds.

 

 

 

 

 

 

 

 

 

 

 

  

Read Read
angle function

Function Angle on on Decimal Examples

sine or 0°-0.574° Convert the angle to radians (1 radian = 57.3°), and this value is

tangent assumed to be equal to the sine or tangent of the angle.

sine or 0.574°-5.74° ST D 0.0xxx tan 2° = 0.0349

tangent sin 3° = 0.0523

sine 5.74°-90° S (right D 0.xxxx sin 29° = 0.485

markings)

cosine 0°-84.26° S (left D 0.xxxx cos 43° = 0.7314

markings)

tangent 5.74°-45° T (right D 0.xxXX tan 13° = 0.231

markings)

tangent 45°-84.26° T (left DI X.XXX tan 78° = 4.70

markings)

tangent 84.26°-89.426 Set complement DI XX.XXX tan 89° = 57.3

on ST

cosecant 5.74°-90° S (right DI X.XXX csc 63° = 1.122

markings)

secant 0°-84.26° S (left DI X.XXX sec 48° = 1.494

markings)

cotangent 0.574°-5.74° ST DI XX.XX cot3.5° = 16.35

cotangent 5.74°-45° T (right DI X.XXX cot 23° = 2.36

markings)

cotangent 45°-84.26° T (left D 0.xxXX cot 68° = 0.404

markings)
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Trigonometric functions: problems

Solve, using the slide rule.

 

 

2-658. sin 35° 2-587. cot 3.77° 2-616. cos 36.6°

2-559. sin 14° 2-588. cot 66.4° 2-617. tan 326°
2-560. sin 78° 2-589. csc 38.1° 2-618. tan 16.34°

2-561. sin 3.7° 2-590. csc 75.2° 2-619. tan 88°30’

2-562. sin 88.3° 2-591. csc 88.3° 2-620. arc tan 0.62

2-563. sin 55.3° 2-592. csc 12.8° 2-621. tan~! 0.75

2-564. cos 35° 2-593. csc 464° 2-622. arc tan 0.392
2-565. cos 66° 2-594. csc 81.1° 2-623. tan! 1.53
2-566. cos 21.3° 2-595. csc 326° 2-624. tan 37°24’

2-567. cos 11.1° 2-596. csc 9.03° 2-625. arc tan 0.567

2-568. cos 7.9° 2-597. sec 6.14° 2-626. tan—! 0.0321
2-569. cos 43.8° 2-598. sec 59.2° 2-627. cot 19°33’

2-570. tan 33.8° 2-599. sec 794° 2-628. sec 46°46’

2-571. tan 94° 2-600. sec 19.5° 2-629. csc 32°12’
2-572. tan 37.7° 2-601. sec 2.77° 2-630. sin 37°

2-573. tan 22.5° 2-602. sec 45.9° 2-631. sin 51°50’
2-574. tan 86.1° 2-603. arc sin 0.771 2-632. sin 68°37’

2-575. tan 544° 2-604. arc cos 0.119 2-633. sin 75°10’

2-676. tan 70.3° 2-605. arc tan 34.8 2-634. arc sin 0.622

2-577. tan 29.7° 2-606. arc sec 7.18 2-635. sin 13.6°

2-578. tan 36.5° 2-607. arc csc 1.05 2-636. sin! 0.068

2-579. tan 133° 2-608. cos 334° 2-637. sin 146°

2-580. tan 45.8° 2-609. cos 3.6° 2-638. arc sin 0.169

2-581. cot 14.7° 2-610. arc cos 0.992 2-639. sin 34.67°

2-682. cot 81.8° 2-611. cos 24.67° 2-640. cos 26.26°

2-583. cot 369° 2-612. cos! 0.496 2-641. csc 20°20’

2-584. cot 612° 2-613. cos 36°6’ 2-642. (csc 20°)(sin 46°)

2-585. cot 54.3° 2-614. arc cos 0.238 2-643. (cos 32°)(tan 43°)

2-586. cot 18.7° 2-615. cos 0.75°

2-644. (sin139°) 2-g51, (sin1.36%)(cot26°)
(cot 13.97) (v/0.00916)

2-645. 33°22" cot sin! 0.916
sec 4°53 2-652. (1.32)(5.061)

2-646. (cos 33°15") 2-653. (17-19)(sec 46°)
(cot 46°19’) (tan 391°)

2-647, (sec10°)(cot 10°)2-654. (Vian 25.9°)(sin cos! 0.5)
(sin 10°)(csc 10°) (sin 5.16°)(tan 22°)

2-648. (sin 35°)(tan 22°) 2-655 (0.0311)(sec 69°) V/9.0

(Vsin 5.96°) (sin 9°)(cos 9°)

2_gag. (sec 11°)(tan 4°) 2-656. (1.916)(V1.916)(V/sin 20°)

(cot 49°) (Vsec40°)(tan 10°22")

2-650. (sin 8°)(tan 9°) 2-567. (6.17)(tan 6.17°)( v6.17)
 

(cot 82°) (6.17)%(sin 61.7°)(cos 6.17°)
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Right triangle solution (log-log rule)

In the study of truss design, moments, and free body diagrams,the right tri-
angle plays an important role. Since the Pythagorean theorem is sometimes

awkward to use, and mistakes in arithmetic are likely to occur,it is suggested

that the following method be used to solve right triangles.

Given: Right triangle with sides a, b, and c¢ and angles A, B, and C (90°),

as shown in Figure 2-28.

A

oS reer
C a B

If the smaller side (b) is divided by the longer side (a) and the quotientis

greater than 0.100, use Solution 1. If the quotient is between 0.100 and

0.0100, use Solution 2. If the quotient is less than 0.0100, assume that the

hypotenuse (¢) is equal in length to the longest side (a) and that B = 0°.

Solution 1

1. Set the index of the T scale above the larger side (a) on the D scale.

2. Move the hairline to the smaller side (b) on the D scale.

3. Read the two angles of the right triangle on the T scale. The larger

angle is always opposite the larger side.

4. Move the slide until the smaller of the two angles just read is under the

hairline on the sine scale.

5. Read the hypotenuse (c) on the D scale as indicated by the index of

the sine scale.

Example a =4 A="?

=3 B =?

c =17

a. Set right index of T to 4 on the D scale.

b. Move the hairline to 3 on the D scale.

c¢. Read B = 36.9°, A =53.1° on the T scale. (Note that the smaller angle is

opposite the smaller side.)

d. Move the slide so that 36.9° on the S scale is under the hairline.

e. Read side ¢ = 5 at the right index of the S scale on the D scale.

Solution 2

1. Set the index of the T scale above the largest side (a) on the D scale.

2. Move the hairline to the smaller side (b) on the D scale.
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3. Read the smaller angle (B) on the ST scale. The other angle (4) is the

complement of B.

4. The hypotenuse is assumed to be equal in length to the largest side.

Solution 3

This solution is used where the hypotenuse and one side are given.

Example a = 5.26 A=71

b=7 B =7?

c = 8.75

a. Set index over 8.75 on D scale.

b. Move hairline to 5.6 on D scale.

c. Read A =37.0°; B = 53.0° on the S scale. (Note that the angle read on

the sine scale is opposite the given side.)

d. Set hairline to 37° on the cosine scale.

e. Read b = 7.0 on the D scale.

Problems

Solve by right triangle method.

2688. 54 oo 2668py UZ)
2680. los 4a 2869 4 \s UZ)
2680. (Za03 poy 260 Glad. po
zoo (Ion ase OT glges Gl,
2662 (253 4s. 2672 5laiee ho
2663. 00 as 261 0o0ch as
2664. {27 4l, 2674flan ,
2-665. ¢ 370° Pa 2-675. 53eee

2666. 22 lo 2676(logue pos
2667. ; 20 pT, 267,700 po,

The log-log (Lon) scales

There are two groups of log-log scales (also called “Lon” scales) on the slide

rule. Scales within the two groups are arranged in matched sets. Someslide
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rules have four matched sets, whereas others have three. These scales are
used to obtain the roots, powers, and logarithms of numbers. The matched
sets are arranged as follows:

Matched sets of log-log scales
 

Four sets Three sets
 

For numbers larger than one For numbers smaller than one (called LL (called LL,

 

(called “Lon”scales) (called ““Lon-minus”scales) scales) scales)

LnO................... Ln-0

Inl................... Ln-1 LL, sheer en LL, 1

Ln2................... Ln-2 LL, ewe xen LL;

In3................... Ln-3 LL; Cee eee ee LL;

 

The C and D scales are used in conjunction with these matched sets of

log-log scales. In former years other rules were manufactured with only two

LL, scales, and these are marked LL, and LL,,. The A and B scales were

used with LL, and LL, scales on this type of rule. The general principles

discussed below apply to all of the varous types of log-log scales.

Scale construction

If the Lon scales LnO, Lnl, Ln2, and Ln3 were placed end to end, they

would form a continuous scale, as shown in Figure 2-29. Similarly, if the

Lon-minus scales Ln-0, Ln-1, Ln-2, Ln-3 were placed end to end, they would

form a continuous scale. The Lon-minus scales are graduated from approxi-

mately 0.999 to 0.00003 (representing the values of €9%! to €7!°). The
Lon scales are graduated from approximately 1.001 to 22,026 (representing

the values of €%%! to €!°). Since €® = 1, values on both the Lon and Lon-

minus scales approach the value 1.0000.

 

 

  

  

1.105 €

Vemma

Ln3 i
tr11111

1 1 1 1 1 1 €19=22,026

e%l =1105 el=2718

 

Figure 2-29
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Each division on the Lon and Lon-minus scales represents a single unique

number. Thus the decimal point is already marked on these scales for all of

the numbers located on the scales. For example, there is only one place on

the Lon scales that the number 125.0 may be found. The number 125.0 is

found on the Ln3 (LL;) scale, whereas the number 1.25 is found on the Ln2

(LL,) scale. Since the manner in which settings are read on the log-log scales

is distinctly different from the method of reading the scales previously

studied, the student should be very careful in making his slide rule settings.

Reciprocal values

The only case where the Lon and Lon-minus (LL and LL,) scales may be

used together is in the finding of reciprocals of numbers. The reciprocal of

any number on the Lon (LL) scales can be read on the corresponding Lon-

minus (LL,) scale.

Examples

1. Find 1.25 on Ln2 (LL,) scale. On the Ln-2 (LL,,) scale its reciprocal

can be read as 0.80.

2. Find 236 on the Ln3 (LL;) scale. On the Ln-3 (LLy;) scale its re-

ciprocal can be read as 0.00424.

Raising a number to a power

If such problems as (5.3) = ? were worked entirely by logarithms, the fol-

lowing procedure would be required:

1. (5.3) =?

2. log ans. = 3(log 5.3)

3. log [log ans] =log 3 + log (log 5.3)

4. Answer = (1.488)(10)?

Step 3 is rather involved in many instances. It is for this reason that the

log-log scales have been added to the slide rule. Since log-log values of num-

bers are recorded on the Lon (LL) scales and the log values of numbers have

been recorded on the C and D scales, it is quite convenient to perform

Step 3 in the preceding example.

The Lon (LL) and Lon-minus (LL,) scales are also used in conjunction

with the C and D scales to find powers, roots, and logarithms to the base €

of numbers.

In order to raise any number greater than 1.01 to any power:

(X)'=4
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1. Set the index of the C scale over the value X found on the appropriate
Lon (LL) scale (LnO, Ln1, Ln2, or Ln3).

2. Move the hairline to the value n on the C scale.

3. Read the answer A on the appropriate Lon (LL) scale.

Example As shown in Figure 2-30,

(1.02)%5 =?

log [log ans.] = log 2.5 + log (log 1.02)

Answer = 1.0507

 

Figure 2-30
 

 
EET
Ln, Scale 1.02 1.0507
L | J
 

|

~~log-log 1.0507——>

Solution

1. Set the index of the C scale over the value 1.02 on the Lnl (LL,) scale.

2. Move the hairline to the value 2.5 on the C scale.

3. Read the answer 1.0507 on the Lnl (LL,) scale.

These scales are arranged so that a number on the Ln3 (LL;) scale is the

tenth power of the number directly below it on the Ln2 (LL,) scale, and the

Ln2 (LL,) scale gives the tenth power of a number in the corresponding

position on the Lnl (LL,) scale. Therefore the Ln3 (LL) scale would give

the one-hundredth power of a number in the corresponding position on the

Lnl (LL,) scale.

Example (1.034)%23 =1.00773 ans. on the Ln0
(1.034)>3 = 1.0799 ans. on the Lnl (LL,)

(1.034)= 2.156 ans. on the Ln2 (LL,)

(1.034)230%- = 2160 ans. on the Ln3 (LL;)

In order to raise any number less than 0.99 to any power:

Xx)" =4

1. Set the index of the C scale over the value X found on the appropriate

Lon-minus (LL,) scale Ln-0, Ln-1, Ln-2, or Ln-3 (LLy,;, LLy,, LLg3).

2. Move the hairline to the value n on the C scale.

3. Read the answer 4 on the appropriate Ln-0 (LL) scale.
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Example  (0.855)*8 = A, as shown in Figure 2-31.

 

 

 

 

 

 

Number Answer
ya |

Jo ¥ x

= 0.855 an Figure 2-31
J

| CScale 48 I}
x

Power 

Method of scale selection—powers of numbers

To use this method, we must consider three factors: (1) the particular log-

log scale upon which the number is located, (2) the power of ten of the

exponent when it is expressed in scientific notation, and (3) the particular

index of the C scale that is used in the calculation.

1. Each log-log scale is given a positive value as follows:

Ln0 = 0 Ln-0=0

Lnl = +1 (Also LL,) Ln-1 = +1 (Also LL)

Ln2 = +2 (Also LL,) Ln-2 = +2 (Also LLy,)

Ln3 = +3 (Also LL;) Ln-3 = +3 (Also LLy3)

2. The exponent should be expressed in scientific notation and the power

of ten indicated.

3. Assume that the left index of the C scale has a value of zero (0) and

that the right index has a value of plus one (+1).

Rule for scale selection of powers of numbers

The number of the scale upon which the answer will be read is the algebraic

sum of (1) the value of the scale on which the number to be raised is found

plus (2) the C scale index value plus (3) the power of ten of the exponent.

 

 

Example (1.015)% =?
Rewrite as (1.015)56001 = 9

Factor Description offactor Value

1.015 1.015 is found on LL, scale +1

Left Index Use left index of C scale 0

56 Power of ten of exponent = 1 +1

 

? Sum = Scale location of answer +2 < Answer on Ln2(LL,)
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Therefore, the answer will be read under the hairline on the Ln2 (LL,

)

scale.

(1.015)% =2.30 Answer, as shown in Figure 2-32.
ee

     

  

  

C Scale

Figure 2-32

Answer

Negative exponents

In solving problems which involve raising numbers to a negative power,
either of two methods may be employed.

Method 1 Set the number and its exponent on the proper scales in the
usual manner. Instead of reading the answer on the usual log-log scale, read
it on the corresponding scale of the other group.

Example (9.2)735 =7

Instead of reading the answer as 2355 on the Ln3 (LL;) scale, read its
reciprocal value on the Ln-3 (LLy3) as 0.000425; therefore

(9.2)735 = 4.25 X 10™* (Answer)

Method 2 Set the numbers on the rule in the usual manner, ignoring the

negative exponent. When the answer by this operation has been obtained,

determine its reciprocal, using the CI scale.

On the slide rules that have only the LL, and LL, scales, Method 2 is the

only method that can be used.

Powers of numbers: practice problems

2-678. (53.2)= 28.2 2-691. (4.00)00157 = 1.022

2-679. (4.65)368 = 285. 2-692. (0.0818)~0777 = 7.00

2-680. (0.836)047 = 0.919 2-693. (1.382)213 = 984.

2-681. (1.0042)217 = 2.48 2-694. (0.071)7046 = 3.38

2-682. (0.427)* = 0.0332 2-695. (0.232)0:090¢ — 0.876

2-683. (0.3156)* = 0.00992 2-696. (2.718)%4% = 1.50

2-684. (0.159)*¢7 = 0.292 2-697. (0.916)°72¢ = 0.9384

2-685. (1.0565)*° = 15.2 2-698. (1.1106)%2 = 1.197

2-686. (32.5)0065 = 1.254 2-699. (59.2)"%43 = 0.1729

2-687. (3.45)465 = 317. 2-700. (883)096% = 692.

2-688. (0.759)° = 0.252 2-701. (7676)0-001102 = 1,0099

2-689. (2.127)* = 20.5 2-702. (4.30)°52! = 2.14

2-690. (2.03)= 0.0290



64 / The Slide Rule

Finding roots of numbers

The process of finding roots of numbers is easier to understand if it is

remembered that

JS576=X

may be written as (X)*! = 576
Therefore we can “work backward” and apply the principles learned in

raising a number to a power. Proceed as follows:

Example VA=X

1. Locate the root n on the C scale to coincide with the value A found

on the appropriate log-log scale.

2. Move the hairline to the particular index of the C scale which is

located within the body of the rule.

3. Read the answer on the appropriate log-log scale.

Example 3/120 = 4.46 ans. on Ln3 (LL;), as shown in Figure 2-33.

 
 

  

  

Hairline— Root

& iz]

| c Scale 32”

[1sScole “8 120% JL Figure 2-33

\ Answer Number

Also + 120 = 1.1615 ans. on Ln2 (LL,)
VV 120 = 1.0152 ans. on Lnl (LL,)

In taking the root of a number, students usually are less certain of the

appropriate scale upon which the answer is found. Therefore, a method

of scale selection similar to that employed for powers of numbers should

be used.

Method of scale selection for roots of numbers

As before there are three factors which must be considered: (1) the particu-

lar log-log scale upon which the number is located; (2) the power of ten of

the exponent when it is expressed in scientific notation, and (3) the particular

index of the C scale which is used in the calculation.

1. Each log-log scale is given a negative value as follows:

Ln0O = 0 Ln-0 = 0
Lnl = -1 (Also LL,) Ln-1 = -1 (Also LLy,)

Ln2 = -2 (Also LL,) Ln-2 = -2 (Also LLy,)

Ln3 = -3 (Also LL;) Ln-3 = -3 (Also LLy3)
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2. The root should be expressed in scientific notation and the power of
ten indicated.

3. Assume that the left index of the C scale has a value of zero (0) and

that the right index has a value of plus one (+1).

Rule for scale selection for roots of numbers

The number of the scale upon which the answer will be read is the algebraic

sum of (1) the value of the scale on which the number whose root is to be

determined is located, plus (2) the C scale index value, plus (3) the power of

ten of the root.

Example 0.0092 = Answer, as shown in Figure 2-34.
4.37

V 0.0092 = 0.342
 

   

 

 Figure 2-34

 

 
Answer

 

 

 

Factor Description offactor Value

0.0092 0.0092 is found on Ln-3 (LLg3) Scale -3

Left Index Use left index of C scale 0

4.37 Power of ten of root = 0 0

? Sum = Scale location of Answer -3 < Answer on Ln-3 (LLy;3)
 

Therefore, the answer will be read on the Ln-3 (LL,3) scale as 0.342.

Roots of numbers practice problems

2-703. V/5.85 = 1.254 2-712. 271.606 = 1.0223 2-721. *V/525 = 6.31
2-704. /0.0835 = 0.661 2-713. {/92.5 = 10.7 2-722. Y/100 = 1.0116

2-705. ¥/0.0763 = 0.598 2-714. {0.05 = 0.9418 2-723.2.37 = 3.16

2-706. V/460. = 1.0321 2-715. /0.0108 = 0.524 2-724.°/1.060 = 2.22

2-707. /0.0001 = 0.215 2-716."%70.9762 = 0.018 2-725. '{/6.50 = 3.45

2-708. '{/826 = 3.60 2-717. */2000 = 4.30 2-726. %/0.0018 = 0.323

2-709. 370.862 = 0.646 2-718. °V/0.9792 = 0.591 2-727.0.954 = 0.932

2-710. 3/859 = 6.93 2-719. {/81 = 5.09

2-711. {/45. = 1.0655 2-720. 3/1218 = 1.0727
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General guides for decimal location

The student should be able to estimate the approximate answer and thereby

know on which scale the answer will be found.

The following suggestions are presented so that the student can decide

more easily whether the answer is to be larger or smaller than the original

quantity.

(Number) Exponent = Anger

1. If the number is larger than 1.00 and the exponent is larger than 1.00,

the answer will be greater than the number.

2. If the number is less than 1.00 and the exponent is less than 1.00,

the answer will be greater than the number.

3. If the number is less than 1.00 and the exponent is greater than 1.00,

the answer will be less than the number.

4. If the number is greater than 1.00 and the exponent is less than 1.00,

the answer will be less than the number.

Results that do not fall within the limits of the scales

In many computations the final answer may be larger than 22,026 and hence

cannot be read within the limits of the scales. In such cases the original ex-

pression must be factored before attempting to use the log-log scales. Sev-

eral such methods of factoring are explained below.

These methods are for use in finding the powers of numbers. For

problems involving roots of numbers convert the problem to one involving

the power of a number and then apply the appropriate method.

Example V5= (5)! = (5)°

V5= (5)= (5)02

V5= (5)1/05 - (5)?

Method 1 Express the number in scientific notation and raise each part to

the given power.

Example (35.3) =?

(35.3)* =(3.53 X 10)*

=(3.53)* X (10)?

Now, using the Lon (LL) scales, and since (3.53)* = 155, we obtain

(35.3)* = 155. Xx 10?

= 1.55 X 10% (Answer)
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Method 2 Factor the number which is to be raised to a power and then
treat each part separately, as in Method 1.

Example (15)° =?

(15)° = (3 X 5)°

=(3)° X (5)
=(243)(3125)

= 7.59 X 10° (Answer)

Method 3 Divide the exponent into two or more smaller parts and, using

the log-log scales, compute each part separately. A final computation is

made using the C and D scales as in Method 1 and Method 2.

Example (2.36) = ?

(2.36)15 = (2.36) X (2.36)° X (2.36)°

= (73.2)(73.2)(73.2)

= 3.92 X 10° (Answer)

or (2.36)= (2.36) X (2.36)

= (960)(410)

= 3.92 X 10° (Answer)

(2.36)= (2.36)"° X (2.36)

= (6.20)?

= 3.92 X 10° (Answer)

Example (0.000025)! = ?

(0.000025)!3 = (2.5 X 1075)!3

= (2.5)X (10°5)13

= 3.29 X (10)7%5

= (3.29)(10)6 (10)

_ 6 [1(3.29)(10) (5)

= (3.29)(10)7%(0.316)

= 1.041 X 107% (Answer)

Method 4 Express the number in scientific notation and then express the

power of 10 in logarithmic form.

Example (250)32 =?
(250)32 = (2.50 X 10%)32 = (2.50)32(10)54

where (10)®% = x may be expressed as log;o x = 6.4 or x = (2.51)(10)°.
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Then (2.50)32 (10)= (1.87 X 10')(2.51 X 10°)

and (1.87 X 101)(2.51 X 10°) = 4.71 X 107

Method 5 This method is more suitable for those numbers which have

5, 6,7, 8, or 9 as the first digit.

Example (645)13 =

(645)13 =(0.645)13(103%)13

= (0.00334)(10)°
= 3.34(10)%¢ (Answer)

Method 6 Factor the exponent such that one part is equivalent to an exact

power of ten.

Example (2)%% =

First raise the base (2) to a power such that the answer is an exact power

of ten.

(2)¥ = 10,000 = (10)*
k=13.29

Also (2)52 = (2)13.29%13.29+13.29+12.13

= (10)(10)*(10)*(2)1213

= (10%)3(2)1213

= (10)'2(4500)

ll (4.5)(10)!° (Answer)

Example (1.324)(10)™° = (0.815)"

First choose a factor such that an exact power of ten is obtained.

(0.815)* =0.0001 = (10)™*

Then (1.324)(10)™° (0.815)%5+as+!

(0.815)%(0.815)*5 (0.815)
(10)™(10)7*(0.815)"

I
I

(1.324)(10)°
(10)~°

(1.32410)!

t

(0.815)

(0.815)
9.87
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Therefore (1.324)(10)7° = (0.815)45+45+9.87

(1.324)(10)~° = (0.815)%°-%7

and m= 99.9 (Answer)

Methods 1 and 6 are generally preferred over the other methods because they
usually make greater accuracy possible in the final answer.

Finding the natural logarithm of a number

The natural base for logarithms is €(2.71828-). The logarithm of any

number (to the base €) may be found as follows:

For number For numbers greater than 1.00

log, X=4

1. Locate the numberX on the Ln0O, Lnl (LL,), Ln2 (LL,), or Ln3 (LL;)

scale.

2. Read the logarithm of the number under the hairline on the D scale.

Location of Decimal Point

If the number X is on Decimal point in the answeris

In3 or LL, X.XXX
Ln2 or LL, 0.xxx

Lnl or LL, 0.0xxx

LnO 0.00xx

Examples loge 62 =4.13

loge 1.271 = 0.240

loge 1.026 = 0.0257

For numbers less than 1.00

loge X=A4

1. Locate the number X on the Ln-0, Ln-1 (LLy,;), Ln-2 (LL,,), or Ln-3

(LLg3) scales.
2. Read the logarithm (to the base €) of the number 4 directly above X

on the D scale.

Location of Decimal Point

If the number X is on Decimal point in the answer is

Ln-3 or LL; -X.XXX

Ln-2 or LL, -0.xxx

Ln-1 or LL, -0.0xxx
Ln-0 -0.00xx
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3. The logarithm (to the base €) of all numbers less than 1.000 is a

negative number.

Examples

Problems

2-728. (2.89)8 2-746.
2-729. (4.11)52 2-747.
2-730. (19.01)16 2-748.
2-731. (1.185)27 2-749.
2-732. (1.033)>8 2-750.
2-733. (1.0134)% 2-751.
2-734. (3.95)065 2-752.
2-735. (8.46)0134 2-753.

2-736. (81.2)0-118 2-754.
2-737. (7850.)0-0775 2-755.
2-738. (1.399)0-883 2-756.

2-739. (10.06)0-0621 2-757.

2-740. (0.569)* 2-758.
2-741. (0.157)8 2-759.
2-742. (0.985)1-568 2-760.
2-743. (0.318)465 ]
2-744. (0.078)0-458 2-761
2-745. (17.91)0012 2-762,
Solve for X.
2-778. X = (43.8)54
2-779. X = (1.853)0447
2-780.

2-781.

2-782.

2-783.

2-784.

2-785.
2-786.

2-787.

2-788.

2-789.

2-790.

2-791.

2-792.

2-793.

loge 0.0045 =-5.40
loge 0.745 =-0.294

loge 0.954 =-0.0471

(1.77) = 1.164
(2.388)3 = 3.066
(1.064)022 = 4.99
(X)>8 = 8.57
(4.920662 — 24|
(0.899)47 = (1.552)(10)-#
(0.1135)0772 = 0.775
(11.774)831= = 12.88
(18.73)6:42 — 8688.
(34.86)11177 = 9.44
(0.631)064 = 0318
(0.1299)0-68s — (0.443
(15.84) = 4.87
(0.679) = 0.337

(4780.)0-913

(253.)0-269

(0.428)0-559

(4.0824
(3.91)20
(8.45)16
(1.77%
(16.89)1-402
(87.8)8
(0.1164)0-33
(0.779)0-43
(867.)8
(91.05)14
(0.775)0-0259

V8.69

. V1.094

2-794.

2-795.

2-796.

2-797.

2-798.
2-799.

2-800.

2-801.

2-802.

2-763. V19.77

2-764, V/54.8
2-765. V1.004
2-766. 0.642

2-767. 1/0.1438
2-768. 10.952
2-769. 0.469
2-770. V0.1975
2-771. V0.2218
2-772. *V16.430
2-773.°Y/507.
2-774. V/0.964
2-775. V6.49
2-776. 'V0.1574

2-777.0.1268

(1.461)19662 — 907
(0.766)58* = 0.239
(X)"9® = 0.775
(X)0175 — 853

(X)333 = 1.055
(X)871 = 0.1557

(X)*77 = 1.088
(X)077t = 0.0521

X4.51)019 — A(4.51) 3
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2-803. 15.77 2-812. 1.571 2-820. 89.78
2-804. 19,850 2-813. 0.1345 2-821. 0.664
2-805. 0.7789 2-814. 0915 2-822. 0.459
2-806. 0.1845 2-815. 0.001233 2-823. 0.1175
2-807. 1.896 2-816. 13,890. 2-824. 19974
2-808. 56.87 2-817. 2.066 2-825. 0.9974
2-809. 13.09 2-818. 1.3157 2-826. 0.2378
2-810. 334 2-819. 1.0047 2-827. 0.01663
2-811. 8.09

Review problems

Solve by generalslide rule methods.

2-828. (519) 2-844, (—0.6175)(—12,391)

2-829. (426)(51) 9-845, (=759.6)
2-830. oI556) © (0.6175)

2-831. (561)(49
2-832. (432)(0.617) 2-846. Ca
2-833. (6617)(0.00155)
2-834. (99.043)(3.091) 5.gay(—10366)
2-835. (0.0617)(0.4417) (2931)
2-836. (1.035)(2.31 x 109) (7575)
2-837. (79.81 x 10~%)(0.617) 2-848. ©6952)

2-838. (516 x 1078)(0.391 x 1072) (_5166)

2-840. (52.3)(759.3) :
2-841. (716.5)(0.03166) 2-850. (116.5)(4619)(0.317)
2-842. (11.65)(—0.9213) 2-851. (210.9)(151.3)(7716)
2-843. (76.2)(—31.45)

2-862. (706.5)(1.695 x 10-6)(0.006695)

2-853. (1033)(7.339 x 1076)(0.0317 x 10-3)

2-854. (4.017 x 10-8)(0.0991)(0.1756)
2-855. (5.576)(0.0917)(1.669 x 10%)
2-856. (6.991)(0.75)(0.993)(4.217)
2-857. (56.88)(0.971 x 1079)

2-858. (59.17)(0.3617)(0.5916)(0.00552)
2-859. (5.691)(0.3316)(0.991)(0.00554)(0.1712)
2-860. (6.523)(71.22)(4.091)(591)(600)(0.1332)
2-861. (43.06)(0.2361)(0.905 x 10-4)(3.617 x 10-3)

2-862. (1917)216 2-865. (0.3177)296

2-863. (4.216)!°17 2-866. V/26.31

2-864. (2.571)291 2-867. 0.03175
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2-868. 116.75

 

 

 

2-884.
2-869. V/06177
2-870. \/3167
2-871. (179 x 103)(0.3165) 2-885.
2-872. (5033 x 104)(0.9116)
2-873. (0.06105)(77.165) 2-886.
2-874. (\/216)(34)(m)? 0.887
2-875. (1/819)(107)(V7) 2-598

(V/616)(6.767)
2-876. "2200

(V/39.6) 2-889.

(1045) (0.0278)
2-877. HN = 0.0798) 2-890.

(1486) _ (0.37)(X)
2-878. —33y T4517 2-891.

_(244)(2m)
2-879. (816) = 0.049)(X) 2-892.

2-880. (0.0036)(sin 49.8°)

9-881 (20.5)2(7.49)(sin 49°) 2-893.
ee (30.5)(0.0987) 804

2(6.71)2 me
2-882. JECTS

2-883. (1.61)(/T61)(7) 2-895.

2-896, 965) _ XxX (Y)? |
(39) (sin46.6°) (3.14 x 10-2)

9-gg7. (XD? _ (67.3)%Y) _ (497.1)
Y ~ (9661) tan 75°

2-ggg. (3:D@9) _ (46.7)
X 564

Solve by general slide rule methods.

2-899. _Y _ (32)
(28) ~ (4/118)

2-900. ¥ _ 39.1
42 (1/45)

 

 

2-901.

2-902. (1/256)(3) = (X)(197.6)

(54.6)(tan 10.6°)

(sin arc cos 0.617)

(0.954)(0.06 x 10%)

2-903.

