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Engineers & Scientists

With all
the companies

making the same promises,
how do you tell

the difference?

Itis difficut
pany ca::fl:'”pff?aps the best and only way is to study the com-
Mmodes DETmi?c’ it(t) see if its structure, range and operational
Sylvania E|Ectronio gmke good its promises. If you scrutinize
ient facts that 5 c ystems.. you'll discover a number of sal-

Note first ¢ tay help clarify the matter for you.

Eanizatio"‘Witii,?)-,ivama.em9|0ys the small group form of or-
Velopment el its nationwide complex of research and de-
engineering DpeF’rsa-'(_manufa!cr:turing plants and world-wide field
and development lon. This makes swift individual progress
hu:‘se Projects, possible within a wide choice of current in-

ote i
u mayp?;it\‘rcail:ﬂ).’ the diversity and breadth of SES projects.
any of thege afe:SI-n a technical or administrative capacity in
man missjle sites- ground electronics equipment for Minute-
Warfare fig|q ---research and development in electronic
Systems | otronic security systems....
PUEETS for incaree e o PUrPOSE airborne com-
Scale eleet rporation into U.S. Air Force large
fonic systems...laser systems...de-

sign of spaceborne electronic and optical systems...plus
world-wide engineering support systems,

Note that SES has worked out three distinct routes for ad-
vancement, all with equal rewards—technical specialist, tech-
nical manager, program/project manager.

Finally, note how SES encourages ambitious individuals to
accelerate their development through participation in Division-
wide conferences, in-plant courses and seminars and post-
graduate study plans conducted on an unusually generous

scale.
The success of the SES mission—to manage government

| Telephone & Electronics, the
parent corporation—-depends on the professional and intellec-
tual growth of its personnel. In every respect, SES has created
an environment to foster that growth. Be sure that any prospec-
tive employer you consider has established a
growth climate of like specifications.

Making promises is one thing. Making progress

is another.

systems programs for Genera

GENERAL TELEPHONE & ELECTRONICS

Tatal Communications from & single source U

hrough

SYIVANIA ELECTRONIC SYSTEMS

SES LABORATORIES ARE LOCATE

D SUBURBAN TO SAN FRANCISCO, BUFFALO AND BOSTON

college placement officer or write to:

For : !
Manageroffgnher information apout any of these locations, see your !
ollege Relations, 40 Sylvan Road, Waltham, Massachusetts 02154, An Equal Opportunity Employer.
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Stimulated by independent research and development?

At Douglas, we have many independent research an [ thern
right now. (They're just part of the activity at our extensive and exceptional Sou =
California facilities. ) Many of our people publish, too. Or pursue advanced degreherc
the many nearby Southland colleges and universities. There’s an exciting atmosp

D . o _ e
at Douglas for any young engineer or scientist on his way up. Interested? Con
your placement offic

te
¢ or send your resume to L. P Kilgore, Box 702-K, Corpord
Offices, Douglas Aircraft Co., Inc., Santa Monica, California. Do

d development programs underway

: ef
An equal opportunity employ

. ”f
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You can do something about it.

You ceim 44
Ou can join |
er woﬁd?M- And help shape

s IBM computers, They're

Cley «d. cancer and factors
¥ L~ 11 1+ I 3
with it. Helping educato

 Dew techniques for instruct

g

are helping to do o lot of
tor a lot of people. But

Murch' ]966

computers are only tools—the

can't think. And that's where you come
in. In your hands, man's most daring
dreams can become reality —to make
a better life for more people.

citing

If that sounds like «

cer can tell you

es with IBM.

try your hand at

o U

For more information or if you
missed our interviewers, write to:

Manager of College Relations,

IBM Corporate Headquarters, Armonk,
10504. IBM is an Equal
Opportunity Employer.

IBM




LAY THAT SLIDE Rl(.)'RLE DOWN,
“Using The Gears Between the Eanl’ |

PART THREE

FUN WITH TRIANGLES,
"Pythagonean Pastimes’

Knowledge of the familiar 3-4-5 right triangle
dates back through untold centuries to the ancient
civilization of the Egyptians and the Chinese, It
served the purpose of helping man lay out squarely
his plots and tracts of land, his villages and towns,
his highways and canals, and his buildings and
monuments,

Although these ancientm
the 3-4-5 principle for the
angle, it is believed they
results so obtained and ¢
were so. The knowledge was simply handed down
along with the other arts and crafts necessary for
the continuity of their civilizations,

Pythagoras, a frequent visitor to Egypt in the
Sixth Century, B.C., picked up much of the math-
ematical learning and lore of that country and was
the first man history records as having stated the

proof that has become aclassic in Euclidian geom -
etry,

encommonly employed
construction of aright
were satisfied with the
onsidered not why they

We recall a simple proof derived from the right

triangle, abe, dppearing in Figure 1, below: By
similar triangles,

Figure 1,

Pythagorean Proof

TRIANGLES oot Lt
In all, several hundred separate plr ropert
been drived that state this remarkab ecfd ok
of the right triangle. The story 15‘5 e
humble Hindu mathematician of severa C:ric fii-
ago once etched in a stone wall a geomg passitg
ure similar to Figure 2, at right, Bemi with e
on his way, he adorned his handiwor o 10 |
single word, BEHOLD! We leave it tg v o
cover the proof of the Pythagorean
contained in the following construction.

