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Q, you've decided 10 be an engineer,

Well, that means you're going to make a lot of the vest of us look
laz}', S]EL'IJ}-. sloppy, inexact and unimaginative,

{Yes, engineers have imagination. In my opinien, i zuy who can
dream up a bridge, a road or a modern industrial machine is more
of a poet than most pocts.)

You've chosen a pip of a profession. The world looks 10 engi-
neers, and looks up o "em. Engineers have designed such things as
the Eittel Tower, Boulder Dam, the Hudson Tunnel, Chevrolets
and Fords, B-29%, safety razors, pu[wi[:lr*.k;. roller cousters, washing
machimes, Kiddie cars and a;lcj.--sa.'rupt_'rb- and | was going 10 sav tle
Grand Canvon, but T guess that Nature did that,

Every enginver and scientist needs rools and ciuipment, (1I'm
telling you!) You'll need them within a few hours after von hiit
college and keep on needing them until they triangulare vou for a
pine box,

The tools you use will have to be absolutely dependable and
precise—to within a ten-thousandth of a cat’s whisker. There is no
just “dumb luck” caleulation in an engineer’s life.




First thing on your engincering shopping list is a slide rule.

An engineer without a slide rule is like a slide trombuonist with-
out a slide rombone, You'll be cating and sleeping with vour slide
rule as long as vou live,

There are various tvpes of slide rules. Thev start with the
simplest, original Mannheim type. 'This rule has been the basis
for all the improvements and more claborate scales that Keuffel &
Esser have added since, on the Polyphase, the Log Log Duplex
Lrig and Decitrip and the Log Log Duplex Vector rules, Here again
your professor will advise you what to get, Most profs today are
recommending the Log Log Duplex Trig or Dearivig 1o their stu-
dents because these habies will handle exponential equations.

My nickel's worth is this: whatever type of slide rule you buy,
be sure it is a good one. An almost good slide rule is like an almost
good ege. It is possible for a manubicturer to stamp out slide rules

like cookies, but it really takes aches and [tins to twrn out a good
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DRAWING INSTRUMENTS

Just as a bride oets o kick ou of start ing matrimony with a ches
of the best darned silverware on carth expecting it to last her all
her married life—yvou can zit a hool out of starting vour crzinesring
tarcer with a sct of the best darned drawing instruments on earth—
which will last you all vour-engincering life. Next to vour slide vule
this is one of the earliest prin tpal investments vou'll prohably have
to make as a freshman,

You can look at them in their case, and dream aof the b icdois,
dams, tunnels and ships thar may come io lile through their use,

It’s a [act that a really good set of drawing instruments simply
citit't be cheap. Something {or nothing ain't. Buc if vou buy a set
made by a manufacturer with a fine FEpULAtion, You can count on
setting what you pav [or. If he makes several srades. as he is sure to.
vou can safely sauge the quality by the price.

Like good slide rules, gnod drawing instruments aren’ just
thrown together. Thev're a job for genune craltsmen—thev're pre
c1s10n instruments for Lifelong precision performance.

The best are made of rolled nickel silver. The nickel content

insures the necessary hardness and wearing qualities of the joints and
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moving parts, The joints mean a lot (as
whose joints don’t?). The accuracy of the
instruments depends on them, I0 the
joints of a compass wobhle, you'll draw a
wobbly circle. That is, il the joints of a
compass don’t move in the same plane,
the points of the instrument won't meet
exactly. You'll get eccentric circles, which
don't go in engineering,

The best pens are made of high car-
bon steel, stainless steel or high speed
steel. The right steel wears; solt steel
does mot.

You'll need a T-square oo, most likely, and even your T-square
might as well be a thoroughbred right from the start. A 'D-sguare
leads a hard life {it gets dropped, stepped on, wrenched and kicked
around, alas, alas) and it ought 1o be built for hardship.

