HOW TO ADJUST YOUR SLIDE RULE

Fach rule is accurately adjusted before
it leaves the factory. However, handling
during shipment, dropping the rule, or
a series of jars may loosen the adjusting
screws and throw the scales out of align-
ment, Follow these simple directicns for
slide rule adjustment.

CURSOR WINDOW HAIRLINE ADJUSTMENT

Livie up the hairline on cne side of the
rule et a time.

1. Lay rule on flat surface and loosen
adjusting screws in end plates.

2. Line up C index with D index. Then
align DF (or A} index with CF (or
B) index.

3. Tighten screws in end plates,

4. Loosen cursor window screws. Slip
a narrow strip of thin cardboard (or
3 or 4 narrow strips of paper) under
center of window.

5. Align hairline with D and DF (or D
and A) indices, and tighten cursor
window secrews. Check to see that
window surfaces do not touch or
rub against rule surfaces.

Note: The narrow strip of cardboard

under the window will prevent pos-

sible distortion or “bowing in” of the
window when screws are tightened.

"Bowing in” may cause rubbing of

window against rule surface with re-

sultant wear or scratehes.

Line up heirline on reverse side of rule.
1. Loosen all 4 cursor window screws.

2. Place narrow strip of thin cardboard
under window to prevent “Bawing
in” when screws are tightened.

3. Align hairline and indices on first
side of rule, then turn rule over
carefully to aveid moving cursor.

4, Align hairline with indices and
tighten cursor screws.

w

. Check to see that window surfaces
do not touch surfaces of rule dur-
ing vperation.

SLIDER TENSION ADJUSTMENT ° Loocsen
adjustment screws on end brackets; reg-
ulate tension of slider, tighten the screws
using carc not to misalign the scales. The
adjustment needed may be a fraction of
a thousandth of an inch, and several tries
may be necessary to get perfect slider
action.

SCALE LINE-UP ADJUSTMENTS ¢ (1) Move
slider until indices of C and D scales
coincide. (2) Move cursor to one end.
(3)Place rule on flat surface with face
uppermost. (4) Loosen end plate adjust-
ing serew slightly. (5) Adjust upper por-
tion of rule until graduations on DF
scale coincide with corresponding grad-
uations on CF scale. (6) Tighten screws
in end plates.

REPLACEABLE ADJUSTING SCREWS ¢ All
Pickett All-Metal rules are equipped
with Telescopic Adjusting Screws. In ad-
justing your rule, if you should strip the
threads on onc of the Adjusting Screws,
simply “push out” the female portion of

_the serew and replace with a new screw

chtainable from your dealer, or from the
factory. We do not recommend replacing
only the male or femalc portion of the
SCreww.

HOW TO KEEP YOUR SLIDE RULE IN CONDITION

OPERATION * Always hold your rule be-
tween thumb and forefinger at the ENDS
of the rule. This will insure free, smooth
movement of the slider, Holding your
rule at the center tends to bind the slider
and hinder its free movement.
CLEANING * Wash surface of the rule
with a non-abrasive soap and water
when ¢leaning the scales. If the Cursor
Window becomes dulled clean and
brighten the surfaces with a small rag
and tooth powder,

LUBRICATION ¢ The metal edges of your
slide rule will require lubrication from
time to time. To lubricate, put a little
white petroleum jelly (White Vaseline)

PICKETT, INC.

on the edges und move the slider back
and forth several times. Wipe off any
excess lubricant. Do not use ordinary
oil as it may eventually discolor rule
surfaces.
LEATHER CASE CARE « Your Leather Slide
Rule Case is made of the finest top-grain,
genuine California Saddle Leather. This
leather is slow-tanned using the natural
tanbark from the rare Lithocarpus QOak
which grows enly in California. It pol-
ishes more and more with use and age.
To clean your case and to keep the
leather pliable and in perfect condition,
rub in a good harness soap such as
Propert’s Harness Soap.

Chicago, 1ll, /. Santa Barbara, Calif.
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PREFACE

‘This manual is neither a textbook in mathematics nor a treatise on the slide
rule. Tts purpose is to provide sufficient basic instructions so that the user can
easily discern the purposes for which the rule was designed, and with a mini-
mum of effort, learn to use rhe rule quickly, accurately, and with confidence. An
endeavor has been made to keep the manual useful and usable by making it
compact, easily carried and easily studied. Those users who have more compls-
cated problems to solve and who desire further information should refer to

standard texts in both mathematics and slide rule theory.
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THE AERIAL PHOTO SLIDE RULE

INTRODUCTION

The Aecrizl Photo Slide Rule was designed by Amrom H. Katz as a duplex
double purpose rule wich a series of scales on the front face for solving prob-
lems in vertical aerial photography and « series of scales on the back face for
solving general problems common on a standard shide rule.

This rule was originally designed for the Photo-Interprerer, and others who
must interprer measurements made on aeridd photographs. In its present form,
it 15 of great value o Photo-pilows, navigaors, photo-officers and others con-
cerned with planning and exceuting missions or using aerial photographs.**

The scales for aertul photography are:
1. An alticude scale on the left bar reading in feet from 100 1o 250,000,

2. A focal length scale on the left side of the slide reading in inches, from
1 to 240,

This scale is imporrant because ic carries a series of special scale marks
which when related to the altitude scale give three or more measurements with
onc setting of the focal length and altitude scales. Special marks 9% cov. and
18" cov. give the width and length of ground area on the aloirude scale. Scale
mark 12 gives the representative fraction on the alritude scale for all settings
on the focal length scale. Other index marks are MPH. ar 6.93, Knots at 7.98
and Feet Per Inch at 1 ( Feer Per Inch ) at the botrom of the scale,

2

3. 1In the center of the slide, is an image size scale on the slide calibrated in
feeet from 001 to 4.

4. A second image scale on the slide reading in centimerers from 03 to 100.
This scale has a special index mark ar 1 for determining cycling time
when referred to the Ground size scule.

5. The Ground Size (feet) Scale. This scale reads in feer from [ to 13,000

and M.P.H. or Knats from 100 ¢ 1000. It has a special index mark at 3.6,
which is used for caleulating cycling time with a 6077 overlap on 9” film,

The standard scales found on che reverse side of che rule consist of an L, an
A, and a DF scale on the upper bar and a CF, a CIF, a T, § and C on the slide
and a D, o Dl and a K on the lower bar. These are used for multiplication and
division of numbers, for inding che logarichm of a number, for finding the
squares and square roots of numbers, for proportion problems, for finding the
cubes and cube roots of numbers, and for colving triangles and other problems
thut require the use of sines, cosines, tangents and cotangents of angles. This
particular arrangemenc of scales was speciatly devised, and 15 the most power-
ful and useful one.

¥ # ]t should be noted at this point that the problems associated with oblique photography
are much more difficult than the corresponding problems in vertical photography. This
slide rule can be used in conjunction with other aids for oblique photography ; these are
now under development by the Photographic Laboratory {(Wright Air Development
Ceater, Wright-Patterson Air Force Base) and will be available scon. The interested
reader is referred to the following article, which describes the development of the Aerial
Photo Slide Rule, oblique computers, and other aids.

Katz, Amrom H., “Contributions to the Theory and Mechanics of Photo-Interpreta-

tivn From Vertical and Obligue Photograph,” PHOTOGRAMMETRIC ENGINEERING,

Jane, 1950, pp. 339-38G.




Since the scales on either side of the rule have no direct relation to those
on the opposite side, instructions for the use of the scales on the oppusite sides
have been prepared in separate parts. _

Part I contains the instructions for the scales used to solve problems in
vertical aerial photography. It will be noted, however, thar complete {(but con-
cise) instructions for use of the Aerial Photo side of the rule sppear on the
face of the rule. These instructions alone have sufficed for everyone who got
any early model of this slide rule (before this Manual was prepared ). Average
time to learn all the uses of the rule was about ten minutes. Pare 11 contains
the instructions for the scales used to solve general problems common to

the slide rule,

THE AERIAL PHOTO SLIDE RULE—PART |

THE SCALES

The scales on the Aerial Phoro side of the rule can be used to solve various
problems common to vertical acrial photography, since many problems can be
worked forward and in reverse. All types of problems are easy to solve and any
operator familiar wich the terms used should be able to learn the full use of the
rule in 2 few hours of concentrated study. The important problems to be
solved may be divided into four or more groups as follows -

I-PRIMARY VALUES
(a) Scale of photography
(b) Area covered
(c)  Ground feet per inch of photagraph
{d) Image speed
{e) Cycling time
II—PHOTO INTERPRETATION
(a} Image size ground size calculations

HI--FUNCTIONAL VALUE OF THE RULE IN PLANNING AERIAL
PHOTOGRAPHY PROBLEMS
(a)  Minimum altitude w obtain 60% overlap on 97 film.
{b) Number of fiights
{c} Flight line spacing
(d) Exposures required
IV—SOLVING PILOTAGE PROBLEMS
Some pilots who have tested the rule repore that it facilitates
pilotage problems. Using the lefe hand scales — distance, time and
ground speed values are quickly and easily read.

