HOW TO ADJUST YOUR SLIDE RULE

Each rule is accurately adjusted before

it leaves the factory. However, handling

during shipment, dropping the rule, or

a series of jars may logsen the adjusting

screws and throw the secales out of align-

ment, Follow these simple directions for
slide rule adjustment.

CURSOR WINDOW HAIRLINE ADJUSTMENT

Line up the hairline on oue side of the

rule ot o fime,

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

2. Line up C index with D index. Then
aligr DF for A} index with CF (or
Bj 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.

. Align hairline with D and DF {or D

and A) indices, and tighten cursor
window screws. Check to see that
window surfaces do not touch ar
rub against rule surfaces.
Naote: The narrow strip of cardboard
under the window wll prevent pos-
sthle distortion ar “bounng in” of the
window when serews are tinhtened.
"Bowing in” may cause rubbing of
window against rule surfeee with re-
sultant wear or scratilies.

Line up hairline on reverse side of rule,
1. Loosen all 4 cursor window screws,
2. Plaee narrow strip of thin cardboard

under window to prevent “Bowing
in” when screws are tightened.

W

3. Align hairline and indices on first
side of rule, then turn rule over
carefully to avoid 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 uperation,

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

SCALE LINE-UP ADJUSTMENTS * (1} Move
slider until indices of C and I scales
comeide. (2] Mowve cursor to one end.
{31 Place rule on flat sucface with face
uppermost. (4) Loosen end plate adjust-
ing serew slightly. (3) Adjust upper por-
tion of rule until praduations on DF
scale colneide with corresponding grad-
uations on CF scale. {(6) Tighten screws
in end plates.

REPLACEABLE ADJUSTING SCREWS All
Pickett All-Metz] rules are equipped
with Telescopic Adjusting Screws. In ad-
justing vour rule, if you should strip the
threads on one of the Adjusting Screws,
simply “push out” the female portion of
the serew and replace with a new serew
obtainable from your dealer, or from the
factory. We do not recommend replacing
only the male or female portion of the
SereW.

HOW TO KEEP YOUR SLIDE RULE [N 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 cleaning the scales, If the Cursor
Window becomes dulled elean and
brighten the surfaces with a small rag
angl tooth powder,

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

PICKETT, INC.

on the edges and move the slider back
and forth severul times. Wipe off any
excess lubricant. Do not use ordinary
ail as if wmay eventially 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 Lithoearpus Oak
which grows only in California. It pol-
ishes more snd 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, lll. /.Santa Barbara, Calif.
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PREFACE

This manual is neither a textbook in mathematics nor a treatise on the slide
rule_ Its purpose is to provide sufticienc basic instructions so that the user can
easily discern the purposes for which the rule was designed, and with a mini-
mum of effore, learn to use the rule quickly, accurately, and with confidence. An
endeavor has been made to keep the manual useful and usable by making it
compac, casily carried and easily studied. Those users who have more compli-
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 Aerial Photo Slide Rule was destpned by Amrom H. Katz as a duplex
double purpose rule with a series of seales on the front face for solving prob-
lerns in vertical aerial photography and a scries of scales on the back face for
solving genceral problems common on a suindard slide rule,

This rute was originally designed for the Photo-Inrerprerer, and others who
st interprec measurements made on acriad phorographs. Tn its present form,
it 1s of great value w Photo-pilows, navigarors, phot-officers and others con-
cerned with planning and executing missions or nsing aerial photwgraphs.**
The scules for aeria) photography are:

1. An aldwude scale on the left bar reading in feet from 100 o 230,000,
2. A focal length scale on the left side of the slide reuding in inches, from
1t 240.

This scale is imporrant because ir carrics a serics of special scale marks
which when relared o the aluwude scale give three or more measurements wich
ane seeting of the focal length and altitude scales. Special marks 97 cov. and
18" cov. give the width and length of ground area on the altiude scale. Scale
mark 12 gives the representative fraction on the altitude scale for all settings
on the focal lengih scale. Other index marks ace MLPH. we 6.93, Knots at 7.98
and Feet Per Tnch at 1 ¢ Feet Per Inch) ac the bottom of the scule.

3. In the center of the slide, is an image size scule on the slide calibrared in
feeet from 001 o 4

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

3. The Ground Size (feer) Scale. This scale reads in feer from 1 ro 10,000
and M.P.H. or Knors from 100 to 1000, It has a special index mark at 3.6,
which is used for calculating ¢ycling time wich a 604 overlap on 97 film,

The standard scales found on the reverse side of che rule consist of an L, an
A, and a DF scale on the upper bar and & CFLa CIF, a T, S and C an the slide
and o 1, a Dl and a K on the lower bar. These are used for mulnplication and
divisian of aumbers, for finding tie logarithm of a number, for finding the
squares and square roats of numbers, for proportion problems, for finding the
cubes and cube roots of numbers, and for colving triangles and other problems
that require the use of sines, cosines, tangents and cotangents of angles. This
particular arrangement of scales was specially devised, and is the most power-
ful and useful one.

** It should be nuted ac this point that the problems assaciued with oblique photography
are much more difhicule than the corresponding problems in vertical photography, This
slide rule can be used 1 conjunction with other aids for oblique photography ; these are
now under development by the Photographic Laboratory (Wright Air Development
Center, Wright-Patterson Air Force Base) and will be available soon. The interested
reader 55 referred to the following article, which describes the development of the Aerial
Photo Slide Rule, oblique computers, and other aids.

Katz, Amrom H., “Cantsibutions to the Theory and Mechanics of Photu-Interpreta

tivn From Verdical and Obligree Photograph) PHOTOGRAMMUETRIC ENGINEERING,

Tune, 1950, pp. 339-380.




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 opposite sides
have been prepared in scparate parts. )

Part I contains the instructions for the scales used to soive problems in
verrical acrial photography. It will be noted, however, that complere { bur con-
cise) inscructions for use of the Aerial Photo side of the rule appear on the
face of the rule. These instructions alone have sufficed for everyone who got
any early modet of this slide rule (before this Manual was prepared ). j_‘svera_ge
time to learn all the uses of the rule was about ren minutes. Pare 11 contins
the instrucrions for (be 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 verrical acrial photography, since many problems can be
worked forward und In reverse. All types of problems are casy to solve and any
operator familiar with the rerms used should be able 1o learn the full use of the
rale in 2 few hours of concentrated scudy. The important problems to be
solved may be divided into four or more groups as follows:

[-PRIMARY VALUES
{a) Scale of photography
(b} Area covered
{c)  Ground feer per inch of photograph
(d} Image speed
(e} Cycling time
1T—PHOTO INTERPRETATION
(a) Image size ground size calculations

HI-FUNCTIONAL YALUE OF THE RULE IN PLANNING AERIAL
PHOTOGRAPHY PROBLEMS
(a) Minimum alrizude to obmin 609 overlap on 97 film.
(b) Number of flights
(¢} Flight line spacing
(d) Exposures required
IV-—-SOLVING PILOTAGE PROBLEMS
Some pilats who have tested the rule report that it facilitates
pilotage problems. Using the left hand scales — distance, time and
ground speed values are quickly and easily read.
V—~CONVERSION OF KNOTS TO MILES Piir 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 ar 460.
Thus 400 knots =160 miles per hour (approximately).