Figure 2, BEHOLD! B

5 (1)

4 _C,0ras=cx
X a

b _c,orb=clcx
C=% b
Adding (1) and (2) 9 3)

5 p) s (e -x) = C%
a< + bs = ¢cx + clc-x)

|
JED ONS“‘:;-

CONTINL

o |
Spartan Engif®



Have astronauts

made pilots old hat?

Sure, the boys who 4
gooffthe “pads” get the big, bold head-
lines. But if you want to fly, the big op-
portunities are still with the aircraft that
toke off and land on several thousand
feet of runway,

Who needs pilots? TAC does. And
MAC. And SAC,
‘ There's @ real future in Air Force fly-
ing. In years to come aircraft may fly
nigher, faster, and farther than we dare
dreom foday. But they'll be flying, with
men who've had Air Force flight training
at the controls,

‘Of course the Air Force also has
Prénty of jobs for those who won't be
flying. As one of the world's largest and

most advanced research and develop-
ment organizations, we have a continu-
ing need for scientists and engineers, as
well as administrators.

Young college graduates (both men
and women) in these fields will find that
they'll have the opportunity to do work
that is both interesting and important.
The fact is, nowhere will you have greater
latitude or responsibility right 27
from the start than on the

Aerospace Team—the U.S. Air Force.
Interested? The place to find out more

Murch, 1966

is at the office of the Professor of Aero-
space Studies, if there is an Air Force
ROTC unit on your campus. If not, con-
tact the nearest Air Force recruiter for
information on all Air Force officer op-
portunities. Or mail the coupon below.

I
Officer Career Information |
Box A, Randolph Air Force Base, Texas 78148 |

|

|

I Name

' College ,
I Clasyol ¥ ) oo 0 0 v e ap bl
i Address R |
I City State Zip |
I L pe———— el e J

UNITED STATES AIR FORCE



COMTINUED FROM PAGE &

Thus we have a general expression involving
the 'l‘hree sides, a, b, and c, of a right triangle,
The 3-4-5 right triangle Is the age-old example
of this relationship that Is most often cited, What
other such triangles are there withinteger sides?
Mention of 6-8-10 and 9-12-15 are simply the
same old famillar 3-4-5 triangle wearing a trans-

rent disgulse,
p‘()ultc by‘ accldent, we may have chanced upon
5<12-13 and/or 7-24-25 as other integer com-
binations that form right triangles, From these
discoveries, we may begin to suspect there are a
great many more comblnations of three integers
that express a right triangle,

From a table of squares appearing in FUN
WITH SQUARES, we recall:

262 « 242 4 100 = 242 4 102 ;
or 10-24-26 Is aright triangle with integer sides.
and 292 « 212 4 400 = 212 4 202 ;
or 20-21-29 is aright triangle with integer sides,
Continuing with the ald of the identity we found
useful In this carller part,

342 = 162 4 900 = 1624 302 ;
or 16-30-34, is a combination which reduces if
we wish to 8-15-17,
and 412 = 92 4 1600 = 92 4 402 ;
or 9-40-4] {8 a combination,

We recognize now that every odd number may
be squared to produce another odd number, For
Instance, 132 = 169, If we divide that square into
two nearly equal parts, we get 84 and 85. Now we
learned In FUN WITH SQUARES that the differ-
ence between 852 and 842 is 85 + 84. This sum,
of course, is a perfect square. Thus we immedi-
ately recognize the right triangle combination
13-84-85, This tactic may be used with any odd
number larger than unity to produce a combin-
ation of three integers that satisfy the right tri-
angle requirement.

The square of any even number is “twice
even,' taking on the form (4n), and therefore is
divigible by four. At the same time, we realize
that the sum of any sequence of integers rep-
resented by

(=) 4+n)+ (0 4+(n 1)) =(dn)
expresses the differences between two pairs of
consecutive squares

() - (n-12)and (0 y 1)2 - (n)2)
The difference in squares over the span of two
integers is (4n), where (n) is rtae integer in the
middle of the span,

We wish now to.concern ourselves with how to
make use of two seemingly unrelated conditions
that revolve around a number of the form (4n).
Take a number such as 12 and square it; then
identify the square so obtained as being (4n),

122« 144 = 4n ; n = 36
from which

(n-1) =35 and (n +1) =37
The difference between 372 and 352 is the syc-
cession of numbers 35 + 36 + 36 +37 = 4(36) =
144 = 1221 This strategem produces right tri-
angle combina;téons derived from the succession

even numbers in the pattern o -35-
14-48-50, 16-63-65, etc. p Nt

At the expense of some repetition, we are now
able to establish a particular right-angle com-

»

bination to fit every small integer larger than two,
Odd Numbers Even Numbers

3) 3- 4- 5 4) 4-3-5
5) 5-12-13 6) 6- 8-10
7) 7-24-25 8) 8-15-17
9) 9-40-41 10) 10-24-26

These in turn, eventually may be reduced to the
form of identities, where a, b, andcare the three
sides of the triangle and pn is any inEeger.