V--CONVERSION OF KNOTS TO MILES PR HOUR

The two indices —knots and M.PH. on the focal length scale set
up ratios for every position on the slide. For example, when the
index for M.PH. is set at 400, the index for knots is at 460.
Thus 400 knots =460 miles per hour (approximately).




READING THE SCALES

= 2, : : -
NoTL \)_bhen the Acrml Phoro side of the slide rule is used, the rule must
be ht’_ld vertically. You will note that che numbers are printed horizontally. This
permits the use and printing of the large numbers encountered in aerial

photography.
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Fig. 2

Photographs of the photo-interpreter's slide rule in several setrings are shown
in Fig. 2. Fig. 2a represents o 36 camera, with 97 187 formar flown at 30,000
feer. The slide scrring is 367 on the focal length scale opposite 30,000 feet on
the sltitude scale, Opposite the index mark 12 on the focal length scale, the
wale or representative fracion (RE) of the phorograph is read — 1:10,000.
This particulur serting of the slide rule enables the immediace reading of several
other quantities of interest. Opposite 1 ( Feer Per inch) on the focal lengeh
scale, the ground feee per inch of photograph is read. The reading is 833 feet per
inch. Without moving the slide the complete set of pairs of values — ground size
and image size - can be read for any possible imuge size measurcment on the
photograph. For exampie, an 0.03 CM imupe lengrh corresponds o 2 98 fr.

ground object.

This serting also gives the coverag
scale opposite 97 cov. and 18" cov. on the foual length s¢
feer > lengeh 15,000 feer ground coverage.

Fig. 2b, shows a sctting that permits the reading of image speed directly.
Assumie @ ground speed of 300 M PH. Widh the previous setting, move the
dlide so thit the index mark  M.PH. is opposite 10,000 on the scale value
¢RI ;. Move the indicator to 300 on the ground specd scale and read image
spred as 325 inches per second on the centimerer image size scale, Were the
ground speed given in knots, the “kaots” index would have been set opposite
the scale value of 10,000,

Fig. 2¢, shows a third serting of the same problem for determining cycling
time for 607 overlap. With the setting shown in Fig. 2b. move the slide down-
ward so that 525 on the image size scale is opposite the 3.6 index mark on the
ground size scale. Then opposite the index mark cycling time on the image
size scale, read cycling time between photographs as .0 seconds {on the ground

size scale ).

e of the 97> 187 negative on the altitude
ale; read width 7500

‘Norc tha the index at 3.6 is for cameras with 9 inches of film in line of
flight. This is by fur the moest common type camera. For other cameras—a few
of which are in use, and still others which may be developed — the index which
should be used (instead of the mark at 3.6+ is 4077 of the film widch in line
of flight. For example, on a camera which uses 57 of film in line of flight —such
1s the K-24 — the index would be ar 2.0 instead of 3.6,

A. How 10 FIND THE SCALE OF PHOTOGRAPHY
Set focal Tengely in inches on the slide opposite alticude and on alcicude
scale. read scaje (RUE) opposite index mark scale ar 12 on focal length
scale. Examples: '
Find scale (RE 3 with the following setrings:
(&) Tocal length 36" and altirude 40,000 feet.
Ser 367 on the focal length scale opposite 40,000 on the alticude
scale.
Opposite index murk scale at 12, read scale as 13,330 (R.E ).
(b) Focal length 24" and altirude 30,000 fect.
Set 24" on the focal length scale opposite 30,000 on the altitude
scale.
Opposite the index mark scale at 12, read 15,000 (RE).
9




B.

How 1o FIND AREA ( COVERAGE ) .

Set focal length in inches on the Focal Length Scale opposite altitude L H_Ow 1o lH_IND CyermiG TIME FOR 6077 OVERLAY ON 97 FlLM:
and on the altitude scale read width opposite 9 cov. and length opposite Given the image speed on the image size scale, move the slide until the
18" cov. on the altitude scale. If film sizes other chan 9 and 18" are image size number is opposite the index mark 3.6 on the ground size
used —eg. 2147, 4147, 577, 7" - - read coverage oppesite those values on scale. Withour moving the slide, move hairline over the index mark
the foca! length scale. cycling time on the image size scale and read cycling tume opposite on
{a) Using the same settings as used for finding scale, a focal length the ground size scule.
of 367 and altitude of 40000 feer gives coverage at 97 cov. as Th kR 5
et wideh and 2 sth at 187 cov o .
1>(();)l())8(;t(t)([ \2'(;:12;1:2(1 20,000 feet lengrh at 187 cov. of 1,000 {a) 5;(;(1]\;}11211('Y(:1i11§;5 r(:]:;z)e f_Fnr 60'”1{ ove{l:t[v when a lplgn(‘f’ 15 {iying
(b} Focal length 24" and altitude 30,000 feet gives coverage at 9" 9;r'>< 1877 ﬂml:nr! o .te: ';mﬁt:le( Et,)m; length is 36" and the
cov. as 11,500 feet width and at 18" cov. 22,500 feet length, ot = ’ e i W BRERER ek ) B fl»lm_m ]'“e_ of ﬂi?,hﬂ
11,500734 22 5007 coverage. e ot ‘[:‘?El”’f s SPC’C‘{\I‘S 382 CM on image size
€. How To FIND IMAGE SPFrD: {arising from forward aircraft speed) : until .3‘82&%5 “;[):'i[iu_«lﬁ[e Sinz(t)l‘g;ﬁ:qr(])(““ ?()‘["]c[;hd_e d”“in,wari
in inches ‘second when ground speed is given in MEH. To find image seale, THeR sor th;- Eaialine oot ti]c i}'{)JO_ 16}(&,1?09{1( SRS
speed, first find the scale of photography and move the slide upward on the image size scale and { o gr ?L__”‘ Tﬁlr e (ll”g' t;_me
unal the special index mark  M.PH. on the Focal Length Scale is set i app-r?m;m'u-cll' (‘)_) o ‘t)g{‘?tlgL S1ZC Sel Cl) At e
opposite the scale of photography meuasurement. Then withour mov- - e scale y 0.2 seconds berween photograph on
ing the slide, set the hairline over Hight specd in M.PH. on the ground b ) e ‘ !
speed scales Opposite ground speed — read image speed in inches/ tb) F”}d the cycling time for 6077 overlap when a plane is flying i
second on the image size scale. If ground speed 1s in knots, use the it 460 M.PH. ground speed at 38,000 feer and the focal lengeh :
“knots” index instead of the "M.PHY is 36", :
1 Tilustrations: P‘mceed as above and find image speed 635 in. scc on 1mage L
(a; Find the image speed if the plane is Hlying 200 M.PH. ground $eE .scalc.dThen AEk '6?’7”"'“‘1556 speed opposite index mark 36 !
speed ar 20,000 feet and the focal length is 36", on lgr(;)un .5126“5(::.1‘16. \)_&-1[hmur moving the slide, set h;nr}_mc |
Ser 36 on the focal lengeh scale opposite 20,000 feet on efia o index m:.uk L!yc.'l.mg. e and read 5.7 seconds as the cvcling
altitude scale. Ser hairline over scale mark 12 on the focal N time {_m gr_(mnc stz 5\‘1"116' o
length scale and read the scale ( R.E) as 6,600 on the altitude (¢)  Find cycling Lime for GOV ()\"rt‘rlﬂp for a 6" focal length 977> 9"
scale. Move shide upward until index mark  M.PH.is under amet when in a plape fying 400 MPH. ground speed at
hairline opposite scale (R.E)} 6666, (Actually, one doesn's 46.000 feet altitude.
have to read the scale value, for it's held by the hairline. With- Proceed as above, and find cycling time to be 408 seconds.
out moving the slide, ser hairline over 200 on the ground (di Do pr(:blems bl R gr:)und Spccds given e fin b |
speed scale and read image speed 530 inches per second. st of. MOBEL. : ;
(b) Find thcﬂimage speed if the plane Vis flying 6(’)(} M.PH. ground Answers: (a) 335 seconds. (b} 4.92 seconds, (¢} 40.5
speed at 30,000 feet and the focal lengeh is 367 seconds. :

Set 367 on the focal lengih scale opposice 30,000 feet on the
altitude scale. Ser hairline over scale mark 12 on the focal
lengrh scale and read the scale tR.E) 10,000 on the alritude
seale. Move the index mark  M.PH. under hairline. Without
moving the slide, set hairhine over GO0 on the ground speed
scale and read inage speed 1.06 inches/second.