READING THE SCALES

NOTE: When the Acrial Phoro side of the slide rule is used, the rule must
be held vertically. You will note thar the anumbers ace printed horizontally, This
permits the use and printing of rhe large nwnbers encountered in aerial
photography.
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Fig. 2

Photographs of the photo-interprerer’s slide rule in several sectings are shown
in Fig. 2. Fig. 2a represents o 367 camera, with 97> 187 formar fown at 30,000
feer. The shide serring is 367 on the focal lengrh scule apposite 30,000 feet on
the altitude scale. QOppuosite the index mark 12 on the foeal length scale, the
seale or representitive fracoon (R of the phatograph is read —1:10,000.
This particular serting of the slide rule enables the immediate reading of severil
orhier quantities of interest. Oppasite 11 Feet Per inch) on the focal length
scale, the ground feet per inch of photograph s reacd. The reading 1s 833 feet per
inch. Without moving the shide the compleie set of pairs of values — ground size
and imigee size —can be rexd for any possible image size measurcment on the
phomgr.i_ph. For cxample, an 003 CM imige length corresponds to a 98 ft.

ground object.
the coverage of the 97 18" negative on the altitude

This serting also grves _
scale upposite 7 cov. und 18" cov. on the fucal lengrh scale; read widih 7500

fece > lengeh 15,000 feer ground coverage. '

Fig. 2b, shows a scuing that permits the reading of image speed directly.
Assume a ground speed of 300 M PH. With the previous setring, move the
slide s that the index mark  MPH. s opposite 10,000 on the scale value
(RE 1. Move the indicator to 300 on the ground speed scule and read image
spred as 325 nches per weond on the centimeter image size scale. Were the
ground speed given in knots, the koo index would have been set Gpposite
the scale value of 10000,

Fig 2¢, shows a third secoing of the same problem for determining cycling
rime for 6077 overlap. With the seuing shown in Fig. 2b. muve the slide down-
ward so that 525 on the tmage size scale is upposire the 3.0 index mark on the
ground size scale. Then opposite the index mark cycling time on the image
size scalie, read cycling tume berween photographs as 6.9 seconds {on the ground
size scale ).

Nore that the index at 3.6 is for cumerds with 9 inches of film in line of
flight. This is by far the most common type cameri. For other cameras--a few
of which ure in nse, and suill orhers which may be developed — the index which
should be used (instead of the mark ar 3.6 s 4077 of the film width in line
of flight. For example, on a camera which uses 3 of film in Jine of flight — such
25 the K24 — the index would be ar 2.0 instead of 3.6

A.  How 1o FIND THE SCALE OF PHOTOGRAPHY

Ser focal lengeh in inches on the slide opposite alvtude and on altitude
scale, read scale (R.E} opposite index mark scile ar 12 on focal length
scude. Examples: :
Find scale (RE 3 with the following cesrings.
(a3 Tocal length 36" and altitude 40,000 feet.
Ser 36" on the focal length scale opposite 40,000 on the alticude
scale.
Opposite index mark scale at 12, read scale as 13,330 (R ).
(b} Focal length 24" and altirude 30,000 fect.
Set 24”7 on the focal length scale opposite 30,000 on the alrirude
scale,
Oppusite the index mark scale at 12, read 15,000 (R.E}
9




B.
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How 10 FIND AREA (COVERAGE )

Set focal lengeh in inches on the Focal Length Scale opposite altitude

and on the dititude seale read width opposite 97 cov. and length opposite

187 cov. un the altitude scale. If film sizes other than 97 and 187 are

used —e g 2157, 414", 5%, 7 - read coverage opposire those values on

the focal lengrh scale.

{a)  Using the same settings as used for finding scale, a focal lengeh
of 36" and alritude of 40000 feer gives coverage at 9" cov. as
10,000 feet wideh and 20,000 feer lengrh art 15 cov. or 10,000
20000° coverage.

(b Focal leagth 24" and altitude 30,000 feet gives coverage at 9"
cov. as 11,500 feet width and at 18" cov, 22,500 feet length, ot
11,5007 < 22 5007 coverage.

How T0 FIND IMAGE SPrrD: (arising from forward aircraft speed) :

in inches second when grownd speed 1s given in MPH. To find image

speed, first find the scale of photugraphy and move the slide upward
until the special index mark  M.PH. oo the Focal Lengeh Scale 1s set
opposite the scule of photography measutemcnt, Then without mov-
ing the slide, cet the hairline over Hight speed in MPH. on the ground
speed scales Opposite ground speed —read image speed in inches/
second on the imuage size scale, If ground speed is in knars, use the
“knors” index instead of the "MEHY

Iuitrations:
(a) Find the imuge speed if the plane is flying 200 M.PH. ground
speed ar 20000 feer and the focal length is 306",
Setr 36 on the focal length scale opposite 20,000 feet on the
altitude scale. Setr hairline over scale mark 12 on the focal
fengrh scale and read the scale { R.E} as 6,666 un the altitude
scale. Move siide upward until index mask  M.PH. s under
hairline opposite scale (RE) 6606, (Actually, one doesn’t
have to read the scale value, for it's held by the hairline. With-
out moving the slide, set hairline over 200 on the ground
speed scale and read image speed 530 inches per secund.
(bj Find the wmage speed if the pianc 1s flying 600 M.PH, ground
speed ar 30,000 feet and the tocal Jength is 367
Set 367 on the fucal length scale apposite 30,000 feet on the
abtitude scale. Set hairling over scale mark 12 on rthe focal
lengeh scale and read the scale (ROE) 10,000 on the alriude
seale. Move the index mark  M.PH. under huirline. Without
moving the slide, set huirline over 600 on the ground speed
seale and read age speed LOG inches/second.
(¢} Find unage speed if planc is tiyng 500 M.PH. at 800 feer and
focal lengrh is 6™
Ser 67 on the focal length scale opposite 800 feer on the
Altitude Seale. Move M PH. index, ete. -read 3.5 inches per
second.
(d) Do problems 3, b, ¢ if the ground speeds given (200, 600, 500
are 1a knots instead, of M.PH.
Answers: (a) 610 inchessecond, (b 122 inches,/ second
{c) 6.32 inches second.
10

. How 70 FINp CyeninGg TIME FOR 6077 OvERLAP ON 97 Flim:
_(uv(‘n the inmage speed on the tmage size scale, maove the slide unti] che
image stze number 1§ opposite the index mark 3.6 en the ground size
.‘i(.":ll\‘__‘. \X*i_rhimr maving the slide, move hairline over the index mark
cycling time on the image size scale and read cycling rime opposire on
the ground size scale.

Hluntratrons:
{a) Fir]d the cycling time for 6077 overlap when a plane is flying
275 MPH. ar 25000 feer and the focal length is 367 and the
FE ] ¥ % : : i o o :
97> 187 formar is oriented with 97 of film in line of flight
First show that the image speed is 582 CM on image size
5(‘.:1]? using method just shown, Now move shde downward
until .73_8_" is opposite the index mark 3.6 on the ground speed
scale. Then ser the hairline over the index mark cycling rime
on the image size scale and (vn ground size scale) read cycling
time appmx:mntc!y 6.2 seconds berwecen photograph on
ground size scale.
(by Find the cycling tiine for 607 overlap when @ plane is flying
at 460 M.PH. ground speed at 38,000 fect and the focal lengrh
is 36",
lfrocecd as above and find image speed 635 in.sec. on 1image
size scale. Then set (635 image speed opposite index mark 3.6
on ground size scale. Without moving the slide, set hairline
on index mark cycling time and read 5.7 seconds as the cycling
time on ground size scale, -
(c) Find cycling time for 604G overlap for a 67 focal Jength 97X/ 9%
camera when in a plane fAying 400 MPH. ground speed at
A6.000 feer altitude.
Proceed as above, and find cycling rime o be 46.8 seconds.
(3] Do problems above when ground speeds given are in knots in-
stead of M.PH.
Answers: (a) 535 seconds  (b) 492 seconds.  {c¢) 405
seconds.

NOTE: You will observe thar in all cases, you can cdeelate the cycling time
{or intervalometer secting ) more accurately than need be. For example, there
is ncither need nor available mechanical settings for times such as 468 sec-
onds, 5.35 seconds, cre. Either 46 or 47 scconds would be a suttable setring in
the first case, and either 5 or 3.5 seconds would be all right ia the second case.

Cyeling Timres Less Than One Second

As we approach very high ground speeds at low alttudes, very fast (less
than one secand ) cycling rimes are requiced. Cameras wirh fast cycling times
are being developed. Although these can't be read directly, by a very rimple,
eaily learned trick, these cycling rimes may be readily calenlared.

Observe that the cycling time index is at 1 on the centimeter scale, Were
it moved to 10 on rle same scale, the cycling tme readings would be too high
by a factor of 10. Hence if a problem arises wherein the cycling rime index
winds up kel pne second, read oppaosite 10 and divide the reading by 10.