2-904.

2-905, 7A ACV)
(tan 59°)1/2(6.5)2

2-906. V(15.6)2(0.9618)

(0.08173)(61,508)(27)

(37.3)(X)(46.6) = (175(7)

 

2-907.

2-908.

2-909.

2-910.

2-911.

2-912.

2-913.

(13.1)(sin 3.12°)
(tan 419°)

2 _ (0m
37 837

(9616) (3.1416)
X (00142)

(V64.9)(2.1 x 103)

(4 x 106)(0.007) = (X)(10,980)

r=(3)(§)()
X _ (V462)3.14)?
T (sin 3.7°)

(398)(X) _ (3 x 10%)
(1.07)(38) ~ (17,680)

 

  

 

(V986) (14)
X 7 (1/116)

(X)? _ (18.17)(34)

(92) — (166)

(3.6) _ (96 x 102) _ (Y)V2

XP ~ (674) (64)
(V2 (V/196)(189.1)
GL ~476

(68)(765)(391)(0.0093 x 103) 
(STI*(V/(64))

(cos 11.5°)(6.87)

(0.00081)(7.7 x 10%)

V(1.71)5(6.87)

(tan 53°)(5.1)2

(0.000817)(tan 81°)

(0.00763) (sin 81°)

(273)12(46.9)(cos 61°)(=3)

(sin arc tan 3.17)(71.7)

(V89.6)(V(76.5)%)
(V(16)3)(log,, 100)

(6.71 x 10-13.71)3
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(6.93)(sin cos~? 0.98) (tan 50.6°)(3.4)z
2-914, 2-921

 

 

 

DoS) © (VO968T)(171)

osSE aRAN V/(76.1)(sin 49.6°)
2-916. AX V(98.71))(sin 56.4°) pgp3 (sin 226°)09918)

0% X ese "(tan 31.6°)(98.71)
V/285)(cos 36.6°)(1.64) 2 o2-917. ~~" _ (68.7 x 10%)(tan 56.1
(67.1 x 10-1)(5780) 2-924. Tae

(tan sin! 0.87)(61.7) : 02-918.oe 2-925. (0.0098)(sin 17.6°)1/(0.186)
srnd (41.6)%(689.0)

2-919. Se 9-926, (tan 19.8°)%(6.71 x 10%)
(1,876)(V/59)

2-920. (0)00 X 103)(sin 80.9°) 2-927. (A /sin 40° )(17)%(472)

(¥/96.7)(51.6)2 (0.643)(tan 60°)

Hyperbolic functions on the slide rules

Hyperbolic functions are useful in several mathematical applications such as

the variation ofelectrical current and voltage with distance in the calculation

of transmission of electrical power. Several manufacturers of slide rules

make special scales from which hyperbolic functions can be read directly.

However, it is possible to obtain numerical values for hyperbolic functions

using conventional scales by making use of the relations:

 

_ eX

ese = hyperbolic sine x (sinh x)

xX —X

a = hyperbolic cosine x(cosh x)

|
mal hyperbolic tangent x (tanh x)

Reading hyperbolic scales

Most slide rules that have hyperbolic scales have the scales marked as Sh and

Th. Slide rules manufactured by Pickett identify the hyperbolic sine scales

as upper and lower and the values of sinh x are read on the C scale. Keuffel
& Esser identify the hyperbolic sine scales as Sh 1 and Sh 2 and values of

sinh x are read on the D scale. Except for these minor differences, reading

hyperbolic functions on slide rules made by either company is essentially

the same.

Hyperbolic sines In order to read hyperbolic sine functions on the slide rule,

set the value sinh x on one of the Sh scales and read the value of the function

on either the C scale or the D scale under the hairline.
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Example Find sinh 0.38.

Solution Locate 0.38 on the upper Sh scale or on the Sh 1 scale and read

0.389 on the C or D scale.

Example Find sinh 1.88.

Solution Using the method above read sinh 1.88 = 3.20. Note that the

value 1.88 is located on the lower Sh scale (Sh 2 scale) and 3.20 is read on

the C scale (D scale).

The decimal point can be determined readily by noting that numbers cor-

responding to function values on the upper Sh (Sh 1) scale lie between 0.1

and 1.0, and numbers corresponding to function values on the lower Sh

(Sh 2) scale lie between 1.0 and 10.0.

Hyperbolic tangents Hyperbolic tangents can be read by locating the value

of the tangent function on the Th scale and reading the number on the C or

D scale under the hairline.

Example tanh 0.206 = 0.1990

Example tanh 1.33 = 0.870

Hyperbolic Cosines Most slide rules do not have a hyperbolic cosine scale.

Values for the hyperbolic cosine can be determined by use of the relation:

sinh x
cosh x =

tanh x

In finding values for cosh x using the Pickett rule, first set the slide so the

indexes coincide. Locate the hairline over the value of x on the appropriate

Sh scale. Move the slide until the value of x on the Th scale is under the

hairline and cosh x can be read on the D scale at the C index.

Example cosh 0.482 = 1.118

Example cosh 1.08 = 1.642

For the Keuffel & Esser Vectorslide rule, this procedure can be followed.

Set an index of the slide on the value of x on the Th scale. Set the hairline

on the value of x on either Sh 1 or Sh 2, depending on its amount. Read the

value of cosh x on the C scale.

Example cosh 0.305 1.046

2.31Example cosh 1.181
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When the value of cosh x is given and it is desired to find x, use can be

made of the relation

Example cosh? x - sinh? x = 1

Find the value of x when cosh x = 2.1

Solution sinh x = v/ cosh? x - 1

Substituting: sinh x = 4/(2.1)? - 1

sinh x = / 3.41

and

sinh x = 1.85

Set 1.85 on the C (D) scale and read the value of x on the lower Sh (Sh 2)

scale. The lower scale is used because sinh x is greater than 1.

Then x =1.372

Approximations for large and small values of x When the value of x is more

than 3, it can be shown that the value of sinh x and cosh x is approximately

the same as <-.

 

2

Example sinh 4.2 =?

et? _

> = 33.5

sinh 4.2 = 33.5

Also for large values of x, tanh x is approximately 1.0.

Example tanh 3.7 = ?

_ e@6 _ |

Solution tanh 3.7 = O061

_ 1650-1

1650 + 1

tanh 3.7 =~ 1.0

When x has values below 0.1, it can be shown that sinh x and tanh x are

approximately the same as x, and cosh x is approximately 1.0.

Example sinh 0.052 = 0.052

tanh 0.037 = 0.037
cosh 0.028 = 1.00
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Other hyperbolic functions While not often needed, other hyperbolic func-

tions can be obtained by using the following defining expressions:

 

 

_ 1
cothx = tanh x

sechx = 1
cosh x

cschx = 1
sinh x

Problems on hyperbolic functions

2-928. Find the values of sinh x for the following values of x: (a) 0.12, (b) 1.07, (c) 1.91,

(d) 2.30, (¢) 3.11, (f) 4.26, (g) 5.00
2-929. Find the values of x for the following values of sinh x: (a) 0.1304, (b) 0.956, (c)

1.62, (d) 4.10, (¢) 8.70, (f) 19.42, (g) 41.96
2-930. Find the values of cosh x for the following values of x: (a) 0.28, (b) 1.03, (c) 1.98,

(d) 2.37, (e) 3.56, (f) 4.04, (g) 5.00
2-931. Find the values of x for the following values of cosh x: (a) 1.204, (b) 1.374, (c)

2.31, (d) 5.29, (e) 8.50, (f) 21.7, (g) 52.3
2-932. Find the values of tanh x for the following values of x: (a) 0.16, (b) 0.55, (c) 1.14,

(d) 1.94, (¢) 2.34, (f) 2.74, (g) 5.00
2-933. Find the values of x corresponding to the following values of tanh x: (a) 0.1781,

(b) 0.354, (c) 0.585, (d) 0.811, (e) 0.881, (f) 0.980, (g) 0.990

Slide rule solution of complex numbers

A complex number, which consists of a real part and an imaginary part, is

often used to describe a vector quantity. By definition, a vector quantity,

frequently referred to as a phasor in electrical engineering, has both magni-

tude and direction. For example, the expression 3 +4 will describe a vector

which is+ units long and makes an angle arc tan+with an x axis.

For a more complete discussion on complex number theory, refer to a text

on basic algebra.

The symbol i or the symbol j is customarily used to represent the quantity

+/-1. In the discussion in this section the symbol j = \/=Twill be used.

Figure 2-35
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If we let the scalar length of a vector be designed as R, as shown in
Figure 2-35, then we can write Re/® = x + jy in polar form as RA. This
expression RA is a shortened form of Re/® which is obtained from the

identity

Ré® =R cos 6 +R sin 6.

Complex numbers on the slide rule From trigonometric relations for a
right triangle, we can show that tan § =2; R = ~~, and R = ——. We can
use these relations to solve complex number problems on the slide rule.
Take, for example, the complex number 3 + j4 and let it be required to find

RA.

The following method will give the solution to this problem on most types

ofslide rules:

  

1. Locate the larger of the two numbers on the D scale and set an index

of the C scale at this number. Locate the smaller of the two numbers

on the D scale using the hairline, and read the angle 8 on the T scale

under the hairline. If y is smaller than x, 0 is less than 45°, and if y is

larger than x, 6 is larger than 45°.
2. Next move the slide until the angle 6 on the S scale is in line with the

smaller of the two numbers. Read R on the D scale at the index of

the C scale.

Example Express 3 + j4 in polar form.

Solution Set the right index of the C scale at 4 on the D scale.

Move the hairline to 3 on the D scale and read 6 = 53.1° on the T scale.

Note that the y value is larger than the x value; thus the angle is larger than

45°.

Without moving the hairline, move the slide until 53.1° on the S scale

(reading angles to the left) is under the hairline.

Read 5 at the right index of the C scale.

The solution is 3 +j4 = 5/53.1°

This method can be performed on most types of rules, requiring the mini-

mum number of manipulations of the rule. It also can be applied readily to

the solution of most problems involving right triangles.

When any of the complex numbers have a minus sign, the slide rule opera-

tion to solve the problem is the same as though the sign of the numbers were

positive. The angles usually are determined by inspection using trigono-

metric relaticns. The following general rules apply:

If the expression has the form +x +jy, 0 is in the first quadrant.

For -x +jy, 0 is in the second quadrant

For =x + jy, 6 is in the third quadrant

For +x + jy, 6 is in the fourth quadrant
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Example Express =7.1 +;3.8 in polar form.

Solution Set the right index of the C scale at 7.1 on the D scale, and read

on the T scale 6 = 28.3° at 3.8 on the D scale.
Move the slide so that 28.3° on the S scale is over 3.8 and read R = 8.03

at the C index.

By inspection, the angle is in the second quadrant and the total angle is

180° -28.3° = 151.7°.

Therefore, the polar form is 8.03/151.7°.

Example Express 4 -j3 in polar form.

Solution The angle is read as 36.9° and is in the fourth quadrant. The

total angle is 360° - 36.9° = 323.1°.
The polar form is 5/323.1°.

If the polar form is given, the rectangular form can be obtained by multi-

plying the value of R by the appropriate sine and cosine value. A rapid

method of finding the quantities is to use the previously described slide rule

manipulation in reverse.

Example Express 3.3/28° in rectangular form.

Solution Set the right index of the C scale at 3.3 on the D scale and read

1.55 on D under 28° on the sine scale.

Move the slide until 28° on the T scale is over 1.55 on the D scale.

Read 2.915 on the D scale at the right index. Since the angle is less than

45°, the imaginary part of the complex number is the smaller of the two.

Therefore,

3.3/28° = 2.915 +/1.55

If the polar angle is larger than 45°, angles on the T scale and S scale are

read to the left, and the real part of the complex number is read first. The

real part of the number will be the smaller of the two parts.

Example 179/66° = 72.9 +j163.5

For angles not in the first quadrant, obtain the angle of the vector with

respect to the x axis and treat the solution as outlined above. By inspection,

affix the proper signs to the real and imaginary parts after obtaining their

values. A sketch will help greatly in this process.

Conversion for small angles If the ratio of the x value and y value in the

complex number is greater than 10, the angle can be found on the ST scale.

The real value is approximately equal to the value of R.
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Example 35 +j1.5=RpA

Solution Set the C index at 35 on the D scale and read 6 = 2.45° on the
ST scale.

Then RA = 35/2.45°.

Example 0.0075/4.1° = x +jy

Solution Set the C index at 0.075 on the D scale. Read 0.00536 on D

under 4.1° on ST.

Then x + jy = 0.075 + j0.00536.

Conversion for angles near 90° For angles between 84.27° and 90°, the

ratio of x to y will be 10 or greater and the imaginary part of the complex

number is approximately equal to the value of R. The angle can be read on

the ST scale after subtracting it from 90°.

Example 18/88° =x +jy

Solution Set the left index of C at 18 on the D scale. Read 0.6 on D

under 2° on the ST scale.

Then x + jy = 0.6 +18.

Remember that for very large and very small angles, the ratio of x and y

will be 10 or greater, and either the real part or the imaginary part of the

complex number will be approximately equal to the value of R.

Applications of complex numbers In solving problems involving complex

numbers, addition and subtraction of complex numbers are more easily per-

formed if the numbers are expressed in rectangular form. In this form, the

respective real parts and imaginary parts can be added or subtracted directly.

However, to multiply or divide complex numbers, it is more convenient to

express them in polar form and solve by multiplying or dividing the vector

magnitude, and adding or subtracting the angular magnitude.

Examples

(@+jb)+(ct+jd)y=(a+c)+jlb+d) (Addition)

(@a+jb)-(ctjd)=(a-c)+jb-d) (Subtraction)

(a/0:1)(b/02) = (a)(b)[0,+0, (Multiplication)

 

alt, a
= __ 0 - 0 «ee

b[6s b -6, (Division)

From the examples above, we can see that the ability to perform rapid

conversions from polar form to rectangular form or vice versa will be helpful

in solving problems involving complex numbers.
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Problems on complex numbers

2-934.

2-935.

2-936.

2-937.

2-938.

2-939.

2-940.

2-941.

2-942.

2-943.

Express in polar form: (a) 8 + j3, (b) 2 +6, (¢) 1 + j4, (d) 5 + j5

Express in rectangular form: (a) 6.2/39°, (b) 3.6/48°, (c¢) 9.2/214°, (d) 2.7/71°

Express in polar form: (a) —89 + j42, (b) —16.8 + 9.3, (¢) —5.3 + 2.1,
(d) —18.4 + ;3.3

Express in rectangular form: (a) 9.7/118°, (b) 115/137°, (c) 2.09/160°,

(d) 5.72/110°

Express in polar form: (a) —7.3 — 6.1, (b) —44 — j82, (c) —88 —5,

(d) —1.053 — j5.13

Express in rectangular form: (a) 81.3/200°, (b) 62.1/253°, (c) 1059/197°,

(d) 0.912/231°

Express in polar form: (a) 160.5 — 147, (b) 89.3 — j46.2, (¢) 0.0062 — 0.0051,

(d) 3.07 — 1.954

Express in rectangular form: (a) 557/297°, (b) 6.03/327°, (c) 0.9772/344°,

(d) 19,750/300°

Express in polar form: (a) 15.61 + 7.09, (b) —149 — j61.7, (c) 0.617 — j0.992,

(d) —41.2 + 75.3

Express in rectangular form: (a) 1.075/29.1°, (b) 10.75/136°, (c) 107.5/253°,

(d) 1075/322°



3
the electronic

hand calculator

As a calculation device in problem solving the electronic hand or “pocket”

calculator has no peer. It is vastly superior to the slide rule in many

respects—convenience, speed, accuracy, versatility, and capability. As the

unit cost of such calculators continues to decrease, so will their utilization

by engineers, scientists, technicians, and students continue to increase. It is

probable that within a few years slide rules will be replaced almost com-

pletely by electronic hand calculators. Several of the most popular hand

calculators will be discussed in this chapter. In each case particular attention

is given to arithmetic operations, the roots and powers of numbers, and

trigonometric functions.

When one is working at a desk, the calculator should be operated with the

non-writing hand. For example, right-handed persons should operate the

calculator with the left hand.

CALCULATOR LOGIC

Electronic hand calculators are designed to perform their functions using

either (1) Lukasciewicz (so-called “‘reverse-Polish’) logic with operational

stack, or (2) algebraic logic. There are advantages and disadvantages for each

system. Thefundamental differences in the manual operation for each type

of logic can be illustrated by comparing the operating procedures required to

solve the three simple problems shown on top of the following page.

81
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Keyboard Entries Required for the Solution

 

Lukasciewicz

Problem Logic Calculators Algebraic Logic Calculators
 

ex», EIERNEDENE NEEENEE

Cx DEEEEDRER EEEEFOEEEDEN RIDE

e+: GNEREOEEE ZEEEEEEEERD2H      
To the casual or inexperienced observer who might infrequently pick up

an electronic hand calculator, algebraic logic is definitely preferred. In this

case each key stroke follows in the same sequence that was previously learned

in elementary algebra. Because of this feature, the keyboard routine re-

quired to use a calculator with algebraic logic is very easy to master. How-

ever, as shown in the examples above, the number of key strokes or entries

required to solve a particular problem (when using algebraic logic) is usually

more than is required when Lukasciewicz logic and operational stack is em-

ployed. For involved problems this can become a very important factor.

Calculators using Lukasciewicz logic also automatically display intermediate

answers. This allows for the inspection of all sub-steps of a calculation and

further enhances operator confidence and the dependability of obtaining

accurate answers. Also, in some instancesit is desirable to be able to record

intermediate answers for future use.

Since most electronic hand calculators are individually owned, the sim-

plicity of using a machine designed to operate with algebraic logic be-

comes less advantageous. Calculators designed to use Lukasciewicz logic

are in fact quite simple to use once one learns the specific operating

procedures and techniques. In addition, this particular routine must be

mastered only once in the user’s lifetime. Once the use of this logic

system is mastered, every problem is solved in exactly the same way,

and there is no need to restructure a problem to make it conform to

machine logic, as would be the case with a calculator using algebraic logic

and that does not have parentheses keys. If provision is made for nesting

of parenthetical expressions, then the two systems become comparable as

far as utility of operation is concerned. Lukasciewicz logic and opera-

tional stack type calculators also provide the capability to review all stored

data in the machine by depressing either the Roll Down Stack key

or the Register Exchange key. This feature is generally not available

in algebraic logic type calculators.
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Illustration 3-1. The Hewlett-Packard HP-35 Calculator. (Courtesy of Hewlett-Packard.)

THE HEWLETT PACKARD HP-35 AND HP-45

One of the most sophisticated and powerful electronic hand calculators on

the market today is the HP-45. Its accuracy exceeds the precision to which

most of the physical constants of the universe are known. For example,it

will handle numbers as large as 10°° or as small as 107°, It automatically

places the decimal point and allows 20 different options for rounding the

display to provide flexibility and convenience in interpreting results. Pro-

vision is made to handle transcendental functions, such as logarithms (to find
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the roots and powers of numbers), sines, and cosines; polar/rectangular co-

ordinate conversions for handling complex arithmetic; vectors; selective oper-

ating modes; and multiple storage registers. Additionally, constants for =

and e are provided—as well as three metric/English unit constants for con-

versions between centimeters/inches, kilograms/pounds, and liters/gallons.

In addition statistical capabilities for calculating the mean (arithmetic

average) and standard deviation are incorporated. This calculator has four

temporary memory registers (called operational stack), a “Last x’ register,

and nine registers for user data storage.

The HP-35, although not as elaborate a machine as the HP-45, is capable

of executing the primary arithmetic and transcendental functions found in

engineering and scientific calculations. It has four registers (or memories)

which can be used to store preliminary calculations that may be desired for

recall at some later time. Both the HP-35 and HP-45 perform the funda-

mental arithmetic operations in a similar manner—although there is some

variation in the keyboards. A desirable feature of the Hewlett Packard

 

 

 
|__— Display

-1.234567809-45

 
 Off-On Switch—_| 

log 10* SCI Gold Shift Key:

VE [J |
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[x2] [ae] [519] [ney
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Arithmetic Keys: (=) [7][7] [8]

(=)

(+)

8 (+) (a) (J [e)
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E:  (0)X

[(@]HEWLETT: PACKARD 45
       
 

Figure 3-1. The Hewlett-Packard HP-45 keyboard. (Courtesy of Hewlett-Packard.)
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calculators is the reliability and touch sensitivity of the numeric and func-

tion keys. However, their general operation for evaluating mathematical

expressions does differ somewhat from the calculators made by other manu-

facturers (specifically those described in this chapter) because Hewlett

Packard machines use an operational stack and Lukasciewicz notation.

In general, calculator solutions for Hewlett Packard calculators take the

same form. Starting at the left side of the equation:

(a) key in the first number and depress the key.

(b) key in the second number and depress the arithmetic operation key

needed to calculate the first intermediate answer.

(c) key in the third number and depress the key.
(d) key in the fourth number and depress the arithmetic key needed to

calculate the second intermediate answer.

(e) depress the arithmetic operation key needed to calculate the final

answer.

Examples (2X3) + (4 X5) = 26

2+3) X 4 +5) =45

(2+3) + (4 +5) =0.56

For brevity, specific operational instructions are given here only for the

HP-45 calculator.

 

HP-45 Keyboard Summary of Most Used Functions

Item Name Description ofFunction

oF F (TMJ oN Power Switch The switch should be turned off when

the calculator is not in use. All internal

storage of calculations within the ma-

chine are erased when the power switch

is moved to the “OFF” position. De-

pressing the key slightly before moving it

will diminish its wear.

[0] to B Numeric Key Set Each digit must be keyed in sequence, as

desired, by depressing the appropriate

number keys. Digits keyed in this man-

ner are stored initially in the X register—

the bottom, or display, register.

[-] Decimal Point The decimal point symbol must be de-
pressed in the sequential position in

which it occurs. Otherwise the caleu-

lator register will place a decimal to the

right of the last numeric key pressed.

Example: 314.32 would be keyed as

BOAE-E RE.
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HP-45 Keyboard

Item Name

Summary of Most Used Functions

Description ofFunction
 

Display RegisterEE

ENTER ¢
Copy x into y

CLX Clear X

B Gold Shift Key

a
HE Alternate Functions

Capa
|CLEAR; Clear Calculator

Add

=] Subtract

The display shows the contents of the

X register—the bottom register.

Depress the ENTER 1] key to terminate

the number string being entered into the
X register. Depressing this key will also

move the displayed value of the X regis-

ter into a second internal register (a place
that holds numbers) which is called the

Y register.

To erase the value shown on the display
register (X register), depress the Clear x

key.

The Gold Key [JJ] should be depressed
prior to actuating alternate functions.

Alternate functions are printed directly

above their keyed locations. They are in-
dicated like this,[lil Vx

Depressing the Gold Key B and then
the alternate function Clear Calculator
lean1 . . .
iCLEAR1 key will erase everything in the

calculator, except for certain data storage
registers.

To add a number to the value appearing

in the display register, terminate the num-

ber string by pressing , enter

the digits in sequence that are to be

added, and then depress the Add

key. The sum will appear on the display

(X) register. Serial addition can also be

performed by alternately entering num-

bers and depressing the Add key.

Example: 4 +27 +851 +37=919

To subtract a number (subtrahend) from

the value appearing on the display register

(minuend), terminate the number string

by depressing ENTER t | enter the
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Name
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Summary of Most Used Functions

Description ofFunction
 

[x]

=]

FIX

Multiply

Divide

Fixed Decimal

Notation Display

Mode

digits of the subtrahend in sequence, and

then depress the Subtract [=] key. The

remainder will appear on the display (X)
register. Serial subtraction can also be

performed by alternately entering subtra-

hends and depressing the Subtract [=]
key.

Example: 83.271 - 26.059 = 57.212

To multiply a number (multiplier) by the

value appearing on the display (X) regis-

ter (multiplicand), terminate the number
string by depressing , enter

the digits of the multiplier in sequence,

and then depress the Multiply key.
The product will appear on the display
(X) register. Serial multiplication can

also be performed by alternately entering

multipliers and depressing the Multiply

key.

Example: 0.9725 X 19.73 =19.19

To divide the value appearing on the dis-

play register (dividend) by a number

(divisor), terminate the number string by

depressing , enter the digits of

the divisor in sequence, and then depress

the Divide [:] key. The quotient will
appear on the display (X) register. Serial

division can also be performed by alter-

nately entering divisors and depressing

the Divide [5] key.

Example: 8.072 + 0.05971 = 135.2

Depress the Fix key and then the

desired number key to specify the num-

ber of decimal places (0-9) to which the

display is to be rounded. The display is
left-justified and includes trailing zeros

within the setting specified. Unless al-

tered, the calculator is preset to display

2 automatically.
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HP-45 Keyboard Summary of Most Used Functions

Description ofFunction
 

Item Name

ro Scientific Notation

SC; Display Mode

Change Sign

Enter Exponent

|
Reciprocal

Square of x

r
—
—
1

Square Root of x| L
—
—

Natural Logarithm

Depressing the GoldKey  B the alter-

nate function |ISCIa key, and then the

desired number key (0-9), results in the

value being displayed in scientific nota-

tion. The display is left-justified and in-

cludes trailing zeros.

To change the sign of a number previously
entered, depress the Change Sign [CHS
key. The number, preceded by a minus
(-) sign, will appear on the display.

To indicate a power of ten, depress the
Enter Exponent key and then the
numeric key denoting the desired power

of ten.

To obtain the reciprocal of a number in

the display (X) register, depress the Re-

ciprocal key.

 = 6.402(10)7?
C1

Example: 1562

To obtain the square of a number in the

display (X) register depress the Square of x

key.

Example: (0.00594) = 3.53(10)7%

To obtain the square root of a number in

the display (X) register, depress the Gold

Key B and then thealternate function

Square Root of x ![x key. The x in the

symbol representsthecurrently displayed
value.

Example: /0.06057 = 0.2461

To obtain the natural logarithm (log,) of

a value appearing on the display (X) regis-

ter, depress the Natural Logarithm
key.

Example: 1n 1.026 = 0.0257



HP-45 Keyboard

Item

r——>-N

|SEP]

| DEG |
ed

RAD |
[SR |

GRD |
—_—

Name

Natural

Antilogarithm

Common Logarithm

Common

Antilogarithm

Angular Modes:

degree, radian, or

decimal grads

Decimal Mode to

Deg-Min-Sec Mode

Conversion

The Electronic Hand Calculator / 89

Summary of Most Used Functions

Description ofFunction

To obtain the natural antilogarithm

(antilog,) of a number appearing on the

display (X) register, depress the Natural

Antilogarithm key. (To display the

value of e, press 1 )

Example: antilog, 0.0257 = 1.026

or €®0%57 = 1.026

To obtain the common logarithm (log)

of a number appearing on the display (X)

register, depress the Gold Key B , then
thealternate function Common Logarithm

[log| key.
Example: log 11.91 = 1.0759

or: 10M97%% =11.91

To obtain the common antilogarithm of a
number appearing on the display (X) regis-

ter, depress the Gold Key B , then the

alternate function Common Logarithm
| |

110X1 key.

Example: antilog 1.0759 = 11.91

Trigonometric functions can be performed

in any one of three angular modes: deci-

mal degrees, decimal radians, and decimal

grads (a 100th part of a right angle in the

centesimal system of measuring angles).

To select a mode, depress the Gold Key

key {DEG} , [RAD|, or {GRDj. The
mode selected will remain operative until

a different mode is selected, or until the

calculator is turned off; when turned

back on, the calculator automatically de-

faults to the decimal degree mode.

To convert an angle appearing on the dis-

play register from decimal mode to de-

grees-minutes-seconds mode, depress the

Gold Key , then the alternate func-

tion key {—~DMS) . This feature is also
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HP-45 Keyboard Summary of Most Used Functions

Item Name Description ofFunction
 

usefulin calculating problems dealing with

time (hours-minutes-seconds).

Example: 33.367° = 33°22'01"

Deg-Min-Sec to To convert an angle appearing on the dis-

———— Decimal Mode play register from deg-min-sec to decimal

DMS| Conversion mode, depress the Gold Key Hl, then
the alternate function key {DMS>|
This feature is also useful in calculat-

ing problems dealing with time (hours-
minutes-seconds).

Example: 33°22°01" = 33.367°

Trigonometric To obtain the sine, cosine, or tangent of

[sin Functions an angle appearing on the display (X)

Sine register, depress the appropriate trigono-

cos Cosine metric function , , or

7 Tangent [TaN] key.
an

Example: sin 26.5° = 0.4462

ISIN Inverse Trigonometric To obtain the arc sin, arc cos, or arc tan

phe Functions of a trigonometric function appearing on

COS | Arc Sine the display (X) register, depress the Gold

TAN Arc Cosine key B , and then the appropriatealter-
U2) Arc Tangent nate trigonometricfunction key, iSIN7j,

(COST , or [TANT]
Example: arc sin 0.3392 = 19.8281°
Example: arc cos 0.9065 = 24.9739°
Example: arc tan 1.7256 = 59.9073°

yx]
YT Powers of Numbers To raise a number appearing on the dis-

play (X) register to a real power, termi-

nate the number string and move the value

to the Y register by pressing ,

enter the desired power into the X regis-

ter (using the numeric key set), depress

the Gold Key BB. and then the alternate

function Powers of Numbers Lyx] key.

Example: (0.232)*°°%% = 0.8763
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Summary of Most Used Functions

Description ofFunction
 

Item Name

r==-=-
28 | yx | Roots of Numbers

STO Register Storage

Retrieve Storage

¥ Roll Down Stack2
)

Operational Stack

Registers

Top Register

3rd Register

2nd Register

X
~
<
N
-
—

Bottom Register

(This is the

register that

is displayed)

To extract the real root of a number

appearing on the display (X) register, ter-

minate the number -string and move

the value to the Y register by pressing

, enter the desired root into

the X register (using the numeric key),

depress the reciprocal B key, the

Gold Key B , and then the alternate
function Roots of Numbers iy*| key.

Example: %/2.37=3.16

or: (2.37)1/%75 =3.16

To store a number appearing on the dis-

play (X) register (whether the result of a

calculation or a keyboard entry), depress
the Register Storage key, and then
depress a number key ( to [9] ) to

specify the particular storage register
which will receive the value.

To retrieve a number which is stored in

one of the nine storage registers, depress
the Retrieve Storage key, and then

depress the applicable number key to

specify the particular storage register from

which the value will be taken.

Depress the key each time you wish

to roll down the stack one register.

The four temporary memory locations

are arranged in the form of a “vertical

stack.” When a numberis keyed into the

calculator, it goes into the bottom regis-

ter (X register) and is displayed. If

is depressed, the displayed

number is duplicated into the next higher

(Y) register. Simultaneously, the value

that was previously stored in the Y regis-

ter is now moved up to the Z register and

the value that was located in the Z reg-

ister is moved up to the T register.

(The contents that were previously located
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HP-45 Keyboard Summary of Most Used Functions

Item Name Description of Function

in the T register are discarded (over-

written) so that the register can accept

the incoming value.) When is de-

pressed, the value in register X (x) is added

to the value in register Y (¥), and the en-

tire stack drops to display the answer in

X. This same procedure occurs for =],

,and [=]

Example: Load the stack by depressing
1 [ENTER t] 2 | ENTER1]

3 [ENTER 4.
(The stack now contains x = 4, y = 3,
z = 2,t=1.) To review the contents of

the stack depress four times. The
fourth returns the stack to its origi-
nal position (x = 4, y = 3, z = 2, and

t = 1). Note: the stack is raised and ¢ is
lost when a keyboard entry or
operation follows , unless that entry

follows , , or

z+].