(¢) Tind image speed if plane is flying 500 M.PH. at 800 feet and

focal Jength is 67

NOTE: You will observe that in ali cases, you can calculate the cycling time
(or intervalometer setting b more accurately than need be. For example, there
is ncither need nor availoble mechanical setrings for times such as 468 sec-
onds, 5.35 seconds, cre. Either 406 or 47 scconds would be a suitable setring in
the first case. and cither 5 or 3.5 seconds would be all right in the second case.

Cycling Tincey Leis Than One Second :

7 ‘ As we approach very high ground ‘speeds at low altitudes, very fast (less
Ser 7 on the tocal length scale vpposite 800 fect on the than cne second ) cycling rimes arc required. Cameras wich fast cycling times
Altiude Scale. Move MPH. index, ete. —-read 5.5 inches per are being developed. Although these can't be read directly, by a very rimple,
second. carily learned trick, these cycling times may be readily calculated,

Observe that the cycling time index is at | on the centimeter scale. Were
it moved to 10 on the same scale, the cycling time readings would be too high
by a factor of 10. Hence if a problem arises wherein the cycling time index
winds up below one second, read opposite 10 and divide the reading by LO.

(d; Do problems a, b, ¢ if the ground speeds given (200, 600, 500}
are 10 knots instead of M.PH.
Apswers: (4) 010 inches/second. (b)) 122 inches/second
(¢} 6.32 inches second.
10 11



Example:

A G 9X9 camera is tlown ar SO0 M.PH. ar 750 feet altitude. What cycling
time 15 needed for 6077 overlap?

Gotng through the normal procedure an image speed of 5.85 inches per

second s found. When this inuge speed is scr opposite the 3.6 index, it

will be nored that the ¢ycling ine index is below | second. Hence, ar 10

(on the centimerer scale) read 6.15 seconds, which upon dividing by 10,

yrelds a cycling time of 613 seconds.

Several minutes of practice on rhis technique will make you thoroughly
familiar with the procedure.

E. How 10 FIND THE GROUND S$1ZE OF AN OBJECT
FROM A PHOTOGRAFH:
Set index mark scale 12 on Focal Length opposite scale of photography.
Then set measurements of width and lengrh on image size scale and
read ground sizes on ground sizc scale.

Note that two complete image size scales are given, for measurements cither
in feec or centimerters. If alticude and focal lengeh are given, the scrting of focal
length against altirude yields scule. Of course, 1f these two paramerters are
given, there 15 no need w ever read scule.

Hiustrations:
{a)  With scale 15000, given size of unage as 066055 feet on
photograph to find ground size.
Set hairline over scale index 12 opposire scale 5000 on the
alutude scale and move hairline over 006 on image size feet
scale. Read lengrts of object 307 on ground size scale. Move
hairline to 003 on image size scale and read width 257 on
ground size scale.
(b)  Wizh scale 1 -6200, given size of image as 0027 <0018, Proceed
as in previous problem and had answer 12472 11.2",
(c)  Withscale 176400, miven size of image as .05 % .08 CM on photo-
graph to ind ground size.
Set scale at 6400 :nd move hairfine over 05 on image size CM
scale and oppositc on ground size scale read wideh of object
105" Move hairline to 08 on [mage size CM scale and read
length as 1068
{d) On a photograph mude with a 48 lens from 43,0007, a runway
is measured us being 69 > 0177
Show that the dimensions of the runway are 72007 1907,

Use of Inches for bnage Size Mcawrenens :

Most photointerpreters use either centimerers or feet as unics in measuring
image size. For the engineer or other Liyman who prefers o use inches, the
lower part of the focal length scale has been subdivided into tenths of an
inch. Just as in the previous cases of image size —object size determinartions,
ser focal length ageinst altitude, and, 10 this case opposite lmage size in sucher
{on the focai length scale ) read object stze in feer on the altitude scale.

12

For Example;

A 205 el image ona photograph made with a0 244 inch leas ac 40000 feet
corresponds 1o a 38507 ground object.

Clearly, the soudlest et measurement which ain be so used, s one inch.
For measurements less than one inch in Jength, mudtiply the measurement by
HO Cor 100+, set on the rule, and divide the answer by 10 tor 100,

For fixampio:

Constder an fmage 1257 long on a photo made with a 127 lens ar 27,5007
This cannot be ser directly. so multiply the image size by 10, The IMEe size
of 1.25 mches s then found on the slide after 12 inches is set oppaosite 27.500).
Opposite the 125 inch scuting, we read 2850 feet. Hence the object size for a
25 inch image 15 285 feet

F. FUNCIIONAL VAIUE OF THE RULL IN PLANNING ADRIAL
PHOTOGRAPHY PROBILIMS -

Since i is possible o work problems in reverse when suirable data is
available, plans for photographing desired areas 1 obtain specific dara
van be developed in advance,
tad o hind minimum adiade gt wiich adequare 6077 overlap on 97
film can be obtined, given the vycling time as 2 seconds and the
flying speed as 200 M.PH.
Set index murk cycling time on image size scale opposite 2 on
the ground size scale, Under bairline ar index mark 3.6, read
L8 on image size scale. Move slide upward until 1.8 is oppo-
site 200 on ground speed seale. Wirhout moving the slide, set
hairline over index mark  M.EH. on Focal Tength Scale.
Move slide down undd] Index Mark Scale 12 s under che hair-
line. The altitude for several serrings may then be read as
follows
E L. 247 59507 E L 360 59907 E L 40" 65200
tby Tt find number of exposures on a propused survey of o given area.

Find the number of exposures in covering an area 125°< 80
miles. Flight to be lengthwise of the area with 6077 over-
lap and 5077 sidelap, with 9” film ar scale 110,000
Firsc determine individual phoro cover by placing Index
Mark scale 12 ar 10,000 on altitude scale, Since 3.6 forward
travel will give 6077 overle)r, set hairline over 3.6 on focal
length scale and opposite on alditude scale read 30007 forward
travel for each exposure, To vbrain 507 sidelap, divide 9 by
S, giving a ligure of 4.5% Opposite this number on the focal
length scale, read 3850 on the alrirude scale. This gives the
flight line scparwiion. To find the number of exposures per
Line, find the number of feet in 129 miles and divide by 3000
forward travel 6600007 gives 220 exposures per line. T find
number of lines, find the number of feet in 80 miles which is
422400 and dividing by 3850, we get approximacely 110 lines
required for sidelap. Multiplying 22070110 gives 24200 ex-
posures requured to cover an area 125 miles long and 80 miles
wide.




(¢} At what minimum scale must a 38 long cbject be photographed
to yield an image at least .1 ¢m. in size ? What minimum altitude
is required with a 247 lens?

With one setting of slide —.1 ¢m. against 24’ — read scale
of 11,500 and altitude (with 247 lens) of 25,000,

AERIAL PHOTO SLIDE RULE
PART I

Instructions for solving slide rule problems using che scales-on the back face
of the rule.
THE SCALES

The scales on the rule consist of accurately graduated markings represent-
ing the logarithms of numbers. The left margin of each scale is called the left
index, and the right margin is calfed the right index. Each scale is designated
by a reference lecter at both ends of the scale to simplify its location in relation
to the other scales.

The basic scales on every standird slide ru'e are the C scale on the lower
edge of the slide and the D scale on the upper edge of the lower bar. They are
exactly alike and can be used together for multiplication of numbers, division
of numbers, solving proportion problems, and for other basic computations.

The A scale has two sections, each being one-half the length of, and looking
like, the D scale. It is used with the D scale to find squares and square roots.

The K scale has three sections, each being one third ché length of, and look-
ing like, the D scale. It is used with the ID scale to find cubes and cube roots.

The CF and DF scales are foided C and D scales with the index near the
center. Fach reading on the CF or DT scale is 7 times the reading on the C or
D scale. They are very helpful in solving multiplication, division, and propor-
tion problems,

The DI scale is an inverted D scale reading from right to lefr. Each reading on
the D1 scale is the reciprocal of the reading on the D scale and vice versa.

The CIF scale is an inverted CF scale reading from right to lefr. It has the
same relationship to the CF scale that the DI scale has to the D scale.

The S (sinc) and T (rangent} scales are the trigonometric scales on the
ru'e. They are used with the C, D, DI, and A scales to solve triangles and other
problems dealing with the trigonometric functions of angles. _

The L scale is the only equal parts scale on the rule. It gives the decimal
patts or mantissae of the logarithms of numbers read on the D scale and vice
versa.

The lines marked with numbers on each scale represent the position of pri-
mary or secondary scale divisions or circular measures (in degrees.) They are
laid down on the basis of rhe logirithm of the number or the function value
of the circular measure.