11




Example:

A 679X Y camera s tlown ac 300 MIH. ar 750 feet altitude. What cycling
time s needed for 6077 overlap?

Gomng through the normal procedure an mage speed of 585 inches per

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

will be noted that the cycling tiine index s below | second. Hence, ar 10

(on the centirneter sexle ) read 615 seconds, which upon dividing by 10,

yields i cyeling rime of 619 seconds,

Several minutes of practice on rthis technique will make you tharoughly
familiar with the procedure.

E. How 10 FIND THE GROUND SiZE OF AN OB JECT
FROM A PHOTOGRAPH:
Ser index mark scale 12 on Focal Length opposite scale of photography.
Then set measurements of width wnd lenge on image size scale and
read ground sizes on ground size scale,

Nore that two complete image size scales are given, for measurements cither
in feer or centimeters. If alticude and focal length are given. the scuing of focal
length against altitude yields scale. Of course, if dhese owo parameters are
given, there 15 no need to ever read scale,

Hlustrations:
ta) With scale 1:5000, given size of unuge as 006035 feet on
phatograph o find ground size.
Set hairline over scale index 12 opposite scale 5000 on the
alatude scale and mwove hairline over 006 on image size feet
scale, Read length: of object 307 on ground size scale. Move
hairline to 005 on image size scale and read width 257 on
ground size scale.
(b} Wichscule | 16200, given size of image as 002X 0018°. Proceed
as in previous problem and hnd answer 12,472 11,2
(cp  Withscale 1-6400, priven size of image us 115 X 08 CM un photo-
graph to ind ground size.
Set scale at 6400 2 nd move hairline over .09 on image size CM
scale and opposite on ground size scale read wideh of object
10%7. Move hairline w 08 on Image size CM scale and read
length zs 168
(d)  On a phorograph made with a 48" lens from 43,0017, a runway
is measured us being 69 X 177",
Show that the dinensions of the runway are 72000 >0 1907

Uve of Incher for Bnape Size Moawrement

Must photointerpreters use either centimeiers or feet as unies in measuring
image size. For the engineer or other Liyman who preters to use inches, the
lower part of the focal length scide has been subdivided into tenths of an
inch, Just as in the previous cases of inuge size — object size dert"rm.u‘.;itlorns:
ser focal length aguinst altinede, and, in this case oppuosite mage size in mchey
{on the focal length scale) read objuct stee in feer on the altitude scale,

12

Fov Example,

A 205 inch image on a photograph made with a 24 inch lens at 10,000 feet
corresponds tra 38507 groend objec

Clearly, the sillest direer meastrement which can be so used, is one inch.
For mesurements less than one bach in Jengeh, mubiply the measurement by
L o 100 set on the rule. and divide 1he unswer by 10 (ar 1007,

For fxvample

Consider w image 1257 long on a phowo made wich o 127 lens ae 27,5007,
Thes cannot be se direcedy. so multiply cthe imuge size by 10, The image size
ob 125 inches s chen found on the slide (afier 12 inches s set oppasite 27,500,
Opposite the 125 Inch seiing, we read 2830 feet. Hene the object size for a
25 e inwge is 185 feer

F. FUNCIIONAL VALUE OF THE RULL IN PLANNING AERIAL

PHOTOGRAPHY PROBIEMS -

Since ir is possible vo wark problens in reverse when suirable data is

wviilable, plang for photographing desired areas ro obeain specific data

van be developed i advance,

tal o bnd minimum dtde g which adegquare 6077 overlap on 97

film can be obuuined, given the cyeling tme as 2 seconds and the
flying speed as 200 M.PH.

Set index mark cycling time on image size scale opposice 2 on
the ground size scale. Under Tairline ac index mark 3.6, read
L8 vn image size scale. Move shde upward unril 1.8 is oppo-
site 200 on ground speed scale. Wirhout moving the slide, ser
hairline over index mark  M.PH on Focul Length Scale.
Move slide down until Tndes Mark Scale 12 is under the hair-
line. The altitude tor several sertiags may then be read as
fillows ;
E L. 247 3,950% E L. 367 5990 E L. 40" 65207

(b Tofind number of exposures o a propused survey of a given area.
Find the number of exposures in covering an area 12380
mules. Flight o be lengthwise of the area with 60¢7 over-
lip and 3077 sidelup, with 97 film ar scale 1, 10,000
Fiest determine individual photo cover by placing Index
Mark seale 12 ac 10000 on aldwde scale. Since 3.6 forward
travel will give 6077 overlyp, set hairline over 3.6 on focal
length scale and opposite on (dtde scale read 30007 forward
trivel for each expusure. To abrain 3077 stdelap, divide 9 by
A0, giving a hgure of 4.3 Opposice 1this number on the focal
lengeh scale, read 3850 on the alurude scale, This gives the
flight line separaion, To find the number of CXpOsLres per
line, find the number of feer in 125 miles and divide by 30007
forward rravel, 060000 gives 220 exposures per line To find
aumber of Hines. find the number of feet in 86 miles which is
422400 and dividing by 3850, we get approximaely [} lines
required for sidelap. Multplying 2200110 gives 24200 ex-
posures required to cover an area 125 miles long and 84 miles
wide.




(¢) At what minimum scule must a 38’ long objece be photographed
o yield an image ac beast .1 o in size ? What minimum altitude
is required with a 247 lens?

With one setting of slide — 1 em. against 24" ~ read scale
of 11,500 and altitude (wich 247 lens) of 23,0007,

AERIAL PHOTO SLIDE RULE
PART Il

Instructions for solving slide rule problems using the 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 calied the right index. Each scale is designated
by a reference letter ar both ends of the scale to simplify its location in refation
to the other scales.

The basic scales on every standird slide ru'e ase 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 ather basic computations.

The A scale has two sections, each being one-half the lengeh of, and looking
like, the 1D scale. Tt is used with the D scale ro find squares and square roots.

The K scale has three sections, eich being one third the length of, and look-
ing like, the D scale. It is used with the 1D scale to find cubes and cube roots.

The CF and DF scales are folded C and D scales with the index near the
center. Fach reading on the CF or DF scale 1s = tmes the reading on the Cor
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 left, Each reading on
the DI scale is the reciprocal of the resding on the D scale and vice versa.

The CIF scale is 2n inverted CF scale rexding from right to lefr. It has the
same relationship o the CF scale thar the DI scale has to the D scale.

The S (sinc) and T [{tangent} scales are the trigonometric scales on the
rule. They are used with the C, D, DI, and A scales to solve triangles and other
problems dealing wirh the trigonomerric functions of angles, _

The L scale is the only equal parts scile on the rule. o 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 eich scale represent the position of pri-
mary or secondary scale divisions or circular measures (in degrees.) They are
laid down on the basis of the logarithm of the number or the funcuon value
of the circular measure.

When tuwo numbers are set on the rule for muliiplication or division, the
lugarithms of the numbers are vespecisvely added or stibiracted.

When the logarithms of two numbers are udded, the result s the answer
obtained when onc of the numbess is muluplied by the other. It the logarichm
of a number is subtracted from the logarithm of another number, the answer
is the division of the sccond number by the first number.
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Hlastvations
Gl W5 iy
Sct the left index of Cover 2 on 1) (Fig D). Below 3 on C read 6on 1)
Thar is: log 2 D010
log 3 04771
log 6 07781
{2E fitd . 12
Ser the left index of Cover 5 on D Helow 4 on C read 12 on D,
Thit is: log 3 04771
log 4 06021
log 12--1.0792
) eSS B
Ser 3 oon Cover @ on D) Read 3 on D under the left index of C.
Thar is: log 9+ 09542
log 35— 0477
log 3 0477
) 8 SR
Set 2 on Cover 8 on D, Read 4 on D) under the left index of €
Thar is: log § U031
g 2 3010
log 4 6021

Tables of fogarithins are given at the cnd of the Manual and can be used
to verify the above readings.