 

 

Register Exchange To interchange the values located in the

X and Y registers, depress the Register

Exchange key. It is often desir-

able to perform_this exchange before
=] . [5] .and LX| operations.

poy Recall Last x The last input value of a calculation is

Ht Value automatically stored in the “Last x” regis-

ter when a function is executed. Recall

of the value in this registeris initiated by

depressing the Gold Key B and then

key. This feature provides a handy error

correction device, as well as a facility for

reusing the same value in multiple calcula-

tions. This register is cleared only when

the calculator is turned off when a new

value replaces (or overwrites) the previous
one.
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Summary of Most Used Functions

Description ofFunction
 

Conversion

———y

1 =2>R
bem Conversion

Rectangular-to-Polar

Polar-to-Rectangular

To convert values in the X and Y registers

(representing rectangular x and y coordi-

nates, respectively) to polar 7,6 coordi-

nates (magnitude and angle, respectively),

depress the Rectangular-to-Polar Conver-
sion key to obtain r—and the Regis-
ter Exchange key to obtain 0.

To convert values in the X and Y registers

representing polar 7,0 coordinates (magni-

tude and angle, respectively) to rectangu-
lar x and y coordinates, depress the Gold

Key B and then the alternate function
Polar-to-Rectangular Conversion I>R|

key to obtain the x-coordinate—and the

Register Exchange [xSy Jkey to obtain

the y-coordinate.

A number of other specialized keys are provided on this calculator, but

their use will not be discussed here. Working the problems suggested below

will enable you to gain considerable skill and confidence.

General Examples of Calculator Capability

Keyboard Entry Depress Display Register

Situation 1:

1232 -7+1.6=6.92 12.32 12.32

12.32

7 7.

[=] 5.32

1.6 1.6

6.92
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Situation 2:

5.35 -(-4.2)-3.1 =-4.25

Situation 3:

5

[exh . 6 = 43.714285

Situation 4:

(8.7)*% +34.7=311.87

Situation 5:

Keyboard Entry

5.35

4.2

3.1

Keyboard Entry

Keyboard Entry

8.7

34.7

Keyboard Entry

560

Depress

CHS

[Cs] ©
a

Depress

X
[El

xX
&H

©

Depress

ENTER 1

LYnH

Depress

Display Register

-5.35

-5.35

-1.15

-4.25

Display Register

2.00

6.00

30.00

4.29

7.29

43.71

Display Register

8.70

277.17

311.87

Display Register

0.00000000

560.



Keyboard Entry

Situation 5 (continued)

390

670

Keyboard Entry

Situation 6:

Convert the point (7,24) into

polar coordinates.

= 2 2 7where Vector R = \/x +y

0 = arc tan y/x 24

andx=7; y=24

Keyboard Entry

Situation 7:

A force of 8 newtons is acting

at an angle of 120°. What are
its rectangular components? 120

8
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Depress Display Register

1/x 0.00179

390.

x 0.00256

0.00435

670.

x 0.00149

0.00584

KE 171.16388

Depress Display Register

BW DEG!

ENTER 7.00

25.00 (vector R)

 
xSy 16.26° (angle 0)

Depress Display Register

BW [DEG

ENTER 1 120.00

8.

TSR 4.00
(x-coordinate)

xSy 6.93

(y-coordinate)
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Note: By combining the polar/rectangular function with the accumu-

lation function, or {=], you can add and subtract vector components.
The sums of these are contained in storage register R; and Rg:

Pq =x, tx, tees tx, =2Xx

+ + = =

| ™ ~<rg =Y1 ts

To display the contents of registers R, and Rg, press [RCL] to obtain

the sum of x-coordinates (register 7); then press [xS)] to obtain the sum of

y-coordinates (register 8).
 

Keyboard Entry Depress Display Register

Situation 8:

A traffic count at a street 8 ENTER * 8.00

intersection indicated 8

Chryslers, 20 Fords, 17

Chevrolets, and 43 Volks-

wagens. What percentage

of the total was represented 28.00

by each manufacturer?

20 20.

17 17.

45.00

43 43.

88.00 (total)

1 88.00

8 1 [5] 0.09
(9% oftotal)

20 1 [=] 0.23
(23% oftotal)

17 1 [=] 0.19
(19% of total)

43 1 [& 0.49
(49% oftotal)



Situation 9:

Sum two vectors having polar

coordinates of 8 N at 30° and
12 N at 60°, respectively.

Practice Problems

Multiplication

Division

Multiplication and Division

Squares

Square Roots

Cubes

Cube Roots

Sines

Cosines

Tangents

Powers of Numbers

Roots of Numbers

The Electronic Hand Calculator / 97

Keyboard Entry

60

12

30

pages 30 and 31

pages 33 and 34

pages 36 and 37

page 45

page 45

page 48

page 48

page 51

pages 52 and 53

page 55

page 63

page 65

Depress

C JRasy

Wor

Wok

<

Display Register

60.00

12.0

6.00

1.00

30.00

8.00

6.93

2.00

12.93

19.35 N

(magnitude)

48.07°
(direction)
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THE ROCKWELL INTERNATIONAL UNICOM 202/SR,
BOWMAR MX 100, LLOYD'S ELECTRONICS ACCUMATIC 99,

AND SIMILAR CALCULATORS

Several manufacturers produce electronic hand calculators that utilize a

Rockwell International trig function semiconductor chip in their circuit de-

sign. However, in each case there are some minor modifications that have

been made that pertain more to marketing aspects and user convenience

than to actual procedures of use or overall capability. In addition to Rock-

well International’s Unicom 202/SR, these include Lloyd’s Electronics

Accumatic 999, Bowmar’s MX100, Sears’ Electronic Slide Rule, Sharp’s

PC-1801, and similar calculators manufactured by Rapid Data, Keystone,

and Summit. There are some differences in the action and life expectancy of

the various keyboards associated with these calculators, and some care

should be exercised in selecting the most desirable one. With only slight

variations in operational procedure, however, these hand calculators may be

operated using identical ‘“‘address instructions.” However, because of this

similarity only the manipulative instructions for the Unicom 202/SR will be

given here. In most cases the variations that have been made by the different

manufacturers (usually these are nothing more than interchanged key loca-

tions) will be apparent to the user. These are all versatile calculation instru-

ments that have been designed especially for the use of engineers, scientists,

and technicians. They not only perform the four basic functions of arith-

metic, but they have a number of other important features, including the

capability to compute natural and common logarithms (used also to obtain

the roots and powers of numbers) and trigonometric functions (sines, cosines,

and tangents of angles and arc functions) and one fully addressable memory

for storing data or accumulating results. These calculators have algebraic

logic to allow us to compute the way that we have been taught to think.

They can accept a numerical input of as many as eight digits. They also

provide a ‘‘second function” key that allows each key to have two separate

functions or uses (much like some typewriter keys). The first function of

each key is printed on the surface of its key top, while the second function

(referred to as the ‘alternate function’) is usually imprinted on the key-

board immediately above each key. The operation of each key is described

below.

 

Unicom 202/SR Keyboard Summary of Most Used Functions

Item Name Description of Function

= Power Switch The switch should be turned off when the
OFF

calculator is not in use. Be certain that

the small switch is positioned down as far

as possible (for “off” position), to avoid

discharging the batteries while the calcu-



Unicom 202/SR Keyboard

Item Name

The Electronic Hand Calculator / 99

Summary of Most Used Functions

Description ofFunction
 

[0][9] Numeric Key Set

B Decimal Point

Display Register

Clear

lator is not in use. All internal storage
of calculations within the machine are
erased when the power switch is moved

to the “off” position.

Each digit of a number must be keyed in
sequence, as desired, by depressing the
appropriate number key. Digits entered
in this manner are stored initially in the
X register—the display register.

The decimal point symbol must be de-
pressed in the sequential position in
which it occurs. Otherwise the cal-
culator register will place a decimal to
the right of the last value entered. For
example, 314.32 would be keyed as

Gl EGE.

The display shows the contents of the
entry (called the X register). When an
answer exceeds 8 whole numbers, an

overflow will occur and the display regis-

ter will indicate the 8 most significant
digits in the answer. Depress and
continue. The decimal point will appear
8 places to the left of the correct position.
Multiply the answer in the display by 108
to obtain a decimally correct answer.

To erase the value shown on the display

register (X register), depress the Clear
key. This will not affect the memory
register. Depressing after actuating a

function key or after clearing an entry
will reset any calculating mode and erase
the entry register (X register).

Depressing during an overflow will
reset the error condition. (An overflow

occurs when the result of a calculation
has exceeded the 8-digit capacity of the
calculator, or if a mathematically impos-
sible procedure has been tried.) The num-
ber in the display is correct if multiplied
by 10%, and may be used in further calcu-
lations. Chain and constant modes are not
affected by overflowing.
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Hlustration 3-2. The UNICOM 202/R Calculator. (Courtesy of UNICOM Systems, Inc.)

Unicom 202/SR

[tem

Keyboard

Name

Summary of Most Used Functions

Description of Function
 

Function Key The Function [r] key should be de-

pressed prior to actuating alternate func-

tions. This key is somewhat analogous
to the “key shift” of a typewriter.
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Illustration 3-3. The Bowmar MX100 Calculator. (Courtesy of Bowmar Consumer

Products Division.)

 

Unicom 202/SR Keyboard Summary of Most Used Functions

Item Name Description of Function

ro Alternate Function Alternate functions are printed directly

tr above their keyed locations. They are

indicated like this, Vx, in this
text.

roo Clear Alternate To clear the alternate function mode that

| CF| Function has been entered and restore the previous
condition, depress and then CI'_|
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Illustration 3-4. The Lloyd’s Electronics Accumatic 999 Calculator. (Courtesy of

Lloyd’s Electronics, Inc.)

 

Unicom 202/SR Keyboard Summary of Most Used Functions

[tem Name Description of Function

K R| Digit Recall To erase (recall) the last digit entered and

shown on the display register, depress the

Function [E] key and then the alternate

function Digit Recall iD Ri key. If more

than one digit has been entered, depress-

ing this combination of keys will eliminate

the last digit and terminate the number

entry mode. If a single digit has been en-

tered, depressing this combination of keys

will recall the previous result to the
display.
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Item

Keyboard

Name
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Summary of Most Used Functions

Description ofFunction

 

Equals

Add

Subtract

Multiply

Example: If 12345 has been entered in-
correctly as 12346, the mistake may be
corrected by depressing in sequence ,

|DRj,iCF, and . The keys
and |DR eliminate the 6, and{CF|

eliminates or clears the alternate function

mode and restores the number entry

mode. Depressing the key corrects

the error.

To perform the previous arithmetic oper-

ation entered ( EH Bo

8 ) depress the Equals a key. This

action will also store a constant in the

working register and terminate the cal-

culation.

Depressing executes the previously

established condition (if any). To add a

number to the value shown in the display

register, depress the Add key, enter

the number, and then depress , B ,

, 8 , Of Bl . The sum will appear

on the display register.

Example: 215.88 +49.27 = 265.15

Depressing [Hlexecutes the previously

established condition (if any). To sub-

tract a number (subtrahend) from the
value appearing on the display register

(minuend), depress the Subtract [ key,

enter the subtrahend, and then depress
B.B BB BB ooB. Ther
mainder will appear on the display regis-

ter.

Example: 0.97211 - 0.02199 = 0.95012

Depressing executes the previously

established condition (if any). To multi-

ply a number (multiplier) by the value

appearing on the display register (multi-

plicand), depress the Multiply EJ key,

enter the multiplier, and then depress any
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Unicom 202/SR Keyboard Summary of Most Used Functions

Item Name Description ofFunction
 

ofthekeys El , BE. EB3 BB.1.

The product will appear on the display

register.

Example: 10,925 X 12.85 = 140,386.25

£3 Divide Depressing Bl executes the previously

established condition (if any). To divide

the value appearing on the display register

(dividend) by a number (divisor), de-

press the [BJ key, enter the divisor, and
then depress any of the keys 3, E3.

, IB, or Il. The quotient will ap-
pear on the display register.

Example: 8.072 + 0.05971 =135.18673

a Change Sign To change the sign of a number previously
entered and shown on the display register,

depress the Change Sign key. The
presence of a negative quantity is noted

by the appearance of a lighted signal in

the “Minus Display,” which is located
at the upper right comer, above the dis-
play register.

F1/0
A< Reciprocal To obtain the reciprocal of a number in

the display register, depress and thenfoes
Lig.

CLExample: 56) 0.0640204

15.62 [17x]

LY Square Root of x To obtain the square root of a number in

the display register, depress and then
= 3

Vx ot,
L-_-)

Example: +/0.06057 = 0.2461097

06057 [A{Vx|

F--= Natural To obtain the natural logarithm (log,) of

HInX | Logarithm a value appearing on thedisplay register

depress and then finx .

Example: 1n 1.026 = 0.025668

1.026 [inx}
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Unicom 202/SR Keyboard Summary of Most Used Functions

Item Name Description of Function

Tox Natural To obtain the natural antilogarithm (an-

LYJ Antilogarithm tilog,) of a number appearing on the dis-

play (X) register, depress and then
[eX|
I

Example: antilog, 0.0257 = 1.026033

or 1026933 = 0.0257

0257 Lex]

I Common To obtain the common logarithm (log)

logX, Logarithm of a number appearing on thedisplay

register, depress and then ![log x]yx)

Example: log 11.91 = 1.075912

11.91 [logxi

reg) Common To obtain the common antilogarithm of a

107, Antilogarithm number Appesting on the display (X) reg-
ister, depress LE] and then [104 .

Example: antilog 1.0759 = 11.90968

or (10)!°7%% = 11.90968

1.0759 {10%
DEG

8AD Angular Mode Prior to entering an angle into the display
register, select the angular mode (degrees

or radians) to be used by appropriately

positioning the angular mode switch.

Trigonometric To obtain the sine, cosine, or tangent of

Functions an angle appearing on the display register,

"SIN depress the Function [El key and then

Loo Sine the appropriate alternate Trigonometric

|COS| Function [SIN] | [COS} or [TAN]
EE Cosine

(TAN! Example: sin 26.5° = 0.446198
|TAN, Tangent

25 [SI
cos 15.9° = 0.961471

159 {cos]
tan 67.5° = 2.414214

os O[AN
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Unicom 202/SR Keyboard Summary of Most Used Functions

Item Name Description ofFunction

"ARC! Inverse To obtain the arc sin, arc cos, or arc tan

Lo Trigonometric of a trigonometric function appearing on
Functions the display register, depress in sequence

fl the Function key, the Arc [ARC]

ISIN] Arc Sine key, and then the appropriate alternate

— trigonometric function |:rSINT | TCOoS
cos’ Arc Cosine or [TAN] }

TAWI Arc Tangent Example: arc sin 0.3392 = 19.82814°

= re=a roTAbeg] 3302 [ARG [8]
arc cos 0.9065 = 24.97392°

9065 [FC] [005]
arc tan 1.7256 = 59.90733°

17256 KC} [TN]
Coy

LX Powers of Numbers To raise a number appearing on the dis-

= r——"-A

Xo
|
|

S20a Roots of Numbers

| Exchange Registers

r—=—=

Add to Memory[SE

play (X) register to a real power (y), de-
press and then , enter the power

vy, and depress =H.

0.232%0%04 = (0.876275

232

[@

xvi 0004 HE

Example:

To extract the real root of a number ap-

pearing on the display (X) register, depress

[F] and then Cx¥} , enter the root y and
T co

depress tix

[279,841 = 23

279841 [14 Tix:

Example:

To exchange the number in the display

(X) register with the number in the work-
ing (Y) register, depress the Exchange
Register [a key.

To add a number appearing on the dis-
play (X) register to the number in the

memory, depress and then M+]
The memory will now contain the sum

of the previously stored value and the

number that was transferred from the

display (X) register.



Unicom 202/SR

Item

Keyboard

Name
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Summary of Most Used Functions

Description ofFunction
 

rT| -| M=
Lm _—a

| X=M|
SE |

| X~M
bed

XM]
hb ——

r= = "a

M+X2!
L——=J

Subtract from

Memory

Memory Display

Display to Memory

(also Memory Clear)

Exchange with

Memory

Square to Memory

General Examples of Calculator Capability

Situation 1:

1232-7+1.6=6.92

To subtract a number appearing on the

display (X) register from the numberin
the memory, depress and then M-1-

To display the number currently stored

inthememory, depress and then
LX<M_!. The contents of the memory

are not altered by this operation. How-
ever, this action does clear the display (X)

register before performing the transfer

from the memory.

To replace the number in the memory
with the number appearing on the dis-

play (X) register, depress and then

EX—M] . This action clears the memory

to zero before performing the transfer

from the display register. However, it

does not affect the value previously stored

in the display (X) register.

To exchange the number appearing on

the display (X) register with the number
in the memory, depress and then

To add the square of the number appearing

on the display (X) registerto the memory,

depress and then IM+Xx21 The dis-
play (X) register is not altered by this op-

eration. Also, execution of the Square to

Memory key does not clear the memory.

Keyboard Entry Depress Display Register

a 0.
12.32 12.32

BB 12.32

7 7.

5.32

1.6 1.6

a 6.92
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Keyboard Entry

Situation 2:

-5.35-(-4.2)-3.1=-4.25

5.35

4.2

3.1

Keyboard Entry

Situation 3:

ee + | 6 = 43.714285
2

4

5

7

3

6

Keyboard Entry

Situation 4:

(8.7)*¢ + 34.7

8.7

Depress

Depress

o
p
O
o
o
u

Depress

LE

Display Register

5.35

-5.35

-5.35

4.2

4.2

-1.15

3.1

-4.25

Display Register

0.

2.

6.

30.

4.2857142

7.2857142

43.714285

Display Register

0.

8.7

2.163323



Keyboard Entry
Situation 4 (cont)

2.6

34.7

Keyboard Entry

Situation 5:

34.7 + (8.7)

34.7

8.7

2.6

Keyboard Entry

Situation 6:

1 _11° 171.16388

560 1 390© 670 560
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Depress Display Register

2.6

a 277.1724

277.1724

34.7

B 311.8724

Depress Display Register

0.

34.7

OGM 34.7

8.7

XT] 2.163323

2.6

277.1724

Mt! 277.1724

XeM 311.8724

Depress Display Register

0.

560

1x) 0.0017857
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Keyboard Entry

Situation 6 (cont)

390

670

Keyboard Entry

Situation 7:

B

5
5

A C
4

12
R? = (5)* + (12)°

R =4/169 = 13

Keyboard Entry

Situation 8:

Convert the point (7,24)

into polar coordinates.

where: Vector V =+/x2 +p?

0 =arc tan. 7

and: x =7 ;y=24

Depress

Depress

VERY

XM;

Mx]

rs="N

(Mx?

XM]

Depress

XM]

ve 6

Display Register

390

0.0043498

670

0.0058423

171.16546

Display Register

12.

12.

169.

Display Register
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Keyboard Entry Depress Display Register

Situation 8:

24 24.

i 2.
a 0.2916666

Yale! °
[ARC] TAN; 16.2602

(angle 0)

Xe] 625

(vector V)

Keyboard Entry Depress Display Register

Situation 9: B

0.0

a=68

40 DEG

A C & 0.
b=105

Solve for angle B.

40. 40.

===ISIN| 0.642788

a _b __c¢
SnA_ SinB SinC ga 0.642788

Sin B = bona 105 105.

B = Arc Sin : a A ] B 67.49274

i ° 68.B= Arc Sip 105.X Sin 0] 68
68

a 0.9925402

ARC} [SINT ~~82.99719°
- 4 LJ

(angle B)
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Keyboard Entry

Situation 10:

Solve for the hyperbolic sine

of 1.1 (sinh 1.1).

where: 1.1

ea - e-a

sinha = >

Keyboard Entry

Situation 11:

Solve for the hyperbolic tangent

of n/3 (tanh #/3).

where

a_e-a
 etanh a =
e+ ed

Depress

3

Fo
1x;

Depress

0
-

a
r
=

L2
J

a

e}

[RM]
=

[11x]
[M+]

a

CoM]

Display Register

0.

1.1

3.004165

3.004165

0.3328711

2.6712938

2.

1.3356469

(sinh 1.1)

Display Register

0.

3.1415926

3.1415926

3.

1.0471975

2.849652

2.849652

2.849652

0.35092

0.35092

2.498732

3.200572

0.7807141

(tanh5)



Keyboard Entry
Situation 12:

Determine V,

if: r = 50 kilo ohms .015

¢ = 0.1 microfarads

t = 0.015 sec. .000 000 1

Vi =25 volts

where: 50,000
t

\A = V,(1 -erc)

1.

25

Keyboard Entry

Situation 13:

How much will an investment of

$1000 be worth in 8 quarters
if interest is 7.1% annually .071

and the interest is compounded

quarterly?

if: i = interest rate for a given

interest period

n = number of interest periods

Depress

Depress

The Electronic Hand Calculator / 113

Display Register

0.

0.015

0.015

0.0000001

15,000.

50,000.

3.

-3.

0.049787

0.049787

1.

0.049787

0.950213

25.

23.755325
Ve)

Display Register

0.071

0.071

4.

0.01775
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Keyboard Entry

Situation 13 (cont)

where: 1

Future value =

(Present Value)(1 +i)"

Future value =

8 8$1000 [a4

1000

Keyboard Entry

Situation 14:

If the quarterly interest rate is

1.5%, how much money must

be invested now to grow to 1.015

$25,000 in 3 years (12
quarters)?

if: i = interest rate for a given
interest period 12

n = number of interest periods

where:

Future value

(1+pn

_ $25,000
Present value = (10.015)7

Present value =

25,000

Depress

BE x]

Depress

FE xi

Display Register

1.01775

0.017594

1.151139

1.151139

1000.

$1151.139
(Future value)

Display Register

1.015

0.014888

12.

1.195609

1.195609

25,000.

1.195609

$20,909.845
(Present value)



Keyboard Entry
Situation 15:

A loan of $3000is to be re-

paid in 24 equal monthly

installments. The annual

interest rate is 7.5%. How

much is each payment?

if: i = interest rate for a

given interest period

n = numberofinterest periods

where:

Uniform payment =

ar | [Principal Sum]
EH

Uniform payment =

0.075 0.075 |12 | 1+

0.075 1%*TOE $3000

12

24

3000

.075

Depress

DOM]

o

DXoMl

The Electronic Hand Calculator / 115

Display Register

0.075

0.075

12.

0.00625

0.00625

1.00625

0.00623

24.

1.161277

1.161277

0.00625

0.0072579

0.161277

0.0450026

3000.

135.0078

(monthly

loan payment)
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Practice Problems

Multiplication pages 30 and 31

Division pages 33 and 34

Multiplication and Division pages 36 and 37

Squares page 45

Square Roots page 45

Cubes page 48

Cube Roots page 48
Sines page 51

Cosines pages 52 and 53

Tangents page 55
Powers of Numbers page 63

Roots of Numbers page 65

THE TEXAS INSTRUMENTS SR-50

One of the most recent entries into the electronic hand calculator field is the

Texas Instruments’ SR-50. This small calculator is capable of processing a

wide range of problems from simple arithmetic to complex engineering and

scientific calculations. As with the “Rockwell type” calculators (see pages

98 to 115) it was designed to use algebraic notation for data entry, rather

than the Lukasciewicz or so-called ‘reverse Polish” notation, which the

Hewlett-Packard calculators employ. Because algebraic logic was used in the

design of the MOS solid state circuitry, numbers and algebraic functions are

entered into the calculator in the same order that they are written on paper,

and intermediate results may be obtained by depressing the “Equals” [Hi

key. One of this calculator’s most desirable features is its ability to accept

entries in scientific notation, which is not usually possible with many of the

hand calculators that use algebraic notation. Also, the SR-50 retains 13

significant digits of accuracy for internal processing. These are rounded off

to 10 digits for the display.

This calculator uses three registers for processing. The X register is the

display register, and its contents are shown on the display. The Y register is

the working register. It always stores those quantities awaiting completion

of any processing (except intermediate functions). The Z register is the

cumulative register for addition and subtraction. A memory (M register) is

used for storage and for summing to memory. It is never used for processing.

Because of this feature stored data does not get displaced during the proc-

essing of functions. Also, with the three process registers any sequence or

combination of functions can be processed without overflowing the registers

or losing data.

The general operation of the calculator is also simplified because the key-

board design does not require the use of an alternate function set of keys, as
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is the case with a number of other calculators. The single memory is ade-

quate for general purpose use. The operations of the keys used most often

are described below.

 
Illustration 3-5. The Texas Instruments Incorporated SR 50 Calculator.

(Courtesy of Texas Instruments Incorporated.)

Item Name Description ofFunction
 

ON

IID

[0][9]

Power Switch

Numeric Key Set

The switch should be turned off when the

calculator is not in use. All internal stor-

age of calculations within the machine

is erased when the power switch is
moved to the “OFF” position. The
power-on condition is indicated by the
presence of a number in the display reg-

ister. If, after turning the calculator on,

a number appears on the display (before

performing the first calculation), depress

the Clear key to assure register
clearance.

Each digit of a number must be keyed in

sequence, as desired, by depressing the

appropriate number key. Digits entered

in this manner are stored initially in the

X register—the display register.
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Item Name Description ofFunction
 

L]

CE

Pi

Decimal Point

Enter Exponent

Display Register

Clear Entry

Clear

To enter the constant pi (3.141592654)

depress the Pi key.

The decimal point symbol must be de-
pressed in the sequential position in

which it occurs. Otherwise the cal-

culator register will place a deciinal

to the right of the last value entered.

For example, 314.32 could be keyed as

BO®@daOBEa.

To enter a number into the calculator in

scientific notation (as a number multi-

plied by 10 raised to some power), de-
press the appropriate numeric keys to

enter the number, depress the Enter
Exponent key, and then the nu-

meric keys denoting the desired exponent
of 10. The last two digits on the right

side of the display are used to indicate
exponents. After the Enter Exponent

key has been depressed, the calcu-

lator will display all further results in

scientific notation until the Clear
key is depressed.

The display shows the contents of the

X register. In addition to power-on

indication and numerical information, the

display also provides indication of a nega-

tive number, decimal point, overflow,

underflow, and error.

To erase an erroneous entry shown on

the display register (X register) depress
the Clear Entry key. This will not
affect the working register (Y register),

the cumulative register (Z register), or
the memory.

To erase the value shown on the display

register (X register), the value stored in

the working register (Y register), and the

value stored in the cumulative register

(Z register), depress the Clear key.

This will not affect the memory register.

(To clear the memory, a zero must be

entered in place of the stored data.)
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Description ofFunction
 

Equals

Add

Subtract

Multiply

Divide

To obtain intermediate or final results of

a computation, depress the Equals [=]

key. This action instructs the calculator

to complete the processing of all the

previously entered data and algebraic
functions.

Depressing executes the previously

established condition (if any). To add a

number to the value shown in the display
register, depress the Add key, enter

the digits in sequence, and then depress
any of the keys , 2) ,or E . The
sum will appear on the display register.

Example: 215.88 +49.27 =265.15

Depressing [2] executes the previously

established condition (if any). To sub-

tract a number (subtrahend) from the

value appearing on the display register

(minuend), depress the Subtract [=] key,

enter the digits of the subtrahend in se-

quence, and then depress any of the keys

, [2] , or [EB] . The remainder will

appear on the display register.

Example: 0.97211 - 0.02199 = 0.95012

Depressing executes the previously

established condition (if any). To multi-

ply a number (multiplier) by the value

appearing on the display register (multi-

plicand), depress the Multiply key,

enter the digits of the multiplier in se-

quence, and then depress any of the

keys 0,3, X , EH ,o BE .

The product will appear on the display

register.

Example: 10,925 X 12.85 = 140,386.25

Depressing [5] executes the previously

established condition (if any). To divide
the value appearing on the display register

(dividend) by a number (divisor), depress

the Divide [5] key, enter the digits ofthe
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Item Name Description ofFunction
 

/- Change Sign

 

Reciprocal

 

Square of x

 

Square Root of x

Natural
[abs Logarithm

Natural

Antilogarithm

(e to the x power)

divisor in sequence, and then depress any

of the keys , =, , & , or
[El] . The quotient will appear on the

display register.

Example: 8.072 + 0.05971 =135.18673

To change the sign of a number previously

entered and appearing on the display reg-

ister, depress the Change Sign key.
To enter a negative number, first enter

the number and then press the Change
Sign key. To change the sign of
the exponent appearing in the display,
first depress the Enter Exponent

key, and then the Change Sign key.

To obtain the reciprocal of a number ap-

pearing on the display register, depress

the Reciprocal [Ff] key.     

Example: = 6.402(10)"21
15.62

To obtain the square of a number in the

display register, depress the Square of x

key.

Example: (4.2)* = 17.64

  

To obtain the square root of a number in

the display register, depress the Square

Root of x & key.

Example:  /0.06057 = 0.246109732

To obtain the natural logarithm (log,) of

a value appearing on the display register,

depress the Natural Logarithm
key.

Example: 1n 1.026 = 0.025667747

To obtain the natural antilogarithm

(antilog,) of a number appearing on the

display register, depress the Natural An-
tilogarithm Ea key.

Example: antilog, 0.0257 = 1.026033093

or ¢1.026033092 =0.0257
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Description ofFunction
 

Common

Logarithm

2 o

IID Anger mode

D/R Degrees/Radians

Trigonometric

Functions

Rely]

Inverse

Trigonometric
arc Functions

Hyperbolic

hyp Functions

To obtain the common logarithm (log)

of a number appearing on the display reg-

ister, depress the Common Logarithm
key.

Example: log 11.91 = 1.075911761

Select the angular mode (degrees or

radians) desired by appropriately posi-

tioning the Angular Mode switch. The

calculator interprets a displayed angle as

being in either degrees or radians, depend-

ing upon the angular mode setting.

To convert a displayed angle from degrees

to radians (or vice versa) depress the

Degrees/Radians key.

To obtain the sine, cosine, or tangent of

an angle appearing on the display register,

depress the appropriate Trigonometric
Function TER , , of key.

Example: sin 26.5° = 0.446197813

cos 15.9°=0.961741309

tan 67.5° =2.414213561

To obtain the arc sin, arc cos, or arc tan

of a trigonometric function appearing on

the display register, depress the Inverse

key and then the appropriate Trig-

onometric Function , Kl , or
key.

Example: arc sin 0.3392 = 19.82814125°

arc cos 0.9065 = 24.97392830°

arc tan 1.7256 = 59.90734021°

To obtain the hyperbolic sine, hyperbolic

cosine, or hyperbolic tangent of an angle

appearing on the display register, de-

press the Hyperbolic key and then
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Item Name Description ofFunction
 

Powers of Numbers

0 Roots of Numbers

Exchange Registers

STO Memory Storage

Sum to Memory

the appropriate Trigonometric Function

: , or key.

sinh 1.1 = 1.3356469

cosh 0.8 = 1.3374385

Example:

tanh- = 0.7807141

To raise a number appearing on the dis-
play register to a real power, depress the
Powers of Numbers key, the nu-
meric keys corresponding to the digits

denoting the power, and then the Equals

[El key. (Depressing a function key
rather than the Equals [=] key will pro-
duce the same effect.)

Example: (0.232)%°°%% =0.876274379

To extract the real root of a number ap-

pearing on the display register, depress
the Roots of Numbers key, the

numeric keys corresponding to the digits

denoting the root, and then the Equals

[El key. (Depressing a function key
rather than the Equals [3] key will pro-

duce the same effect.)

Example: +/279, 841 = 23

To exchange the number in the display

(X) register with the number in the work-

ing (Y) register, depress the Exchange
Register key.

To replace the number in the memory

with the number appearing on the display

register, depress the Memory Storage

key.

To add a number appearing on the display

register to the number in the memory,

depress the Sum to Memory key.

The use of this key does not affect the

displayed quantity nor the previously

processed data.
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Name Description ofFunction
 

RCL Memory Display To display (recall) the number currently

stored in the memory, depress the Mem-

ory Display key. The contents of

the memory is not altered by this opera-

tion. However, this action does clear the

display register before performing the

transfer from the memory.