When two numbers are set on the rule Jor multiplication or division, the
logarithms of the numbers are respectively added or subtracted.

When the logarithms of two tumbers are added, the result is the answer
obtained when one of the numbers is multiplied by the other. If the logarithm
of a number is subtracted from the logarichm of another number, the answer
is the division of the second number by the first number.
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Hlleastvations
(1) 273 6
Set the left index of Cover 2 on I (Fig 1) Below 3 on C read 6 on 1
That is: log 2 03010

log 3 04771
log G- 0.778]
(2} 3.74
Set the left inde

30n 1 Below 4 on Cread 12 on D

300477
log 1 06021
2

Thar is: log

{3y 93 3
Set 3 on Cover Y on 12 Read 3 on D wider the left index of €.
Thar is: log  9: 09342

log 3~ 0.4771

log 3 044770

(1) 824
Set 2 on C over 8 on . Read 4 on 1D under che lefr index of C.
Thar is: log & 9031

log 2 5010

log 4= 6021

Tables of logarithins are given at the end of the Manual and can be used
1o verify the above readings.

READING THE SCALES

In starting your study of the rule, make o careful analysis of the scales and
note that each scale has a series of major parts which become shorter as you
read the part numbers from lefe to right. Observe that the A scule has two
sections of equal length with 9 major parts in each section, and char the K
scale has three such sections. The L ¢ logarithm) scale 15 the only scale that
has pares of equal length,

A rbarough viady of the Cand D veales w0ilf give you o botter underitanding
af the layawt af Wll the reales on the vide. Starting at 1, at the left end of either
scale (rhe left index s, observe thae there are © major or primery parts of un-
equal lengch. The long lines separating these parts are known as primary lines,
Lach major part is divided into [0 secondary parts indicated by sccondary lines
slightly shorter than the primary lines.

The secondary parts are also divided into smaller pares by sl shorter lines
called tertiary lines. Tach cerriary part is considered w0 contain ten parts: but
there is not enough space for 1l the lines neeled except in the firse major part.
As a resulr, the operator of the rule muse learn o estimare the location of
some lines char are missing. As & resul ondy the even number teritary lines are
shown and odd numbers must be cstimated at about one-half the distance be-
tween the even terriary lines. [n the primary parts between < and 1 ¢rhe right
index ), the ten secondary lines (the digir 9). Therefore, in cach of these
spaces, the operttor must estimitre the location of four imaginary rertiary lines
which if presenr. would be abour one-fifth of the sccondury spuce apart. The
tertiary digic [ would be about one-fifth the distance across the space.
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€—————— PRIMARY GRADUATIONS >
SECONDARY GRADUATIONS Fig. 1
o | TG g g g Fale L kg

D

Since the first primary part is so long, each secondary part 1s denoted by a
small number on the 10 inch rule. (Fig. 1) The first space between the pri-
mary line 1 and the sccondary kine 1, includes all numbers having 10 as the
first two significane digies. In like munner, i the number has che first two sig-
nificant digits reading 12, the number will be found between the secondary
lines 2 and 3 on the 10 inch rule and implicd on the § nch rule.

LEFT INDEX ‘ i ‘
TERTIARY GRADUATIONS

On « slide rule only the first three significant digits of a number are con-
sidered. The aumbers C.OICL, G101, 1.01, 10.1, 101, 1010, and so on, are all
located at the same place on a scale. That is, disregard the location of the deci-
mal point in a number when making a setting. Thus to find 101 (read one-o-
one ) set the hairline at che first terriary line beyond the secondary line marked
1, and so on with 121, 131, *++ 191, In like manner, any number with the third
digit of 6 would fall at the first mark past 3. To locate any number berween
191 and 199, set the hairline on the proper tertiary Jine between the secondary
line marked 9 and the primary line marked 2.

All numbers beginning with a first significant digit of 2 will be found
between the primaty lines 2 and 3. 3f the second significant digic is 1, 2, 3,
or more, the hairline will fall on the first, second, third or more secondary line
beyond 2. If the third significant digit of the number is an even digit, such
as in 248, the hairline will fall in a rertiary line. Bue if it is odd, such as in 249,
the hairline will fall about midway between the 248 and the 250 hines. (Fig. 2).

146 171 248 |249

TR I ER T I R | RO 1171 O O R W TR RN RN \H;IH;IH\HIi|M||‘\‘i|III!!||I|;‘HIL\
1 ; 2 3 4 5 3 7 A 3 2 ;

Fig. 2

kn the primary parts of a 10 inch rule where the first significant digit is a 7
or more, of in the primary parts of a 5 inch rule where che firse significant
digit is 2 or 3, care must be exercised in sewting the hairline since there is only
1 tertiary line in each secondary parc. Thar is, if the third significant digit of
anurmberisa 1 to 4 ora6 o9, its location must be estimated. Sample readings
are shown in (Fig 3).
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(e} 110 (f) 262
(b) 155 lg) 877
{c) 234 (h} 411 Fig. 3
(d) 143 (i) 515
(e} 191 (i} 684

MULTIPLICATION AND DIVISION

Multiplication and division of numbers on a slide rule become simpie opera-
tions once the operator has learned to read the scules. TF the values assigned
to the lines can be accurarely read, the operatar needs only to develop the ability
of placing the hairline in its correct position even in spaces where the lines
are missing.

To multiply two numbers together, set ane tidex of the C scale over one of
the numbers on the I cale. Then fmd the other number on the C scale and
below it om the D scale find the desived product.

LEFT NDEX
Gl sl LENGTH OF FACTOR =" ON “C" SCALE J
On D" SCALE I 'L
< TSN R SN, JONY JEVNE, NP O A SO - i
B T T T Joutfla o i T R R e I (T ]
J]

UENGTH OF FACTOR “2% ON "D~ SCALE J
o
LENGTH OF 2" FUS LBMGTH OF 37 {§ LBNGTH OF PRODUCT "4~ OGN "D SCALE

Fig. 4

Hlnsrration:

(1) 2X3=6

Sert the left index of C 1o 2 on D. Move hairline 10 3 on C. Read 6 on D
under hairline. ($ee Fig. 4}

(2) 4X8=32

Ser the right index of C e 8 on D. Move hairline to 4 on C. Read 32 on D
under hairline.

{3y 27X41=1107
Set the right index of C to 41 on D. Move hairline to 27 on C. Read 1107

on 12 under hairline.

(4) 315X31.5=992 (true answer is 992.25)
Set the left index of C to 315 on D. Move hairline t 315 on C. Read 992

on D under hairline.
17
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PROBILEMS ANSWERS

(1 134 53.3

(2) 11765 7371

(3) 63177 48,590

{4y 721 X344 248.02

(5 00317411 1.2741

Division 15 the inverse process of mulriplication. T divide ane number
by another, wiing the hairline, set the dividing number on the C ieale rver the

numbor 1 be divided on the TY reafe wid vead the anceer on 1D guder the index
of the C scale.

Hinstrarions .

(1) 198 11 18

Using the hairline, place 11 on C over 198 on D Read 18 on D under the
feft index of €.

(2) 110741+ 27

Using the hairline, place 41 on Caver 1107 on 12, Read 27 on D under the
right index of C.

(3) 9920315 315

Using the hairline, place 313 on C over 992 on 1) Read 31.5 on 1D under
the Jeft index of C.

PROBLEMS ANSW RS
l 47 08 5.875
(2) 32 .21 8.067
(3) 1411521 2706
(4 O8 1133 A3
(5) 461 10537 124892

DECIMAL POINT LOCATION

The position of the decimal point in an answer is usually determined by
estimaring the size of the answer since it cannot be done direedy from the
rule. Four illustrations should suthce to show how 1t can be done.

Filusirations

(1) 2783425 The estimated produce would be 307400 since 27.8 s
closer to 30 dhan ic s to 20, and 425 1s coser o 00 than i s o 500, Since
30400 — 12,000, the answer is 11800, not 1150 or 118,000

(2} 003820382, The estimced product would be 0.06X0.4, since
0.0582 is closer to D06 than i is to 009, and 0,382 is closer to 04 than it ss
to 0.3, Since Q.06 001 - 0020, the answer 15 00222 not 0222 or 0.00222.

(3; 328500716

The esumated product would be 300007, since 528 15 closer 1o 500 than
it is to 600, and 0.07 16 1s closer to B07 than it 1s (o D.00, Since decimal points
in division can be moved in the same direction without changing the answer,

we have S00 X007 5~ 7 33 The answer 1s therefore 37.8, not 3.78 or 378.