READING THE SCALES

In starting vour scudy of the rude, nake o careful analysis of the scales and
note that each scale has o series of mujor parts which become shorter as you
read the purt numbers from tefr o right. Observe that the A scale has two
sections of equal length with 9 major parts in each section, and thar the K
scdle has three such sections. The Lo ¢logarithm ) scale is the only scale that
has pares of equal length,

A thorgugh stwddy of the € and D reales will give soun a botter underitanding
sf the Levowe of afl the scaler nw the vade. Sturting a1, at the left end of cither
scale (che left index s, observe thae there are 9 major or primery parts of un-
equal lengdy The long lines separaring rhese purts are known as primary lines,
Lach muwjor part is divided int [0 secondary pases mdicated by secondary Tines
slighely shorter than the primary lines.

The secondary parts are als divided into smaller pares by st shortee Tines
called tertiry lines. Fach rercinry pure is considered w contain ren parts: bu
there is not enough space for ull the lines necled except in the first major part.
As a resulr, the operator of the rule muse learn 1o cstimate the location of
some lines that wre missing As o residr onde the even number tericary lines are
shown and odd nwmbers must be estimated 1t about one-half the distance be-
tween the even rerciury lines, In the prinary parts between & od 1 Crhe right
index y, the ten secondary Jines i che digie 51, Therefore, m cach of these
spaces. the operator must estimare the Jocation of four inaginury tertiary lines
which if present, would be abour pne-fifth of the secondary space apart, The
rerdiary digle [ would be abuut one-fifch che distance across the space
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Since the first primary part is so fong, cach secondury part is denoted by a
small number on the 10 inch rule. (Fig, 1.3 The first space between the pri-
mary line 1 and the secondary line 1, mcludes all numbers having 10 as the
first two significant digirs. Ta like manner, i the number has the first ewo sig-
nificant digits reading 12, che number will be found between the secondary
lines 2 and 3 on the 10 mnch rule and implied on rthe § inch rule.

€———————— PRIMARY GRADUATIQNS ———>»

SECONDARY GRADUATIONS Fim

|

|

Di I K | -|I||;_!||. 1 |3|' ||Iii|‘!1|||. i||3|.||||l|l' , i?-h I||ia'||=i£I5:I2|i [ A R T A A =I|.|:§||

LEFT INDEX i
TERTIARY GRADUATIONS

On a slide rule only the first three significant digits of a number are con-
sidered. The numbers OOL0L 0101, 101, 10.1, 101, 1010, and so on, are all
Jocared at the same place on a scale. That is, disregard the location of rhe deci-
mal point in 4 number when making a serring. Thus o find 107 (read one-o-
one; sct the hairline at the fust terriary line beyond the secondary line marked
1, and so on with 121, 131,*** 191 In like manner, apy number with the third
digit of 6 would fall ut the firse mark past 3. To locute any number berween
191 and 199, sct the hairhne on the proper testiary line between the secondary
linc marked 9 and the primary linc marked 2,

All numbers beginming with a tirsc significant digic of 2 will be found
between the primaty lines 2 and A If the second significant digie is 1, 2, 3,
or more, the hairline will fall on the first, second, thied or more secondary line
beyond 2. IF the third significant digit of the number is an even digir, such
as in 248, the hairline will fall in a rertiary line, Bu if it is odd, such as in 249,
the huirling will fall about midway between the 248 and the 250 hines. (Fig. 2}

144 171 248 |249

\_\.. |

S I I BN | e A T 11 S O A R [ R A A U Al |I|||i|;i||||”||“i.|”{
i : 2 3 4 El 5 v k] 3 2 :

Fig. 2

In the primary parts of a 10 inch rule where the fist sigaificant digit is a 4
or more, or in the primary parts of a3 inch rule where the first significant
digit is 2 or 3, care must be exercised in secting the hairline since there is only
1 tertiary line in each secondary part. Thar is, if the third significant digit of
2 qumber isa 1 to 4 or a 6 to 9, its locacion must be estimuted. Sample readings

are shown in (Fig. 3.
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A D B E: [ F
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[ (1] I'!"Eili'lllidlllll [ AT IES! | II ::Si 1] ::#; _|:!! ;é:||!|;| H |||g_!||!!!-,| o
{a) 110 (f) 242
{b} 155 lg) 877
(c) 234 h 411 i s
(di 143 (i) 515
(e) 191 (i) 684

MULTIPLICATION AND DIVISION

Mulriplication and division of numbers on a slide rule become simple opera-
rions once the operator has Jearncd to read the scrles. If the values assigned
to the lines can be accurarely read, the operaror necds only o develop the ability
of placing che hairline in its correct posicion even in spaces where the lines
are missing,

To mealtiply two awmbers together, sel one fdex of the C scule over one of
the numbers on the I seale. Then find the ather number an the C scale and
befow it on ibe D scale frd the destred product.

LEFT NDFX
LEFT woex P Sl LESGTH OF FACTOR -1 On “C* SCaie
O 0" SCALF r
<t 2o T o
o b g g et Pl ol ol R s b o

i e iy
| LEMGTH OF FACTOR "3" OH "0~ SCAE J
LBNGTH OF 27 PLUS UBNGIH OF ‘37 IS LBNGTH DF PRODUCT ~9" OM T SOk

F

e

Fig. 4

Higsrration:

(1) 2%3—6

Set the left index of C to 2 on D Move hairline to 3 on €. Read 6 on D
under hairline. {See Fig. 4.

(2) 4x8=32

Set the right index of C to 8 an D Move hairline to 4 on C. Read 32 on 1
under hairline.

(3) 27<41=1107

Set the right index of C w4l on D. Move hairline to 27 on C. Read 1107
on 1D under hairline.

(4) 315X31.5=992 (true answer is 992.25)

Ser the left index of C to 315 on D. Move haitline to 31% on C. Read 992
on D under hairline,

17




PROBLLMS ANSWERS
(1p LAl S
(21 L1765 RN
{3) 6577 48390
{4) 720 %344 24802
{95 0031411 12741

Division 15 the inverse process of muleiplication. To divide oue number
by awather, wsing the hatrlive, rel tie dividing number on the C scale arer the
waniher bo bo divided on the IV wale nd rewd the ancwer on 1D ander the fndex
of the C scale.

Hlactrationg

(lr 198 2 11- i8

Using the hairline, place 117 on C over 198 on D Read 18 on D under the
left index of €

(21 110744127

Using the hairline, pluce 41 on C vver 1107 on D Read 27 on I under the
right index of C.

(3 992315 3lS

Using the fuirline, place 315 on C over 992 on 1. Read 315 on 1) under
the left index of C

PROBLEMS ANSWERS
(L] 471 8 5873
Lo a2 Al 667
(31 141 521 2706
{4] g8 1133 757
15 4621 1 037 1248 92

DECIMAL PQOINT LOCATION

The position of the decimal point in an answer i usually determined by
estimnaring the size of rthe answer since it cannot be done diready from the
rule. Four illustracions should suffice to show how it can be done.