You can get one that is all wood and nothing else, but there are




other kinds that are better, One that is
wood but has transparent edges 1s better
because it lets you see a full quarier inch
of the work below the line you are draw-
ing. And hest of ill is the kind with pat-
ented  transparent cdges. The patented
feature is: that the transparent edge is
a little thinner than the wood center—
that is, it is very slightly raised above the
drawing surfuce. The advantage ol this
is a double-header, First, the Lransparent
edge rides free and keeps more Lrimnspar
ent. Secomdly, the tip of vour ruling pen
i5 not in contact with the ruling edge,
I'his defies capillary attraction with its ink
blobs and smudges which are enough to
make any engincer cuss like a buccaneer,

Then come the odds and ends—the trigngles. protractovs and
curves. They come in various qualities, but here again the main
thing is to get them from a good manufacturer.

Dyaaeing boards, too. You'll likely have to gel one, They come
with or without battens to reinforee them underneath. The battens
make the board heavier, and youw'll probably go Tor the lighter kind.
It vou wish. vou ean get a surface material 1o cover the board with.
K&E make one called Laminene which is as smooth as olass and

wonderful as a base lor vour drawing or tracing paper, and is easv
to keep clean, too, I've had the same drawing hoard for about a
quarter of a century, and I love it almost as much as 1 do Mys.

Herold.

Until you get over being a lavman, vou'll probably call a scale
a “seale rule.” T still do. A scale is a basir drafring ool on which
something little usually represents something higoer. Muavbe, for
example. when 14 inch stands for 1 [aot, Anyway, vou use it o
measuring or laving off distances or dimensions which Teprescit
proportionately larger distances or dimensions. You'll depend a Tot
on good scales. The best professional scale is the hoxwood tvpe with
white facings and “engine divided” graduations. (Remember what
I said above about slide rules?)
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Then there’s the sort that is made entirely of plastic. They cost
w bie dess, and vou ger what vou pay for, And there's the hardwood
type that s merely printed.

There's the Hat type of scale, with two or Iour bevels, and the
I.]':iil[l:.’,ll!ilf' o, with six [aces, chosen l'r'!.' st :'II‘:HE".F__"L_'E Iecanse lhi_‘}
are: mare uselul. Some seales are graduated for civil engineering
drafting, divided 10, 20, 50 (and so forth) feet to the inch: others for
mechanical engincers or architects, divided 14, 14, 34 inch, and so on,
tor the oot Besides, there are special scales that are sometimes used
by mechanical engineers (known as ratio scales) that are 14 size
Flid ine —-1 Tty L4 sive (3 ino = 1 6. 14 size (610 = 1 fu.) and
suchlike. This is a Iot of detail, but vour prolessor will help clear up
Ul soveedd,

I've aboutl covered the tools vou're Hkelv to need right awav--all
except the materials vou'll be diawing on, You'll most likely Launch
vour drafting carcer on opaque drawing paper. You'll feel more a
heome oncthis at hivst because von can seratch around and blunder and
crase and redraw to vour heart's content without ruining a lot ol
MOFe EXPEnsive paper.

In engineering and commercial drafting rooms, the sharks make
practically all their drawings on ransparent tracing paper or trac-
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ing cloth. And a good deal of work is done on these in collees toilay,
But the chances are, vou'll start ofl on a not-transparent paper.

Nevertheless, there are a coupla things about tracing prapers and
cloths worth knowing, There are a number of kinds of both of them,
My own choice of tracing paper would be the kind called Albanene,
every time, 'That's what my engineering friends all tell me, (o0, And
they also swear by a tracing cloth called Phoenix. It's moisture
proot, they sav, and it scares away what they call “ghosts,”

And then, while we're on this subject. there’s a wonderful new
development called Stebilene, That's a tracing cloth made aut of
slass fibers. that just won’t change its dimensions one iota, come rain
or shine or hot or cold. 1t's very important for work of certain kinds.
But there isn't room for the whaole storv here.