(43 38.2 100693 The csumared quotient would be 40 0 007 since 382
is closer to 40 than it is to 30 and 00693 is doser to 0.07 than it is  0.06.
Since decimal poines in division can be moved in the same direction withour
changing the answer, make the denominaror o nuwmber less than 10, Thus
AD-=007 = 4000 © 7 - 600, The answer is therefore 531
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Note that your estimated numbers will have only one significanr digit in
them but they will stili be close in valuc,

A sccond method which may be used requires expressing numbers in stand-
ard form. To change numbers to their standard form, the exponent of 10 is
plus, if one or more digits are to the left of the decimal point, and minus,
if all digits are to the right of the decimal point. The following example will
clarify the system.

EXAMPLES:
NUMBERS IN STANDARD FORM
4.78 478X 10
478 478> 10
478 478> 10°
4780 478107
478000 47810
0.78 7.8 ®10-*
0.078 78 X10-°
0.0078 78 Xi0-*
0.00078 7.8 X100
0.000078 7.8 X110

(A} In muldplying 47.8<0.0078, if the numbers are changed to standard
form, they become 4.78 10" 7.8 X 10 -°, Combining the exponents by add:-
tion this becomes 478X 78X 107 4.78 is near 3 and 78 is ncar & and the
product is near 40310 ** or 0.4. The produce of 478 and 78 on the rule is
373 and the decimal point is located o the lefc of the first digit, making the
answer 0.373.

(B) In multiplying 0.078 < 0.0078, if the numbers are changed to standard
form they become 7.8X10 *X7.8x10 . Exponents are combined in the
present problem by addition. For cxample, 100 "X10 * 10(—2—3) =10 °
TRXT8X10-" 7.8 15 near 8 so by multiplication we have 6410 ° or
6410 or 0.64X 10 " or 006410 ° or 0.0064> 10", or 0.00064. The
product of 78X 78 on the rule is ¢08 and the decimal poine is located three
places to the left of the digit six, making the number 0.000608.

{C) If we take the problem 25.3+0.0064 and change the numbers to

standard form we have 2,53 1¢’ . .
e v . .
a0 * 03B NI0(+3) 0395 X10'=3950.

CONTINUED PRODUCTS

When a series of numbers are to be muliiplied togetber, such as 75X 1323,
sef the index of the C scale over the first number on the 1D scale and then move
the bairline and an index alternately wntii wll numbers ure fncluded.

Hiustrations
(L) 7X13X23=2093
Sct the left index of C over 13 on D. Move hairline to 7 on C. Move right
index of Cunder hairline. Mave hairline o 23 on C and read 2093 below on 1.
(2) 9.1X16X4.2X41=25070.
Set right index of C over 9.1 on D. Move hairline to 16 on C. Move left index
of C under hairline. Move hairline to 42 on C. Move right index of C under
hairline. Move hairline to 41 on C and read 25,070 below on D.
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PROBLEMS ANSWERS
(A e 336
I R DR A i 12:4.24
0% BT 0TS 124,641
A 26 18 004 1404
SRR B AN S R 22279

COMBINED MULTIPLICATION AND DIVISION

When che procedures of malriphoarion and division of numbers are well
understood, the combination of the vwo is not difficult, Starr with the diviizon
of the fist nimbor abuie the lme £y the i pamber bodow the line. Then
meidsiply and dicide i vesaiion annd i lait prmber noinclieded. Note that you
move the slide for division and the hairline for multiplicagon.

Move and ser hairline axbxcoxd

Move and set shide cxfxg

A s on DDA other numbers are read on € Answer is on D.

artrations:

(1) %-'LH\” F4.6 R 1

1.2 B 10

Ser 124 on C over 248 on 12 Move hairline from 124 1o 146 on C. Read the

answer 29.2 on D under hadrline

(23 726 31 750
3047

Estimared answer: 20,\<_l_0__ 30

Fstimated Answer:
N30 60 3RAIXKAE0 540
Qs T dxs T2 P
Ser 30 on € over 26 on 1. Move hairline to 31 on €. Move 47 on € under
hairline. Move hairline to 56 on € and read the answer, 24.6, on D under
hairline.

246

PROBLIEMS ANSWERS
11843 48.4
T
2,5 7MBIVAL? 6.08
T amrisG
LS N A 7.14
ERRShI
001 60 0.00387
550 ¢ 8.2
5. (8 611~ 078 39 0.00474

i o327 901
THE CF AND DF SCALES

The CFand 1F scales, kpown as tolded seales, are alike and have the same
relationship 1o cach other as s true for the Cand 1 scales, They also may be
used tor multiplication and division of numbers,

Tow seafes are vadicd Jolded sealev bocne tley are Cand D scales divided
al =l the ndices joincd together. As aresule, the tefe and right indices are
at the same point, All settings on the Coand 1 scales can be simitarly located

on the CF and DF scales.
20

Onc important use of these scales is when the slide projecrs beyond the
end of the rule so that the indicator cannot be sec over 2 numbcer on the €
scale. The seteing can then be made on the CF saale and the answer read on
the DF seale withour making it necessary o shife the slide so tha the uther
index of the € scale is used.

st ratimn

{1y 2172 1312
Set the left index of Cover 21 on 12 Then 72 on C s beyond the 1) scale index.
S0 move the hairline to 72 on CF and read the answer, 1512, on DF under the
hairline.

(2) 37X78- 289
Set the left index of C over 37 on I Move the indicator w 78 on CF and read
the answer, 28.9 on DE

The DT scale is also important in finding the circumference of a crcle when
the diameter is given and vice versa

Hlastyativns :

(1 If the diamerer of a circle is 6.2 fver, ind e dreumference. Set 6.2
on D and read the circumference, 195 on DE

(2 If the circumference is 11 feet, find the Jdiameter. Set 11 on DF and
read 3.5 on D.

These scales can also be used in changing radians to degrees and vice versa,
Set 180 on € opposite = on DE Then move hairline ro radiuns on DF and
read degrees on C. and vice versu,

Hiwrtrations :
(1) 3 radians=— 1727,
Ser 180 on C under right end of DF scale, then 3 on DFE is over 172 on €.
(21 549 —0942 radians.
Ser 180 on C under = on left end of DF scile, then 34 on C 1s below 0.942 on
DE Putting an index of C over the litde R on I, or vice versa, these answers
cen be read between the C and D scales or between thie CF and IDF seales.

PROBLEMS : ANSWERS @
1. L73X8.1 14013
2 2.11%576 121536
3. 81748 605 83
4 3¥x 116239
5. 1953 %237 0291

50.7 X =
6. 215X 1635X516X = 9.0
655 X 9620

PROPORTION

The principle of proportion is the key to the solution of problems on the

sslide rule because the solution to 2 problem is developed from a simple arith-

metic rale: When three numbers are given, a fourth can ke found that bas the
tume ratio i the thivd a the second bas (o the first. On a slide rule, when
aumber oa the € scale is set next co a number on the B) scale, a rario 1s estab-
lished, and the sume ratio will be found to exist for all pairs of adjacent
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graduations. Note that if 1 on the € seale is set over 2 on the 1D scale, 2 on
s over i oon 1 and soon. That is: |25 4. This indicates that 2 on the
74 6 8
D seide is the multiplier, and thar any number selecred on the 1 scale will
have double the value of the numbers directly wbove on the € scale. Thus a
proportion is formed whenever a problem is set for multiphcation or division
on the slide rule. For example, if we have 2325, the proportion becomes 31
and in Jike munner 545 becomes 1T 3. 75 Tx
5 'k

if one of the numbers in any proportion is not known, it can be written 1n

the form A:B Coxor A C Then A and € on the C saale are over B and X
B X

respectively on the 1D scale. Or A and € on the CF scale are under BBoand X
on the DF scale.

[Hactrations:
(1) 7:21 ix

Ser 7 on Coover 21 on 10, Under 4 on €, read x=12 on 1.
(27 7:12 16:x.

Set 7 on CF under 12 on DF, read x- 274 on DE

PROBLEMS : ANSWERS

I, x 123 4393

2 17.1 68.35
x 24

3,421 x 37.4
7 134

4 042 x 397
041 293

5. 0021 7 2033
0.6] T x

POWERS AND ROOTS

To find squares and square roots, ise the A and 1D scales. ‘To find cubes and
cube routs, use the K and 1) scales. The sgaare of any number on the D scale
is fuund on the A scale, and the cofe of any number on the D scale is found
on the K scale. The rquare ront of any number on the A scale and the cube
roat of any number on the K scale are found on the D scale.