General Examples of Calculator Capability:

Situation 1:

1232-7+1.6=6.92

Situation 2:

5.35 - (4.2) - 3.1 = -4.25

Situation 3:

fe) +3|6=

= 43.7

Keyboard Entry Depress Display Register

12.32 G) 12.32

7 5.32

1.6 (= 6.92

Keyboard Entry Depress Display Register

5.35 = -5.35

4.2 Oo -1.15

3.1 = 4.25

Keyboard Entry Depress Display Register

2 2.

4 BE X 6.
1428572

5 = 30.

7 4.285714286

3 x 7.285714286

0]
[

43.71428571
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Keyboard Entry

Situation 4:

(8.7)*® + 34.7 = 311.8724475 8.7

2.6

34.7

Keyboard Entry

Situation 5:

34.7

34.7 + (8.7)*® = 311.8724475 8.7

2.6

Keyboard Entry

Situation 6:

560
1

1 +1 + 1 = 390

560 390 670

= 171.1638788 670

Keyboard Entry

Situation 7:
B

5

> 12
5

C
12

R? =(5)* + (12)?

R = +169 = 13

Depress

Depress

El

Depress

a
8%

Depress

Be

Display Register

8.7

277.1724475

311.8724475

Display Register

34.7

8.7

311.8724475

Display Register

0.0017857142

0.0043498168

0.005842354

171.1638788

Display Register

25.

169.

13.
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Keyboard Entry Depress Display Register

Situation 8:

Convert the point (7,24) 7 = 7.
into polar coordinates

where: vector v = \/x? +? 24 = 16.26020471
(angle 0)

g = arc tan y/x 24 576.

andx=7,y=24

3 es.

25.

 

(vector v)

Keyboard Entry Depress Display Register

Situation 9:

B 105 X 105.

40 B= 67.49269902
a=68

68 EB]arc 82.99696344
40 (angle B)

C
b=105

Solve for angle B.

   

 

in A
B = arc sin 2 = |

B= sip 105 Xsin 40]
= arc sin 68
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Keyboard Entry Depress

Situation 10:

Determine V, 250

if r=3300 ohms

3 [3
¢ = 47 microfarads

t=250X 1073 sec 3300 E

V; = 18 volts

EE| [|+/-
where: 47

t
V.=V, [1-7] 6 [=

250 10-3
V. = 1]1 -¢3300 ax os| 1 EX

V; = 14.40872087 volts g

Keyboard Entry Depress

Situation 11:

If $15,000 is invested at 1
7%% interest compounded

annually, what will be
’ .0775 X

the accumulated amount 2

at the end of 8 years? o

if: i= interest rate for a 15000

given interest

period

n = number of interest

periods

where:

Future Value =

(Present Value) (1 + i)"

Future Value =

$15,000 (1 + 0.0775)®

Future Value = 27,253.95

Display Register

-250 00

-2.5 -01

-7.575757576 -05

47 -00

-1.995155075 -01

8.004844925 -01

1.440872087 01
(Ve)

Display Register

1.0775

1.816930146

27253.95219
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Keyboard Entry Depress Display Register

Situation 12:

What is the present value of 4 X 4.
the future amount $35,570

in 13 years? The interest rate 13 = 52.
is 6.3% compounded quarterly.

.063 = 0.063
if: i = interest rate for a given

interest period 4 Be 0.01575

n = number of interest periods X
RCLEM EmE

where: [/x J 4436952589

Present Value LotiVie. 35570 = 15782.24036

$35,570
Present Value = a+ 0.063 )13x4

4

Present Value = $15,782.24

Keyboard Entry Depress Display Register

Situation 13:

Solve for h: 76 X 76

h = 0.023 222320000)°% x 10.16 & 7.7216
0.08

076X

10.16|°* 423 18.25437352
0.423

4 3.195558505
h = 1072.380692 =

20000 20000.

8 X 2759.459323

423 X 1167.251294

.023 = 26.84677975

08 X El 1072380692
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Situation 14:

Solve for S:

16= —2_-XS= 10.3)

Keyboard Entry

875

1500

[75 +4/ (875) + (15007 875

S = 6053.95673

Practice Problems

Multiplication

Division

Multiplication and Division

Squares

Square Roots

Cubes

Cube Roots

Sines

Cosines

Tangents

Powers of Numbers

Roots of Numbers

16

1.3

pages 30 and 31

pages 33 and 34

pages 36 and 37

page 45

page 45

page 48

page 48

page S1

pages 52 and 53

page 55

page 63

page 65

Display Register

765625

1736.555499

2611.555499

41784.88798

13300.54294

1.3

6053.95673



4
the metrig [SI]

and other

unit systems

Man interprets the universe in which he lives by evaluating those things that

he perceives. Through experience he has learned that there are certain physi-

cal quantities that are unique and fundamental and that can be used to de-

scribe all other physical relationships. Among the fundamental dimensions

most commonly recognized are length, force, and time, which are used ex-

tensively by peoples of all cultures, economic classes, and educational levels.

Engineering and scientific calculations make use of measurements of all types

and, therefore, use not only these, but other fundamental dimensions as well.

Fundamental dimensions may be combined in numerous ways to form

derived dimensions; it is by this means that man is able to portray accurately

the physical laws of nature that he observes.

Some measurements are made with precise instruments, while others are

the result of crude approximations. Regardless of the accuracy of the meas-

urements or of the particular type of measuring instrument used, the measure-

ments are themselves merely representative of certain comparisons previously

agreed upon.

The length of a metal cylinder, for example, can be determined by laying

it alongside a calibrated scale or ruler. The 12-in. ruler is known to repre-

sent one third of a yard, and a yard is recognized as being equivalent to

36.00/39.37 metre! —which used to be the distance between two marks on a

1 The SI spelling “metre” is used instead of the more traditional spelling, “meter,” used in the past in

this country. Both spellings are acceptable.

120
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platinum-iridium bar kept in a vault in Sevres, France, but is now defined in

terms of the wavelength of a particularly uniform monochromatic light. All

these methods of measurements are comparisons. Other similar standards

exist for the measurement of temperature, time, and force.

Physical quantities to be measured may be of two types: those concerned

with fundamental dimensions of length (L), time (7), force (F), mass (M),

electrical charge (Q), luminous intensity (/), and temperature (6); and those

concerned with derived dimensions, such as area, volume, pressure, or

density. Fundamental dimensions may be subdivided into various sized parts,

called units. The dimension time (T), for example, can be expressed in the

units of seconds, hours, days, and so forth, depending upon the application

to be made or the magnitude of the measurement. Derived dimensions are

categorical descriptions of some specific physical characteristic or quality of

an entity, and they are brought into being by combining fundamental dimen-

sions. Area, therefore, is expressed dimensionally as length times length, or

length squared (L?), pressure as force per unit area (F/L?, or FL™?), and
acceleration as length per time squared (L/7T?, or LT2).

Most measured quantities must be expressed in both magnitude and units.

To state that an area was 146 would have no meaning. For example, an area

could be tabulated as 146 mi? or 146 cm?; a pressure could be recorded as
0.0015 dyne/cm? or 0.0015 1bs/in.?; an acceleration could be indicated as

159 in./sec? or 159 ft/sec?, and so forth. However, some values used in en-

gineering computations are dimensionless (without dimensions). These should

be ignored in the unit balancing of an equation. Radians, wm, coefficient of

friction, ratios, and per cent error are examples of dimensionless quantities.

Equations involving measured quantities must be balanced dimensionally

as well as numerically. Both dimensions and units can be multiplied and

divided or raised to powers just like ordinary algebraic quantities. When all

of the dimensions (or units) in an equation balance, the equation is said to

be dimensionally homogeneous.

Example An alloy has a specific weight of 400 Ibs/ft3. What is the weight

of 2 ft3 of the alloy? Show the numerical and dimensional

solutions to the problem.

W= Vp [Algebraic equation]

or

(Weight? of metal) = (volume of metal)(specific weight of metal)

Fundamental Dimensions: F = (L3 (5) [Dimensional equation ]

2Weight is expressed in the dimensions of force.
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Units: F=(2 ft) fso0oy =8001b; [Unit equation]

Check: lbs = Iby

Frequently it will be necessary to change unit systems, that is, feet to

inches, hours to seconds, pounds to grams, and so on. This process can be

accomplished by the use of unity conversion factors that are multiplied by

the expression to be changed. Refer to Appendix IV for a listing of com-

monly used conversion factors.

Example Change a speed of 3000 miles per hour (miles/hr) to feet per

second (ft/sec).

) ) L L
Fund 1 : —_—=undamental dimensions T T

to v= (30001) (5280 ft 1 hr _ ft
Units (3000 mi) ( 1 mi 3600 sec 4400 sec

The two conversion factors, (5280 ft/1 mi) and (1 hr/3600 sec), are each

equivalent to unity, since the numerator of each fraction is equal to its

denominator (5280 ft = 1 mi, and 1 hr = 3600 sec).

Note that the word per means divided by. To avoid misunderstandings in

computations, the units should be expressed in fractional form.

Example

a (Xper Y)perZ=(X + Y)* Z = [(X/y)/z] = ED) =XL
Zz YZ

b. Acceleration = 156 ft per sec per min = 156 ft/sec/min

_ ft
- 156ec)(min)

N
c. Pressure = 65.4 newtons per square centimetre = 65.4 om?

Example Solve for the fundamental dimensions of Q and P in the follow-

ing dimensionally homogeneous equation if C is a velocity and B is an area.

Q = CB-P)

. Lo _L,.,
Fundamental Dimensions: 0 == -P)

Since the equation is dimensionally homogeneous, P must also be length

squared (L?) in order that the subtraction can be carried out. If this is true,
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the units of Q are?

 

  

 

 

_L 2 2 _L 2 I7 (L L?) 7 (L ) T

Example Solve for the conversion factor k:

) LT, (LIF
A J 0?

: _T?*0Q*?
Solving for k. k 713

and L276) _ (12007 (LS TF?
F* \F°L3 0?

L2T30 _L’T0 _ 2035, 0-4
Check 7 Jo L*T°0F

F3T%6 I= MF? Q?3
LQ T*L3

k=_MQ°
FTLO

P12o[ Mo* MF Q? 2 3 m2 -3. — MCheck. I°0 5%, Ti or F*Q°T*L

UNITS

The most commonly used fundamental and derived units in engineering

calculations are the following:

Units of length The concept of length as a measure of space in one direc-

tion is easily understood. People in every country use this concept because

the position of any point in our universe may be described in relation to any

other point by specifying three lengths. The world standard of length is the

metre (m), defined now in terms of the wavelength of a particularly uniform

monochromatic light. It is quite close to being equal to the distance from

the earth’s equator to the North Pole divided by ten million, which was its

original definition. This unit of length is commonly used by engineers and

scientists in most countries for the usual engineering problems as well as in

the field of space mechanics.

In the United States, the most common units of length that are used in

engineering calculations are the inch (in.), the foot (ft), and the mile (mi).

3Remember that the terms L? represent a particular length squared in each instance. Thus the re-

mainder (depending on the numerical magnitude of each term) will also be length squared or will be

zero for the special case of the original lengths being equal.
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Less common are the yard and the nautical mile. They are defined as

lin. = 2.54 (10)"2 m (exactly by definition)
1 ft 12 in.

1 yard 3 ft

1 mile = 5280 ft

1 nautical mile 6080.27 ft approximately

Often feet and inches or feet and miles are used in the same problem. The

foot is sometimes decimalized and sometimes the last fractional foot is given

in inches and fractions of an inch. Sometimes the inch is decimalized and

sometimes it is fractionalized; sometimes it is both decimalized and frac-

tionalized in the same problem. One of the disadvantages of the English sys-

tem of measurementis the tendency to use a mixture of methods of showing

a measured quantity.

Units of force Force is most commonly thought of as a “push” or a “pull”

and represents the action of one body on another. The action may be ex-

erted by direct contact between the bodies or at a distance, as in the case of

magnetic and gravitational forces. Weight denotes a quantity of the same

nature as a force.

The most common unit of force used by American engineers in the past is

the pound (Ibs). This is the force that is required to accelerate a pound mass

with the mean acceleration of gravity, or g = 32.174 ft/sec®. Its value is

1 Ibs = 4.48 newton

The newton (N) is derived from the kilogram by means of Newton’s law,

F = Ma. Thus,

IN =1kg, X1 m/sec?

and it is the force required to accelerate a 1-kg mass 1 m/sec?. This unit of

force is most frequently used by the American electrical engineers and by

other engineers who are engaged in space exploration activities.

Units of time Time cannot be defined in simple terms, but in general it is a

measure of the interval separating the occurrence of two events. The mean

solar day is the standard unit of time in all systems of units used at present.

The hour (hr), the minute (min), and the second (sec) are all derived from

the mean solar day, but not decimally. Since all four of these units are used,

sometimes even in the same problem, it is easy to see how mistakes can be

made and considerable extra work required. This is also the case with the

International System of Units (SI), since the unit of time is the same in all
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Illustration 4-4. The contrast
of energy sourcesis depicted

in this picture, which shows
the relative engergy conver-
sion from coal and nuclear
fuels. In working with such

energy sources, the engineer
must be able to convert from
one unit system to another.      \ o

~ IP (Courtesy Westinghouse

” gt & % Electric Corporation.)

rr —— Zs

7’ cl © o o

35 Kw. Hr.   10,200,000 Kw. Hr.

  
or or

© 35,000,000,000 B. T. U.

 

systems of units. The most common unit used in engineering calculations is

the second, defined as

| sec = 1 mean solar day

86,400

Then, 1 min = 60 sec and 1 hr = 3600 sec.

Units of mass While length, force, and time are readily understood con-

cepts, mass is somewhat more difficult to perceive. The universe is filled

with matter—the accumulation of electrons, protons, and neutrons. Mass

is a measure of the quantity of these subatomic particles that a particular

object possesses. Although a quantity of matter can change form—for ex-

ample, as when a block of ice is melted to water and then vaporized to

steam—its “quantity” does not change.

In contrast to length, force, and time, there is no direct measure for mass.

Its quantity may be measured only through an examination ofits properties,

such as the amount of force that must be provided to give it a certain acceler-

ation. The world standard of mass is the kilogram (kg), defined originally as

being one thousandth of 1 m3? of water at a temperature of 4° Celsius and

standard atmospheric pressure, but now defined as the mass of a block of

platinum kept at the French Bureau of Standards. This unit is used by Amer-

ican electrical and space engineers.

The pound mass (Ib) is the unit that the average American engineer
thinks he is using most of the time. In most instances this is incorrect.
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Generally the pound that he uses is the pound force (Ibs), from which he

derives units of mass by means of Newton’s law, F = Ma. Thus,

1 1b, = 0.4535924277 kg (by definition)
2

1 sec” (also called a slug) = 32.174 Ib,,

1 Ibysec?

1n.
= 386.088 1b, 

Units of temperature Temperature is an arbitrary measure which is propor-

tional to the average kinetic energy of the molecules of an ideal gas. Four

temperature scales are used by American engineers. The degree Celsius

(°C), formerly called centigrade, reads zero at the freezing point of water

and 100°C at the boiling point of water under standard conditions of pres-

sure. It is the world standard of temperature. The temperature in degrees

Kelvin (°K) is derived from the Celsius scale by the following equation:

Temperature in °K = Temperature in °C + 273.16

The degree Fahrenheit (°F) reads 32°F at the freezing point of water and
212°F at the boiling point of water under standard conditions of pressure. *

The degree Rankine (°R) is derived from the Fahrenheit scale by the

equation

Temperature in °R = Temperature in °F + 459.69

When a temperature is measured in either °K or in °R,it is said to be the
absolute temperature, because these scales read zero for the condition where

the kinetic energy of the molecules of an ideal gas is presumed to be zero.

Units of area and volume Units of area and volume are derived from the

units of length for the most part. However, the gallon is a commonly used

measure of volume that is in no way related to units of length.

Units of velocity and acceleration These units are all derived from the

fundamental units of length and time.

Units of work and energy Work is the product of a force and a distance

through which that force acts. Energy is the ability or capacity for doing

4G. D. Fahrenheit thought that 0°F was the lowest possible temperature that could be obtained and

that 100°F was the uniformly standard temperature of human blood.
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work. Although the two quantities are conceptually different, they are

measured by the same units. Several different units are used. For example,

foot-pounds, inch-pounds, and horsepower-hours are all used for work and

mechanical energy; both the joule and the kilowatt-hour are used for elec-

trical energy; and both the calorie (two types) and the British thermal unit

(Btu) are used for heat energy. In some problems all of these units occur,

which frequently makes the task of unit conversion the most formidable

part of the solution.

Units of power Power is the time rate of accomplishing work. The average

power is the work performed divided by the time required for the perform-

ance. Since power units are derived units, they also involve the various work

and energy units described above. In addition, the ton of refrigeration (3517

watts) is sometimes used in air conditioning design calculations.

Units of pressure Pressure is the result of a force distributed over an area.

In general, the units of pressure have been derived from conventional units of

force and area. However, other measures are also used. For example, the

standard atmospheric pressure is commonly used as a unit, and for fractional

atmospheres the millimeter of mercury, the inch of mercury, and the inch of

water are used.

Units of density Density is a measure of the mass that a body of uniform

substance possesses per unit volume. The units of density are derived units

that are made up by dividing the chosen unit of mass by the unit of volume,

for example, grams per cubic centimeter.

Units of specific weight Specific weight is a measure of the weight of a

substance per unit volume. Many people confuse density with specific

weight. Remember that they are not the same, but rather that they are

related to each other by the relationship.

(Specific Weight) = (Density)(Acceleration of Gravity)

The units most commonly used for specific weight are 1b/ft3 and 1b/in.3,

where the 1b is a unit of force, Ibs. They represent the attraction,in Iby, of
the earth on either 1 ft® or 1 in.® of the material. To convert specific
weights to density for use in a gravitational system, one must divide these
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quantities by the acceleration of gravity, g If one divides the first unit by
g = 32.174 ft/sec’, one obtains the unit of density lbgsec? /ft*, or slugs/ft3,
and, if one divides the second unit by g = 386.088 in./sec?, one obtains the
unity of density lbssec? /in?.

Problems

Solve for the conversion factor k.

4-1.

4-2.

4-3.

4-4.

4-5.
4-6.

4-7.

4-8.

4-9.

4-10.
4-11.
4-12.
4-13,
4-14,
4-15,
4-16.
4-17.
4-18.
4-19,
4-20.
4-21.
4-22,
4-23.

4-24.

4-25.
4-26.
4-27.
4-28.

4-29.
4-30.
4-31.

  
_ (Hore) _ M3Q

“\ FM JT IL?

FTL? _ , 85M
OM3 — TT?

(88) - vieTF?
262 JIMS = K(2E )

k(FO?TL2M=3) = MPLOF-3

M2FT=3L"% = k\/MTY

VLT3F*M = k\/TF3M*

VT3Q

L2F?

k(F?T \/LO72 )=6-3T2
FL3Q1M~3 = kA [L201

Convert 76 newtons to dynes and lb.

Convert 2.67 in. to angstroms and miles.

Convert 26 knots to feet per second and meters per hour.

Convert 8.07(10)3 tons to grams and ounces.

Convert 1.075 atmospheres to dynes per cm? and inches of mercury.

Convert 596 Btu to foot-pounds and Joules.

Convert 26,059 watts to horsepower and ergs per second.
Convert 92.7 coulombs to faradays.
Convert 75 angstroms to feet.
Convert 0.344 henries to abhenries.
Express 2903 ft3 of sulphuric acid in gallons and cubic meters.
Change a Btu to horsepower-seconds.

A car is traveling 49 mi/hr. What is the speed in feet per second and meters per

second?

A river has a flow of 3(10)® gallons per 24-hour day. Compute the flow in cubic

feet per minute.
Convert 579 qt/sec to cubic feet per hour and cubic meters per second.

A copper wire is 0.0809 cm in diameter. What is the weight of 1000 m of the wire?

A cylindrical tank 2.96 ft high has a volume of 136 gallons. What is its diameter?

A round iron rod is 0.125 in. in diameter. How long will a piece have to be to weigh

1 1b?
Find the weight of a common brick that is 2.6 in. by 4 in. by 8.75 in.
Convert 1 yd? to acres and square meters.

A white pine board is 14 ft long and 2 in. by 8 in. in cross section. How much will
the board weigh? At $200.00 per 1000 f.b.m., what is its value?

 

 

k = MTLF
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4-32

4-33.

4-34,

4-35.

4-36.

4-37.

4-38.

4-39.

4-40,

4-41.

4-42,

4-43,

4-44,

4-45,

4-46,

4-47,

4-48.

A container is 12 in. high, 10 in. in diameter at the top, and 6 in. in diameter at

the bottom. What is the volume of this container in cubic inches? What is the weight

of mercury that would fill this container?
How many gallons of water will be contained in a horizontal pipe 10 in. in internal
diameter and 15 ft long, if the water is 6 in. deep in the pipe?
A hemispherical container 3 ft in diameter has half of its volume filled with lubri-
cating oil. Neglecting the weight of the container, how much would the contents weigh
if kerosene were added to fill the container to the brim?
Whatis the cross-sectional area of a railroad rail 33 m long that weighs 94 1b/yd?

A piece of cast iron has a very irregular shape and its volume is to be determined.
It is submerged in waterin a cylindrical tank having a diameter of 16 in. The water

level is raised 3.4 in. above its original level. How many cubic feet are in the piece
of cast iron? How much does it weigh?
A cylindrical tank is 22 ft in diameter and 8 ft high. How long will it take to fill
the tank with water from a pipe which is flowing at 33.3 gallons/min?
Two objects are made of the same material and have the same weights and diameters.
One of the objects is a sphere 2 m in diameter. If the other object is a right

cylinder, what is its length?

A hemisphere and cone are carved out of the same material and their weights are
equal. The height of the cone is 3 ft, 10%, inches while the radius of the hemisphere
is 13 in. If a flat circular cover were to be made for the cone base, what would be
its area in square inches?

An eight-sided wrought iron bar weighs 3.83 Ib per linear foot. What will be its
dimension across diagonally opposite corners?
Is the equation a = (25/¢?) — (2V,/t) dimensionally homogeneous if a is an acceler-
ation, V, is a velocity, ¢ is a time, and S is a distance? Prove your answer by writing
the equation with fundamental dimensions.
Is the equation V2 = V?% + 2as dimensionally correct if V, and V, are velocities,
a is an acceleration, and s is a distance? Prove your answer by rewriting the equation

in fundamental dimensions.
In the homogeneous equation R = B + ,CX, what are the fundamental dimensions

of R and B if C is an acceleration and X is a time?
Determine the fundamental dimensions of the expression B/g \/D — m?, where B

is a force, m is a length, D is an area, and g is the acceleration of gravity at a particular
location.
The relationship M = ol/c pertains to the bending moment for a beam under
compressive stress. o is a stress in F/L?, C is a length L, and / is a moment ofinertia
L*. What are the fundamental dimensions of M?
The expression V/K = (B — 734)A4*'3 is dimensionally homogeneous. 4 is a length
and V is a volume of flow per unit of time. Solve for the fundamental dimensions
of K and B.

Is the expression S = 0.031V2/fB dimensionally homogeneous if S is a distance, V
is a velocity, f is the coefficient of friction, and B is a ratio of two weights? Is it
possible that the numerical value 0.031 has fundamental dimensions? Prove your
solution.
If the following heat transfer equation is dimensionally homogeneous, what are the
units of k?

_ —kA(T, — Ty)
Q= L

A is a cross-sectional area in square feet, L is a length in feet, T, and T, are
temperatures (°F), and Q is the amount of heat (energy) conducted in Btu per

unit of time.
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4-49. In the dimensionally homogeneous equation

P=ma(=3)
F is a force, E is a force per (length)? y, d and h are lengths, u is Poisson’s
ratio, and M is a ratio of diameters. What are the fundamental dimensions of 7

UNIT SYSTEMS

Unit systems are of two general types—absolute and gravitational. The

absolute systems are independent of gravitational effects on the earth or

other planets and are generally used for scientific calculations. In absolute

systems the dimensions of force are derived in terms of the fundamental

units of time, length, and mass. There are three absolute systems. Two of

these are used extensively in scientific work today. These are the SI (metre,

kilogram, second) absolute system, and the CGS (centimeter, gram, second)

absolute system. The other absolute system, the FPS absolute system, has

been used primarily in engineering computations. The American Engineering

is the more commonly used of the gravitational systems.

Table 4-1 Unit Systems
 

  

 

 

Absolute Gravitational

(1) SI (5) American

(Modified Engi-

MKS) (2) CGS (3) FPS (4) FPS neering

Fundamental dimensions

Force (F) — — — Ibs lbs

Length (L) m cm ft ft ft or in.

Time (T) sec sec sec sec sec

Mass (M) Kem g 1b, — Ibm

Derived dimensions

kg,,-m g-cm lbm-ft _ _

Force (F) sec? sec? sec?

(calleda (calleda (calleda

newton*) dyne) poundal)

Ibysec?
Mass (M) — — “ Tr —

(called a
slug)
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Table 4-1 (cont)
 

 
 

 
 

 

Absolute Gravitational

(1)SI (S) American

(Modified Engi-

MKS) (2) CGS (3) FPS (4) FPS neering

Energy (LF) N-m cm-dyne  ft-poundal ft-lb, ft-lbs

(called an

erg)

- - - ft-1bPower LF N-m erg ft-poundal ft-lb f

T sec sec sec sec sec

Veloci (£) m cm ft ft ft
elocity T sec sec sec sec sec

Acceleration

( L m cm ft ft ft

TZ sec? sec? sec? sec’ sec’

Area (L?) m? cm? ft? ft? ft?

Volume (L®) m3 cm? ft? ft ft3

(MY kgm g Ib Ibssec? 1b
Density(i) mem TO fe fe
Pressure

(=) N dyne poundal lbs lbs
L m? cm? cm? ft? ft2
 

*A newton (N) is the force required to accelerate a 1-kg mass at 1 m/sec?. The acceleration of gravity

at gea level and 45° latitude has the measured value of 9.807 m/sec’. A force of 1 kg equals 9.807 N

of force.

THE METRIC (SI) SYSTEM

The majority of the countries of the world use the metric system (also

called the MKS—metre, kilogram, second —system). This system was initiated

in France in 1790, during the French Revolution, when the National Assem-

bly of France requested the French Academy of Sciences to ‘deduce an in-

variable standard for all the measures and all the weights.” The unit of length

was to be a fraction of the earth’s circumference, with other measures (such

as volume and mass) to be derived from it. Also, the various sized parts of each

unit were to be a multiple of ten of that unit, making it a decimal system.

France made the use of the metric system compulsory in 1840, and its

use by other countries has increased steadily since that time. In 1866 the

United States Congress passed a statute making it “lawful throughout the

United States of America to employ the weights and measures of the metric

system in all contracts, dealings or court proceedings.” However, it was not

until the recent era of space travel that its use became widely used in scien-
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tific work. Most of the transactions of commerce still use the English FPS
(foot, pound, second) gravitational system in spite ofits inherent conversion
complexities. However, industry is converting rapidly to the metric system.

In 1960, the General Conference of Weights and Measures—formed of the
international adherents to the metric convention—adopted an extensive re-
vision and simplification of the metric system. The name Le Systéme Inter-

national d’Unités (International System of Units), with the abbreviation SI,

was adopted. Further improvements were made in 1964, 1968, and 1971.

It is anticipated that within a few years all transactions in this country will

use the SI system of units.

The SI (metric) system is particularly convenient in calculations involving

energy, since only one unit is used for all types of energy, whether atomic,

electric, chemical, heat or mechanical. This unit of energy is the joule,

which previously was used only by electrical engineers, and the correspond-

ing unit of power is the watt, which is 1 joule/sec.

The following is a complete list of SI units and their dimensions:

SI Fundamental units (also called base units)

Length: 1 m (metre)

Mass: 1 kg, (kilogram)

Time: 1s (second)
Electric Current = 1 ampere (amp) = 1 coulomb/sec

Thermodynamic Temperature: 1°K (kelvin)

Luminous Intensity: 1 candela (International candle)

Amount of Substance: 1 mole

Examples of Derived units

area = 1 m?
volume = 1m?
velocity = 1 m/sec

acceleration = 1 m/sec?
force = 1 newton (N) = 1 kg,,,-m/sec?

work and energy: 1 joule (j) = 1 kgp,-m? sec?
moment and torque = 1 N-m

power, 1 watt (Ww) = 1 Kgp.m? sec?

pressure, 1 N/m? = 1 kg, /sec?-m (1 bar = 10° N/m)

thermal conductivity = 1 w/m-°C = 1 kgy,-m/sec®-°C
heat transfer coefficient = 1 w/m?-°C = 1 kg, /sec®-°C

dynamic viscosity = 1 N-sec/m? = 1 kg, /m-sec = 1 decapoise

kinematic viscosity = 1 m? [sec = 1 myriastoke
density = 1 kg, /m>
heat coefficient = 1 j/kgm-°C = 1 m? [sec?-°C

enthalpy, heat content, and internal energy = 1 j/kgy, =

1 m? sec?
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electrical charge; 1 coulomb = 1 amp-sec

potential = 1 volt (v) = 1 w/amp = 1 kg,,-m? [sec® -amp
resistance = 1 ohm (2) = 1 w/amp? = 1 kg; .m?2 [sec®-amp?

capacitance = 1 farad (f) = 1 coulomb/v = 1 amp?-sec/w =

1 amp?-sec* [kgm m?

inductance = 1 henry (h) = 1 v-sec/amp = 1 j/amp? =

1 kg, -m? /sec?-amp?’ 2

capacity or permittivity €, = ] 0 =8.854 X 107% f/m5 =
mc

magnetic permeability po = 4m(10)™7 = 1.2566(10)"° h/m

The American engineering system of units

Early in the development of engineering analysis a system of units was devel-

oped that defined both the units of mass and the units of force. It is perhaps

unfortunate that the same word, pounds, was chosen to represent both quan-

tities, since they are physically different. In order to help differentiate the

quantities, the pound-mass may be designated as lb,,,s (or lb,,) and the

pound-force as lbsyyce (Or lb).

For many engineering applications the numerical values of 1b,, and lbs are

very nearly the same. However, in expressions such as F' = Mg,it is necessary

that the difference between 1b, and lbs be maintained. By definition, a mass

of 1 Ib, will be attracted to the earth by a force of 1 lbs at a place where
the acceleration of gravity is 32.2 ft/sec?. If the acceleration of gravity

changes to some other value, the force must change in proportion, since

mass is invariant.

Although the pound subscripts, force and mass, are frequently omitted in

engineering and scientific literature,it is nevertheless true that lbs is not the

same as lb,,. Their numerical values are equal, however, in the case of sea

level, 45°-latitude calculations. However, their values may be widely differ-

ent, as would be the case in an analysis involving satellite design and space

travel.

In Newton’s equation, F = Ma, dimensional homogeneity must be main-

tained. If length, force, and time are taken as fundamental dimensions, the

dimensions of mass must be derived. This can be accomplished as follows:

F = Ma

Then m=£
a

_ (Fp) __FT _ -17

arp HT

and = Ibp-ft™! -sec?
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For convenience, this derived unit of mass (1 lb-sec?)/ft is called a slug.
Thus, a force of 1 1b will cause a mass of 1 slug to have an acceleration of
1 ft/sec?.

The relationship between 1 1b,, and 1 slug is given by considering that

whereas 1 1b; will accelerate 1 1b,, with an acceleration of g = 32.2 ft/sec?,

it will accelerate 1 slug with an acceleration of only 1 ft/sec. Thus:

11bs = (1 1b,, )(32.2 ft/sec?) = (1 slug)(1 ft/sec?)

or

1 slug = 3.22 1b,

It should be noted that with the FPS system a unity conversion factor

must be used if a mass unit other than the slug is used. Since the acceleration

of gravity varies with both latitude and altitude, the use of a gravitational

system is sometimes inconvenient. A 100,000-1b rocket on the earth, for

example, would not weigh 100,000 1b; on the moon, where gravitational

forces are smaller. The mass of the rocket, on the other hand, is a fixed

quantity and will be a constant amount, regardless ofits location in space.