Filoeitwat ioniey

(1] 27850425, Fhe estimated product would be 30 <40 since 27.8 is
closer o 30 than e 35 1o 1Y, and 425 s closer wo -100 chan it s 1o 300, Since
30 400 — 12,000, che answer 1s 1LE0G nor TIMD or 115,000,

(21 009820382 The estivtred product would be (06044, since
00982 15 closer o 006 than it s o 005, and G AK2 15 closer to O than it 18
o 0.3 Since 0.00 =001 0020, the unswer 15 00222 not 0222 or 000222

{53 2282007106

The estimared product would be 300 0.07, stnee 328 s closer © 500 than
it is to 600, and 00716 1s Closer 1o 0.07 than it is to 000, Since decimal points
in division ¢in be moved in the sune direction withoat changing the answer,
we have SO0 007557 33, The wnswer is therefore 37.8, not 3.78 or 378,

(43 382 100693, The esumared quotient would be 40 1007 since 38.2
is closer to 40 than it is to 30 and 00693 iy doser to D07 than e is w 0.06,
Since decimul poines in division aun be moved inthe same direction without
changing rhe answer, make the denominator @ number less chan 10, Thus
401007~ 4000 ¢ 7 - 600. The answer is therefore 531

i85

Note that vour estimated numbers will have only onc significant digit in
them but they will stiil be clase in value,

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

EXAMPLES
NUMBERS IN STANDARD FORM
478 47810
47.8 47810
478 47810
4780 47810
478000 47810
0.78 7.8 W10’
0.078 78 X10-°
0.0078 78 x10-°
0.00078 78 K10-!
0.000078 78 =10

(A) In multiplying 47.8 < 0.0078, if the numbers are changed to standard
form, they become 4.78X 10> 7.8> 10 -*, Combining the exponents by addi-
tion this becomes 478X 78X 10-% 478 is near 5 and 7.8 is ncar § and the
product is near 4010 * or 0.4. The produce of 478 and 78 on the sule is
373 and the decimal point is located 1o the Tefr of the first digit, making the
answer 0373,

(B In multiplying 0.078 00078, if the numbers are changed to standard
form they become 7.8 10 "> 7.8 10 " Exponents are combined in the
present problem by addition. For example, 10 "% 10 % 10{—2—3) =10 ~
T8XTE8X1I0-" 7.8 is near 8 so by multiplication we have 6410 " or
G410 or 0.64X 10 %, 0r D.064X 10 ° or 0.0064 > 10" or 0.00064. The
product of 78X78 on the rule is 608 and the decimal point is located three
places to the left of the digir six, making the number 0.000608.

{C) If we take the problem 25.3+0.0004 and change the numbers to

standard form we have 2.53% [0’ .
S “0395 10 L3 g3 f— 24y
CAX10 * 0395 10 (31 0395 X 10P=3430,

CONTINUED PRODUCTS

When a series of numbers are to be maultsplied together, such as 713X 23,
s the index of the C scale over the first namber on the D scale and then move
the bairline and an index alternately wniil all numbers wre moluded.

Hlustrations :
(1) 7XIAX23=2093%
Set the left index of C over 13 on D. Maove hairline to 7 on C. Move right
index of C under hairline, Move hairline to 23 on C and read 2093 below on 1D,
(2) 9.1A16X4.2X41=25,070. )
Set right index of € over 9.1 on D. Move hairline 0 16 on C. Move left index
of C under hairline. Move haitline to 42 on C. Move right index of € under
Lairline. Move hairline to 41 en C and read 23070 below on D.
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FROIBLEMS AMNSWERS
[ i = |‘ ":._1)(.
EA Y (e 124.24
S IR T S : 12401
I R & SO 1404
5. 1201 - 28 - 0l 22205

COMBINED MULTIPLICATION AND DIVISION

When che prisedures of mulriphoarion and division of numbers are well
andersrood, the combination of the twer is nar difficule. Seee weerd the ditiinon
of the fise wiember abuee she fne o5 the i wwmber bolog the e, Hhen
pesideiply and dbivide o v anel e La srernfer oy oeleded, Nore that you
move the slide tor division and the horline for multphicadon,

Move and ser halrline axbxoxd

Move and ser shde exfxg

A s on 1) All other numbers are read on C Answer is on D,

Wisvtviations.
1y 28N 146 Sy Estimared answer: 2010 20
R : 10
Qee 124 on C aver %% on 12 Move hairline froor 1700 to Li6 on €. Read the
answer 292 on D under hairline.

(23 26

Estimared Answer:
0N 30%60 3XAX60_ 540

1'(’ x
o nE

0 4%s T 20

Ser 30 on C over 26 on 1. Move lairline w31 on € Move 47 an C under
hairline. Move hairline to 56 on ¢ and read the answer, 2406, on D under
hairling.

PROBLEMS ANSWERS
1 1§74 48.4
2 %7 6.08
5ol 7.14
Lol - 03764 00387
55674 8.2
5. 18 611 078 3y 000474

Sl w307 @]
THE CF AND DF SCALES

The €T apsd DIF seales, kpown as fobded sodes. are alike and have che same
relationship to cacl cther as 1s true for the € and 13 seales. They also may be
used tor muluplbeatiun and division of nimbers,

Tlew water wre called Jolded svales becns ey wre Cund D readey dfirded
wt T oamd the tndecer fornod together. As 1pesuli, the lefe and right ndices are
at the sume point. All setiings on the Cand 1Y scales can be similarly located
on the CFoand DF scales.
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One important use of these seales 18 when the shide projeces beyond the
end of the rule so chat the indicaror cannor be ser over @ number on the O
stale. The setting can then be mude an the CF soile and the answer reaid on
the DF seale without making it necessary 1o shift the slide su that the other
index of the C scale 15 used

Hlsiirativin:

Ly 20532 1512
Sot the lefr inadex of Cover 21 on 1. Then 72 an C is beyond the 1) seale index
S0 move the hateline to 72 on CF and read the answer, 1512, on DE wnder the
hairline.

(2) 37X78- 289
Set the left index of Cover 37 on D, Muve the indicator wo 78 on CF and read
the answer, 289 un DE

The 1F scale is also unportant in finding the circumfereace of @ cirde when
the dinmeter Is given and vice versi

Flaestvetivnin

i Ly If the diameter of a circle is 6.2 teer, ind the dircumference. Set 6.2
on D und read the circumference, 193 on DE

{21 If the circumterence 15 L1 fect, find the diamerer. Ser 11 on IDF and
read 3.5 oo D.

These scafes can also be used in changing radians w degrees wyd vice versa
Set 180 an C opposite = on DE Then move hadrine o radinas on DE und
read degrees on CLand vice versi,

Hlastvatrons:
(14 3 madians— 1727,
Set 180 an C under right end of DF scale, then 3 on DF is aver 172 on C.
(2 54" —0.942 radians,
Ser 180 on € under = on left end of DF scale, then 54 on C iy below 0.942 on
DF Putting un index of C aver the lictle R on I, or vice versa, these answers
cat he read between the € and D scales or berween the CF and DF seales.

PROBLEMS : ANSWERS :
1. LL73™E1 14003
2. 211376 121.930
3, 81748 605383
4 ZF ¥y 116239
5 4055 K2R 0291

ST Re
G, 2157 1633 X316x 904
69579620
PROPORTION

The principle of proportion is the key to the solution of prablems on ithe

slide rule because the solution 10 a problem is developed froa w simple arith-

metic rule: When thice wumbert are given. a fourth can be found that L the

vune watio to the third av the second far to the firrt. On a slide rule, when o

aumber on the C scale is set nexr ro @ number on the ) scale, a ratio is estab-

lished, amd the sume ratio will be found ro exise for all pairs of adjucent
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praduarions. Note that if 1 on the € seale is set over 2 on the D scale, 2 on C
v over 0 on Doand saon Tharis: |25 4 This indicates that 2 on the
rod 608
D seide is the muldplier, and rthar any aumber selecred on the D seale will
have douhle the value of the nuaibers directly ehove on the C scale. Thus a
prapertion is fornied whenever & problem is ser for multiplicacon or division
on the slide role, Fur example, if we have 23+ 3, the proporton becomes 3 1
and in ke manner 535 becomes [ 9. 25 x
5§ %

1f one of the pumbers in any proportion is not known, 1t can be written i

the torm Al Cxor A C Then A and Con the C scale wre over B and X
B X

respectively on the 1D scale. Or A and € on the CF scale are under I3 and X
on the DF scale

Niwitrations:

1y 7221 Ix
Ser 7 on Cover 21 on 10 Under 4 on €, read x=12 on D

{2y 7:12 l6ex
Set 7 on CF under 12 on DF. read x - 274 on DE

PROBLEMS ANSW ERS :

Lox 123 4393
25 7

2487 17 6839
x4

L 374

T [

4. 042 % 397
031 293

5. 0021 7 2033
06]  x

POWERS AND ROOTS

To find squares and square roots, nse the A and 1D scales, To find cubes and
cube roors, use the K aod 1 scales "The igaare uf any number on the D scule
is found un the A svale, and the gabe of any number on the D scale is found
an the K scale. The sguave ront of uny number on the A scale and the cabe
soot of any number on the K scale wre found on the 1 scale.