Roots are more difficult to find since there are two sections of the A scale
and three sections of the K scale exacrly alike, Thus to hind @ sgaare rool, mark
off in pairs from the decimal point, such as 298 hecemes 298 and 2380
becomes 2580, [f there is one digit in the lefo divison, use the left half of
the scale, and if there are two digits in the left division, use the right half of
the scale. To find a cabe roor. mark off in three’s from the decimal point, such
45 2580 becontes 27980, 25800 becomes 257800, and 758000 becomes 238°000.
If there 15 one digit i rthe left division, use the left third of the scale; if
there are rwo digies, use the middle shird s and if there are three digits, use the
right third of the scale. ey chis with familiar values.
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EXAMPLES FOR SQUARES:
Find the square of 2.
Set hairline over 2 on I and read 4 on A,
Find the square of 5.
Set hairline over 5 on ID and read 25 on Al
Find the square of 10.
Set hairline over 16 on 1) and read 250 on A,
Find the square of 35,
Set hairline over 35 en D and read 1225 on A,
EXAMPLES FOR SQUARE ROOTS:
Find the square root of 9.
Set the hairline over 9 on A (left hand; and read 3 on D.
Find the square root of 30.
Set the hairline over 36 on A (righe hand ) and read 6 on D.
Find the square root of 121,
Ser che hairline over 121 on A (left hand ) and read 11 on D.
Find the square root of 12906,
Set the hairline over 1296 on A (right hand ) and read 36 on D.

EXAMPLES FOR CUBFS:
(a) Find the cube of 4.

Set the hairline over 4 on D and read 04 on K {center section .
(b) Find the cube of 8.

Set the hairline over 8 on 1D and read 512 on K (right section }.
{¢) Find the cube of 18.

Set the hairline over 18 on DD and read 5830 on K (left section ).

EXAMPLES FOR CUBE ROOTS:
(a) Find the cube root of 8.
Set the hairline over 8 on K (left section) and read 2 on D.

{b) Find the cube root of 27.
Ser the hairline over 27 on K (center section) and read 3 on D.

{(¢) Find the cube root of 216,

Ser the hairline over 216 on K (right section) and read 0 on D,
(d) Find the cube root of 5,830.

Set the hairline over 3,830 on K (left section) and read 18 on D,

THE RECIPROCAL SCALES DI AND CIF

The DI scale is an inverted 1 scale and the CIF scale is an inverted CF scale.
Both scts of scale values increase from right to lefe

Their first and simplest use is in finding reciprocals such as 2 on D is next
to 0.5 on DI or vice versa. Also note that 2 on CF s next to 03 on CIF or
vice versi. I

Since 4 2=8 can be written in the form 4= =~ 8. put 2 on DIF below
4 on DF and read the answer above the index of CIF on DE That is, after «
litthe practice, multiply numbers together using the CIF and DF scales by
putting one above the other just as you would do for division of numbers when
the C and D or CF and DF scales arc used, Try this for several simple problems.
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Problems such as 1/(2.78) and 1 (2.78)" can be solved dircctly by purtting
2.78 on DJ and reading the first enswer on A and the second answer on K.
These simple illustrations show how valuable these reciprocal scales can be
to you. Get familiar with them and use them. In the next section other uses
for these scales will be shown,
EXAMPLES:
{a) Find 1. 24,
Set hairline over 2.4 on 1D and read 417 below on DL
thy Find 1605,
Ser hairline over 60.5 on D and read “01652 below on DI Or set G5
on DI and read 0165 above on D,
(¢ Find 1o
Ser hairline over = on 1Y an dread 3183 below on DL
(dy Find U (312 and 1 (3127
Set hairline over 312 op DI and read 0.103 on A and 0.0329 on K.

CONVERTING IMAGE AREA TO GROUND AREA

The conversion of image area in square inches (as mighc be determined by
use of an Arcameter) ro ground arex in square feet may be accomplishd as
follows:

Set 12 on the C Scale under che image area { in square inches) on the A scale.
Place the hairline over the Photo Scale Reciprocal on the C scale and read the
answet on the A scale under the hairline.

To determine the number of digirs in the answer double the number of digits
in the Photo Scale Reciprocal and subtrace the appropriate factor given below:

Table to be used if the answer is found on the left half of the A scale.

If C scale
If image area
is
Slides Left Slides Right
Over 1.44 sq. in. 1 3
Under 1.44 sq. in. 3 p]

Table to be used if the answer is found on the right half of the A scale.

If image area If C scale
is
Slides Left Slides Right
Over 144 sq. in. 0 2
Under 144 sq. in. 2 4

EXAMPLE:

After measuring on Aerial Photography an image area is found to be 3
square inches. The scale of the photography is 1:15,000. Place the hairline over
3 on the A scale and slide the C scale to a position where 12 is under the hair-
line. Next place the hairline over 15 on the C scale and read the answer under
the hairline on the A scale—4G8. The answer is found on the left side of the
A scale so the first table above should be used to determine the number of digits
in the answer. The image area is greater than 1.44 square inches, and the slide
is right. Therefore, the faccor is 3. Double the number of digits in the scale
reciprocal (5) minus the factor (3) — (2 ¥ 5) — 3 or 7. There will be
7 digits in the answer—4,680,000 square feet.

THE TRIGONOMETRIC FUNCTIONS AND THEIR USE

The trigonometric function scales are the S and T scales. The S scale gives
the logarithmic location of rhe natural funcrion values of the sine of angles
from 5.74° t0 907 and the T scale gives the logarithmic location of the natural
function values of the tangent of angles from 5.72% to 457 when reading from
left to right, and from 45° o 84.28% when reading from right ro left Table
1L, in the back of the manual, gives these natural function values as well as
those for the ocher four function values of angles. These funcrion values are
defined as the ratios of the sides of a right triangle. B

They are :
b/c—cos A—sin B; ¢.b=sec A=csc B
a‘c—sin A—cos B, ¢/av cs¢ A=sec BB
a/b—tan A—cot B, bya=cot A=n B

Fig. 12

R - [90:C

Also note that cos A= sin (90% —A); ¢sc A=1/sin A, sec A—1/cos A=
14sin (90 —A): and cot A= 17tan A or tan {907 —A).

The S and T scales can be used directly with other scales to solve problems,
such as 2783 sin 34°, 34.6 -tan 27.6"334.8 % ran 1867, sin 12.59 > 24m,
and so on. By using these relationships shown above, such problems as 45.2 X
cos 27°, 328X ese 189, and 42.8 ¢ ¢sc 56.4° can also be solved on your rule.
In these problems, 27.8, 34.6, 45.2 and 328 would he on the D scalev34.8
would be on the A scale, and 247 would be on the DF scale. 45.2% cos 27°
would be changed to read 45.2 X sin (907 —27%) 45.2 % sin 63°; 32.8 X ¢sc
182 would hecome 32.8 ¢ sin 187 and 42.8 ¢ ¢sc 56.4° would become 42.8X
sin 56.47. A problem like sin 42° 2.8 can be solved using the S and DI
scales. Put the right index of S over 2.8 on DI and read the answer, 0.239 on
D under 42 on S,

The greatest use of these trigonometric scales is in solviog triangle prob-
lems. If two angles and a side are given, use the Law of Sines which is nothing
more than a proportion problem between § and D. That is:

Sin A SinB _Sin C, where A-LB {-C= 180°

a b C
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where A, B, C, are the angles of the triangles and a, b, ¢, are the sides opposite
these angles respectively. C would be a right angle {90°} and ¢ would be the
hyporenuse if the triangle s a right triangle.

Tlustrarions:
(1) Given A =507 B -55° and a= 26.5 feer. Find b and ¢

Sin 507 sin 55° sin 75° 509455°4-757 180°
26.5 b c

Ser 50° on § over 26.5 on 1D, Then 357 on S is over b, 283, on D, and 75°
on S is over ¢, 33.4, on D. Thus b= 28.3 feer, c— 334 feet. _

(2) Given A=35° B~ 40°, and a=—32.6 feer. Find b and c i
Since C is greater than 90°, namely 105°, and since it can be shown that sin
105° =sin (180°= 105°) = sin 75°, we have Sin 35° _Sin 40°_ Sin 75°

32.6 b ¢

Make this setting and show that b= 36.6 feet and ¢= 54.8 feer.

The Law of Sines can be used to check any triangle solution problem. Use
the values given and determined, to verify the answers.

When given two sides and the included angle, the solution is more difhcult
no matter how you solve the prob-

lem. Note the diagram ac your right
where the triangle has been made
into two triangles by drawing an
alcitude. Note the letrers assigned and
then note that

B
N

Fig. 24 C
A
b
Sin A SinM_Sin 90% h _-tan Csince n= b —m; and Sin C _ Sin 90°
h m < n h a

Thus if A, b and ¢ are given, we can find the values of B, C and a.