For a freely falling body at sea level and 45° latitude, the acceleration’ g

of the body is 32.174 (approximately 32.2) ft/sec?. As the mass is attracted

to the earth, the only force then acting on it is its own weight.

then F = Ma

If W = Mg

and M =W
g

where a =g and F=W

In this particular system of units, then, the mass of a body in slugs may be

calculated by dividing the weight of the body in pounds by the local accelera-

tion of gravity in feet per second squared.

The engineer frequently works in several systems of units in the same

calculation. In this case it is only necessary that the force, mass, and accel-

eration dimensions all be expressed in any valid set of units from any unit

system. Numerical equality and unit homogeneity may be determined in any

case by applying unity conversion factors to the individual terms of the

expression.

Example Solve for the 1b, which is being accelerated at 3.07 ft/sec? by

a force of 392 lby.

5The value of the acceleration of gravity, g, at any latitude 6 on the earth may be approximated from

the following relationship: g = 32.09(1 + 0.0053 sin? 6) ft/sec?.
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Solution F = Ma or M==—

= _3921bs _ 1by-sec?
M= 307 tisea 127-87

The direct substitution has given mass in the units of slugs instead of 1b,

units. This is a perfectly proper set of units for mass, although not in lb,

units as desired. Consequently the final equation must be altered by apply-

ing the unity conversion factor

32.21b

4 22ity) ’

The object, of course, is to cancel units until the desired units appear in

the answer. Thus

2 -pt = (127:81bpsec? (32.216m 10) _ 411)10)° Ib,
ft 1 1bg-sec?
 

Example Solve for the mass in slugs being accelerated at 13.6 m/sec by a

force of 1782 lby.

 

Solution F = Ma

m=LE_ (17821bf) _ (1782 Ibssec? 1 m

a (13.6 m/sec?) 13.6 m 3.28 ft

2

= 40flee = 40 slugs

It is recommended that in writing a mathematical expression to represent

some physical phenomena, the engineer should avoid using stereotyped con-

version symbols such as g, g., k, or J in the equation. If one of these, or any

other conversion factor, is needed in an equation to achieve unit balance,it

can then be added. Since many different unit systems may be used from

time to time, it is best to add unity conversion factors only as they are

needed. Unfortunately, in much engineering literature, the equations used

in a particular instance have been written to include one or more unity con-

version factors. Considerable care must be exercised, therefore, in using

these expressions since they represent a “special case’ rather than a “general

condition.” The engineer should form a habit of always checking the unit

balance of all equations.

Remember that

2

I slug = j dbrsec = 32.2 Ib,
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The foregoing discussion has shown that

1. If mass units in slugs are used in the expression F = Ma, the force units

will come out in the usual units of pounds (Iby).

2. If mass units in pounds (lb,, ) are used in the expression F = Ma, force

units will come out in an absolute unit called the poundal (see

Table 4-1).

In engineering calculations the inch is used just as often as the foot to

represent the unit of length, and this necessitates the introduction of an

additional unit of mass. Consider Newton’s law, F = Ma, where F = 1 Ibs

and a = 1 in./sec?. Then

M = 1 lbgsec? [in.

where Ibs now is Ibforce

Example A body weighs W 1bf at a place where g = 386 in./sec?. Find

the mass of the body in units of 1bs-sec? /in.

Solution The relationship between weight and mass is given by

W= Mg

and if W is given in lbs and g in in. /sec?, this gives

“W_ Ww - 2 [3M 2 3861 sec’ /in.

Problems on unit systems

4-50. The kinetic energy of a moving body in space can be expressed as follows:

MV?
2
 KE =

where KE = kinetic energy of the moving body
M = mass of the moving body
V = velocity of the moving body

Ib,-sec? ft
a. Given: M = 539 : VV =2900—

sec
 

Find: KE in ft-lb,
Ib,-sec?
 b. Given: M = 42.6 ; KE = 1.20010)! ft-1b,

Find: V in 44
Sec
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4-51.

4-52,

4-53.

c. Given: KE = 16900 in.-lb; V = 3960-10—
min

Find: M in slugs

d. Given: M = 143 g; KE = 2690 in.-lb,

Find: V in m

The inertia force due to the acceleration of a rocket can be expressed as follows:

F = Ma

where F = unbalanced force

a = acceleration of the body

M = mass of the body

ep?CM = 896 Ib, sec
a. Given: a = 4391.

sec? ft
 

Find: F in 1b,

cep?
b. Given: F = 1500 Ib; M = 26.4 1Drsec®

 

 

  

ft

Find: a in >
SEC

c. Given: F = (49.3)(10)° Ib; a = 32.2
S€C

cpp
Find: M in 22

cpr?
d. Given: M = 9650205. , _ ggg_m

sec?

Find: Fin Ib,

The force required to assemble a force-fit joint on a particular piece of machinery
may be expressed by the following equation:

_ #dlfP

~ 2000
 

where d = shaft diameter, in.
/ = hub length, in.
f = coefficient of friction

P = radial pressure, psi
F = force of press required, tons

a. Given: d =9.05 in; / = 15.1 in.; f= 0.10; P = 10,250 psi
Find: Fin Ib,

b. Given: F=421 x 10° 1b; f= 0.162; P = 8.32(10%) psf; / = 1.62 ft
Find: d in ft

c. Given: d = 25 cm; [ = 30.2 cm; f= 0.08; P = 9260 psi
Find: Fin tons

d. Given: F = 206 tons; d = 6.23 in.; [ = 20.4 in.; f= 0.153
Find: P in Ib/ft*

The dynamic stress in the rim of a certain flywheel has been expressed by the
following equation:

o = 0.0000284pr2n?
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i Ib
where o = tensile stress, —L

p = specific weight of material, Io,

in.2

/
in.3

r = radius of curvature, in.

n

4-54,

4-55.

4-56.

4-57.

4-58.

4-59,

4-60.

4-61.

4-62.

4-63.

= number of rpm

. Given: o = 200 psi; p = 0.2824; » = 9 in,
in.3’

Find: » in rpm

. Given: p = 0.33220. r = 23.1 cm; m = 200 rpm
in3’

Find: o in psi

Assuming that the acceleration due to gravitation is 5.31 fps? on the moon, what
is the mass in slugs of 100 lb,, located on the moon?
A silver bar weighs 382 1b, at a point on the earth where the acceleration of gravity

is measured to be 32.1 fps? Calculate the mass of the bar in Ib,, and slug units.
The acceleration of gravity can be approximated by the following relationship:

g = 980.6 — (3.086)(10)~64

where g is expressed in cm/sec?, and 4 is an altitude in cm. If a rocket weighs 10,370
1b, at sea level and standard conditions, what will be its weight in dynes at 50,000-ft

elevation?
At a certain point on the moon the acceleration due to gravitation is 5.35 fps. A
rocket resting on the moon’s surface at this point weighs 23,500 1b, Whatis its mass
in slugs? In 1b,,?
If a 10-1b weight on the moon (where g = 5.33 fps?) is returned to the earth and
deposited at a latitude of 90° (see page 244), how much would it weigh in the new
location?
A 4.37-slug mass is taken from the earth to the moon and located at a point where
g = 5.33 fps?. Whatis the magnitude of its mass in the new location?
Is the equation F = WV'2?/2g a homogenous expression if W is a weight, V is a
velocity, F is a force, and g is the linear acceleration of gravity? Prove your answer,
using the FPS absolute system of units.
Sir Isaac Newton expressed the belief that all particles in space, regardless of their
mass, are each attracted to every other particle in space by a specific force of
attraction. For spherical bodies, whose separation is very large compared with the
physical dimensionsof either particle, the force of attraction may be calculated from
the relationship F = Gm,m,/d?, where F is the existing gravitational force,d is the
distance separating the two masses m; and m,, and G is a gravitational constant,
whose magnitude depends upon the unit system being used. Using the CGS absolute
system of units [G = 6.67 X 10-8 (cm3/gm-sec?)], calculate the mass of the earth if

it attracts a mass of 1 g with a force of 980 dynes. Assume that the distance from
the center of the earth to the gram mass is 6370 km.
Referring to Problem 4-60, calculate the mass of the sun if the earth (6 x 10%* kg
mass) has an orbital diameter of 1.49 X 107 km and the force ofattraction between
the two celestial bodies is (1.44)(10)2% N.

From Problem 4-60, calculate the acceleration of gravity on the earth in CGS
absolute units.
An interstellar explorer is accelerating uniformly at 58.6 fps? in a spherical space
ship which has a total mass of 100,000 slugs. Whatis the force acting on the ship?
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4-64.

4-65.

4-66.

4-67.

4-68.

4-69.

4-70.

4-71.

4-72.

4-73.

4-74.

4-75.

At a certain instant in time a space vehicle is being acted on by a vertically upward

thrust of497,000 1b,. The mass of the space vehicle is 400,000 1b,,, and the acceleration

of gravity is 32.1 fps2. Is the vehicle rising or descending? What is its acceleration?

(Assume “up” means radially outward from the center of the earth.)

Some interstellar adventurers land their spacecraft on a certain celestial body. Explain

how they could calculate the acceleration of gravity at the point where they landed.

In a swimming pool manufacturer’s design handbook,for a pool whose surface area

is triangular, you find the following formula: ¥ = 3.74Rt, where V = volume of

pool in gallons, R = length of base of triangular shaped pool in feet, 1 = altitude

of triangular shaped poolin feet if 7 is measured perpendicular to R, and 6 = average

depth of poolin feet. Prove that the equation is valid or invalid.

You are asked to check the engineering design calculations for a sphere-shaped

satellite. At one place in the engineer's calculations you find the expression

A = 0.0872A2, where A is the surface area of the satellite measured in square feet,

and A is the diameter ofthe satellite measured in inches. Prove that the equation

is valid or invalid.

The U.S. Navy is interested in your torus-shaped lifebelt design and you have been

asked to supply some additional calculations. Among these is the request to supply
the formula for the volume of the belt in cubic feet if the average diameter of the

belt is measured in feet and the diameter of a typical cross-sectional area of the belt
is measured in inches. Develop the formula.

From the window of their spacecraft two astronauts see a satellite with foreign
insignia markings. They maneuver for a closer examination. Apparently the satellite
has been designed in the shape of an ellipsoid. One ofthe astronauts quickly estimates
its volume in gallons from the relationship V = 33.84CE, where the major radius

(A) is measured in meters, the minor radius (£) is measured in feet, and the endview

depth to the center of the ellipsoid (C) is measured in centimeters. Verify the

correctness of the mathematical relationship used for the calculations.

An engineer and his family are visiting in Egypt. The tour guide describes in great

detail the preciseness of the mathematicalrelationships used by the early Egyptians

in their construction projects. As an example he points out some peculiar indentations

in a large stone block. He explains that these particular markings are the resultant
calculations of “early day” Egyptians pertaining to the volume of the pyramids. He
says that the mathematical relationship used by these engineers was © = [1] 1, where

© was the volume of pyramid in cubic furlongs, [] was the area of the pyramid

base in square leagues, and 1 was the height of the pyramid in hectometers. The
product of the area and the height equals the volume. The engineer argued that the
guide was incorrect in his interpretation. Prove which was correct.
Develop the mathematicalrelationship for finding the weight in drams of a truncated
cylinder of gold if the diameter of the circular base is measured in centimeters and
the height of the piece of precious metal is measured in decimeters.

If a silver communications satellite has a mass of 126.3 Ib,, at Houston, Texas, what
would be its weight in newtons on the moon, where the acceleration of gravity is
measured to be 162 cm/sec??

A volt is defined as the electric potential existing between two points when 1 joule
of work is required to carry 1 coulomb of charge from one point to the other. An
ainpere is defined as a flow of 1 coulomb of charge per second in a conducting
medium. From these definitions, derive an expression for power in watts in an
electrical circuit.

An electric light bulb requires 100 w of power while burning. At what rate is heat
being produced? What will be the horsepower corresponding to 100 w?
A 440-v electric motor which is 83 per cent efficient is delivering 4.20 hp to a hoist
which is 76 per cent efficient. At what rate can a mass of 1155 kg be lifted?
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How many kilograms of silver will be transferred in an electroplating tank by a
passage of 560 amp for 1 hr? (Hint: 96,500 coulombs will deposit a gram-equivalent
of an element in a plating solution.)
A window-mount type of air conditioning unitis rated at %, ton capacity for cooling.
If the overall efficiency of the motor and compressor unit is 26 per cent, what electric
current will be necessary to operate the unit continuously when connected to a 120-v
alternating current power line?

A large capacitor is rated at 10,000 microfarads. If it is connected to a 6.3-v battery,
how many coulombs will be required to charge it?
A capacitor used in transistor circuitsis rated at 5 picofarads. How many coulombs
will be required to charge it if it is connected to a 9-v battery?
The reactance in ohms of a coil of wire is given as X; = 2fL, wherefis the frequency
of an electric current in cycles per second and L is the coil inductance in henries.
Compute the reactance of a small solenoid coil whose inductance is 2.75 millihenries
if the coil is connected to a 109-v line whose frequency is 412 hertz.





J
the problem

solving process

Problem solving may be considered in some degree to be both art and

science. The art of problem solving is developed over a period of continuous

practice, whereas the science of problem solving comes about through a study

of the engineering method of problem solving. Both engineers and scientists

must be “problem solvers.” However, in many instances the end product of

the engineer’s design, which is a working system economically devised, is

considerably different from that of the scientist’s, which may be a solution

without regard to economics or usefulness.

To many people engineering design means the making of engineering draw-

ings, putting on paper ideas that have been developed by others, and perhaps

supervising the construction of a working model. While engineers should

possess the capability to do these things, the process of engineering design

includes much more: the formulation of problems, the development of

ideas, their evaluation through the use of models and analysis, the testing

of the models, and the description of the design and its function in proposals

and reports.

An engineering problem may appear in any size or complexity. It may be

so small that an engineer can complete it in one day or so large that it will

take a team of engineers many years to complete. It may call for the design

of a tiny gear in a big machine, perhaps the whole machine, or an entire

plant or process which would include the machine as one of its components.
When the design project gets so big that its individual components can no

longer be stored in one man’s head, then special techniques are required to
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catalog all of the details and to ensure that the components of the system

work harmoniously as a coherent unit. The techniques which have been

developed to ensure such coordination are called systems design.

Regardless of the complexity of a problem that might arise, the method

for solving it follows a pattern similar to that represented in Figure 5-1.
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Figure 5-1. The problem solving process.

Each part of this “cyclic” process will be described in more detail, but first,

two general characteristics of the process should be recognized:

1. Although the process conventionally moves in a circular direction,

there is continuous ‘feedback’ within the cycle.

2. The method of solution is a repetitious process that may be continu-

ously refined through any desired number of cycles (Figure 5-2).

THE ENGINEERING METHOD

PROBLEM ==) SOLUTION

FEEDBACK REPETITION

Figure 5-2
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The concept of feedback is not new. For example, feedback is used by
an individual to evaluate the results of actions that have been taken. The eye
sees something bright that appears desirable and the brain sends a command

to the hand and fingers to grasp it. However, if the bright objectis also hot

to the touch, the nerves in the fingers feed back information to the brain

with the message that contact with this object will be injurious, and pain is

registered to emphasize this fact. The brain reacts to this new information

and sends another command to the fingers to release contact with the object.

Upon completion of the feedback loop, the fingers release the object

(Figure 5-3).

Reach Pain Release

  
Figure 5-3

Another example is a thermostat. As part of a heating or cooling system,

it is a feedback device. Changing temperature conditions produce a response

from the thermostat to alter the heating or cooling rate.

The rate at which one proceeds through the problem solving cycle is a

function of many factors, and these factors change with each problem. Con-

siderable time or very little time may be spent at any point within the cycle,

depending upon the situation.

Thus the problem solving process is a dynamic and constantly changing

process that provides allowances for the individuality and capability of the

user.
This text is concerned primarily with techniques and tools of analysis.

Therefore, particular attention will be directed to steps one and four of the

problem solving process—identification of the problem and preparation of

a model.
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IDENTIFICATION OF THE PROBLEM

One of the biggest surprises that awaits the newly graduated engineer is the

discovery that there is a significant difference between the classroom prob-

lems that he solved in school and the real-life problems that he is now asked

to solve. This is true because problems encountered in real life are poorly

defined. The individuals who propose such problems (whether they be

commercial clients or the engineer’s employer) rarely know or specify

exactly what is wanted, and the engineer must decide for himself what in-

formation he needs to secure in order to solve the problem. In the classroom

he was confronted with well-defined problems, and he usually was given most

of the facts necessary to solve them in the problem statements. Now he

finds that he has available insufficient data in some areas and an overabun-

dance of data in others. In short, he must first find out what the problem

really is. In this sense he is no different from the physician who must

diagnose an illness or the attorney who must research a case before he

appears in court. In fact, problem formulation is one of the most interesting

and difficult tasks that the engineer faces. It is a necessary task, for one can

arrive at a good and satisfactory solution only if the problem is fully

understood. Many poor designs are the result of inadequate problem

statements.

The ideal client who hires a designer to solve a problem will know what

he wants the designer to accomplish; that is, he knows his problem. He will

set up a list of limitations or restrictions that must be observed by the de-

signer. He will know that an absolute design rarely exists—a yes or no type

of situation—and that the designer usually has a number of choices available.

The client can specify the most appropriate optimization criteria on which

the final selection (among these choices) should be based. These criteria

might be cost, or reliability, or beauty, or any of a number of other

desirable results.

The engineer must determine many other basic components of the prob-

lem statement for himself. He must understand not only the task that the

design is required to perform but what its range of performance character-

istics are, how long it is expected to last in the job, and what demands will

be placed on it one year, two years, or five years in the future. He must

know the kind of an environment in which the design is to operate. Doesit

operate continuously or intermittently? Is it subject to high temperatures,

or moisture, or corrosive chemicals? Does it create noise or fumes? Doesit

vibrate? In short, what type of design is best suited for the job.

For example, let us assume that the engineer has been asked by a physician

to design a flow meter for blood. What does he need to know before he can

begin his design? Of course he should know the quantity of blood flow that

will be involved. Does the physician want to measure the flow in a vein, or

in an artery? Does he want to measure the flow in the very small blood

vessels near the skin or in the major blood vessels leading to and from the
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heart? Does he want to measure the average flow of blood or the way in
which the blood flow varies with every pulse beat? How easy will it be to
have access to the blood vessels to be tested? Will it be better to measure

the blood flow without entering the vessel itself, or should a device be in-

serted directly into the vessel? One major problem in inserting any kind of

material into the blood stream is a strong tendency to produce blood clots.

In case an instrument can be inserted into the vessel, how small must it be

so that it does not disturb the flow which it is to measure? How long a sec-

tion of blood vessel is available, and how does the diameter of the blood

vessel vary along its length and during the measurement? These and many

more components of the problem statement must be determined by the

engineer before an effective solution can be designed.

Another example of the importance and difficulty of problem definition

is the urban transportation problem. Designers have proposed bigger and

faster subways, monorails, and other technical devices because the problem

was assumed to be simply one of transporting people faster from the suburbs

into the city. In many cases, it was not questioned whether the problem

that they were solving was really the problem that needed a solution.

Surely the suburbanite needs a rapid transportation system to get into the

city, but the rapid transport train is not enough. He must also have “short

haul” devices to take him from the train to his home or to his work with a

minimum of walking and delay. Consequently, the typical rapid transit

system must be coordinated with a city-wide network of slower and shorter-

distance transportation which permit the traveler to exit near his job,

wherever it may be. For the suburbanite, speed is not nearly as important

as frequent, convenient service, on which he can rely and for which he need

not wait.

Urbanites, particularly the poor, who generally live far from the places

where they might find work, are also in need of better transportation. For

these people, high speed again is not nearly as important as low cost and

transportation routes and vehicles that provide access to the job market.

Instead of placing emphasis on bigger and faster trains, designers should con-

sider the wants and the needs of the people they are trying to serve and

determine what these wants and needs really are.
How does the engineer find out? How does he define his problem and

know that his definition is in fact what is needed? Of course the first step

is to find out what is already known. He must study the literature. He must

become thoroughly familiar with the problem, with the environments in

which it operates, with similar machines or devices built elsewhere, and with

peculiarities of the situation and the operators. He must ask questions.

It may be, after evaluating the available information, that the engineer

will be convinced the problem statement is unsatisfactory—just as today’s

statement of the transportation problem appears to be unsatisfactory. In

that case he may suggest or perform additional studies—studies that involve

the formulation of simulation models of the situation and the environment
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in which the machine is to be built. They may include experiments with

these models to show how this environment would react to various solutions

of the problem.

The design engineer must work with many types of people. Some will be

knowledgeable in engineering—others will not. His design considerations

will involve many areas other than engineering, particularly during problem

formulation. He must learn to work with physicists and physicians, with

artists, architects, and city planners, with economists and sociologists—in

short, with all those who may contribute useful information to a problem.

He will find that these men have a technical vocabulary different from his.

They look at the world through different eyes and approach the solution of

problems in a different way. It is important for the engineer to have the

experience of working with such people before he accepts a position in

industry, and what better opportunity is there than to make their acquain-

tance during his college years. With the manifold problems that tomorrow’s

engineer will face—problems that involve human values as well as purely tech-

nical values—collaboration between the engineer and other professional

people becomes increasingly important.

PREPARATION OF A MODEL

Psychologists and others who study the workings of the human mind tell us

that we can think effectively only about simple problems and small “bits” of

information. They tell us that those who master complicated problems do

so by reducing them to a series of simple problems which can be solved and

synthesized to a final solution. This technique consists of forming a mental

picture of the entire problem, and then simplifying and altering this picture

until it can be taken apart into manageable components. These components

must be simple and similar to concepts with which we are already familiar,

to situations that we know. Such mental pictures are called models. They

are simplified images of real things, or parts of real things—a special picture

that permits us to relate it to something already known and to determine its

behavior or suitability.

We are all familiar with models of sorts—with maps as models for a road

system; with catalogs of merchandise as models of what is offered for sale.

We have a model in our mind of the food we eat, the clothes we buy, and of

the partner we want to marry.

We will often form judgments and make decisions on the basis of the

model, even though the model may not be entirely appropriate. Thus the

color of an apple may or may not be a sign of its ripeness, any more than

the girl’s apple-blossom cheeks and tip-tilted nose are the sign of a desirable

girl-friend.

Engineering models are similar to sports diagrams that are composed of

circles, squares, triangles, curved and straight lines, and other similar symbols
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which are used to represent a “play”in a football or basketball game (see
Figure 5-4). Such geometrical models are limited because they are two
dimensional and do not allow for the strengths, weaknesses, and imaginative
decisions of the individual athletes. Their use, however, has proved to be
quite valuable in simulating a brief action in the game and to suggest the
best strategy for the player should he find himself in a similar situation.
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An idealized model may emphasize the whole of the system and minimize

its component parts, or it may be designed to represent only some particular

part of the system. Its function is to make visualization, analysis, and testing

more practical. The engineer must recognize that he is merely limiting the

complexity of the problem in order to apply known principles. Often the

model may deviate considerably from the true condition; and the engineer

must, of necessity, select different models to represent the same real prob-

lem. Therefore, the engineer must view his answers with respect to the initial

assumptions of the model. If the assumptions were in error, or if their im-

portance was underestimated, then the engineer’s analysis will not relate

closely with the true conditions. The usefulness of the model to predict

future actions must be verified by the engineer. This is accomplished by

experimentation and testing. Refinement and verification by experimenta-

tion are continued until an acceptable model has been obtained.

Two characteristics, more than many others, determine an engineer’s

competence. The first is his ability to devise simple, meaningful models; and

second is the breadth of his knowledge and experience with examples with

which he can compare his models. The simpler his models are, and the more

generally applicable, the easier it is to predict the behavior and compute the

performance of the design. Yet models have value only to the engineer who
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Illustration 5-1. Scale models of the design are frequently tested to prove the validity of
the engineer’s calculations. Instrumentation on the model pictured above is given a final
check by two aircraft technicians prior to testing in the Transonic Dynamics Tunnel.
(Courtesy NASA [National Aeronautics and Space Administration.])

can analyze them. The beauty and simplicity of a model of the atom,

Figure 5-5, will appeal particularly to someone familiar with astronomy.

The free-body diagram of a wheelbarrow handle, Figure 5-6, has meaning

only to someone who knows how such a diagram can be used to find the

strength of the handle.
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Figure 5-5

 

Figure 5-6

Aside from models for “things,” we can made models of situations, en-

vironments, and events. The football or baseball diagram is such a model.

Another familiar model of this type is the weather map, Figure 5-7, which

depicts high- and low-pressure regions and other weather phenomena travel-

ing across the country. Any meteorologist will tell you that the weather map

is a very crude model for predicting weather, but that its simplicity makes

the explanation of current weather trends more understandable for the lay-

man. Models of situations and environmental conditions are particularly

important in the analysis of large systems because they aid in predicting and

analyzing the performance of the system before its actual implementation.

Such models have been prepared for economic, military, and political situa-

tions and their preparation and testing is a science all its own.

Charts and graphs as models

Charts and graphs are convenient ways to illustrate the relationship among

several variables. We have all seen charts of the fluctuations of the stock

market averages, Figure 5-8, in the newspaper from day to day, or you may

have had your father plot your growth on the closet door. In these examples,

time is one of the variables. The others, in the examples above, are the

average value of the stock in dollars and your height in feet and inches,
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Figure 5-7

respectively. A chart or graph is not a model but presents facts in a readily

understandable manner. It becomes a model only when used to predict,

project, or draw generalized conclusions about a certain set of conditions.

Consider the following example of how facts can be used to develop a chart

and a graphical model. An engineer may wish to test a pump and determine
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Figure 5-9

 
how much water it can deliver to different heights, Figure 5-9. Using a stop-

watch and calibrated reservoirs at different heights, he measures the amount

of water pumped to the different heights in a given time. His test results are

plotted as crosses on a chart as shown in Figure 5-10. At this point, the

plotted facts are a chart and not a model. Only when the engineer makes the

assumption that the plotted points represent the typical performance of this

or a similar pump under corresponding conditions can the chart be considered

to be a graphical model. Once this assumption is made, he can draw a

smooth curve through the points. With this performance curve as a model,

the engineer can predict that, if he put additional reservoirs between the

actual ones, they would produce results much like those shown by the

x
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circles in Figure 5-11. He makes this assumption based on his experience

that pumps are likely to behave in a “regular” way. Now he is using the

graph as an engineering model of the performance of the pump.
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The diagram

A model often used by the engineer is the diagram. Typical forms of dia-

grams are the block diagram, the electrical diagram, and the free-body

diagram. Some attention should be given to each of these forms.

The block diagram is a generalized approach for examining the whole

problem, identifying its main components, and describing their relationships

and interdependencies. This type of diagram is particularly useful in the

Illustration 5-2. The relation
of component parts of a
transistorized telemetering as
system are best shown by 5
means of a block diagram. i he0
(Courtesy Texas Instruments
Incorporated.)

arm
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early stages of design work when representation by mathematical equations

would be difficult to accomplish. Illustration 5-2 is an example of a block

diagram in which components are drawn as blocks, and the connecting lines

between blocks indicate the flow of information in the whole assembly.

This type of presentation is widely used to lay out large or complicated

systems—particularly those involving servoelectrical and mechanical devices.

No attempt is made on the drawing to detail any of the components’

features. They are often referred to as “black boxes’’—components whose

function we know, but whose details are not yet designed.
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The energy diagram is a special form of the block diagram and is used

in the study of thermodynamic systems involving mass and energy flow.

Some examples of the use of an energy diagram are given in Figures 5-12

and 5-13.
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Figure 5-13. Diagramatic sketch showing how nuclear power can be used to operate a

submarine. (Courtesy: General Dynamics, Electric Boat Division.)
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The electrical diagram is a specialized type of model used in the analysis

of electrical problems. This form of idealized model represents the existence

of particular electrical circuits by utilizing conventional symbols for brevity.

These diagrams may be of the most elementary type, or they may be highly

complicated and require many hours of engineering time to prepare. In any

case, however, they are representations or models in symbolic language of an

electrical assembly.

Figure 5-14 shows an electrical diagram of a photoelectric tube that is

arranged to operate a relay. Notice that the diagram details only the essen-

tial parts in order to provide for electrical continuity and thus is an idealiza-

tion that has been selected for purposes of simplification.

 | |

Figure 5-14. A simple photoelectric
A-c Power tube relay circuit.

| PE. Cell

[

The free-body diagram, Figure 5-185, is a diagrammatic representation of a

physical system which has been removed from all surrounding bodies or

systems for purposes of examination and where the equivalent effect of the

surrounding bodies is shown as acting on the free body. Such a diagram may

be drawn to represent a complex system or any smaller part of it. This form

of idealized model is most useful in showing the effect of forces that can act

upon a system. The free-body diagram will be discussed more fully below.
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Propeller Friction x Figure 5-15. Free-body

Thrust = diagram of a ship.

>
Motion of Ship Buoyant Force

Step 2

The symbol @)is used in free-body diagrams to denote the location of the

center of gravity. A coordinate system is very useful for purposes of orienta-

tion. The diagram shown would make possible an analysis of the relation-

ships between the weight and buoyant force and between the thrust and drag.

However, it would not, for example, be useful for determining the loads on

the ship’s engine mounts. Another model (free-body diagram) of the engine

alone would be required for this purpose.
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General suggestions for drawing free-body diagrams

To aid the studentin learning to draw free-body diagrams, the following sug-

gestions are given:

1. Free bodies Be certain that the body is free of all surrounding objects.

Draw the body so it is free. Do not show a supporting surface but rather

show only the force vector which replaces that surface. Do not rotate the

body from its original position but rather rotate the axes if necessary. Show

all forces and label them. Show all needed dimensions and angles.

2. Force components Forces are often best shown in their component

forms. When replacing a force by its components, select the most con-

venient directions for the components. Never show both a force and its

components by solid-line vectors; use broken-line vectors for one or the

other since the force and its components do not occur simultaneously.

3. Weight vectors Show the weight vector as a vertical line with its tail or

point at the center of gravity, and place it so that it interferes least with the

remainder of the drawing. It should always be drawn vertically.

Air wr Y
Resistance

~— A Figure 5-16
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4. Direction of vectors The free-body diagram should represent the facts as

nearly as possible. If a pull on the free body occurs, place the tail of the

vector at the actual point of application and let the point of the vector be in

the true direction of the pull. Likewise, if a push occurs on the free body,

the vector should show the true direction, and the point of the arrow should

be placed at the point of application. Force vectors on free-body diagrams

are not usually drawn to scale but may be drawn proportionate to their

respective magnitudes.

5. Free-body diagram of whole structure This should habitually be the

first free body examined in the solution of any problem. Many problems

cannot be solved without this first consideration. After the free body of the
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whole structure or complex has been considered, select such members or

subassemblies for further free-body diagrams as may lead to a direct solution.

6. Two-force members When a two-force member is in equilibrium, the

forces are equal, opposite, and collinear. If the member is in compression,

the vectors should point toward each other; if a member is in tension, they

should point away from each other.

7. Three-force members When a member is in equilibrium and has only

three forces acting on it, the three forces are always concurrent; that is, they

go through the same point if they are not parallel. In analyzing a problem

involving a three-force member, one should recall that any set of concurrent

forces may be replaced by a resultant force. Hence, if a member in equili-

brium has forces acting at three points, it is a three-force member regardless

of the fact that the force applied at one or more points may be replaced by

two or more components.

8. Concurrent force system For a concurrent force system the size, shape,

and dimensions of the body can be neglected, and the body can be con-

sidered to be a particle.