Il vou're going to be an engineer, vou gotta reproduce. T miean,
vou can’t hand an original drawing around to all the people who
have to read it and work with it, any more than an author of a ook
ean pass his original manuseript avound to the entire public. Repro-
ductions are to the engineer what the printed book is to the author.
Good reproductions that are clear and casily read are necded. And i
tinkes good drawings and good materials 1o make “em.
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You GoTTA REPRODUCE

There's quite a variety of reproduction processes. One kind has
come tremendously 1o the [rant in recent vears, 1e is the dry diaeo,
ammonia developing process that gives positive line prints (nol nega-
tive like lueprings) on paper, cloth or film. That description sounds
like a big mouthful, but K&E just call them Helios prints,

Anather handy trick a lot of peoaple don't know about is the
making of new tracings from pencil originals by photographic and
similar processes. [t's a matter of minutes and saves hours of racing
by hand.

MNow we come o one or two things yvou may or may not actually
mect in college, But you'll want 1o know them eventually, so vou
might as well have a knock-down to them right now.

One of these is the dralting machine. No. this isn’t a contrap-
tion that will do your work while vou go fishing, But modern draft-
ing rooms, where they have been used, wouldn't be without them,
They are taught and vsed in some college classes. You may even use

ome in vour freshman year,
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I'he hig idea is, it permils you to move a rule all over a dra [ting
board and the rule stays parallel 10 its original position. The best

maodel works on the principle of enclased drums and steel bands.
L'he accuracy depends on the precision of the radii of the drums, il 1
A ot too studly,

Comparing a dralting machine with a T-square, triangles and a
protractor is like comparing power navigation with sailing, But if
vou haven't got an engine, vou have to use u sail.

Every engineer ought to learn how to letter pretry well, so that
what he writes will be neat and readable. Here again is an art that
has to be learned the hard wav first.

But later on, vou will want the luxury—nio, it isn’t even a luxury
any longer—of what might be called “controlled” lettering. There
are two main tvpes of this. One is done with siencils, The other is
done with guides or templates on which the letters or numbers or
even graphical symbols (mapping, electrical, welding and so on) are
grooved. KkE's outhit is called Leroy, and it consists of the guides
and a little device which has one arm with which vou trace the
grooves and another arm with a lintle pen which draws the same
letters a short distance away, clear of the guide. This is by lar the
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most practical method of lettering, because vou can see what you're

doing. There's no risk of smudges or hlabs, because the pen itsell
never towches the goide. The beawty of this kind of .Il'_'LI_I_"]_i'Ilg is that
it takes no skill, and is alwavs the same, whoever does i1, 11 has
become so popular in recent vears that ic is a "must” in literally

thousands ol Lii.‘il'lillg IO TS,

Lergy Lettering has made history. When we Americans licked
the Japs, we used a Leroy sct to prepare the surrender document to
which thev appended their John Hashimaowos that day aboard the
“Mighty Mo.”

By the wav, K&E also make a "non-professional” letering set
called Doriec, which works on the Leroy Lettering principle. It is an
excellent job for student use. You might ask your college hookstore
to let vou see one,
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 GRAPH PAPER F

Graph paper forms, too, are worth a paragraph, if vou are seill
:'t';ldill;_‘_, ('t seill l.x':':'thlg'.'] I'hese have several main uses: for pin[-
ting engineering or scientific or business data (such as showing the
variations in the price of cheese since 1863); as a guide for sketching
or drawing, etc. The selection 15 a bit confusing and alarming atc first,
what with all the available sgquare and rectangular section [orms,




the logarithmic and semi-logarithmic forms, the reciprocal forms and
the specials like electrical, polar co-ordinate, trigonometric and so
an, Youwll gee the instince Tor choosing the ones vou need, and there
are good guides to their use to help vou choose,

Anather ingenious little gimmick with which vou'll want 1o
make friends sooner or Laer s the planimeter. What it docs is 10
measure the arca ol any shape or form you want, You simply run a
tracer pomt round the periphery and then read the distance the
measuring wheel has gone while you weren't watching it. You mas

need one tor doing things like measuring

drainage arcas, or com
puting excavations or evalualing indicator diagrams. But vou can
imagine that it has got to be mighty aceurate, or vou'll he way off in