Tlwstrations: A—35° b=—42.8, ¢ —274. Find B, C, and a.
(1) Sin 35°_ Sin 552 _ Sin 90°
h 0m 274
Set 90° (right index) over 27.4 on D. The 35° on S is over h, 15.7%, on D ;
and 55° on S is over m, 22.3, on D.
(2) Since 428 -225=:203, we have 15.75 _ Tan € '
725 1
Ser 15.75 on C over 22.5 on D. Read angle C on T, namely 35°, over the right
index of the D scale.
(3) Sin35° Sin 90°
75 a

Ser 35° on S over 15.75 on D. Read a, 274, on 1D under 90° on S. Since C
wurned out o be less than 459, and if in any other two sides and the included

angle problem it is obvious that C will be less than 45°, the following pro-
cedure can be used wich the same letters used above.
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Sin A Tan A Tan C_Sin C, where n=b—m.

R L1 c
c m n a
Hlustrations : A
b Fig. 24

A=130° b—458 ¢= 282 Find a.
§in 30° Tan30°_ TanC_SinCon— 458 —m.
1 1 |

282 m n a
Set 30° on § over 282 on DI Under 30° on T, read m, 2441, on DI n=
458—24.4=21.4. Without changing the original setting of your rule, over
214 on DI, read C, 33.4°, Finally under 33.4% on §, read a, 25.6, on DI

SOLVING SMALL ANGLES WITH RADIAN MEASURE

A special graduation mark R has been set on the C and D scales at about
574 to be used in changing degrees to radians.

By setting R on C over the index of D and moving the indicator to the number of
degrees on C, the angle can be read in vadians on D. Angles between .37 and 3.7
bave one zero between the decimal and the first digit read on D.

Since che sine and tangent of angles of less than 5.77 are nearly equal, if
the angle is given in radian measure, the sine and tangent are relatively equal
to the angle itself. Therefore, the value of the angle may be set on C, or D, DI
ot A as needed in a computation.

When the angle is below 0.57, a near value for the sine or tangent can be
found by this method, but may have two or more zeros.

EXAMPLES:

(a) Find sin 2° and tan 2°.

Place R on C over the right index of D. Set the hairline on the graduation
for 2° an the C scale. Read Sin 2° = .0349 on the D scale. This is also the value
of tan 2° correct to three digits.

{b) Find sine 0.94°.

Place R on C over the left index of I). Set the hairline on 94 of C and read
00164 on the C scale which is also = to tan 0.94°

(¢} Find cot 1.41° and tan 88.59°.

Place right index of C over R on D). Set hairline at 1.41° on DF and read cot
1.41° =tan 88.59°.=40.7 on CIF

THE L SCALE

The L (logarithm) scale is used for finding the logarithm of any number
to the base 10,

To find the logarithm, ser the number on the D scale and read the mantissa
of its logarithm on the L scale. Or if the pumber of a known logarithm is
desired, reverse the procedure.

EXAMPLES:

(a) To find the logarithm of 5206, set the hairline over 526 and read the

mantissa 721 on the L scale. The characteristic is 2, so the logarithm
15 2.721.
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(b To find the logarithm of 326, set the rule as before bur since there
are no digits before the decimal poing, the characteristic will be —1,
or 910 and the logaritchm will be 9721 140

() 1o hnd x when the log x 5406, set the hairline over 546 on the L
scale and read 351 on 1,

(d) To find x when log x 2,546, see the rule as before bur note thar the

characteristic 15 20 so the number 1s 351
The logarichm of a number (Briggs) has in general two parts, a whole
number part called the characreristic and the decimal parr called the mantissa.
The mantissas are the numbers given in a logarithm table They are greater
than 1 it the characteristic is positive and decimal if the characteristic is nega-
rive. In & number greater than 10, the characteristic 1s equal to one less than
the number of figures. In a decimal number, the characteristic is equal to the
number of zeros that appear before the significant figures.
, e o TYPE FORM
A b where bia
If you desire to find only the hypotenuse of a righr triangle given the two
sides of the right angle, ¢ single procedure to do this is shown in the follow-
ing illustration. Try it
Haitrations
LEE R
Put 3 on C under the left index of A. Put the hairline over 4 on Cand read
178 on A, Add 100 o 178 giving 278, { You will always add 100 to the A
scale reading if the value of b is not more than 3.1 times a. If b lies berween
31 times 4 and 10 times a, add only 10.) Move hairline to 278 on A and read

5 on C under hairline

Type Form: L

hi

Using a procedure similur to that followed for a'— b’

be readily solved.

I

b ¢

azh

¢, this type form can

Wwitrations .
1 1 I
AR

Put left index of C over 3 on DI Move hairline to 2 on DI and read 150 on
C. Add 100 ta 150, giving 250. Move hairline to 250 on € and read 1.2 on DL

EQUIVALENT RATIOS

A table of Equivalent Ratios may be found in the window of the case. The
table is ofren useful for conversion of different units, (ie.: inches to centi-
meters, etc.) Each pair of cquivalents is followed by a suggested setting on
the C and D scales to give a quick, accurate proportion from which either
equivalent may be found with the other known.

EXAMPLE :

On the Equivalent Ratio table we sce that 1 inch= 2.54 centimeters and the
suggested setting on the C and D scales is 100 opposite 254 or 100 on the C
scale oppusite 254 on the D scale. Now by simply moving the hairlinc, we
find that; 2 inches= 5.08 ¢m; 3.5 inches 8.89 cm. Conversely the number
of inches may be found when the centimeters are known: 9 cm. — 3.54 inches;

5 cm.~ 1.97 inches, etc

ERRATA: NOTE:
Equivalent  Caorrection  Setting for Y cu. . -~ .02832m? should be 800 opp. 17.
Tahble in Sedtings Setting for 1 cu. yd. = .764ém’ should be 85 opp. 65.

FOUR-PLACE LOGARITHMS

‘ N. 0 1 2 3 4 ) &} 7
S w we awE SRS :
| 10 0000 0043 0086 0128 0170 0212 0233 0294
[ 11 0414 04533 0492 0331 0569  OGOT 0645 0682
P12, 0792 0828 0864 0899 0934 0969 1004 1038
o130 1139 1173 1206 1239 1271 1303 1335 1367
14 | 1461 1492 1523 1553 1584 1611 1611 1673
o 15 1761 1790 1818 1847 1875 0 1903 10311 1959
| 16| 2041 2068 2005 2122 2148 ¢ 2175 2201 2227
P17 2304 2330 2355 2380 2405 | 2430 2455 2480
18 | 2553 2577 2601 2623 2648 | 2672 2695 2718
19| 2788 2810 2833 2356 2878 | 2000 2923 2945
20 | 3010 3032 3054 3075 3096 | 3118 3139 3160
211 2222 3243 3263 3284 3304 | 3324 3345 3365
221 3424 3444 3464 3483 3502 | 3322 3541 3560
23 | 3617 3636 3635 3674 3692 0 3711 3729 3747
24 3802 3820 3838 3836 3874 | 38u2 3909 3927
25 . 3979 1997 4014 4031 4048 | 4065 4082 4049
26 4150 4166 4183 4200 4216 | 4232 4249 4265
27 . 4314 4330 4346 4362 4378 | 4393 4409 4425
28 4472 4487 4502 4518 4533 | 4548 4504 4579
29 4624 4639 4654 466Y9 1683 | 4698 4713 4728
300 4771 4786 4800 4314 4829 4843 4857 4871
31 . 4914 4928 4942 4055 4969 4983 4997 5011
32 ' 5051 5065 5079 5092 5105 5119 5132 5144
33 3185 3108 5211 5224 5237 . 5250 5263 5276
34 ¢ 5315 5328 5340 5333 5366 ; 3378 5391 5403
35 . 5441 5453 5465 5478 3490 5502 5514 5327
36 © 5563 5575 5587 5599 35611 5623 5635 5647
7 | 5682 5694 5705 5717 5729 , 5740 5752 5763
38 5798 3809 5821 5832 5843 | 3855 3866 3877
39J 5911 5922 5933 5944 5955 . 5U6GO 5977 5988
40 . 6021 6031 6042 6053 6064 6075 6085 6096
41! 6128 6138 6149 6160 6170 6180 6191 6201
42 6232 6243 6253 6263 6274 6281 6294 6304
43 | 6335 6345 6355 6365 6375 : 6385 6395 6405
44 | 6435 6444 6454 6464 6474 | G484 6493 6503
45 | 6532 6542 6551 65601 6571 . 6580 6390 6599
46 | 6628 6637 6646 6656 6660 | 6675 6684 06693
47 | 6721 6730 6739 6749 6758 6767 6776 6783
48 1 6812 6821 6830 6839 6818 | 6857 6866 06875
49 | 6902 6911 6920 6928 6937 | 6Y46 6955 6964
50 | 6990 6998 T007 7016 7024 | 7033 7042 7050
51 | 7076 7084 7093 7101 7110 | 7118 7126 7135
52| 7160 7168 7177 7185 7193 | 7202 7210 7218
53 | 7243 7251 7259 7267 7275 | V284 7292 7300
54 | 7324 7332 7340 7348 7356 | 7364 7372 7380

N. 0 I 2 3 4 5 & i

29

8

0334
0719
1672
1399
1703

1987
2233
2504
2742
2967

3181
3385
3579
3766
3945
4116
4281
4440
4594
1742

4886
5024
5159
5289
5416
5539
5638
3775
5888
5949

6107
6212
6314
6415
6513

6609
6702
6794
6884
6972

7059
7143
7226
7308
7388

1

o |

0374
U?SS!
1106
1130
1733 .
20011
2279
2529
2765

2589

3201
3404
3598
3784
3962

4133
1208
436
1609
4757
4900
5038
E172
5302
5428

5551
5670
5786
5899
6010
6117
6222
6325
6425
6522
6618
6712
6803
6893
6981

7067
7152
7235
7316 !
7306 |

L

IR

Ave.