Example Draw a free body of point 4, as shown in Figure 5-17.

Solution See Figure 5-18.

 

  

    

LV

2

Z
C
v

2
v

0

7
A B.

Wit

7,

Sketch

Figure 5-17



The Problem Solving Process / 167

Figure 5-18

 

 

Wt

Free Body

Figure 5-19

Situation Free Body Explanation

A box resting on a plane 10 lb

Wi =101lb The normal force always acts at
an angle of 90° with the surfaces TTT CD

N

A weight hanging
from a ring

  
A box on a frictionless

surface 10

 

*See page 179 for an explanation of moments.

in contact. This force N usually
is considered to act through the
center of gravity of the body.

Since the ring is of negligible size,
it may be considered to be a
point. All of the forces would

act through this point. The down-
ward force W is balanced by the

tensions 7; and T,. The nu-

merical sum of these tensions
will be greater than the weight.
This is true since 7; is pulling
against T,.

Some surfaces are considered

frictionless although in reality, no
surface is frictionless. The force

P is an unbalanced force and it

will produce an acceleration. The
symbol @ denotes the location of

the center of gravity of the body.
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Figure 5-19 (cont)

 Explanation

 

 

  

 

Situation Free Body

A small box on a
rough surface

10 Ib p
Wt=10Ib ~

__Y_ ” 30°
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N

A beam resting on
fixed supports

Load 50Ib Load
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Wt =501b

A pivoted beam resting

  

on a roller
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A ladder resting against
a frictionless wall

Wit

4

«=Friction

 

N

Pulling a barrel
over a curb

 

The force of friction will always
oppose motion or will oppose the
tendency to move. For bodies of
small size, the moment effect of

the friction force may be disre-

garded and the friction and nor-
mal forces may be considered to

act through the center of gravity
of the body.

For a uniform beam, the weight
acts at the midpoint of the beam
regardless of where the supports
are located.

Since a roller cannot produce a
horizontal reaction, the horizon-
tal component of any force must

be counteracted by the horizontal
component of the reaction at the
pivoted end.

At the upper end of the ladder,
the only reaction possible is per-
pendicular to the wall since the
surface is considered to be fric-
tionless.

All of the forces are acting
through the center of the barrel.



Problems

5-1.

5-2.
5-3.

5-4,

5-5.
5-6.

5-8.

5-9.
5-10.

5-11.

5-12.
5-13.
5-14,

5-15.

5-16.

5-17.

5-18.
5-19.

5-20.
5-21.

5-22.

5-23.

5-24.

5-25.

5-26.
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After reviewing the ecological needs of your home town, state three problems that
should be solved.
Give three examples offeedback that existed prior to A.D. 1800.
Talk to an engineer who is working in design or development in industry. Describe
two situationsin his work where he has not been able to rely on theoretical textbook
solutions to solve his problems. Why was he forced to resort to other means to solve
the problems?
Describe an incident where an individual or group abandoned their course of action
because it was found that they were spending time working on the wrong problem.
List the properties of a kitchen electric mixer.
List the properties of the automobile that you would like to own.
Make a matrix analysis of the possible solutions to the problem of removing dirt
from clothes.

For ten minutes solo brainstorm the problem of disposal of home wastepaper. List
your ideas for solution.
List five types of models that are routinely used by the average American citizen.
Diagram the model ofthe football play that made the longest yardage gain for your
team this year.
Draw an energy system of an ordinary gas-fired hot water heater.

Draw an energy system representing a simple refrigeration cycle.
Draw an energy system representing a “perpetual motion” machine.

Draw an electrical circuit diagram containing two single-pole, double-throw switches
in such manner that a single light bulb may be turned on or off at either switch
location.
Arrange three single-pole, single-throw switches in an electrical circuit containing
three light bulbs in such a manner that one switch will turn on one of the bulbs,

another switch will turn on two of the bulbs, and the third switch will turn on all
three bulbs.
Draw a free-body diagram of the container that is being lowered into the nuclear

reactor, Illustration 5-3.
Draw a free-body diagram of the exercise device that has been designed to help keep
astronauts in good physical shape in the weightlessness of space, Illustration 5-4.

Draw a free-body diagram of the motorcycle, Illustration 5-5.

Draw a free-body diagram of the electric motor, Illustration 5-6. What is the

relationship of the force exerted against the top hook and that exerted against one
of the lower hooks?
Draw a free-body diagram of the nut being tightened, Illustration 5-7.
Draw a free-body diagram of the boom that is located on the “pipe side” of the
tractor, Illustration 5-8.
Draw a free-body diagram ofthe forces that are being exerted on the “Phillips head”
screwdriver,Illustration 5-9.
Draw a free-body diagram ofthe wingless, turbine-powered flying craft, Illustration

5-10.
Draw a free-body diagram ofthe horizontal test beam thatis being tested, Illustration
5-11.
Draw a free-body diagram of the four-legged quadruped machine,Illustration 5-12.
The right front leg ofthe unit is controlled by the operator’s right arm,its left front
leg by his left arm,its right rear leg by his right leg, and its left rear leg by his left
leg. This research prototype is 11 ft high and weighs 3000 lb.
Describe three situations where a scale model would be the most appropriate kind
of idealized model to use.
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Illustration 5-3. (Courtesy Westinghouse
Electric Corporation.)

   a Ai]

Illustration 5-4.
(Courtesy Lock-
heed Missiles &
Space Company.) Illustration 5-5. (Courtesy Cycle World.)
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Illustration 5-6. (Courtesy Allis Chalmers.)

 

Illustration 5-7. (Courtesy

American Airlines.)

 

Illustration 5-8. (Courtesy Koppers
Company,Inc.)

 



172 / The Slide Rule

 
Illustration 5-9. (Courtesy RCA.) Illustration 5-10. (Courtesy North

American Rockwell.)

 

Illustration 5-11. (Courtesy Tinius
Olsen Testing Machine Co., Inc.) 

Illustration 5-12. (Courtesy General
Electric Research and Development
Center.)
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General Problems

6-1.

6-3.

6-4.

6-7.

6-8.

A piece of cheese is cylindrical in shape and weighs 30 pounds. It is 0.46 metre in

diameter and 12.7 cm high. If a sector is cut from it that has a 30 degree angle at

the center, find the cost of the sector of cheese at 80 cents per pound. Find the
number of cubic inches in the sector.

. A white pine board is 14 m long and 20 cm by 80 cm in cross section. How much
will the board weigh? At $160 per 1000 fom, what is its value?

A cast iron cone used in a machine shop is 10 cm in diameter at the bottom and

34 cm high. What is the weight of the cone?

How many cubic yards of soil will it take to fill a lot 63 ft wide by 100 ft deep if

it is to be raised 3 ft in the rear end and gradually sloped to the front where it is to

be 1 ft deep?

. A sphere whose radius is 1.42 cm is cut out of a solid cylinder 8.8 cm high and

7.8 cm in diameter. Find the volume cut away, in cubic inches. If the ballis steel,
what does it weigh?

. A container is 12 in. high, 10 in. in diameter at the top, and 6 in. in diameter at the

bottom. What is the volume ofthis container in cubic inches? What is the weight

of mercury that would fill this container?

A canal on level land is 19 mi long, 22 ft deep, and has a trapezoidal cross section.

The distance across the canal at the top is 36 ft and across the bottom is 15 ft.

Find: (a) the number of cubic yards of dirt that were removed to complete the

canal; (b) the time in hours required to pump the canal full of water if the pump

discharges 600 gpm and gates at either end are closed.

A cylindrical tank 7.50 m in diameter and 15 m long is lying with its axis horizon-

tal. Compute the weight of kerosene when it is one-third full.

173
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6-9.

6-10.

6-11.

6-12.

6-13.

6-14.

6-16.

6-17.

6-20.

6-21.

6-22.

6-23.

The Slide Rule

A container that is in the form of a right rectangular pyramid has the following
dimensions: base 26 m by 39 m, height 16 m. This container has one-half ofits

volumefilled with ice water. Neglect the weight of the container. Find the weight

of the contents.
A hemispherical container 3 m in diameter has half ofits volume filled with lubri-

cating oil. Neglecting the weight of the container, how much would the contents

weigh if enough kerosene were added to fill the container to the brim?
Find the area in acres of a tract of land in the shape ofa right triangle, one angle

being 55°30’, and the shortest side being 1755 ft long. What length of fence will

be needed to enclose the tract?
Points A and B are located on opposite corners of a building and are located so

that they can be seen from point C. The distance CA is 256 m and CB is 312 m.
The angle between lines CA and CB is 105°30’. How far apartare points A and B?
How many cubic feet of water will be needed to fill a swimming pool 40 m by

100 m. if the water is 1.5 m deep at one end and 5S m deep at the other end and

the bottom slopes uniformly?
How many gallons of water will a water trough hold if it is made from an oil drum

cut in half lengthwise? Dimensions are as follows: diameter of drum 1.55 feet;

length of drum 3.97 feet.
. A cylindrical tank is 20.8 ft in diameter, 2 m high, and is made of steel 7 mm

thick. What is the area ofthe side and bottom of the tank? What is the weight of
the tank?

A cylindrical tank is 22 feet in diameter and 8 feet high. How long will it take to

fill the tank with water from a pipe which is flowing 33.3 gallons per minute?

A mixture of sand and gravel containing 6 per cent sand is desired. Two batches

of mixed sand and gravel are available; one batch contains 10 per cent sand and

one contains 3.5 per cent sand. How many cubic feet of each batch are required

to make 100 cubic feet of a mixture containing 6 per cent sand?

. A laundry tub has been constructed in the form of a frustum of a right pyramid.

The bottom and top are square with the bottom being 10 inches on a side. If the

tub is filled to a depth of 11 inches with water and the surface area of the water is

233 square inches, how many gallons of water are in the tub?

A conical cup has been cut from a circular sheet of paper. If the diameter of the

cup is 4 inches and it is 5 inches deep, what was the area in square inches of the
unused paper?

Two objects are made of the same material and have the same weights and diame-

ters. One of the objects is a sphere 16 mm in diameter. If the other object isa
right cylinder, what is its length?

A segment ofa circle is cut from a sector whose central angle was 1.15 radians and

whose radius was 12-7/16 inches. What is the area of the segment?

A rectangle is 4 inches wide and 8 inches long. What is the area of the smallest
circle that will circumscribe the rectangle? Which is longer and by how much—the
perimeter of the rectangle or the circumference of the circle?

A rectangular area 11 inches high and 13 inches long has the corners designated as

A, B, C, D; A being the upper left-hand comer, B the upper right-hand corner, C

the lower right-hand corner, and D the lowerleft-hand corner. (a) Determine the

area of the circle that can be inscribed within the rectangle and the area of the

circle that will circumscribe the rectangle. (b) Whatdistance is the longer and how



6-24.

6-25.

6-26.

6-27.

6-28.

6-29.

6-30.

6-31.

6-32.

6-33.
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much: the perimeter of the circumscribed circle or the rectangle? (c) If a line

were drawn from D to a point 3 inches to the right of A, what would be the length

of the longest line of the triangle formed? What would be the area of each ofthe
two areas so formed?

Convert the following Fahrenheit temperatures to Celsius temperatures. (a) 68°,
(5) 98.6%, (c) 156°, (d) 359°, (e) 711°, (f) 2880°, (g) 4.7 (10%)°, (h) -5°, (i) -255°.
Convert the following Celsius temperatures to Fahrenheit temperatures. (2) 20°,

(5) 37°, (c) 155°, (d) 580°, (e) 8800°, (f) 1.22(10%)°, (g) -2°, (h) -40°, (i) -273°.
The temperature of liquid oxygen used as missile fuel is about -183°C. What is
its temperature in degrees Fahrenheit?

The temperature of dry ice (solid carbon dioxide), used in shrinking metal parts to

fit them together, is -78.5°C. Whatis the corresponding temperature in degrees
Fahrenheit?

An air storage tank used in windtunnel research has a volume of 138 ft>. How
many cubic feet of air at atmospheric pressure will have to be pumped into it to
raise the pressure to 185 psig?

A tight-fitting piston 3.77 in. in diameterin a closed cylinder compresses air from

an initial pressure of 35 psig to 68 psig. If the final volume of the air is 14.58 in.>,

what will be the distance the piston moves?

A note is made for $1200 at 8 per cent interest to enable a shop to purchase a

small lathe. Compute the amount of simple interest that will be paid in five years.

The proprietor of a small shop borrows $120 at 9 per cent interest for one year to
pay for some tools. He repays the loan in twelve equal monthly payments on the

principal and interest. What is the actual interest rate paid?
A deposit of $4500 is made in a savings account at a bank which pays 7 per cent

interest compounded semiannually. (a) If no withdrawals are made, what will be

the amount in the account in ten years? (b) To what rate of simple interest would

this compounded interest correspond?
It is proposed to install an automatic lathe in a manufacturing plant. In order to
purchase the lathe, a note for $13,500 at 10 percent interest will have to be made.

If the note is to run for ten years, what annual return must be expected from the

lathe to justify the investment?

ELEMENTS OF STATIC MECHANICS

Resolutions of forces

In this initial study of static mechanics we shall deal mainly with concurrent,

coplanar force systems. It is sometimes advantageous to combine two such
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forces into a single equivalent force, which we shall call a resultant. The

original forces are called components.

Example What single force R pulling at point O will have the same effect

as components F, and F,? (Figure 6-1).

Fy = Figure 6-1
----

-
--

 

 
There are several methods of combining these two components into a

single resultant. Let us examine one of these, the method of rectangular

components.

Rectangular Components

The method most frequently used by engineers to find the resultant of force

systems is the rectangular component method. Vector components can be

added together or subtracted—always leaving some resultant value. (This

resultant value, of course, may be zero.) Also, any vector or resultant value

can be replaced by two or more other vectors that are usually called

components. If the components are two in number and perpendicular to

each other, they are called rectangular components. Although it is common

practice to use space-coordinate axes that are horizontal and vertical, it is

by no means necessary to do so. Any orientation of the axes will produce

equivalent results.

Figure 6-2 shows a vector quantity F. Figure 6-3 shows F with its rec-

tangular components Fy and F,. Note that the lengths of the components

Fy and F, can be determined numerically by trigonometry. The components

Fy and F), also can be resolved into the force F by the “polygon of forces”

method. Hence, they may replace the force F in any computation.

 

F.=F cos §

Figure 6-2 Figure 6-3
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Example Let us examine a concurrent coplanar force system, Figure 6-4,

and resolve each force into its rectangular components, Figure 6-5. By

trigonometry, Fy can be found, using F and the cosine of the angle 6, or F, =

F cos 6°. In the same manner F, = F sin 0°.

   
Figure 6-4 Figure 6-5

In order to keep the directions of the vectors better in mind, let us assume

that horizontal forces acting to the right are positive and those acting to the

left are negative. Also, the forces acting upward may be considered positive

and those acting downward negative.

In working such force systems by solving for the rectangular components,

a table may be used. When the sums of the horizontal and vertical com-

ponents have been determined, lay off these values on a new pair of axes to

prevent confusion. Solve for the resultant in both magnitude and direction,

using the method explained on page 57.

Example Solve for the resultant, R, in Figure 6-6 using the method of

rectangular components for the final resolution of the force system.

Figure 6-6

 

Solution

R=179.5 Ib.
{ 0=16.09°

 

172.5 Ib.
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Horizontal Horizontal Vertical Vertical
Forces component value component value

100 Ibg 100 cos 45° = +70.7 lbs 100 sin 45° = +70.7 Ibs
200 by 200 sin 60° = -173.2 Ibs 200 cos 60° = +100 Ibs
140 Ibs 140 sin 30° = -70.0 lbs 140 cos 30° = -121 lbs

Total value Positive +70.7 Ibs Positive +170.7 lbs
Total value Negative -243.2 lbs Negative -1211by

Sum Horizontal -172.5 Ibs Vertical +49.7 Ibs

Problems

Solve, using rectangular components (analytical method).

6-34.

6-35.

6-36.

6-37.

6-38.

6-39.

6-40.

Find the resultant, in amount and direction, of the following concurrent coplanar

force system: force A, 180 Ib, acts S 60° W; and force B, 158 Ib, acts S 80° W. Check

graphically, using a scale of 1 in. equals 50 lb,.
Four men are pulling a box. 4 pulls with a force of 115 Ib,, N 20°40" E; B pulls

with a force of 95 Ib, S 64°35" E; C pulls with a force of 140 Ib, N 40°20" E; and

D pulls with a force of 68 Ib, E. In what direction will the box tend to move?

Determine the amount and direction of the resultant of the concurrent coplanarforce

system as follows: force 4, 10 Ib,, acting N 55° E; force B, 16 1b,, acting due east;
force C, 12 lb,, acting S$ 22° W; force D, 15 Ib,, acting due west: force E, 17 Ib,

acting N 10° W.

Find the resultant and the angle the resultant makes with the vertical, using the

following data: 10 Ib,, N 18° W; 5 1b,, N75°E; 3 1b,, S64°E: 7 Ib,, S0° W;

10 Ib, S 50° W.
Five forces act on an object. The forces are as follows: 130 Ib,, 0°: 170 Ib,, 90°;

701b,, 180°; 201b,, 270°; 3001b,, 150°. The angles are measured counterclockwise with
reference to the horizontal through the origin. Determine graphically the amount

and direction ofthe resultant by means of the polygon offorces. Check analytically,

using horizontal and vertical components. Calculate the angle that R makes with

the horizontal.

(a) In the sketch in Figure 6-7, using rectangular components, find the resultant

of these four forces: 4 = 100 1b,, B = 130 Ib,, C = 195 lb,, D = 138 Ib,. (b) Find

a resultant force that would replace forces 4 and B. (¢) By the polygon of forces,

break force A into two components, one of which acts N 10° E and has a magnitude
of 65 Ib,. Give the magnitude and direction of the second component.

E

 
Figure 6-7

x

A weight of 1200 Ib, is hung by a cable 23 ft long. What horizontal pull will be
necessary to hold the weight 8 ft from a vertical line through the point of support?
What will be the tension in the cable?
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MOMENTS

If a force is applied perpendicular to a pivoted beam some distance away

from the pivot point there will be a tendency to cause the beam to turn in

either a clockwise or counterclockwise direction (see Figure 6-8). The

direction of the tendency will depend on the direction of the applied force.

This tendency of a force to cause rotation about a given center is called

moment (see Figure 6-9).

F F

A—>l<—B <A B Figure 6-8
f Y

2, 2

Clockwise Moment Counterclockwise
Moment

 

    
 

—
>
z
=

M <—)— a

G
A Figure 6-9

d

:
The amount of moment will depend upon the magnitude of the applied

force as well as upon the length of the moment arm. The moment arm is

the perpendicular distance from the point of rotation to the applied force.

The magnitude of the moment is calculated by multiplying the force by the

moment arm.

The sign convention being used in a given problem analysis should be

placed on the calculation sheet adjacent to the problem sketch. In this way

no confusion will arise in the mind of the reader concerning the sign conven-

tion being used. We shall assume that vectors acting to the right have a posi-

tive sense, the sketch shown in Figure 6-10 will serve as a basis for problem

analysis in this text.

\ Figure 6-10
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Example Solve for the moments in Figure 6-11 that tend to cause tum-

ing of the beam about the axle.

 

Counterclockwise moment = ( 50 1b)(2 ft) = + 100 lb-ft

Clockwise moment = (100 1b)(5 ft) = - 500 Ib-ft

50 Ib. 100 Ib.

2 ft. 5 ft—— 3~~ v Figure 6-11

2,   

Since moment is the product of a force and a distance, its units will be the

product of force and length units. By convention, moments are usually ex-

pressed with the force unit being shown first, as lb-ft, N-m, kip-in (a kip is

1000 Ibs), and so on. This is done because work and energy also involve the

product of distance and force, and the units ft-lbs, in.-lbs, and so on are

commonly used for this purpose.

The moment of a force about some given center is identical to the sum of

the moments of the components of the force about the same center. This

principle is commonly called Varignon’s theorem. In problem analysis it is

sometimes more convenient to solve for the sum of the moments of the

components of a force rather than the moment of the force itself. However,

the problem solutions will be identical.

Example Solve for the total moment of the 1000-1bs force about point 4

in Figure 6-12.

 

 

          

5 fro ~——25ft
To

wn

1 _

~ > ©
N

9, SA ~ ] S/S
~ 6, e

~&ny

<4
—t — ——t — = — No

o Sao
A eA

Figure 6-12 Figure 6-13

Solution A Moment of a force as shown in Figure 6-13.

25 0
0 = ~ — — .arc tan 10 68.2

Moment arm = 25 sin 68.2°

Total moment = (1000)(25 sin 68.2°)

= 23,200 Ib,
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Solution B. Moments of components of a force as shown in Figure 6-14.

25 ft 

Figure 6-14

1
0
0
0

si
n
6

—
—
—
—
—
—
e
m
—
—
—
—
—

 

SE
1000 cos 8

Vertical component = 1000 sin 68.2°
and Moment arm = 25 ft

Horizontal component = 1000 cos 68.2°

and Moment arm = 0

(Note that the horizontal component passes through the center A.)

Total moment = (1000sin 68.2°)(25) = 23,200 lb/ft

Problems

6-41. Solve for the algebraic sum of the moments in pound-feet about 4 when 4 is 20 in.
as shown in Figure 6-15,

 
  
 

 

800 Ib.

A SN
} _ ~ Y

h / Figure 6-15
I

30°1«

500 Ib.

6-42. Solve for the algebraic sum of the moments about the center of the axle shown in

Figure 6-16.

A sr 100 Ib.

ft: 7 ft.

Figure 6-16
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6-43. (a) Solve for the clockwise moments about 4, B, C, D, and E in Figure 6-17. (b)

Solve for the counterclockwise moments about A, B, C, D, and E. (¢) Solve for the

algebraic sum of the moments about 4, B, C, D, and E.

  
  
 

 

100 Ib. 300 Ib. 700 Ib.
30 in.

5 ft>p<—10 ft.—> V l«—8 fr.—

Tt —= i Figure 6-17
A B”«5g D ESHT\0

900 Ib. 500 Ib.

6-44. Find the summation of the moments of the forces shown around A in Figure 6-18.

Find the moment sum around D.

 

148 Ib.
421 |b.

269 Ib.

Figure 6-18

120°

A
60°

331 Ib. 567 Ib.

6-45. Find the moment of each ofthe forces shown about O in Figure 6-19.

    

 

 

188 Ib.
102 Ib.
30°

AN 45 1350 Figure 6-19

Vg Ae
 

SOEft—

6-46. What pull P is required on the handle of a claw hammer to exert a vertical force
of 750 Ib, on a nail? Dimensions are shown on Figure 6-20.

—]

p

Figure 6-20  
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6-47. On the trapezoidal body shown in Figure 6-21 find the moment of each ofthe forces
about point O.

576 |b.

y 39 ft.
 

Figure 6-21

 

113 Ib. 993 Ib.

6-48. Find the moment of each of the forces shown in Figure 6-22 about the point A.

Figure 6-22

 

 

412 |b. 33 Ib.

EQUILIBRIUM

The term equilibrium is used to describe the condition of any body when the
resultant of all forces acting on the body equals zero. For example, the

forces acting upward on a body in equilibrium must be balanced by other

forces acting downward on the body. Also, the forces acting horizontally to

the right are counteracted by equal forces acting horizontally to the left.

Since no unbalance in moment or turning effect can be present when a body

must also be zero. The moment center may be located at any convenient

place on the body or at any place in space. We may sum up these conditions

of equilibrium by the following equations.!

ZF, = 0 (the sum of all horizontal forces acting on the body equals zero)

YF, = 0 (the sum ofall vertical forces acting on the body equals zero)

2M, = 0 (the sum of the moments of all forces acting on the body

equals zero)

1 These equations are applicable for two-dimensional problems—or force systems that lie in the plane

of this paper.
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These equilibrium equations may be used to good advantage in working

problems involving beams, trusses, and levers.

Example Solve for the tensions in cables AF and ED and for the reactions

at C and R in Figure 6-23.

Figure 6-23
 

 

 

 

Equilibrium Equations

ZF =0

ZF, = 0
M, = 0

Solution

1. Take moments about point R in free body No. 1, Figure 6-24.

Figure 6-24

 

 

Free Body #1

=M, = 0
(12 ft)(FA) - (100 Ib/)(4 ft) = 0

_ 400 lb/ft
12 ft

SF, = 0
Re -FA 0
Re =FA 33.3 Ib

FA = 33.3 Ib,
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2. Take moments about point C in free body No. 2, Figure 6-25.

~———4ft——

 

Free Body #2
Horizontal Member

ZM,

DE,

Therefore

And free body No. 2

ZF),

G

Also free body No. 2

ZF,

Gx

3. Consider ZF), = 0, using the third free body (vertical member) as

shown in Figure 6-26. Remember that in two-force members, such as cable

DE, the reactions at each end will be equal in magnitude but opposite in

ADE,

Figure 6-25

 

100 Ib.

 

=DE, (4)-100(4) = 0

= 100 Ib,
_ 1001b; _
sin 36.9° 166.8 Ibs \

=0

= 100 Ibs - 100 by

=0

=0

_. _ 1001b;
= DEx tan 36.9°

= 133.1 1b,~>

direction; that is,Ex and E), are equal to DE, and DE, .

 

|
1 Ry
|

Free Body # 3
Vertical Member

Figure 6-26
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ZF, =0
R,-DE, =0

R, = 100.0 Ib; }

The resultant is indicated as before (see Figure 6-27).

 

Figure 6-27
R=105.5 Ib. gu

6=71.6°

Problems

6-49.

6-50.

6-51.

6-52.

6-53.

6-54.

6-55.

6-56.

A horizontal beam 20 ft long weighs 150 lb,. It is supported at the left end and
4 ft from the right end. It has the following concentrated loads: at the left end,

200 Ib,; 8 ft from the left end, 300 lb; at the right end, 400 1b,. Calculate the reac-

tions at the supports.

A horizontal beam 8 ft long and weighing 30 1b, is supported at the left end and
2 ft from the right end. It has the following loads: at the left end, 18 Ib,; 3 ft from
the left end, 22 1b,; at the right end, 15 1b, Compute the reactions at the supports.

A beam 22 ft long weighing 300 lb, is supporting loads of 700 1b, 3 ft from the left
end and 250 lb, 7 ft from the right end. One supportis at the left end. How far
from the right end should the right support be placed so that the reactions at the
two supports will be equal?
A beam 18 ft long is supported at the right end and at a point 5 ft from the left

end. It is loaded with a concentrated load of 250 Ib, located 2 ft from the right end
and a concentrated load of 450 lb, located 9 ft from the right end. In addition, it

has a uniform load of 20 Ib, per linear footforits entire length. Find the reactions at

the supports.
A 12-ft beam which weighs 10 Ib, per foot is resting horizontally. The left end of
the beam is pinned to a vertical wall. The right end of the beam is supported by
a cable that is attached to the vertical wall 6 ft above the left end of the beam. There
is a 200-1b, concentrated load acting vertically downward 3 ft from the right end
of the beam. Determine the tension in the cable and the amount and direction of
the reaction at the left end of the beam.
A steel I-beam, weighing 75 Ib, per linear foot and 20 ft long, is supported at its
left end and at a point 4 ft from its right end. It carries loads of 10 tons and 6 tons
at distances of 5 ft and 17 ft, respectively, from the left end. Find the reactions at
the supports.
A horizontal rod 8 ft long and weighing 12 1b, has a weight of 15 Ib, hung from
the right end, and a weight of 4 1b, hung from the left end. Where should a single
support be located so the rod will balance?
A uniform board 22 ft long will balance 4.2 ft from one end when a weight of
61 1b, is hung from this end. How much does the board weigh?
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6-57. An iron beam 12.7 ft long weighing 855 Ib, has a load of 229 Ib, at the right end.
A support is located 7.2 ft from the load end. (a) How much force is required at
the opposite end to balance it? (b) Disregarding the balancing force, calculate the
reactions on the supports if one support is located 7 ft from the left end and the
other support is located 4 ft from the right end.

6-58. A horizontal rod 8 ft long and weighing 1.2 Ib, per linear foot has a weight of
15 1b, hung from the right end, and a weight of 4 Ib, hung from the left end. Where
should a single support be located so the rod will balance?

6-59. A 2-ft diameter sphere weighs 56 1b,, is suspended by a cable, and rests against a
vertical wall. If the cable AB is 2 ft long, (a) calculate the angle the cable will make

with the smooth wall, (b) solve for the tension in the cable and the reaction at C

in Figure 6-28. Check results graphically.

A

B
X

Figure 6-28
N

6-60. What horizontal pull P will be necessary just to start the wheel weighing 1400 kgg
over the 4-in. block in Figure 6-29?

Diameter =2 ft.

P

4ind )

1

6-61 If the tension in the cable AB in Figure 6-30 is 196 kgg, how much does the sphere
B weigh? How much is the reaction of the inclined plane on the sphere?

Figure 6-29

Figure 6-30

 

6-62. A cylinder weighing 206 kgs is placed in a smooth trough as shown in Figure 6-31.

Find the two supporting forces.

Figure 6-31
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6-63. A 7960 load is supported as shown in Figure 6-32. AB equals 3 m, 0 equals 25°.

(a) Neglecting the weight of the beam AB, solve analytically for the tension in the

Figure 6-32

 

cable and the reaction at A. (b) If beam AB is uniform and weighs 15 N per m,

solve for the tension in the cable and the reaction at A.

6-64. Find the tension in AB and the compression in BC in Figure 6-33,

Figure 6-33

 

6-65. A weight of 4355 N is supported by two ropes making angles of 30° and 45° on
opposite sides of the vertical. What is the tension in each rope?

6-66. Forces are applied on a rigid frame as shown in Figure 6-34. Find the reactions
at 4 and B.

1066 Ib.

A 

 

 
C

Figure 6-34

 

   
7

<1.7 ftf<—3.7 ft. 2.1 ft:
4771 |b.

6-67. (a) Find the tension in AC in Figure 6-35. (4) Find the amount and direction of
the reaction at B. BC = 10 ft, BD = 25 ft.

 

Figure 6-35
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6-68. Cylinder No. 1 in Figure 6-36 has a 10-cm diameter and weighs 84 N. Cylinder

No. 2 has a 6-cm diameter and weighs 27 N. Find the reactions at 4, B, and C.

All surfaces are smooth.

Figure 6-36X

6-69. (a) Find the force in member 4B in Figure 6-37 and the reaction at point E.
(b) Find the force in member CG and the horizontal and vertical components of

the reaction at pin D.

Figure 6-37

 

 





Appendix

logarithms—the

mathematical basis

for the slide rule

LAWS OF LOGARITHMS

Since a logarithm is an exponent, all the laws of exponents should be reviewed.
Let us examine a few of these laws.

Exponential Law | (a)™(a)* = a™*"

We can put the equation above in statement form, since we know that logarithms

are exponents and therefore follow the laws of exponents.

Law I The logarithm of a product equals the sum of the logarithms of the factors.

Example G)7) ="?

log,0S + log,,7 = log,, ans.

0.6990 + 0.8451 = log ans.

1.5441 = log ans.

Answer = (3.50)(10)!

This is true because 5 = (10)0-6990
7 = (10)0:8451

product = (10)0:6990(10)0-8451
— (10)0-6990+0.8451
= (10)1:5441

= (3.50)(10)!

191



192 / The Slide Rule
m

Exponential Law lI a — gm
am

 

Putting the equation above in statement form, we obtain the following law.

Law II The logarithm of a quotient equals the logarithm of the dividend minus
the logarithm of the divisor.

Example % ="

log 5 — log 4 = log ans.

0.6990 — 0.6021 = log ans.
0.0969 = log ans.

Answer = 1.25

Law III The logarithm of the x power of a number equals x times the logarithm
of the number.

Example 52 ="?
3(log 5) = log ans.

3(0.6990) = log ans.