That brings us oul into the great outdoors,
Let's talk about surveving for the moment,

VEMAN arcas.

somebody has defined i as "the art of finding out where some
thing is or putting it exactly where it ought to be.” Mavhe it's a
scicniee instead of an art, for its middle name is aceuracy. Lin Yutang,
in seeking o dehne the dilfercnce between Americans aod Chinese,
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savs that the American engineers will build o tunnel through a
monniain, starting from both ends, and meet in the middle wo within
Bgths of an inch, while the Chinese will start at both ends and both
erews will go clear through the mountain, and thus get two tunnels.
No kidding, Anierican engincers have actually hit it that close, and
such leats are more or less commaonplace with the skilled man using
the right mstruments, Yes sir, you've picked a real profession! But
whether vou're building tunnels or dams or airplanes or machinery,
you can’t hope for much if your surveying instruments aren'i just
the way they ought to be, no matter how hol vou are, vourself,

The top instrument in surveving is the transit. Of all instru
ments of any kind in general use that you can think of, the transit
is about the most accurate. And it is exccedingly versatile in its
accomplishments. 11's used for establishing level lines, for measuring
vertical or horizontal angles, and for measuring approximate dis-
tances, by means of its stadia hairs and a leveling rod. Tts lesser
brother, the level, is for level lines onlv. And then there's its other
relative, the alidade and plane table, used for topographical map-
ping. If it ever falls o your lot 1o buy or specify any of these
extremely vital instruments, alwavs take into account what vou know
ol the manulacturer and his reputation when vou are looking for
quality, accuracy, reliability and long life, 'm not mentioning any
names, but vou may sense vapuely what ontfit I'm talking about,

And speaking of measuring, (was 17} 1 want to throw in a word
about tapes. steel and woven measuring tapes. Each kind has its
purpose. The steel ones are, of course, used [or aceuracy. Here, what
counts is legibility and wear. There's nothing clearer or better than
a white background with bold, black numbers and graduations on
it. Engineers swear by Wiyteface. Tapes are made in a varicty of
lengths and n all the different forms of graduation vow’ll ever need,

One buddy you'll have to have is a good Field Book in which
to record vour notes. It should be one vou can use outdoors in all
weathers and that will last forever, or thercabouts. The best ones are
stitched with non-rusting wire and will open right back, cover to
cover, without cracking. The paper should he waterproofed.
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I've been trying in as gentlemanly a way as possible thromgh
these pages to hint vou should give real consideration now and [or-
ever Lo keultel & Esser as the makers of all your enginesring and
dralting equipment.

Here's a company that is over 830 years old, and getting more
alive every year. They have been through three wars and won most
elegant wreaths of laurvel for the things they developed and built
for the armed forces in all three fracases—things like periscopes,
range and heighe finders, 10 mention a few. There is hardly a major
piece of engineering, [rom the Panama Canal to the Brooklyn
Bridge, backwards and forward, in which K&E products have not
ayed an imporant part,

R&E have a big factory, with many workers who have heen with
them for vears, some [or penerations, and who have inherited the
skills and the devodion which o into making a line of line, first
cluss precision engineering instruments and materials. K&E products

are known and respecied from coast to coast and all over the world.
The K&E catalog has been called the handbook of the industry.
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As | said at the opening ol this lecture, vours isn’t a hit or miss
profession, It's gotta be hit every time. You can’t alford to have i
any other way. It has happened once in a while that a bridge has
fallen down or a building sagged or collapsed. Now olien—but whe
knows, mavbe the insouments used had somnething 1o do with i,

Anvway, you owe it to yoursell w attach to voursell the best
equipment vou can possiblv get. Secomd rate stufl is like shoes that
don’t fit—and you know what those can do to vour feet.

S0 pick vour manudacourer, and soick to him. Find out sownie
thing abont hine Learn whie he makes, liow loareg hie's Bseer at i, s
what his rep is.