Ronts are more difficult o find since there are two sections of the A scale
and three sections of the K scale exacrly alike, Thus to find a sguare ront, mark
off in pairs from the decimal pount, such as 238 hecomes 2798 and 2580
becomes 25740, TF there s one digic in the lefe division. use the left half of
the seale. and if there are two digits in the lefe division, use the right half of
the scale. To ind a crebe rong, mark off in three's from the decimal poine, such
15 1350 becomes 21580, 23800 becomes 257800, and 2958000 becomes 2958000,
1f there s one digie inorhe left division, use the loft third of the scale; if
there are 1w dl‘ujtﬁ, ase the middle third ; and if rhere are three digits, use the
right third of che scale. Try this with fumiliar vilues,
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EXAMPLES FOR SQUARES:
Find the square of 2.

Set hairline over 2 on I and read 4 on A.
Find rhe square of 3.

Set hairline over § on I and read 25 oo A,
Find the square of 10.

Ser hairline over 16 on I3 and read 256 on A
Find the square of 35.

Set hairline over 35 on 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 36

Ser the haitline over 36 on A (right hand } und read 6 on D.
Find the square root of 121,

Ser rhe hairline over 121 en A (left hand) and read 11 oo D,
Find the square root of 1296.

Set the hairline over 1296 on A (right hand } and read 36 on D.

ExamMpPLES FOR CUBES:
¢a3 Find the cube of 4.

Set the hairline over 4 on [ and read 64 on K { center section ).
(b) Find the cube of 8.

Set the hairline over 8 on 12 and read 512 on K (righr secrion ).

(¢) Find the cube of 18
Ser the hairling over 18 on I and read 5830 on K (left secrion ).

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

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

(¢) Find the cube root of 216.

Set the hairline over 216 on K (right section ) and sead 6 on D.
{d) Find the cube root of 5830,

Set the hairline over 5,830 on K {left section) and read 18 on D,

THE RECIPROCAL SCALES DI AND CIF

The DI scale is an inverted 1D scale and the CIF scale is un inverted CF seale.
Both sers of scale values increase from right to Jelt,

Their first and simplest use is in finding reciprocals such as 2 on D 15 next
to 0.5 on DI or vice versa, Also nate that 2 on CF s nexe 10 03 on CIF or
vice versi [

Since 43X 2=8 can be wrirten in the form 4+ -~ 8 pur 2 on DIF below
4 on DF and read rhe answer above the index of CIF on DE That i, afrer a
lirtle practice, multiply numbers together using the CIF and DF scales by
putring ane above the other just as you would do for divisien of numbers when
the C and D or CF and DF scales arc used. Try this for several simple problems.

23




Problems such as 17¢278) and 1 (2,78 can be solved directly by putting
278 on DI and reading the first answer on A and the second answer on K.
These simple ilustrations shaw how valuable these reciprocal sciles can be
to you. Get famitiar with them and use them. In the next section other uses
for these scales will be shown.
ExaMPLES:
ta) Find 1.24,
Set hairline over 2.4 on D and read 17 below on DL
thy Find 1605,
Set haitline over 605 on I3 and read 201652 below on DL Or ser G153
on DI and rcad 0165 above on D,
(¢) Find 1 m
Set hairline over = on D an dreawd 3183 below on DI
tdy Find | 312y and 1 (3.125°
Set hairline over 312 an 11 and read 0,103 on A and 00329 an K.

CONVERTING IMAGE AREA TO GROUND AREA

The conversion of image area in square inches (as might be determined by
use of an Arcameter} to ground arex in square feet may be accomplishd as
follows:

Ser 12 on the C Scale uader the jmage area €in square inches) on the A scale,
Place the hairline over the Photo Scale Reciprocal on the C scale and read the
answer on the A scale under the hairline.

To determine the number of digits in the answer doubie the number of digits
in the Photo Scale Recipracal 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 144 sq. in. 1 3
Under 1.44 sq. in. 3 5

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 Stides Right
Over 1.44 sq. in. 0 2
Under 144 sq. in. 2 4
24

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—468. 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 factor 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 feer.

THE TRIGONOMETRIC FUNCTIONS AND THEIR USE

The trigonometric function scales are the 8 and T scales. The $ scale pives
the logarithmic locacion of rhe natural function values of the sine of angles
from 5.74° to 909, and the T scale gives the lagarithmic location of the natural
function values of the wngent of angles from 5727 to 457 when reading from
left to right, and from 45% w0 84.287 when rcading from right to lefe. Table
1L in the back of the manual, gives these natural function values as well as
those for the other four function values of angles. These function values are
defined as the ratios of the sides of a right rriangle, B

They are :
bic—cos A—sin B; ¢.b=sec A=csc B
a‘c—sin A—cos B, ¢/a= asc A=sec B
a/b—tan A—cot B; bra=cot A=rtan B

Fig. 14

[ 90 C

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

The S and T scales can be used directly with other scales 1o solve problems,
such as 278 sin 342, 34.6 +an 27.6"v 348X ran 1869, sin 12,37 X 24,
and so on. By using these relationships shown above, such problems as 452X
cos 277, 32 8 csc 18°, and 42.8 & cse 5647 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. 49.2 % cos 27°
would be changed to read 492 <Csin (907 —27%) © 45.2sin 63¢; 32.8 X esc
189 would become 32.8 | sin 187; and 41287 ¢sc 3647 would become 428X
sin S64°. A problem ke sin 42° @ 2.8 can be solved using the S und 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 solvieg 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 8 and D. That is:

Sin A SinB_ Sin C, where A+4+B.-C= 1807

a b~ o«
5



where A, B, C, are the angles of the triangles and a, b, ¢, are the sides opposite
these angles respectively. C would be a righr angle {90%) and ¢ would be the
hypotenuse if the triangle is a right triangle.

Titustraraons
(1) Given A =502 B -55° and a= 26.5 feer. Find b and c
Sin 507 sin 33% _sin 757 50%4-55°4-75% = 1807
%5 b <

Set 50° on $ over 265 on D. Then 55° on S is over b, 283, on D, and 75°
on § is over ¢, 334, on D Thus b= 28.3 fect, c— 334 feet,

(2} Given A=35° B~ 40 and a =320 feet. Find b and c.
Since C is greater than 90°, namely 105°, and since it can be shown that sin
105° =sin ( 180° = 105} =sin 759, we have Sin 35° _ Sin 40°_ Sin 75°

32.6 b ¢

Make this setting and show thar b= 36.6 feet and c=54.8 fee.

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

When given two sides and the included angle, the solution is more difficult
no matcer how you solve the prob-
lemy. Note the diagram at your right B
where the triangle has been made
into two triangles by drawing an
altitude. Note the letrers assigned and
then note that

Fig. 24 &
B b
Sin A SinM_Sin 90% h _tan Csince n>= b—m; and Sin C_Sin 90°
h m  C n h a

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

Lilwstrations: A—35°, b—428, ¢—274. Find B, C, and a.

(1) Sin 35°_Sin 55° _Sin 90°

hT m 24

Set 90° (right index) over 27.4 on D. The 35° on S is over h, 15.75, on D
and 5% on § is over m, 22.%, on D.

(2) Since 428-—225=203, we have 1543 Tan C

225 1

Sec 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° S8in %0°
575 a

Set 352 on S over 1573 on D. Read a, 27.4, on D under 90° on S. Since C
turned out to be less than 45°, and if in any other two sides and the included
angle problem it is obvious that C will be less than 459, the following pro-
cedure can be used with the same letters used above.
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Sin A Tan A_Tan C_Sin C, where n=h—m.
C

1 '

1
C m n a

Hlustrations A b
A=130° b=458 c=28.2. Find a.
Sin 30° __Tan 307 _ Tan C SinCn—458-—m.