2.0970 = log ans.
Answer = (1.25)(10)2

Law IV The logarithm of the x root of a number equals the logarithm of the number
divided by x.

Example Vv3375 =?

 

log 3375
08°00 log ans.

3

A = log ans.

1.1761 = log ans.

Answer = (1.50)(10)!

Note Law IV is actually a special case of Law III.

In some instances a combination of Law III and Law IV may be used.

Example (0.916)3/415 = 2

(log 0916)(3) log :
215 = log ans.

(9.9619 — 10)(3) loo :
A715 = log ans.

Perform multiplication first:

29.8857 — 30 _ 0 ans
41s oBAam

To be divided by 4.15, the negative number must be divisible a whole number of
times. Therefore, the characteristic (which is — 1) is written as 414.0000 — 415. There
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are several values which could be chosen, such as 4149.0000 — 4150, which would
satisfy the condition that the characteristic be —1. Rewriting and dividing,

414.8857 — 415

4.15

99.9725 — 100 = log ans.

Answer = (9.39)(10)-1

= log ans.

The cologarithm Many timesit is helpful to use the cologarithm of a number rather
than the logarithm. The cologarithm of a numberis the logarithm ofthe reciprocal

of the number. The cologarithm is also the difference between the logarithm and
the logarithm of unity.

Example colog 5 = log :

=log 1 — log}

= 0.0000 — 0.6990
= —0.6990

Since log 5 equals 0.6990, we see that the colog x = —log x. Therefore:

1. The logarithm of the quotient of two numbers equals the logarithm of the dividend

plus the cologarithm of the divisor.

2. The logarithm of the product of two numbers equals the logarithm of one number

minus the coiogarithm of the other number.

Natural logarithms When certain derivations of engineering formulas are made,

a term may appear that contains a natural logarithm. For example, the magnetic

field intensity near a current-carrying conductor varies with distance from the
conductor according to a logarithmic pattern. In advanced texts it may be shown
that a natural logarithm function, when plotted, gives an exponential curve whose
slope at any point is equal to the ordinate at that point.

In solving problems involving natural logarithms, tables of natural logarithms

can be used if they are available, or the natural logarithm, frequently abbreviated

as “In,” may be converted to a logarithm to the base 10. To perform this latter

operation,an algebraic transformation called change oflogarithmic base is used. This

transformation can be performed as follows:

Natural logarithm = (common log)(log, 10)

Since log, 10 = 2.3026, we may write:

Natural logarithm = (common log)(2.3026)

If natural logarithms are computed, it must be remembered that the mantissa is
not independentof the location of the decimal point. Therefore, the same sequence
ofsignificant figures does not have the same mantissa, as is the case with common
logarithms.

Example Find the natural logarithm of 245.

log,, 245 = 2.3892

In 245 = (2.3892)(2.3026)
= 5.5014
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Example Find the natural logarithm of 2.45.

log, 245 = 0.3892
In 2.45 = (0.3892)(2.3026)

= 0.8961

The natural logarithm of a number less than 1 is a negative number.

Example Find the natural logarithm of 0.245.

log,, 0.245 =9.3892 — 10

Since the logarithm has a negative characteristic, we can solve by first finding the

colog and then multiplying by log, 10.

colog,, 0.245 = —0.6108
In 0.245 = (—0.6108)(2.3026)

= — 1.4064



Appendix 1)

trigonometry

RIGHT TRIANGLES

It can be shown by measurements and by formal derivations that for any given size

of an angle at 4 or C, the ratio of the lengths of the sides to each other in a right
triangle is a constant regardless of the numerical value of the lengths. In Figure
AII-1, the sides of a right triangle are named in reference to the angle under
consideration. In the cases, the angle is designated as 6 (theta).

  
©

C
[3

@ Z Figure AIl-1

85 g
a= o
o

Adjacent (A) B Adjacent (A)

Oo ite SidPPOSIE oie g 9 ing
Hypotenuse H

Adj t Sid .
Adjacent _ Cosine 6 4 _ cos f
Hypotenuse H

Opposite Side 0
—r=T: td — =tan 6
Adjacent Side angen A an

195
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Adjacent

Side

acent Side = Cotangent 0 A _ cord
Opposite Side 0

Hypotenuse = Secant ¢ H = sec fd
Adjacent Side A

Hypotenusebs = Cosecant 0 H_ cp
Opposite Side 0

METHODS FOR FINDING AREAS
OF OBLIQUE TRIANGLES

In order to solve an oblique triangle problem, at least three of the six parts of the

triangle must be known, and at least one of the known parts must be a side. In
the suggested methods listed below, only the most effective methods are given.

1. Given: two sides and an angle opposite one of them:

a. Law of sines.

b. Right triangles.

2. Given: two angles and one side:

a. Law of sines.

b. Right triangles.

3. Given: two sides and the included angle:

a. Law of cosines (answer is usually not dependable to more than three significant

figures).

b. Right triangles.

4. Given: three sides only:

a. Tangent formula (half-angle solution).

b. Sine formula (half-angle solution). This formula is not exact if the half-angle is

near 90°.

c. Cosine formula (half-angle solution). This formula is not exact if the half-angle

is about 6° or less.

d. Cosine formula (whole angle solution).

e. Law of cosines (answer is usually not dependable to more than three significant

figures).

METHODS OF SOLVING OBLIQUE
TRIANGLE PROBLEMS

The area of an oblique triangle may be found by any of several methods. Some

of the more common methods are given below:

1. Area = (Y,)(base)(altitude).

2. Area = V/(S)(S — AB)(S — BC)(S — AC), where S = Y, perimeter of the triangle.

3. Area = Y, (product of two sides) (sine of the included angle).
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SINE LAW

In any triangle the ratio of the length of a side to the sine of the angle opposite
that side is the same as the ratio of any other side to the sine of the angle opposite
it. In symbol form (see Figure AII-2):

B

Figure All-2

AB _ BC AC
sing C sind A sinLB

This expression is called the sine law. The student is cautioned not to confuse the
meanings of sine functions and sine law.

In the event one of the angles of a triangle is larger than 90°, a simple way
to obtain the value of the sine of the angle is to subtract the angle from 180° and
obtain the sine of this angle to use in the sine law expression.

The sine law can also be used if two sides and an angle of a triangle are known,

provided the angle is not the one included between the sides. However, as explained

in trigonometry texts, the product of the sine of the angle and the side adjacent

must be equal to or less than the side opposite the angle; otherwise no solution
is possible.

As an alternate method, the general triangle can be made into right triangles

by adding construction lines. This method of using right triangle solutions is as exact
as the sine law but usually will take more time than the sine law method.

COSINE LAW

In an oblique triangle, the square of any side is equal to the sum of the squares
of the other two sides minus twice the product ofthe other two sides times the cosine

of the included angle. In symbol form:

(AB)? = (ACY? + (BC)? — ()(ACY(BC)(cos K€)

This expression is called the cosine law and is useful in many problems, although
it may not give an answerto the desired precision since we are adding and subtracting
terms that have only three significant figures.

After the side AB has been determined, the angles at 4 and B can be found

by using the law of sines.
In the event that the angle used in the cosine law formula is larger than 90°,

subtract the angle from 180°, and determine the cosine of this angle. Remember,
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however, that the cosine of an angle between 90° and 180° is negative. If the angle

used in the formula is larger than 90°, the last term will add to the squared terms.
The problem above can also be solved by using construction lines and making

right triangles from the figure (Figure AII-3). To do this, we construct the line BD

C 

Figure AII-3

 

perpendicular to AC. This will form two right triangles, ABD and BCD. In triangle

BCD, side BD may be found by using BC and the sine of < C. In a similar manner,

by using the cosine of < C, side DC may be found. From this we can determine

side AD in triangle ABD.
Using the tangent function, the angle at A can be found, and AB can be deter-

mined by the use of the sine or cosine function or the Pythagorean theorem

(AB)? = (BD)? + (AD)? The right triangle method, while it may take longerto solve,
will in general give a more accurate answer.

THREE SIDES LAWS

There are a number of formulas derived in trigonometry that will give the angles

of an oblique triangle when only three sides are known. The formulas differ consid-
erably in ease of application and precision, especially if logarithms are used. Of

all the formulas available, in general the half-angle (tangent) formula is better than

others. The formula (half-angle solution) is as follows:

 

 

 

B C

Figure All4

A

tan Yo 4 = —L—ant A4=5_Bc
Je — AB)(S — AC)(S — BO)

where r=
S

and S = 1, perimeter of triangle

Other formulas that may be used are the following:

Sine formula (half-angle solution) sin ¥, 4 = 5—-ACUS —-48)
(AC)AB)
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— B
Cosine formula (half-angle solution) cos ¥%, 4 = RE

2S)(S — BO)
(ABY(AC)

In the last formula, the quantity (2S)(S — BC)/(AB)(AC) will usually be between

1 and 2 and can be read to four figures on the slide rule. Subtracting the 1 in the
equation will leave the cosine of the angle correct to three figures. The formula has

the advantage that it requires fewer operations. Also it is convenient to use if the
slide rule is employed in solving problems.

After finding one angle, the remaining angles can be found by successive appli-

cations of the law, being careful to use the properside of the triangle in the formula.
The sine law can also be used after one angle is found. In order to have a check
on the solution, it is better to solve for all three angles rather than solve for two
angles and then subtract their sum from 180°. If each angle is computed separately,

their sum should be within the allowable error range of 180°.
As an incidental item in the tangent formula, the constant r is equalto the length

of the radius of a circle that can be inscribed in the triangle.

Cosine formula (whole angle solution) cos 4 = 1
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qeometrie figures

 

  
 

 

Rectangle

Area = (base) (altitude) = ab

; c Diagonal = / (altitude)? + (base)?

C=V&TH

b

Right triangle

B Angle A + angle B = angle C = 90°
. Area = % (base) (altitude)

a Hypotenuse = \/ (altitude)? + (base)?

one C=Va+b

cl 5 A

Any triangle

Angles A + B + C = 180°
(Altitude 4 is perpendicular to base ¢)

Area = % (base) (altitude)

 

 
201
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Parallelogram

C D Area = (base) (altitude)
Altitude A is perpendicular to base AB

AnglesA + B + C + D = 360°

A 8

Trapezoid

Area = % (altitude) (sum of bases)

(Altitude A is perpendicular to sides AB and

CD. Side AB is parallel to side CD.)

 

 

Regular polygon

distance
Area = % eh {ed | 0A to |

one side ||of sides
center

A regular polygon has equal angles and equal

sides and can be inscribed in or circum-

A scribed about a circle.

Circle

AB = diameter, CD = radius

7 (diameter)?—

Circumference = 7 (diameter)
A C = 27 (radius)

arc BC angle BDC

circumference 360°

180°

8 Area = m(radius)? =

I radian = = 57.2958°

Sector of a circle

A }

8 Area = {are4B)(radius)

_ jy(radius)*(angle ACB)
C 7 360°

_ (radius)? (angle ACB in radians)

- 2
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Segment of a circle

 

_ (radius)*|m( XL ACB®) o
Area = > 180 sin ACB

(radius)? i . .
Area =— X ACB in radians — sinACB°

Area = area of sector ACB — area of

triangle ABC

 

Ellipse

  

D Area = m(long radius OA)(short radius OC)

Area = . (long diameter AB) (short diam-

AdeeOQ B cter CD)

 

0
a

a
.
—
—

Rectangular prism

fy
z= h Volume = length X width X height

il fF Volume = area of base X altitude   

Any prism

(Axis either perpendicular or inclined to

base)

Volume = (area of base) (perpendicular

height)

Volume = (lateral length) (area of

perpendicular cross section)
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Volume and center of gravity equations!

 

Volume equations are included for all cases. Where the equation for the CG
(center of gravity) is not given, you can easily obtain it by looking up the volume

and CG equations for portions of the shape and then combining values. For example,

for the shape above, use the equations for a cylinder, Figure 1, and a truncated
cylinder, Figure 10 (subscripts C and 7, respectively, in the equations below). Hence

taking moments,

_ YeBe+Vi(Br +Lc)

 

 

B
* Ve+ Vr

Ts L To 5
re DL) = + = D*L, (SLs + Lc)
4 2 8 16

or B.= ™ mT
2 DLe +g DLy

Courtesyof Knoll Atomic Power Laboratory,
Schenectady, New York, operated bythe

. 5 General Electric Company for the U.S.

L* + Ly(tr + Lc Atomic Energy Commission. Reprinted from
B, = Product Engineering—Copyright owned by

2L. + Ly McGraw-Hill, New York.

In the equations to follow, angle 6 can be either in degrees or in radians.

Thus 6 (rad) = w6/180 (deg) = 0.01745 6 (deg).

For example, if § = 30 deg in Case 3, then sin 6 = 0.5 and

2R (0.5)

= 330) (0.01745) ~ -637R
B

Symbols used are:

B = distance from CG to reference plane,

V = volume,

D and d = diameter,

R and r = radius,

H = height,

L = length.



 

   

 

Vv = Ip= 0.7854D°L
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=L/2B,
4 B,=R

Area of cylindrical surface

= (Perimeter of base) (perpendicular height)

 

 

: J 2. Half cylinder

 

oI
|   

|

A]

Te 9V = gD’L = 0.3927D%L

B,=L/2 B, = 2B _ 04244R
3m

i 3. Sectorof cylinder

S
o
m
a

 

   

 

 

 

   

 

—+-—&-—fc —&

doaB
——

1.
v= LR(6 ~ 5 sin20)

V =05L[RS—C(R—H)]

B= 4R sin® 0
© 66 — 3sin 26

S = 2R6

H =R (1 —cos#)

C =2Rsin 6  
 

     [Se
iHe

    
V = TRL = 0.7854R2L

B= 2B _ 04244R
3m
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T=

J 6. Fillet or spandrel

 

  

   ledy
—

v= (1 _ 7) RL = 0.2146RL

10 = 37 _B= 1757 R=02234R  

iL 7. Hollow cylinder

:
  
  ——

V = ZL (p: os)

CG at center of part

 

Ii 8. Half hollow cylinder

Vy = =(0: —

4 [R=P
CC 3n|RP-1P

 

V =0.01745 (R* — r*) 6L

38.1972 (R?* — r*) sin 0

B= (R®—1r) 0
 

 

 

10. Truncated cylinder

bl (with full circle base)

 

 

 p—ce

V = TDL = 0.3927D*L

B, = 0.3125L

B, = 0.375D
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11. Truncated cylinder (with partial circle base)

  

 
b=R (1 —cosb)

3 13

v= 75 [sino — 250 pcos |  
b

 

 

 

  

 

 

 

 

6 cos 6 Ssinf@cos® sin*fcosh 6L _ v
, 2 § 12 ?|

1 = —

k — Cos ] sin 0 — = 0 _ 6 cos 0)

Ocos@ sinb 60 sinOcosb

; 2k - 2 72 - 4 +Bgl|
2 = : 3

E 6 — = o _ 0 cos 0]

sin? @ sin 6 cos 0
where N = c10

bn - 12. Oblique cylinder ra 13. Bend in cylinder  
(orcircular hole at oblique angle) ] | F

 

v="Tp HF__ 7854020 sec 6 Vv = -T_ DR = 0.0274DR6
4

©

cos 360

d r? B, = ytan#6
B=H/2 r== y=R[1+ 7] B, = y cot 8 
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1 14. Curved groove in cylinder

C C

 

sin 8; = 7R, sin 6, = RK, S =2R6

H, =R, (1 —cos#,) H,=R, (1 —cos#,)

V —_ L R: (6, — s 6, sin 26,) + R,? (6, - 6,

Compute CG of each part separately

J 15. Slot in cylinder ry 16. Slot in hollow cylinder

 

      H=R(1—cosf) inf = 2 = 2R6 sin f =

S =2R6 H=R (1 — cos)

y= Len +R (0 = J sin26)) y= L|CN = R(0 ~ 3 sin20)|

V = Liew —0.5[RS —C (R — | 
 

 

7 17. Curved groove in hollow cylinder

sin 0, = or Sin, = —— $= 2R0
1

H, = R, (1 — cos 6,)

H,=R, (1 —cos¥,)

 

V=L (|= (6, — 3 sin 26.) — i” (6, — Ssin2

(es. -C (R, - H,) | {rs -C (R, - wo)
V =

t
o
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. _C : _C
sin 6, = 2 sin 0, = x

S =2R6

H,=R, (1 —cos8,)

H,=R, (1 —cos#,)

we

v= (cn + Re 6, — sin 20, | |=. 6, — 3 sin 00)

V = Len + 05[RS;, —C(R;, —H;)] —05[R,S, —C(R, — 21)

 

19. Intersecting cylinder

(volume ofjunction box)

20. Intersecting hollow cylinders

(volume of junction box)

 

R h ' 2

& Pp ' J’x
2 i)

a

V =0.9041 (D* — &®) — 1.5708 d* (D — d)

 

      

 

   \.

 

  
21. Intcrsecting parallel cylinders

(M < R))

 

 

 

 

   

 

= © _ R2+M>—R?
6, — 180 - 0, COS 0, —

~

 2MR,

6 — Rit MR?
cos OL = IMR,

H,=R, (1 —cos6,)

S$; = 2R,6,

. . , 1 .
V=L (nk: + |R (6, — 2 sin 26.) — IS (6, — 5 sin 20)



210 / The Slide Rule

h 22. Intersecting parallel cylinders (M > R,)

1 H,
 

 

    

 

 
V=L( (Ry + R)| - |”: (6, —

H, =R, (1 —cosb,)
S, = 2R,6,

R}? + M? - R,?

1 . _ ) 1
5 sin 26,)] IR. (6, > sin 20.)

 

23. Sphere

 

3

V = 7 = 0.5236D3

Area of surface = 4s (radius)? = wD?

« wm 24. Hemisphere

B

e—p—-
wD? \

= T= 0.2618D

B = 0.375R

 

w
@, P 25. Spherical segment

Vv = nt(R 4

gp — H(4R —H)
'7 4(3R—-H)

p= 3QR—-H)
7 4(3R-—-H)

& > 2 Sphericalsector

 

2m
V ==RH = 2.0944R*H

B = 0.375 (1 + cos 6)

R =0375(2R — H) 
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27. Shell of hollow hemisphere 28. Hollow sphere

 

v= (R=)  
29. Shell of spherical sector

  v= 27 (RH — r*h)
[R°H (2R — H)] — [Ph (2r — h)]

R*H — r’h |
  B = 0.375

 

30. Shell of spherical segment

alm (r 2) (r= 2)]

(rSHEAR
(Ee)

n(x)
31. Circular hole through sphere

 
 

 

 

 

   
D) H=R-VR-r

v= m|rr + 2m (R= 4
3 L=2(R-H)

 

32. Circular hole through hollow sphere

H
Vv = ner + H, ( -8)- H,? (R. -3)]

sin, = r/R, sin, = r/R, H=R (1 —cos0) 
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£5 33. Spherical zone 2g 34. Conical hole through

» sphericalshell

oe
| nt
BERN
Te

_ 2m hy . Coonenesswa 3 B— 0.375 (R* — r*) (sin 6, + sin 6,)

=Th|2 ce 4202+ h? - R—P

35. Torus s)

I]
-—D

J] FL 
 

y= JTD — 2.467dD

\ La ) 36. Hollow torus

  B “
o | | + |

  
y= 17D (d2 — dy?)  

[ 5 37. Bevel ring

 

  Np

Rw]|

V=m(R + W) WH

    

R W

3712
Ww

R +=
 

 

2 38. Bevel ring
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B < 0.4244R

2R? 4Ry==1 _—) = 25 (r + oy 4.9348R2 (r + 0.4244R)

r + 3R
_4R 8 |0.4244Rr + 0.1592R?
3 4R | r + 0.4244R

r+ a=
3m

 

 

 
 

_3R 3 3
_ 4R r 8 4 R;? (r- TR.) — R$? (r-3r.)

B= 4R B = +— 4 TR, R.?
—_—

vw
—_2 CEES 
 

i 2 42. Curved shell ring

 

w
o

 

v=" (Rs — RR?) + = (Ry — RY)

2 (RS ~ RY +4 (Rf — RY)IE 4
 

ETNTIr(RE = R2) + 5— (RY = RY)
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= 4 44. Fillet rinmo Fieve

 

 

  
 

 

— 2 —_—

V =2mR, = + (m —35in206
4 sin 36

cos 0) Ro —- 0.5

 

4< 46. Ellipsoidal cylinder

CD Vv =" AaL4]a 4
11 +]

f—t— ba

 

   

47. Flipeord

 

aN 48. Paraboloid

D1
v =% HD B==-H  

49. Pyramid (with base of any shape)

5A = Area of

Base

A = Area of 1 1

Base = 34H B= 4 H

 



50. Frustum of pyramid

 

 

(with base of any shape)

A, = Area

;i/I .\
+L= Area”

V =3H (A, + VAA, + As)

_H (A, + 2VAA; + 34,)
4 (4, + VA A, +4,)
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51. Cone

v=; DH B=H

Areaof conical surface (right

cone) = ¥ (circumference of base)

X (slant height)

 

52. Frustum of cone

 

 

—

HZ
| ; 

V =H (D+ Dd +d)

p —H(D* + 2Dd + 3d”)
T 4(D*+ Dd + d&)  

53. Frustum of hollow cone

  
 

|
H

4 Y B

|} D, | +
1

V = 0.2618H [(D* + Dd, + d;?) —
(Dy* + Dud, + dy?)]

 

 





Appendix 1\/

conversion factors and tables

The number in parentheses following a value in the table indicates the power of 10 by

which this value should be multiplied. Thus, 6.214(-6) means 6.214 X 107°.

1. Length Equivalents

 

 

cm in ft m mi*

cm 1 3.937(-1) 3.281(-2) 1.0(-2) 6.214(-6)

in [2.540 1 8.333(-2) 2.54(-2) 1.578(-5)

ft |3.048(+1) 1.2(+1) 1 3.048(-1) 1.894(-4)

m |1.0(+2) 3.937(+1) 3.281 1 6.214(-4)

mi [1.609(+5) 6.336(+4) 5.280(+3) 1.609(+3) 1

*mile

Additional Measures

Metric: 1km=103m English: 1 mil= 1072 in.

1mm=10"%m 1yd=3.0ft

1 um = 107% m (micron) lrod=5.5yd=16.5ft

1 A =107'° m (angstrom) 1 furlong = 40 rod = 660 ft

2. Area Equivalents

 

m? in? ft? acres mi? Additional Measures

m2| 1 1.55(+3) 1.076(+1) 2.471(-4) 3.861(-7) 1 hectare = 10* m?

in? {6.452(-4) 1 6.944(-3) 1.594(-7) 2.491(-10)

ft? 9.290(-2) 1.44(+2) 1 2.296(-5)  3.587(-8)

acres [4.047 (+3) 6.273(+6) 4.356(+4) 1 1.562(-3)

mi? 2.590(+6) 4.018(+9) 2.788(+7) 6.40(+2) 1
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3. Volume Equivalents

 

 

 

 

 

cm? in? ft gal (U.S.) Additional Measures

cm? 1 6.103(-2) 3.532(-5) 2.642(-4) Metric: 1 liter = 10° cm?

in? 1.639(+1) 1 5.787(-4) 4.329(-3) 1 m3 =10% cm?

ft3 2.832(+4) 1.728(+3) 1 7.481 English: 1 quart = 0.250 gal (U.S.)

gal 3.785(+3) 2.31(+2) 1.337(-1) 1 1 bushel =9.309 gal (U.S.)

1 barrel = 42 gal (U.S.)

(petroleum measure only)

1 imperial gal = 1.20 gal

(U.S.) approx.

1 board-foot = 144 in?
1 chord (wood) = 128 ft?

4. Mass Equivalents

kg slug by, g

Kg| 1 6.85(-2) 2.205 1.0(+3)

slug 1.46 (+1) 1 3.22(+1) 1.46 (+4)

1b,, [4.54 (-1) 3.11(-2) 1 4.54 (+2)

g 1.0(-3) 6.85(-5) 2.205(-3) 1

*not recommended

S. Force Equivalents

N** nt dyne kgs* &* poundal*

N 1 2.248 (-1) 1.0(+5) 1.019(-1) 1.019(+2) 7.234

Ibs 4.448 1 4.448(+5) 4.54(-1) 4.54 (+2) 3.217 (+1)

dyn 1.0(-5) 2.248 (-6) 1 1.02(-6) 1.02(-3) 7.233(-5)

Kg, 9.807 2.205 9.807 (+5) 1 1.0(+3) 7.093 (+1)

gr 9.807(-3) 2.205(-3) 9.807(+2) 1.0(-3) 1 7.093(-2)

poundal 1.382(-1) 3.108(-2) 1.383(+4) 1.410(-2) 1.410(+1) 1

*not recommended  **Newton TAvoirdupois

Additional Measures

1 metric ton = 102 kg, = 2.205 x 103 Ibe
1 pound troy = 0.8229 1b

10zt=6.25% 10"? Ibs

1 oz troy = 6.857 x 107? br

6. Velocity and Acceleration Equivalents

Velocity

cm/s ft/s mifh (mph) km/h

cm/s 1 3.28(-2) 2.237(-2) 3.60(-2)

ft/s 3.048(+1) 1 6.818(-1) 1.097

mi/h 4.470(+1) 1.467 1 1.609

kmlb 2.778(+1) 9.113(-1) 6.214(-1) 1

*Standard acceleration of gravity
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Acceleration

cm/s? ft/s? z* Additional Measures

cm/s? 1 3.281(-2) 1.019(-3) 1 knot = 1.152 miles/hr

ft/s? |3.048 (+1) 1 3.109(-2)

g19.807(+2) 3.217(+1) 1

7. Pressure Equivalents

Head T
cynfcm? N/m? Ibe/in? (psi) Ib/ft* (psf) atm* in (Hg) ft(H,0)

dyn/cm? 1 1.0(-1) 1.45(-5) 2.089(-3) 9.869(-7) 2.953(-5) 3.349(-5)

N/m?| 1.0(+1) 1 1.45(-4) 2.089(-2) 9.869(-6) 2.953(-4) 3.349(-4)

Ib/in?| 6.895(+4) 6.895(+3) 1 1.44 (+2) 6.805(-2) 2.036 2.309

ft/lb? 4.788(+2) 4.788(+1) 6.944(-3) 1 4.725(-4) 1.414(-2) 1.603(-2)

atm| 1.013(+6) 1.013(+5) 1.47(+1) 2.116 (+3) 1 2.992(+1) 3.393(+1)

in (Hg) 3.386(+4) 3.386(+3) 4.912(-1) 7.073(+1) 3.342(-2) 1 1.134

ft(H,D)| 2.986(+4) 2.986(+3) 4.331(-1) 6.237(+1) 2.947(-2) 8.819(-1) 1

*Standard atmospheric pressure.

TAt std. gravity and 0°C for Hg. 15°C for H, O.

8. Work and Energy Equivalents

Additional Measures

lbar=1 N/cm?

1 pascal = 1 N/m?

 

 

J/s ft-lbs W-h Btu** Keal® kg-m

J 1 7.376(-1)  2,778(-4) 9.478(-4) 2.388(-4) 1.020(-1)

ft-lbp 1.356 1 3.766(-4) 1.285(-3) 3.238(-4) 1.383(-1)

W-h 3.60(+3) 2.655(+3) 1 3.412 8.599(-1) 3.671(+2)

Btu 1.055(+3) 7.782(+2) 2.931(-1) 1 2.520(-1) 1.076(+2)

Kcal 4.187 (+3) 3.088(+3) 1.163 3.968 1 4.269 (+2)

Kg-m 9.807 7.233 2.724 (=3) 9.295(-3) 2.342(-3) 1

*Joule **British thermal unit | = kilocalorie

Additional Measures

1 Newton-meter=1J

lerg=1dyne-cm=10""J

1 cal = 1073 kcal

1 therm = 107° Btu

9. Power Equivalents

J/s ft-lbls hptt kW Btu/h Additional Measures

J/s 1 7.376(-1) 1.341(-3) 1.0(-3) 3.412 1W=10"3kW

ft-lbg/s 1.356 1 1.818(-3) 1.356(-3) 4.626 1 cal/s = 14.29 Btu/h

hp 7.457(+2) 5.50(+2) 1 7.457(-1)  2.545(+3) 1 poncelet - 100 kg-m/sec

kW 1.0(+3) 7.376 (+2) 1.341 1 3.412(+3) = 0.9807 kW

Btu/h 12.931(-1) 2.162(-1) 3.930(-4) 2.931(-4) 1 1 ton of refrigeration =

 

tf Horsepower
1.2 x 10* Btu/h
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10. Time

1 week 7 days 168 hours 10,080 minutes 604,800 seconds

1 mean solar day 1440 minutes 86,400 seconds

1 calendar year 365 days 8760 hours 5,256(10)° minutes 3.1536(10)7 seconds

1 tropical mean solar year 365.2422 days (basis of modern calendar)

11. Temperature
 

A1° Celsius (formerly Centigrade) (C) = Al1° Kelvin (K) =1.8° Fahrenheit (F)

= 1.8° Rankine (R)
0°C = 273.15°K = 32°F = 491.67°R = 0°R
0°K = 273.15°C = 459.67°F

12. Electrical
 

1 coulomb 1.036(10)% faradays 0.1 abcoulomb 2.998(10)° statcoulombs

1 ampere 0.1 abampere 2.998 (10)° statcoulombs

1 volt 103 millivolts 108 abvolts 3.335(10)73 statvolt

1 ohm 10% megohms 10° abohms 1.112(10)7'? statohm

1 farad 10% microfarads 107° abfarads 8.987(10)!! staffarads

1 henrie 103 millihenries 10° abhenries 1.112(10)7'2 stathenries

1 tesla 1074 gauss

THE GREEK ALPHABET

A «a Alpha N » Nu

B [ Béta EX

I" y Gamma O o Omicron

A 5 Delta IT = PI

E ¢€ Epsilon P po Rho

Z { Zéta Y o Sigma

H »n Eta T + Tau

0 6 Theta T vv Upsilon

I ¢ Iota bd ¢ Phi

x Kappa X x Chi

A A Lambda Vv ¢ Psi

M np Mu 2 « Omega
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DIMENSIONAL PREFIXES

 

 

Symbol Prefix Multiple

T tera units 1012

G giga units 10°

M mega units 108

k kilo units 103

h hecto units 102

da deca units 101

units 100

d deci units 10-1

Cc centi units 10-2

m milli units 10-3

© micro units 10-86

n nano units 10-9

p pico units 10-12

f femto units 10-15

a atto units 10-18

COEFFICIENTS OF FRICTION

Average values
 

 

Surfaces Static Kinetic

Metals on wood 0.4 -0.63 0.35-0.60

Wood on wood 0.3 -0.5 0.25-0.4

Leather on wood 0.38-0.45 0.3 -0.35

Iron on iron (wrought) 04 -05 0.4 -0.5
Glass on glass 0.23-0.25 0.20-0.25

Leather on glass 0.35-0.38 0.33-0.35
Wood on glass 0.35-0.40 0.28-0.31
Wood on sheet iron 0.43-0.50 0.38-0.45

Leather on sheet iron 0.45-0.50 0.35-0.40

Brass on wrought iron 0.35-0.45 0.30-0.35

Babbitt on steel 0.35-0.40 0.30-0.35

Steel on ice 0.03-0.04 0.03-0.04
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SPECIFIC GRAVITIES AND SPECIFIC WEIGHTS

 

 