You mav want 1o toss away what | 've written herve, hut Kenflel &
Esser Co. have craltily put some valuable stult in the Losllovwing preiges

which make it a velerence book that you simply can't afford o throw
away, —d.h.




U. 5. 5YSTEM

METRIC SYSTEM

Length

I mile = 5280 fert
I vardt=" Ffect
[ fomat 12 1nches

Surveyor's or Gunter's Measure

I mile =& lurlonps =80 chaing
I chain = 100 links =66 ket
lred =5Livards =16L4 feel
Nautical Measure
I nautical mile =60807% feet
1 fathom = & [eel
1imile ==
1 meter = 3957
1 vard
1 II'(:-l_'.l'l ==
linch =
Area
I square mile =640 acees |
| acre = | square chains I
1 acre =43.560 square foet 1
I square inch =1.273% circular inches |

I circular inch = 1 000,000 circular mils

1 kilometer

1 meter

| decimeter

1 contimeter
I millimetsr
1 micron

1 amillimicron =

= 100 meters
0 decimelers
10 centimeters
0 mnillimeters
1O mierons | o)
OO0 milfhmierans (el
10 angsrroms (A)

1.460%* kilometers
) inches
= (.914 % merer
3048 % meter
2.547% cenlimeters

sopuare Kilometer = 100 hectares
heceare
are

centare

= 1000 ares
= |00 centares
I square meter

1 seare mile =2.390% aquare kilometers
I square vard =(08361" square meter
1 sguare foot =0.092%9% square meter
1 suare ineh =6.452% square contimeters
I acre =0.4047* heclare

Volume

| acre-loom

I cord

1 board foot
1 eubic vard
1 cubag foat

1 eubicinch

]

1t

43,
128 cubie feet

144 cubic inches

(1. 7646% cabic meter
0.02832* cubic meter
AT cubic centimeters

R0 cubie feer

Capacity—WVolume of Ligquids

1 L15: gallon
1 LLE. gallon =231 culne inches

I cubic loot = 7. 481 * 11,5, gallons
1 Imperial gallon =1.2* U5, pallons

=5.345* pounds of water

1 liter = 1000 * cubic centirme ers

1 1.8 gallon =3.745* liters

1 quart
1 Liter

* Indicates an approximate value,

[ 1497

=0 9463* liter
= (1.02* cubic inches




Weight or Mass

I short ton = 2000 pounds | metrie on = 1000 kilograms
| long ron = 2240 poundsy | kilogram = 1000 grams
| pound = 1é& ounces | gram = 1000 milligrams
| short ton =907 18* kilograms
1 ponnd = 0,4556% Lilogram

Angular Measureament

1 circumlerence =300 degrees

1 dewres = G} minules

1 minure = ot seconds

1 circummference =6, 2832 * radians

1 radian {a) =57 2958 " depreey
1 quadrant = 0 degrees

1 quadrant =100 mils

1 quadrant =100 grads

1 grad =100 grad minutes
1 grad minute =100 gr;_u,d secords
1 circumnference =3, 14159 % diameters

Temperature
x degrees F= r-l ;zdcgrlfﬂ O

y degrees C = (1,8y+4+32) degrees T
Absalute zero= —459.72°F = —273.18%C

Uniferm Velocity

7 e A telistance)

(velovity) o =" : = :
i {time)

1 mile per hour =88 feet per minute
| naurical mile per hour =1 knot = 11516 miles per hour
Velocity of light = 186,300% miles per second

Uniferm Aceceleration

{acceleration) o ke velocity, final) —o (velocicy, initial)
; ¢ time, clapsed)

Standard acceleration due w pravity (2.0 =32.174% feet per second
per second = 980.7 ® centimeters per second per second

Force

) : W {weighe
{force) FF=mass %acceleralion =ma = o8 :I a
A

| gram weight =980.7* dynes
| pound weight = 32.17% poundals
I pound weight =433.6% grams weighe

¥ Indicates an approximate value.
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Pressure
| atmosphere = i
I armosphere =
| atmosphers =
L atmuspheres =

14.7* pounds per 3q. in,
29.02% inches LETEuTy
33.9% feet of water

T millimeters of mercury

Work and Energy

Michanten!