1 T = .

28.2 m n a
Set 30° on S over 282 on DI Under 30° on T, read m, 2441, on DI n=
45.8—24.4=21.4. Without changing the original secting of your rule, over
21.4 on DI, read C, 33.4°. Finally under 33.4% on 8, read a, 25.6, on DL

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 radians on D. Angles between .57 and 5.7
bave one zero between the decimal and the first digst vead on D,

Since the sine and tangent of angles of less than 579 are nearly equal, if
the angle is given in radian measure, the sine and tangent are relatively equal
to the angle iself. Therefore, the value of the angle may be set on C, or D, DI
or 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 29 and tan 2°.

Place R on C over the right index of 1. Set the hairline on the graduation
for 2° on the C scale. Read Sin 2°= 0349 on the D scale. This is also the value
of tan 2° correct 1o three digits.

(b} Find sine 0.94°.

Place R on C aver the left index of 1. Set the hairline on 94 of C and read
00164 on the C scale which is also — to ran 0.94°.

{¢) Find cot 1.41° and tan 88.59°.

Place right index of C over R on D. Set haitline at 1.41° on DF and read cot
1.41°=rtan 88.59°.=40.7 on CIE

THE L SCALE

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

To find the logarichm, set 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 1s
desired, reverse the procedure.

EXAMPLES:

{a) To find the logarithm of 326, ser the hairline over 326 and read the

mantissa 721 on the L scale. The characteristic is 2, so the Jogarithm
1s 2.721.
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thi To find the logarithm of 526, seo the rule as before bur since there
are no digirs before the decimal poing, the characteristic will be—1,
or - 10 and the logarithm will be 9720 1Mk

.06, ser the hairline over 546 on the L

(o) Toobind x when the log x
seale and read 351 on D,
(41 To find x when log x 2,540, set the rule as before bur note thar the

Characieristie 1s 2 so the number s 351

The logarithm of a number (Briggst has in general two parts, a whole
number part called the characreristic and the decimal part called the mantissa,
The mannissas are the numbers given in a loganthm wable. They are greater
than | it the Characteristuc is positeve and decimal if the characteristic is nega-
tive In a number greater than 10, the characterisuc 1s equal 1o one less than
the numbes of figures. In a decimal number, the characteristic is equal o the
number of zeros that appear before the significant figures

i TYFf FORM

A b =0, where blea

If you desire to bnd only the hypoenuse of a right triangle given the two
sides of the right angle, @ single procedure to do this 1s shown in the follow -
ing illustration. Try [t

Hacctrations:

?ﬁ: |_ .[ 5.‘

Put 3 on C under the Teft index of A. Put the aitline over 4 on C and read
178 on A, Add 10D 1o 178 giving 278, ( You will always add 100 to che A
scale reading f e value of b is not more than 3.1 times . If b lies berween
31 times & and 10 times a, add only 1013 Move hairline o 278 on A and read
5 on € under harhine

Type Form. 1_1_ 11

az=b.

A

Using a procedure similar to that followed for a'—b's

be readily solved.

¢, this type form can

HHurirations.
ty1,. 1
3Ty 1z

Put left index of C over 3 on DI Muve hairhine 1o 2 on DI and read 150 on
C. Add 100 to 130, giving 250. Move hairline to 250 on C and read 1.2 on DL

EQUIVALENT RATIOS

A table of Equivalent Ratins may be found in the window of the case. The
table is often useful for conversion of different units, (ie: inches to centi-
meters, ¢tc.) Each pair of equivalenrs is followed by a suggesced setting on
the € and D scales to give a quick, accurate proportion from which either
equivalent may be found with che other known,

EXAMPLE:

On the Fquivalent Ratio table we see that | tach=2 54 centimeters and the
suggested setring on the C and D scales is 100 opposite 294 or 100 on the €
simply moving the hairline, we
889 cm. Conversely the number
of inches may be found when the centimerers are known: 9 cm. — 354 inches;

scale opposite 254 on the D scale. Now by
find that; 2 inches—5.08 cm; 3.5 inches

5 cm.~ 1.97 inches, etc.

ERRATA:
Equivalant
Tahle

NOTE:
Correction
in SeMings

Setning far 1 cu. ft,

Setring for 1 cu, yd. =

— 02832m* should be 800 cpp. 17.

7646m3 should be B5 opp, 63.

FOUR-PLACE LOGARITHMS

tN. 4] 1 2 3 4 3 f
| 10 0000 0042 0086 D128 0170 0212 02353
[ 11 0414 0453 0492 0531 0569 0607 0645
|12 0792 0828 0464 0H99 09314 0969 1001
o130 1139 1173 1208 1239 1271 1303 1335
14 | 1461 1492 1523 15563 1384 1elt 1611
| 15 1761 1750 1818 1847 1875 190l Ju3)
16 | 2041 2058 2095 2122 2148 ¢ 2175 2201
1T 2304 2330 2355 2380 2405 | 2430 2455
18 | 2553 2577 2601 2623 2648 | 2672 2005
19 | 2788 2810 2833 2856 2878 | 2000 2023
20| 3010 3032 3054 3075 3094 | A118 3139
2 3722 3243 4263 3284 3304 | 3304 3345
22 | 3424 3444 3461 3483 3502 | 3522 3541
23| 3617 3636 3655 3674 3692 | 4TIl 3720
2 Q802 3820 3838 3856 4uT4 | 3yu2 3u09
25 . 4979 3997 4014 4N31 4048 | 65 4082
26 4130 4166 4183 4200 4216 | 4232 1249
27 . 4314 4330 4346 4362 4378 | 4393 4409
25 4472 4487 4502 4518 4533 | 4548 4564
26 4624 4639 4654 4669 1683 | 4698 4713
30 0 4771 4786 4500 4814 4829 4843 4857
31 0 4914 4928 4942 40935 4969 4083 4097
32 ' 5051 5065 5079 5092 53105 5119 3132
33 5185 5108 5211 5224 5237 5250 5263
34 © 5315 5328 5340 5333 5366 ¢ 537H 5391
35 5441 5453 5465 3478 35490 5302 5514
36 ° 5563 5575 5587 5599 3611 5623 5635
37 | 5682 5694 5705 5717 5729 5740 5752
38 5798 3800 58521 5832 5843 | 3HL5 OB66
39 5911 5922 5933 5944 5955 UGG 5977
40, 6021 6031 6042 6053 6064 6075 6085
41 ' 6128 6138 6149 6160 6170 6180 6191
42 ° /232 6243 6253 6263 6274 6201 5204
43 | 6335 6345 6355 6365 6375 | 63B5 6395
44 | 6435 6444 6454 6464 6474 | 6484 5493
45 | 6532 6542 6531 63561 6571 . 6580 6590
46 | 6628 6637 6646 6656 6660 | 6675 6684
47 | 6721 6730 6739 6749 6758 ' 6767 6776
48 | 6812 6A21 6830 6839 6848 | 6857 6866
49 | 6902 6911 6920 6928 6937 | 6946 G955
50 | 6990 6998 7007 7016 7024 | 7033 7042
51 | 7076 7084 7093 TFl01 7110 | 7118 7126
52 | 7160 7168 7177 7185 7193 | T202 T210
53 | 7243 7251 7259 7267 7275 | V2Bt 7292
54 | 7324 7332 7340 7348 7356 | 7364 7372

N. 1} 1 2 > 4 5 6

29

0204
0GH2
1038
1367
1673
1955
2x25
2480
2718
2045

ot
3365
3560
AT47
A927

4053
4265
4425
4579
4728
4877
a1
5145
327

5403
5027
5047
5763
o877
SUAR
6046
6201
6304
6405
6503
HL0G
6693
6783
6875
65964
7050
7135
7218
7300
7380

T
| Ave.
8 o |Av
(1334 0374 42
0710 0735 | A%
1072 1106 33
(300 1430 32
1703 1732 - 30
1987 2011 On
9953 2279 26
3504 2320 25
2742 765 24
2067 2089 92
3181 3201 21
5385 3404 20
3579 3398 19
3766 3784 10
3045 3062 18
4116 4133 § 17
428) 4208 | 17
4440 4456 1 16
4304 4600 - 15
4742 4757 1 13
4886 4900 ' 14
5024 5038 14
5159 5172 | 13
5269 5302 | 13
5416 5428 | 13
5530 5551 | 12
5638 5670 | 12
5775 5786 | 12
5888 58Y9 | 11
5999 6010 | 11
6107 6117 | 11
6212 6222 | 11
6314 6325 | 10
6415 6425 | 10
6513 6522 | 10
6609 6618 | 10
6702 6712 | ©
6704 6803 | ©
6984 6803 | 9
6972 6981 | 9
7059 7067 | ©
7143 7152 | 8
7226 72351 8
7308 7316 8
7388 7396 | 8
8 o |Ma