Average Average

Average specific Average specific

specific weight, specific weight,

Material gravity Ib, /ft3 Material gravity Ib,/ft3

Acid, sulphuric, 87% 1.80 112 Iron, grey cast 7.10 450

Air, S.T.P. 0.001293 0.0806 Iron, wrought 7.75 480

Alcohol, ethyl 0.790 49

Aluminum, cast 2.65 165 Kerosene 0.80 50

Asbestos 2.5 153

Ash, white 0.67 42 Lead 11.34 710

Ashes, cinders 0.68 44 Leather 0.94 59

Asphaltum 1.3 81 Limestone, solid 2.70 168
Limestone, crushed 1.50 95

Babbitt metal, soft 10.25 625

Basalt, granite 1.50 96 Mahogany 0.70 44

Brass, cast-rolled 8.50 534 Manganese 7.42 475

Brick, common 1.90 119 Marble 2.70 166

Bronze, 7.9 to 14% S, 8.1 509 Mercury 13.56 845

Monel metal, rolled 8.97 555

Cedar, white, red 0.35 22

Cement, portland, bags 1.44 90 Nickel 8.90 558
Chalk 2.25 140

Clay, dry 1.00 63 Oak, white 0.77 48

Clay, loose, wet 1.75 110 Oil, lubricating 0.91 57

Coal, anthracite, solid 1.60 95

Coal, bituminous, solid 1.35 85 Paper 0.92 58
Concrete, gravel, sand 23 142 Paraffin 0.90 56
Copper, cast, rolled 8.90 556 Petroleum, crude 0.88 55

Cork 0.24 15 Pine, white 0.43 27

Cotton, flax, hemp 1.48 93 Platinum 21.5 1330

Copper ore 4.2 262

Redwood. California 0.42 26

Earth 1.75 105 Rubber 1.25 78

Fir, Douglas 0.50 32 Sand, loose, wet 1.90 120

Flour, loose 0.45 28 Sandstone, solid 2.30 144

Sea water 1.03 64

Gasoline 0.70 44 Silver 10.5 655

Glass, crown 2.60 161 Steel, structural 7.90 490

Glass, flint 3.30 205 Sulphur 2.00 125

Glycerine 1.25 78 Teak, African 0.99 62

Gold, cast-hammered 19.3 1205 Tin 7.30 456

Granite, solid 2.70 172 Tungsten 19.22 1200

Graphite 1.67 135 Turpentine 0.865 54

Gravel, loose, wet 1.68 105

Water, 4°C 1.00 62.4

Hickory 0.77 48 Water, snow, fresh

fallen 0.125 8.0
Ice 0.91 57

Zinc 7.14 445
 

Note: The value for the specific weight of water which is usually used in problem solutions is 62.4
Ib,/ft3 or 8.34 Ib,/gal.
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LOGARITHMS

5 PROPORTIONAL PARTS

SE 0 1 2 3 4 b 6 7 8 9

ZZ 1/2(3|4]|6|6|7|8]9

10 0000| 0043| 0086| 0128| 0170] 0212|0253| 0294| 0334| 0374] 4 8 12] 17] 21] 25 29] 33 37
11 10414] 0453] 0492| 0531| 0569] 0607| 0645| 0682| 0719] 0755| 4 8 11| 15] 19| 23| 26| 30| 34
12 10792] 0828] 0864 0899| 0934] 0969| 1004| 1038| 1072| 1106| 3 7 10| 14] 17] 21| 24| 28] 31
13 |1139{ 1173] 1206 1239] 1271] 1303| 1335| 1367| 1399| 1430] 3 6 10| 13| 16] 19| 23| 26 29
1411461] 1492] 1523| 1553| 1584] 1614| 1644| 1673| 1703] 1732] 3 [6 9] 12] 15] 18] 21| 24] 27

15|1761{ 1790] 1818| 1847| 1875] 1903| 1931| 1959] 1987| 2014] 3 6 8| 11] 14] 17] 20] 22 25
16 2041 2068| 2095| 2122| 2148] 2175| 2201| 2227| 2253] 2279] 3 5 8| 11] 13] 16] 18] 21| 24
17 2304 2330] 2355| 2380] 2405] 2430| 2455| 2480] 2504| 2529] 2 5 7| 10] 12] 15] 17| 20| 22
18 2553 2577| 2601| 2625| 2648] 2672| 2695] 2718| 2742| 2765] 2 5 7| 9| 12] 14] 16] 19] 21
19 2788 2810| 2833 2856 2878] 2900| 2923| 2945| 2067 2989] 2 4 7| 9| 11] 13] 16] 18] 20

20 3010] 3032| 3054| 3075| 3096] 3118| 3139| 3160] 3181{3201| 2 |4| 6| 8] 11|13| 15] 17] 19
21 3222 3243| 3263| 3284| 3304] 3324| 3345| 3365| 33853404] 2 4 6| 8] 10] 1214] 16] 18
22 13424) 3444| 3464| 3483| 3502] 3522| 3541 3560| 3579| 3598] 2 [4 6| 8] 10] 12] 14] 15] 17
23 13617| 3636| 3655| 3674] 3692| 3711| 3729| 3747| 3766| 3784] 2 [4 6| 7] 9|11|13]|15|17
24 3802 3820| 3838 3856| 3874] 3892| 3909( 3927| 3945| 3962} 2 (4 5 7| 9|11|12]|14|16

2513979) 3997| 4014{ 4031| 4048] 4065| 4082( 4099| 4116/4133] 2 |3| 5 7| 9| 10] 12] 14/15
26 4150] 4166| 4183] 4200| 4216] 4232( 4249| 4265| 4281|4298| 2 [3 5 7] 8|10|11]13|15
27 14314} 4330| 4346] 4362| 4378] 4393| 4400| 4425| 4440| 4456] 2 |3 5 6] 8| 9|11]|13|14
28 4472| 4487| 4502| 4518| 4533] 4548| 4564| 4579 4594/4609] 2 3 5 6 8] 9|11]12|14
29 4624| 4639] 4654| 4669| 4683] 4698! 4713| 4728| 47424757) 1 [3 4| 6] 7| 9f 10] 12] 13

304771] 4786| 4800| 4814 4829] 4843| 4857| 4871| 4886/4900] 1 3 4] 6] 7| 9|10|11{13
31 [4914|4928| 4942| 4955] 4969] 4983| 4997| 5011| 5024| 5038} 1 [3 4| 6] 7| 8|10[11|12
3215051] 5065] 5079| 5092| 5105] 5119| 5132( 5145| 5159| 5172] 1 |3 4| 5| 7| 8[-9|11|12
33 |5185| 5198| 5211 5224| 5237] 5250] 5263| 5276| 5289| 5302{ 1 |3 4| 5| 6 8 9|10|12
34 15315] 5328| 5340] 5353| 5366] 5378} 5391| 5403| 5416| 5428} 1 [3 4| 5| 6 8| 9|10| 11

35 5441| 5453| 5465) 5478| 5490] 5502| 5514| 5527| 5539| 5551) 1 [2 4| 5] 6 7| 9/10] 11
36 5563 5575| 5587| 5599] 5611] 5623| 5635| 5647| 5658 5670] 1 |2 4| 5 6 7{ 8|10| 11
37 5682 5694| 5705| 5717| 5729] 5740| 5752| 5763| 5775 5786/1 |2 3| 5| 6| 7| 8] 9] 10
38 5798| 5809| 5821 5832| 5843] 5855| 5866| 5877| 5888| 5899| 1 [2 3| 5] 6 7| 8 9[10
39 15911} 5922| 5933| 5944| 5955] 5966| 5977| 5988| 5999 6010] 1 |2 3[ 4| 5/ 7| 8] 9] 10

40 6021! 6031] 6042] 6053| 6064] 6075| 6085 6096| 6107/6117] 1 (2 3| 4] 5 6 8 9/10
41 16128] 6138| 6149| 6160| 6170] 6180| 6191|{6201| 6212 6222|1 (2 3| 4] 5] 6 7| 8 9
42 16232] 6243} 6253| 6263| 6274] 6284| 6294| 6304| 6314| 63251 |2| 3| 4] 5] 6 7| 8 9
43 16335| 6345] 6355] 6365| 6375] 6385| 6395| 6405| 6415/6425] 1 |2| 3| 4] 5 6] 7| 8 9
44 6435] 6444] 6454| 6464| 6474] 6484| 6493| 6503| 6513( 6522] 1 |2 3| 4] 5] 6 7| 8 9

45165321 6542] 6551] 6561| 6571] 6580] 6590| 6599] 6609 6618] 1 |2

|

3| 4] 5 6 7| 8 9

46

1

6628| 6637] 6646{ 6656] 6665] 6675| 6684 6693] 6702/6712] 1 |2

|

3| 4] 5 6 7| 7| 8

4716721] 6730| 6739| 6749] 6758] 6767| 6776| 6785 6794 6803] 1 [2

|

3| 4] 5 5 6 7| 8

48

|

6812[ 6821] 6830| 6839] 6848| 6857| 6866| 6875 6884| 6893] 1 {2

|

3 4| 4] 5 6 7| 8

49 |6902| 6911] 6920| 6928| 6937] 6946| 6955| 6964| 6972| 6981 1 (2

|

3| 4] 4| 5 6 7| 8

50

|

6990] 6998| 7007| 7016| 7024] 7033| 7042| 7050| 7059| 7067} 1 |2

|

3| 3] 4| 5 6 7| 8

51 17076] 7084] 7093| 7101| 7110] 7118|7126| 7135] 7143| 7152) 1 |2| 3| 3| 4| 5 6 7| 8

521 7160| 7168) 7177| 7185| 7193| 7202| 7210| 7218| 7226(7235| 1 (2

|

2| 3| 4| 5 6 7| 7

53 17243] 7251] 7259| 7267| 7275| 7284| 7292) 7300| 7308| 7316[ 1 |2

|

2| 3| 4| 5 6 6] 7

54

|

7324| 7332| 7340| 7348| 7356| 7364| 7372| 7380| 7388|7396| 1 [2

|

2| 3| 4| 5 6] 6| 7                   
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LOGARITHMS(continued)

 

  

7412
7490
7566
7642
7716

7789
7860
7931
8000
8069

8136
8202
8267
8331
8395

8457
8519
8579
8639
8698

8756
8814
8871
8927
8982

9036
9090
9143
9196
9248

9299
9350
9400
9450
9499

9547
9595
9643
9689
9736

9782
9827
9872
9917
9931  

8987

9042
9096
9149
9201
9253

9304
9355
9405
9155
9504

9552
9600
96547
9694
9741

9786
9832
9877
9921
9955

PROPORTIONAL PARTS
 

4 6 7
 

  

7435
7513
7589
7664
7738

7810

7952
8021
8089

8156,
8222
8287
8351
8414

8476
8537
8597,
8657,
8716

8774

8887
8943
8993

9053
9106,
9159
9212
9263

9315
9365 ¢
9415 ¢
9465
9513

9562
9609 ¢
9657
9703
9750

9795
9841
9886
9930
9974   95239571

9619
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9713
9759

9805
5| 9850
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9983  9576!9624| Of
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TRIGONOMETRIC FUNCTIONS

 

 

         

Angle sin cos tan cot sec csc

0° 0.0000 1.0000 0.0000 oo 1.0000 oo 90°
1° 0.0175 0.9998 0.0175 57.2900 1.0002 57.2987 89°
2° 0.0349 0.9994 0.0349 28.6363 1.0006 28.6537 88°
3° 0.0523 0.9986 0.0524 19.0811 1.0014 19.1073 87°
4 0.0698 0.9976 0.0699 14.3007 1.0024 14.3356 86°

5° 0.0872 0.9962 0.0875 11.4301 1.0038 11.4737 85°
6 0.1045 0.9945 0.1051 9.5144 1.0055 9.5668 84°
7° 0.1219 0.9925 0.1228 8.1443 1.0075 8.2055 83°
8° 0.1392 0.9903 0.1405 7.1154 1.0098 7.1853 82°
9 0.1564 0.9877 0.1584 6.3138 1.0125 6.3925 81°

10° 0.1736 0.9848 0.1763 5.6713 1.0154 5.7588 80°
11° 0.1908 0.9816 0.1944 5.1446 1.0187 5.2408 79°
12° 0.2079 0.9781 0.2126 4.7046 1.0223 4.8097 78°
13° 0.2250 0.9744 0.2309 4.3315 1.0263 4.4454 77°
14° 0.2419 0.9703 0.2493 4.0108 1.0306 4.1336 76°

15° 0.2588 0.9659 0.2679 3.7321 1.0353 3.8637 75°
16° 0.2756 0.9613 0.2867 3.4874 1.0403 3.6280 74°
17° 0.2924 0.9563 0.3057 3.2709 1.0457 3.4203 73°
18° 0.3090 0.9511 0.3249 3.0777 1.0515 3.2361 72°
19° 0.3256 0.9455 0.3443 2.9042 1.0576 3.0716 71°

20° 0.3420 0.9397 0.3640 2.7475 1.0642 2.9238 70°
21° 0.3584 0.9336 0.3839 2.6051 1.0711 2.7904 69°
22° 0.3746 0.9272 0.4040 2.4751 1.0785 2.6695 68°
23° 0.3907 0.9205 0.4245 2.3559 1.0864 2.5593 67°
24° 0.4067 0.9135 0.4452 2.2460 1.0946 2.4586 66

25° 0.4226 0.9063 0.4663 2.1445 1.1034 2.3662 65°
26° 0.4384 0.8988 0.4877 2.0503 1.1126 2.2812 64°
27° 0.4540 0.8910 0.5095 1.9626 1.1223 2.2027 63
28° 0.4695 0.8829 0.5317 1.8807 1.1326 2.1301 62°
29° 0.4848 0.8746 0.5543 1.8040 1.1434 2.0627 61°

30° 0.5000 0.8660 0.5774 1.7321 1.1547 2.0000 60°
31° 0.5150 0.8572 0.6009 1.6643 1.1666 1.9416 59°
32° 0.5299 0.8480 0.6249 1.6003 1.1792 1.8871 58°
33° 0.5446 0.8387 0.6494 1.5399 1.1924 1.8361 57°
34° 0.5592 0.8290 0.6745 1.4826 1.2062 1.7883 56

35° 0.5736 0.8192 0.7002 1.4281 1.2208 1.7434 55°
36° 0.5878 0.8090 0.7265 1.3764 1.2361 1.7013 54°
37° 0.6018 0.7986 0.7536 1.3270 1.2521 1.6616 53°
38° 0.6157 0.7880 0.7813 1.2799 1.2690 1.6243 52
39° 0.6293 0.7771 0.8098 1.2349 1.2868 1.5890 51

40° 0.6428 0.7660 0.8391 1.1918 1.3054 1.5557 50°
41° 0.6561 0.7547 0.8693 1.1504 1.3250 1.5243 49°
42° 0.6691 0.7431 0.9004 1.1106 1.3456 1.4945 48°
43° 0.6820 0.7314 0.9325 1.0724 1.3673 1.4663 47
44° 0.6947 0.7193 0.9657 1.0355 1.3902 1.4396 46

45° 0.7071 0.7071 1.0000 1.0000 1.4142 1.4142 45°

cos sin cot tan csc sec Angle
 

 





1-1.

2-1.

2-45.
2-20.
2-55.
2-60.
2-65.
2-70.
2-75.
2-80.
2-85.
2-90.

2-135.
2-140.
2-145.

2-150.
2-155.
2-160.
2-165.
2-170.
2-175.
2-180.
2-225.
2-230.
2-235.
2-240.
2-245.

5
-3
4

2.7810
7.7715

. 6.8222
3.6435

y. 7.8567
8.51(10)°
8.75(10)*
3.79(10)3
8.37(10)°
4.35(10)°
1.202(10)¢
1.095
8.32(10)3
6.06(10)°
1.619(10)®
2.53(10)*
4.59(10)"
4.25(10)*
5.91(10)?
2.77(10)!
3.88(10)3
1.275(10)8
1.278
2.21(10)3
5.96(10)°
1.350(10)*
1.524(10)2
9.54(10)!
1.099(10)*
2.87(10)¢

X

X

X

c
o
r
o
3

2-250.
2-255.
2-260.
2-265.
2-270.
2-355.
2-360.
2-365.
2-370.
2-375.
2-380.
2-385.
2-390.
2-445,
2-450.
2-455.
2-246.
2-465.
2-470.
2-475.
2-480.
2-560.
2-565.
2-570.
2-575.
2-580.
2-586.
2-590.
2-595.
2-600.
2-605.
2-610.
2-650.

1.437(10)"3
2.93(10)7
2.96(10)*
5.07(10)!
5.64
1.430(10)*
4.46(10)3
2.02(10)°
9.98(10)*
1.772
5.27(10)!
3.62(10)3
2.53(10)!
1.079(10)°
1.357(10)
8.12(10)7
2.08
3.26(10)!
3.68(10)2
5.36(10)2
1.139(10)3
0.978
0.407
0.669
1.397
1.028
0.719
1.034
1.856
1.061
88.35°
7.25°
0.999

2-620.
2-625.
2-630.
2-635.
2-640.
2-645,
2-850.
2-655.
2-660.

2-665.

2-670.

2-675.

2-730.
2-735.
2-740.
2-745,
2-750.
2-755.
2-760.
2-765.
2-770.
2-775.
2-780.
2-785.
2-790.
2-795.
2-800.
2-805.
2-810.

Appendix \/

answers to selected problems

31.8°
29.56°
0.602
0.235
0.897
1.513
0.1568
1.168
b=15.97
B=23.4°
c=4.09

B=15.0°
a=598

b= 1808
a=677
c=678
1.113(10)2
1.331
1.048(10)"!
1.0352
6.97(10)*
4.918(10)"!
1.434
1.0006
3.85(10)!
1.444
0.0439
35.9
3.89
9.26(10)!
1.018
-0.250
3.51

227



228 / The Slide Rule

2-815.

2-820.

2-825.

2-830.

2-835.

2-840.

2-845.

2-850.

2-855.

2-860.

2-865.

2-870.

2-875.

2-880.

2-885.

2-890.

2-895.

2-900.

2-905.

2-910.

2-915.

2-920.

2-925.

2-930.

2-935.

2-940.

4-5.

4-10.

4-15.

-6.70
4.497
-0.0026
3.11(10)!
2.73(10)2
3.97(10)*
-1.230(10)3
1.706(10)*
8.53(10)3
8.98(10)7
(9.42)(10)2
5.63(10)!
5.43(10)3
2.75(10)3
1.776
3.26(10)°
2.45(10)"?
7.39(10)*
1.050
6.84(10)!
3.35(10)*
3.24(10)!
1.072(10)"°

1.039
. 1.579
3.69
5.395
17.61
28.42
74.21
4.81 +3.90

.2.41+j2.68

. 8.58+j3.36
. 0.88 + 2.56
. 218/317.4°

. 100/332.6°

. 0.00803/320.5°

. 3.65/327.4°

M8L3
TFT

_ FL?
Qim?3

a. 1.089(10)° dynes/cm?
b. 3.22(10)" in Hg

»
0
0
o
P
A
d
o
P
R

S
M
O
A
L
T

 

—  

4-20.

4-25.

4-30.

4-35.

4-40.

4-45,

4-50.

4-55.

4-60.

4-70.

4-75.

4-80.

6-5.

6-10.
6-15.

6-20.

6-25.

6-30.
6-35.
6-40.
6-45.

6-52.

6-57.

6-62.

6-67.

3.44(10)® abhenries
a. 6.96(10)* ft*/hr

b. 5.47(10)"! m?/s
a. 2.07(10)"* acre
b. 8.36(10)"! m?
6.40(10)2 ft?
1.274 in.

M=FL
. KE =2.26(10)° ft Ibs
. V=75(10)* ft/sec
M = 93 slugs

. V=145.6 mi/hr

. m= 3.83(10)? Ibm
. m= 1.189(10)" slug

m,; = 5.97(10)>% kg
© =95.401; Engineer correct

0.21 m/s

7.11 ohms

a. 25.05 in’

b. 0.2076 1b

1.3357(10)* Ib
a. 1.788(10) ft?
b. 2.012(10)* 1b
10.67 mm

68°F
. 98.6°F
311°F
1076°F
15,852°F

2.20(10)°°F
28.4°F

. -40°F

. -459°F
$480
R=3331by @N 58.6 °E

P=446 1b

Migs =0
Mio2 = 395 lb-ft

Mgg = 280 1b-ft

M,,; = 780 lb-ft

RR = 4601by; Ry = 600 lbs

P=4321bs, Ry = 644 1b;

Rr =4401b

P.=153.1 kgs, N =1235 kgs

AC =17501b; Rg= 1405 lbs
@S 72.4°E

o
o
»
a
o
o
p

wo
S
E

m
e
p
o
o



Absolute unit systems, 139

Acceleration, 135,219

Acceleration equivalents, 218
Accuracy, false, 9

Accuracy of the slide rule, 17

Addition, 86, 103, 119

Add to memory, 106
Adjusting the rule, 16

Alphabet, Greek, 200

Alternate functions, 86

Alternate function, clear, 101

American engineering system of

units, 142

American Engineering Unit Systems, 139

Angles, small, 78
Angular mode, 105

Antilogarithm, 89

common, 105

natural, 89, 105, 120

Any triangle, 201

Approximate number method, 26

Arc cosine, 90

Arc sine, 90

Arc tangent, 90

Area, 135

Area equivalents, 217

Baseball, 159

Base units, 141

Basketball, 157

Bevel ring, 212

Blood, measuring flow of, 154

Body, ofslide rule, 14

Bowmar, 98

Brache, Tycho, 13

Calculatorlogic, 81

index

Care ofthe slide rule, 14

Celsius, 135

Center of gravity, 164

equations, 204

Change sign, 88, 104, 120

Characteristic method, 29

Charts, 159

Circle, 202

sector of, 202

segment of, 203

Clear, 99, 118

alternate function, 101

calculator, 86

entry, 118

X register, 86

Coefficients offriction, 221

Combined multiplication and division, 35

Common antilogarithm, 105
Common logarithm, 89, 105, 121

Complex numbers, 76

Components, 176
force, 165

rectangular, 176

Compounded interest, 113

Computation paper, 1

Cone, 215

Construction of the scales, 22

Conversion, polar-to-rectangular, 93

Conversion, rectangular-to-polar, 93

Coordinates, polar, 110, 125

Count,traffic, 96

Copy x into y, 86

Cosine, 90, 105

arc, 90

law, 197

practice problems, 52

229
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Cube roots, 46

practice problems, 48

Cubes, 46

practice problems, 48

Cyclic process, 152

Cylinder, 205

ellipsoidal, 214

half, 205

hollow, 206

quadrant of, 205

sector of, 205

segment of, 205

Decimal

grads, 89

location, 66

point, 99
Decimal point, determining location

of, 26

Degree, 89
Degrees, 121

Density, 136

Derived dimensions, 129

Design, systems, 152

Determining decimal point location, 26

Diagram, 162

electrical, 164

energy, 163

free-body, 162

Digit, doubtful, 8

Digit method, 28

Digit recall, 102

Dimensionally homogeneous, 130

Dimensional prefixes, 221
Dimensions, derived, 129

Dimensions, fundamental, 130

Display, memory, 107

Display register, 86,99, 118

Divide, 87, 104, 119

Division, 32

practice problems, 33

Division and multiplication,

combined, 35

Doubtful digit, 8

Effect, moment, 168

Egyptians, 148

Electrical diagram, 164

Ellipse, 203

Ellipsoid, 214

Ellipsoidal cylinder, 214

Energy, 135

kinetic, 145

Energy diagram, 163

Energy equivalents, 219

Enter, 86

Enter exponent, 88, 118

Equals, 103

Equations, center of gravity, 204

Equations, volume, 204

Equator, 132
Equilibrium, 183
Equivalents

acceleration, 218

area, 217

energy, 219
force, 218

length, 217

mass, 218

power, 219

pressure, 219

velocity, 218

volume, 218

work, 219

Estimation, 8

Exchange, register, 92

Exchange registers, 106, 122

Exchange with memory, 107

Exponential Law, 191

Fahrenheit, 135

False accuracy, 9

Feedback, 152

Figures, geometric, 201

Figures,significant, 7

Fillet, 206

Fix, 87

Flow meter, 154

Folded scales, 40

Folded and reciprocalscales practice
problems, 42

Football, 157

Force components, 165

Force equivalents, 218

Force, inertia, 146

Force system, 166



Forces, resolutions of, 175

Form, polar, 77

France, 140

Free-body diagram, 162, 164

French Academy of Sciences, 140

Friction, coefficients of, 221

Function key, 100

Functions

alternate, 86, 101

hyperbolic, 73, 121

trigonometric, 49, 90, 105, 121, 225

(tables)

Fundamental dimensions, 130

Future value, 114, 126

Geometric figures, 201

Gold shift key, 86

Grads, decimal, 89

Graduations, scale, 18

Graphs, 159

Gravitational unit systems, 139

Gravities, specific, 222

Gravity, center of, 164

Greek alphabet, 220
Gresham College, 13
Gunter, Edmund, 13

Half cylinder, 205

Hemisphere, 210

Hewlett Packard, 83

Hollow cylinder, 206

Homogeneous, dimensionally, 130

Hyperbolic functions, 73, 121

Hyperbolic sine, 112

Hyperbolic tangent, 112

Idealized model, 157, 164

Indicator, 14, 15

Inertia force, 146

Inspection method, 26

Interest, compounded, 113

Interest rate, 114, 127

Inverse trigonometric functions, 90,

106, 121

Inverted scales, 41

Investment, 113

Kelvin, 135

Index / 231

Key, function, 100

Key set, numeric, 85,99, 117

Keystone, 98

Kilogram, 134

Kinetic energy, 145

Law

cosine, 197

exponential, 191

sine, 197

three sides, 198

Lb, 145

Length, 132

Length equivalents, 217

Lettering, 2

Lloyd’s Electronics, 98

Loan, 115

Logarithm, common, 89, 105, 121

Logarithm, natural, 88, 104, 120

Logarithms, 191, 223 (tables)

Logic, calculator, 81

Logic, Lukasciewicz, 81

Logic, “reverse-Polish,” 81

Log-log scales, 58
“Lon” scales, 58

Lucasciewicz logic, 81

Lucasciewicz notation, 116

Manipulation ofthe rule, 15

Market, stock, 159

Mannheim, Amédée,13
Mass, 134

Mass equivalents, 218

Mechanics, static, 175

Memory

add to, 106

display, 107

exchange with, 107

square to, 107

storage, 122

subtract from, 107

sum to, 122

Meter, flow, 154

Method

approximate number, 26

characteristic, 29

digit, 28

inspection, 26
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Method (cont.)

power-of-ten, 27

scientific notation, 27

Metre, 132

Metric system, 140

MKS, modified, 140

Mode, angular, 105, 121

Model, 156

idealized, 157, 164

Model problem sheet, 3

Models, scale, 158

Modified MKS, 140

Moment effect, 168

Moments, 179

Multiplication, 24

practice problems, 30

Multiplication and division, com-

bined, 35

practice problems, 36

Multiply, 87, 103, 119

Napier, John, 13

Natural antilogarithm, 89, 105, 120

Natural logarithm, 88, 104, 120

Newton, 133

Newton, Sir Isaac, 13, 142, 147

North pole, 132

Notation, Lukasciewicz, 116

Notation, scientific, 9, 88

Nose, 156

Number, raising to a power, 60

Numbers

complex, 76

powers of, 62, 90, 106, 122

roots of, 64,91, 106, 122

Numeric key set, 85,99, 117

Oblique triangles, 196

Operational stack, 84

registers, 91

Oughtred, William, 13

Paper, computation, 1

Paraboloid, 214

Parallelogram, 202

Payment, uniform, 115

Pi, 118

Polar coordinates, 110, 125

Polar form, 77

Polar-to-rectangular conversion, 93

Polygon, 202
Pound-force, 142

Pound-mass, 142

Pound mass, 134

Power, 136

Power equivalents, 219

Power-of-ten method, 27

Power, raising a number to, 60
Power switch, 85, 117

Powers of numbers, 62,90, 106, 122

practice problems, 63

Practice problems

cosines, 52

cube roots, 48

cubes, 48

division, 33

folded and reciprocalscales, 42

multiplication, 30

multiplication and division, 36

powers of numbers, 63

sines, S51

square roots, 45

squares, 45

tangent, 55

Prefixes, dimensional, 221

Present value, 114, 126

Pressure, 136

Pressure equivalents, 219
Prism, 203

Problem solving, 151

process, 152

Process, “cyclic,” 152
Process, problem solving, 152
Projection rule, 32

Proportions, 39

Pyramid, 148, 214

Quadrant of cylinder, 205

Radian, 89

Radians, 121

Raising a number to a power, 60

Rankine, 135

Rapid Data, 98

Rate, interest, 114, 127

Ratios, 39



Recall, digit, 102

Recall last x, 92

Reciprocal, 88, 104, 120

Reciprocalscales, 41

Rectangle, 201

Rectangular components, 176

Rectangular-to-polar conversion, 93

Register, display, 85,99, 118

Register exchange, 92

Register storage, 91

Registers, exchange, 106

Registers, operational stack, 91

Retention ofsignificant figures, 11

Resolutions of forces, 175

Retrieve storage, 91

“Reverse-Polish™ logic, 81

Right triangle, 201

solution, 57

Right triangles, 195

Ring, bevel, 212
Robertson, John, 13

Rocket, 143

Rockwell International, 98

Roget, Peter, 13

Roll down stack, 91

Roots, cube, 46

Roots of numbers, 64, 91, 105, 122

Roots, square, 43

Rule, projection, 32

Satellite, 148

Scale graduations, 18

Scale models, 158

Scales

construction of, 22

folded, 40

inverted, 41

“Lon,” 58

log-log, 58
reciprocal, 41

Scientific notation, 9, 88

method, 27

Sears’, 98

Sector of a circle, 202

Sector of a cylinder, 205

Segment ofa circle, 203

Segment of a cylinder, 205

Sharp’s, 98

Index / 233

Sheet, model problem, 3

Shift key, gold, 86

Significant figures, 7
retention of, 11

Sine, 105, 90

arc, 90, 106

hyperbolic, 112
law, 197

practice problems, 51
SI units, 141

Slide, 14

Slide rule, 13

accuracy of, 17

adjusting, 16
care of, 14

manipulation of, 15

Slug, 143

Small angles, 78

Solution,right triangle, 57

Specific gravities, 222

Specific weight, 136

Specific weights, 222

Sphere, 210

hollow, 211

Square of x, 88, 120

Square root of x, 88, 104, 120

Square roots, 43

practice problems, 45

Square to memory, 107

Squares, 43

practice problems, 45
Stack, operational, 84

Stack, roll down, 91

Static mechanics, 175

Stock market, 159

Storage, memory, 122
Storage,register, 91

Storage, retrieve, 91

Subtract, 86, 103, 119

Subtract from memory, 107

Summit, 98

Sum to memory, 122

Sum vectors, 97

Switch, power, 85, 117

Systeme International, 141

System, force, 166

System, metric, 140

System of units, American engineering, 142
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Systems design, 152

Systems, unit, 139

Tangent, 90, 105

arc, 90, 106

hyperbolic, 112
practice problems, 55

Temperature, 135, 220

Texas Instruments, 116

Theorem, Varignon’s, 180

Thermometer, 7

Thermostat, 153

Three sides law, 198

Time, 133, 220

Torus, 212

Traffic count, 96

Trapezoid, 202
Triangle, any, 201
Triangle, right, 201

Triangles, oblique, 196

Triangles,right, 195

Trigonometric functions, 49, 105, 121,

224 (tables)
inverse, 90, 106, 121

UNICOM,98

Uniform payment, 115

Unit systems, 139
Unit systems, absolute, 139
Unit Systems, American Engineering, 139

Unit systems, gravitational, 139
United States Congress, 140

Units, 132

base, 141

SI, 141

Value, future, 114, 126

Value, present, 114, 126

Varignon’s theorem, 180

Vectors, sum, 97

Vectors, weight, 165

Velocity, 135

Velocity equivalents, 218

Voltmeter, 7

Volume, 135

Volume equations, 204

Volume equivalents, 218

Warner, John, 13

Weight, specific, 136

Weights, specific, 222

Weight vectors, 165
Work, 135

Work equivalents, 219
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