1
42
an
15 !
32
30
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TABLE OF NATURAL TRIGONOMETRIC FUNCTIONS
FOUR-PLACE LOGARITHMS (Continued) o — e e
e e Angle sin cos tan cot sec [Ee ‘Anglc‘l
| b 2 - - . ik, B ST I I - e— o
12z 3 4 5 6 7 8 o A 0° | .0000  1.0000 | .0000 | 1,0000 i
S —— 17 | 0175 .9998 | 6175  57.2900 , 1.0002  57.2987 | 897 |
7412 7419 7427 7435 | 7443 7451 7459 T466 7474 | 8 27 | 0349 .9994 0349 28.6363 | 1.0006 286537 | 88"
7490 7497 7505 7513 1 7520 7528 7536 7543 7551 | 8 3% ¢ .0523 .9986 0524 19.0811 | 1.0014  19.1075 - 87"
7566 7574 7582 7589 7507 7604 7612 7619 7627 : 8 4° | 0698  .9976 | .0690  14.3007 | 1.0024  14.3356 86”1
T T e ) A O ooy woat rad | % 5° | 0872 L9962 0875 114301 | LOON8  11.4737 | 857
: 6 1045 9945 | .}0S] 9,5144 | 1.0055  9.5668 - 84
7789 7796 7803 7810 | 7818 7825 7832 7839 7846 | 7 7° | 1219 .9925 | .1228  8.1443 | 1.0075  8.2055 | 83°
7860 7868 7875 7882 | 7889 7896 7903 7910 7917 | 7 | 8° | .13902  .9903 | .1405  7.1154 | 1.0008  7.1853 | 827
7931 7938 7945 7952 | 7959 7966 7973 7980 7987 | 7 | 9° | 1564  .9877 | .1584  6.3138 | 1.0125  6.3925 | 81°
8000 8007 8014 8021 | 8028 8035 BO41 8048 8055 | 7 o - : . >
8069 8075 8082 8089 ' 8096 5102 8109 8116 8122 | 7 10, | ame s s peie? it L s
8136 B142 8149 8156 | 8162 8169 8176 8182 8189 | 7 12° | .2079  .9781 2126 4.7046 | 1.0223  4.8097 | 78°
8202 8200 8215 8222 | 8228 6235 8241 8248 B254 | 7 13° | 9250  .9744 | .2309  4.3315 | 1.0263  4.4454 | 777
8267 8274 8280 8207 | 8293 8299 8306 8312 8319 | 6 14° | 2419  .9703 | .2493  4.0108 | 1.0306 41336 767
! 2 el .
d g g ot el | o oo s i b o 0 | e oo | smn | o e | T
; 16 2756 L9613 L2867 3.4874 | 1.0403  3.6280 | 74
8457 8463 B470 8470 | 8482 $488 8404 B50D 8506 | 6 17° | 2924  .0563 | .3057  3.2709 | 1.0457  3.4203 © 737
8519 8525 8531 8337 8543 8349 8555 8561 8567 | 6 18° | .3090  .9511 3249 3.077 1.0515  3.2361 ; 72°
8579 §585 8591 H5U7 . 8603 8609 B6IS 8621 8627 | 6 19° | 3956  .0455 | .3#43  2.9042 | 10576  3.07l6 | 717
=T Z I
Gt o i | e e oy ) et ne | aen  owr | oew  omm | Lo 2o | w7
21 3584 9336 | .3839  2.6051 | 1.0711 2.7904
8756 B762 8768 8774 | 8779 8785 8791 8797 8302 | © 290° | 3746  .9272 | .4040  2.4751 | 1.0785  2.6695  68°
8314 BB20 8825 8831 | 8837 0842 BB4S RBS4 8839 | 6 23° | .3907  .0205 | .4245  2.3559 | 1.0864  2.5593 | 67°
8871 #876 8882 8887 | 8893 B8YO 8904 810 8915 | 6 24° | 4067  .9135 | .4452  2.2460 | 1.0946  2.4586 | 66°
8027 2932 8938 8943 95 5
o D a0 Sl - fo e a0 e | ¢ o | e e | s e | vos e s
i 26 4384  .8088 | 4877 2,053 | 1.1126  2.2812 | 64°
9036 9042 9047 9053 | 9058 0063 9069 9074 9079 | 5 1 27° | 4540 8910 | .5095 1.9626 | 1.1223  2.9027 | 637
9090 9096 9101 9106 | 9112 9117 9122 9128 9133 5 ' 0a° | 4695  .8829 | 5317  1.8807 | 1.1326  2.1301 | 62°
9143 9140 9154 9159 | 9165 D170 9175 9180 9186 | 5 | 20° | .4848  .8746 | .5543 1.8040 | 1.1434  2.0627 | 61°
9196 92 212 - 9217 9222 O 5 -
i : 31 5150 .8572 | L6009 1.6643 | l.l666  1.9416 | 59
0200 9304 9309 0315 | 0320 Y325 933¢ 9335 9340 | 5 32° | ‘5209 .g4BO | .6249  1.6003 | 1.1792  1.8871 | 387
9350 9355 9360 9365 | U570 9375 0380 9385 9390 | 5 33° | 5446 .8387 | .6494  1.3390 | 1.1924 1.8361 | 57°
0400 9405 9410 9415 | 9420 9425 9430 9435 9440 @ 5 34° | .5592  .8290 | .6745 1.4826 | 1.2062  1.7883 | 56°
0450 9455 9460 9465 | 9469 0474 U479 9484 %
2159 oe0t o500 e13 | 9418 9823 osza 0533 9538 | S 350 | 5736 8192 | 7002 14281 | 12208 L7434 ) 53]
36 5878 L8096 | .7265  1.3764 | 1.2361 1.7013 | 54
0547 0552 9557 9562 | 9566 9571 9576 9581 9586 | 5 37° | p018  .7986 | .7536  1.3270 | 1.2521 1.6616 | 53°
0595 9600 9605 9609 | 9614 9619 9624 0628 9633 | 5 ag° | .els7  .7880 | .78I13 12799 | 1.2690  1.6243 | 52°
0643 9647 9652 0657 | G661 9666 9671 9675 9680 | 5 39° | 6293  .7771 8098 1.2340 1 1.2868 1.5890 | 51°
9689 9694 9699 9703 - 9708 9713 9717 9722 5
9736 0741 9745 9750 | o753 o759 0763 0768 oves | 5 40° | 6428  .7660 | .B391 L1918 | 1.3054 L5557 ) 50,
41 6561 7547 | .B693 11504 | 1.3250  1,5243 | 49
9782 9786 9791 9795 | 9800 9805 9809 9814 9818 ! 5 42° | L6691 7431 | .0004 11106 | 1.3456  1.4945 @ 48°
0827 9832 9836 9841 | 0845 0850 9854 9859 9863 | 5 43° | .6820 7314 | .9325 1.0724 | 1.3673 1.4663 | 47°
9872 9877 9881 9886 | ©890 9894 9890 9903 9908 | 5 44° | 6947  .7193 | .9657  1.0355 | 1.3902  1.4396 | 46°
9917 9921 0926 9930 | 9934 0939 9943 0948 9952 | 4 5 _ o
9061 9965 0960 9974 | 9978 9983 9987 9991 9996 | 4 45° | ;7071 L7071 | 1.0000  1.0000 | 1.4142 14142 | &
: . ? % i Angle cos sin col tan cse seC Angle
12 3 4 |5 6 7 8 9 pas i) : — — - e ¢
= e == By interpolation, answers in degrees and tenths of a degree, or vice versa,
20 are possible except for the f?rst five or six values under cot and ese.
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