FOUR-PLACE LOGARITHMS (Continued)

TABLE OF NATURAL TRIGONOMETRIC FUNC

1 2 3 & 5 6 7 a

7404
7482
7359
7634
7709

7782
7853
7924
7993
8062

7129
8195
8261
8325
8358
8451
8513
837

B633
H692

8751
BBO8
HB6S
go21
8976

G031
9085
9138
0161
9243

9294
2345
9395
D445
9494
9542
9590
9638
9685
9731

9777
9823
9864
9912
9556

7412 7419 7427 7435 7443 7451 7459 7466
7490 7497 7505 7513 | 7520 7528 7536 7543
7566 7574 7582 7589 ° 7597 7604 7612 76l
7642 7649 7657 7664 | 7672 7679 7686 7694
7716 7723 7731 7738 | 7745 7752 7760 7767

7789 779 TRO3 781D 7818 7TB25 7832 73O
7860 7868 78T TURZ 7889 7A%G 7903 7910
7931 7938 7945 7952 7959 7966 7973 T9RD
BNO0 8007 BO14 BOXL H028 8035 8041 8048
8069 8075 R0OB2 5089 8096 8102 8109 8116

B136 8142 H149 B1%6 8162 Bl69 8176 8182
4202 8209 8215 8222 8228 8235 8241 R248
8267 8274 8280 8207 3293 8299 B306 8312
8331 8338 8344 8351 8357 8363 8370 8376
8305 8401 8407 8414 8420 B4Z26 8432 H43Y

8457 8463 8470 8476 8482 B488 8454 BS00
8519 8525 8531 8337 ° 8543 B340 8555 8561
8579 8585 B591 AG97 , 8603 8609 8615 8621
8639 8645 8651 HA5T Be63 B669 8675 8681
8698 8704 3710 8716 B722 8727 8733 BT

8756 B762 8768 8774 8779 8785 8791 8797
8314 BR20 8825 8831 8837 8842 BB4B BES4
8871 Hyt6 8882 HBHT 8893 8899 8504 $910
§027 9932 8938 BuY4l ' R049 8954 BIE0 8965
8082 8987 8993 8998 . 9004 9009 5015 9020

9036 9042 90647 9053 9058 9063 9069 9074
9090 9096 9101 9106 G112 9117 9122 9124
9143 Y149 9154 | 9le5 9170 9175 9180
9196 9201 9206 9212 - 9217 9222 0227 9232
9248 0253 9258 9263 9260 0274 0279 9284

9209 0304 9309 9315 | 9320 9325 9330 9335
9350 9355 9360 9365 | ULT0 9375 UIB0 9385
9400 9405 9410 9415 | 9420 9425 U430 9435
0450 9455 9460 9465 | 9469 9474 D475 9484
9400 9504 9300 9513 | 9518 9523 9528 9533

9547 9552 9557 0562 | 95606 95371 9576 9581
0595 @600 9605 9609 | 9614 9619 9624 U624
0643 9647 9652 96537 © 9661 9666 9671 URTS
9689 9694 9699 9703 :© 9708 9713 9717 9722
9736 0741 9745 9750 9754 U739 9763 9768

G782 9786 9791 9795 9800 9805 9809 914
09827 9832 9836 9841 0845 9850 9854 HuL9
0872 9877 9881 9880 9890 9894 9HLYG G903
9917 9921 0926 9930 | 9934 0030 9943 9948
9961 9965 9969 9974 9978 9983 9987 9991

=y
—
oyt
=]

7474
7551
7627
7701
7774

7846
7917
7987
8055
8122

8185
8254
8319

8382
8445 -

8506
567
8627

8686 |
8745 |

8802
8859
8915
83971

9025

9079
3133
2186
3238
9289

4340
9390

9440

4489
9538

9586
2633
9680
9727
9773

2318
9863
9908
9952
9996

~]1 309300

RO OO AT =) S~ s

rinLrnon AL nEndn LT G o

E I <R s ey

T sin

Co5

By interpolation, answers in dcg
are possible except for the

Angle cos tan cot
0% | L0000 L0000 .0000
17 | L0175 .9908 L0175 57.2900
27 | .0349 .0994 .0349 28,6363
3% | .0523 .9986 0524 190811
49 | .0698 L9976 0699 14.3007
52 L0872 9962 0875 11.4301
67 | .1045 .9945 1051 9,5144
79 | .1219 9925 1228 8.1443
8° | .1392 .9903 1405 7.1154
9% | .1564 L9R77 1584 6.3138
107 | .1736 .9848 1763 5.67123
11° | 1908 L9816 1944 5.1446
129 | .2079 L9781 2126 4. 7046
137 | .2250 9744 2309 4.3315
14° | .2419 L9703 3493 4.0108
15° | .2588 L9659 L2679 3.7321
167 | 2756 9613 | .2867  3.4874
17° | .2024 L9563 3057 3.2700
18° | .3090 9511 3249 3.0777
19° | .3256 L9455 3443 2.9042
20° | .3420 9397 .3640 2,7475
21° | .3584 .9336 3839 2.6051
22° | .3746 .9272 .4040 2.4751
23° | .3907 .9205 4245 2.3559
247 | .4067 .9135 .4452 2.2460
257 | .4226 L9063 4663 2.1445
26° | .43B4 Jlefatt 4877 2.0503 |
(277 | L4540 L8910 5095 1.9626
28% | 4695 .8829 5317 1.8807
20° | 4848 8746 5543 1.8040
307 | .5000 .B660 L5774 1.7321
31% | 5150 .8572 L6009 1.6643
32° | ,5299 .8480 6249 1,6003
33% | L5446 .8387 6494 1.5399
34° | .5592 .8290 6745 1.4826 |
5% | 5736 .8192 L7002 1.4281
36° | .5878 L8090 .7265 1.3764
37" | L6018 . 7986 7536 1.3270
38° | .6157 .7880 .7813 1.2799
397 | 6293 7771 .8098 1.2349
40° | .6428 L7660 8391 1.1918
419 | .6561 7547 .8693 1.1504
42° | L6691 7431 9004 1.1106
43% | .6820 7314 .9325 1.0724
447 1 6947 L7193 9657 1.0355
45° | .70m1 L7071 | 1.0000 1.0000
Angle sin cot tan

31

|

1,0000
1.0002
1.0006
1.0014
1.0024

10038
1.0055
1.0075
10098
1.0125

1.0154
1.0187
1.0223
1.0263
1.0306

1.0353
1.0403
1.0457
1.0515
1.0576

1.0642
1.0711
1.0785
1.0864
1.0946

1.1534
1.1126
1.1223
1.1326
1.1434
1.1547
1.1666
1.1762
1.1924
1.2062

1,2208
1.2361
1.2521
1.2690
1.2868
1.3054
1.3250
1.3456
1.3673
1.3902

CHE

1.4142

(ST

iy

57.2987
28,6537
19,1073

14.3356

11.4737

0.5668

H.2055
7.1853
§,3925

57588

5.2408
4.8097
4.4454
4.1336

d.8637
3.6280
3.4203
3.2361
3.0716

2,6238
2,7004
2.6695
2.5593
2,4586

2.3662
2.2812
2.2027
2,1301
2.0627
2.0000
1.6416
B871L
Hiel
7883

L7434
L7013
6616
L6243
1.5890

1.5557
1.5243

R i S

1.4945 =

1.4663
£.4396

1.4142

S0

TIONS

Angle

-0
45

Angle

ees and tenths of a degree. or vice versa,
rst five or six values nnder cot and cse.