I erg - | dyne-centimeter
1 gram-centimeter = 980.7* ergs
1 kilogram-meter = 7.233 lout-pounds

I horsepower sec. =550 fonot-pounds

A fermal
1 British thermal unit = 778#* looi-pounds
| British thermal unit=252* gram-calories
1 font-powncd = 0.3239* gram-caloric
I gram-caloris = 042069 % kilogram-meter

f-:'nrrr.fr,!'rr.-."
1 joule =107 erys
I watt-second = 1 joule
1 foot-pound = 1.356* joules

Power
1 horsepower = 550 foot-pounds per second

I horsepower = 2543 BTU per hour
1 horscpower = 746 walls

I kilowalt - 1.341 horsepower
 ALGEBRA, Some Formulas
Quadratic
I ax? +bxfe=02, then o= =4 :t—-;iﬁ_ dae
Binomial
(a-bh)* =g fna" '.l'j—'n':.r"_J_ E}“a 1;.2_,."_{":;1_;"_'[:’.' _2:]4,,- e

Arithmetic aond Geometric Progression

Il » = the number of terms, 2 =the first term, { = the last term, d =the coum-
maomn difference, 5 =the sum of » terms, r =the commaon ratio.

f =4 (n—1)d r=fnla1)
[ = gyt " _ﬂ’lTI
=

* Indicates on approsimate value,




sin (A48 =sin 4 cog B+cos 4 sin 8
ond (A+8) = cox A vos BFsin A sin B

tan 4 +tan hf_ chit Ll ) _eol Acot B+ 1

tan (A48 =
1F tan . tan B col B 4cot A

sin A-ain H =2 8in 1A +8) cos {4 —RB)

sin A —sgin B=2 cos HA+8B) sin 34— &)

cos A+eos H=2 cos HA+H) cox LA -

cod A —cod B= —2uin §A+B8) sin 44 —8)

gin 2 4=24gin 4 cos 4

cos i d=cos? d—sintd=1= 2an* 4 =2 cos*d—1

2 tan A ?Ad—1
tan 24 = il cot-24 SN

| ~tant 4 2 cot A
gin 44 =+7071v1 —cos A4 cos bd= 4. 7071V1 $ons A
paye Rl I o A CH B | 1

and 1 Feos A _':'M b

Solution of Oblique Triangles

Angles A, B and . Sides opposite o, & and ¢ respectively,
A+ELC=180°

sin A sin B sin O

0l b 3

al= 42— T pog A

(A LB =90°—} i s
2he
o GFe—h ; >
tan -4 d — B =—— %tan § (A4 4R)
a-h
A= {A+B +3 (A8} =} (A4+B)—4 (48

a® sin & sin ©

Area = jhcsin A=
2gin A

=Vilr —a) (s =58) (s—¢) when re= o 4-b4c)

[=2]




These are some trade marks to Iook for to make sure vou are
getting genuine KAE products:

H*E'C":"

K&EE®

POLYPHASE® Slide Rules

LOG LOG DUPLEX TRIG and DECITRIGE Slide Rules
LOG LOG DUPLEX VECTOR® Slide Rules
MINUSA® Drawing Instruments
PARAGONT Druwing Instrumeries

ANVIL Drawing Instroments

MERCURYE Drawing Instruments
LAMINENE Drawing Board Surtace Material
PARACGON® Scales

ALBANENET Tracing Paper

PHOENTXE T'racing Clach

STABILENE Glass Clouh

HELIOSY Dirv Diiaso Reproduction Materials
PARAGON® Dratting Machines

LEROYT Lettering Equipment

DORIC Lettering Eguipment

PARAGON Surveyving Instruments
WYTEFACE Steel and Woven Iapes
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