Odd Numbers Even Numbers

a=(2n-1) a=2n
b =(2n-1)2 -1 b=n2-1
{ c=n2+l

c=(2n-1)2-1
2

It is a simple matter to verify the identities by
adding the squares of a and b toobtain the square
of ¢. From these identities it also may be shown
that 1-0-1 and 2-0-2 are the limiting cases of the
right triangles that apply to the two integers left
out heretofore. Thus we see there are simply as
many of these combinations as there are integers,
both even and odd. In other words, the number of
right triangles with integer sides is truly infinite.

Continuing the tabular information of right tri-
angles for eachodd and even integer started above,
we are now able to obtain new combinations i

abundance,

Tll)t)l 11- 60- 61 12) 12-35- 37
13) 13- 84- 85 14) 14-48~Z(53
15) 15-112-113 16) 16-63- o
17) 17-144-145 18) 18-80-

19) 19-180-181 20) 20-99-10!e
Possibly we should stop searching for any ""0'_
of these special triangles now that it has been El:_
tablished there is one that fits every positive il
teger, Yet we sometimes happen across ar; ;er
ample that cannot be classified according mfzf::re
of the two groups we have established heret o
The integer 20 is a part of nofewer than fiv(e)_ﬂ_
ferent combinations, 12-16-20, 15-20-25, 2 i
29, 20-48-52, and 20-99-101. Twoof the exal;lfpm
may not be reduced to simpler form, and one oo
examples lies outside of the defining iden o
we have derived. There must be more of t e
odditics than the one-for-one relatlonshi% Yln-
respect to numbers themselves, but a new d€
ing relation for determing them is required.w'llch
There happens to be just such a relation i
arises in the most roundabout way. Rec:alliﬂf;2 3
double-angle formula from trigonometry, tan

2tan B
1 -tan g

-12ab

b2-32

Figure 3. Role of Double-Angle Formula in Pro”
ducing Pythagorean Triples

A
CONTINUED ON PAS
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A career at LINDE
IS a matter of

cegrees
R

Degrees—temperature as well as engineering —really
matter at Union Carbide's Linde Division. s

Linpe, a leading commercial producer of industrial
gases for over 50 years, is now engaged in many diverse
industrial activities. Heat, cold, pressure, vacuum, and
engineering talent are the basic creative tools used in
continuing efforts to develop new products and ad-
vanced technological capabilities. Temperatures uti-
lized may run as hot as 30,000°F., to as cold as —452°F.
This work particularly requires the skills of Mechanical,
Chemical, Metallurgical, Electrical, and Civil engineers.

There are excellent opportunities in programs in
Cryogenics, Plasmas, Flame-Plating, Industrial Gases,
Electronics, Molecular Sieves, Bio-Chemistry, Crys-
tallography, and other technical areas.

You can look forward to a rewarding career in Re-
search, Development, Engineering, Production, Sales
Engineering.

LiINpE is a nationwide organization with offices,
plants, factories and laboratories throughout the coun-
try. Where you work will largely depend upon the work

you do.

Research and Development: Linoe has four tech-
nical centers at Buffalo, N.Y., Newark, N. J., Indianapo-
lis, Ind., and Cleveland, Ohio.

Production Facilities: LinoE operates production
facilities in nearly every state of the Union.

General Offices and Sales Offices: Linpe's general
offices are located in New York City; region sales of-
fices are located in major cities throughout the country.

Linoe offers a progressive employment benefit pro-
gram: relocation; Educational Refund Plan for ad-
vanced study in your field of interest. Promotion from
within is a basic company policy. If you'd like to know
more about your opportunities with us, contact your
College Placement Office. A campus interview can be
arranged with one of our representatives. Or write to:
Union Carbide Corporation, Linde Division, Recruiting
Department, 270 Park Avenue New York, N. Y. 10017.

P UL | (NDE DIVISION

CARBIDE

AN EQUAL-OPPORTUNITY EMPLOYER



CONTINUED FROM PAGE 8

Now, if tan 8 = a/b, an integer fraction, then

tan 26 = 2a/b - _2a/b b2
1-a2/p2 1-a2/p2 b2

Thus, tan 26 is still an integer fraction, and 2ab
along with (b2 - a2) may be used to form the two
legs of a larger right triangle as represented in
Figure 3. Further, upon obtaining the square root
of the sum of their squares we learn that the third
side, or the hypotenuse, is (b2 + a2), another
Integer! All three sides of any right triangle de-
termined In this manner are integer values.
Glven any Integer fraction, a/b, less than unity,
a right triangle follows automatically from these
simple manipulations,

The following form, with a few examples, is sug-
gested for the mass production of these special
triangles which are now known to permeate the
scene, It is suggested that the investigation pro-
ceed systematically with integer fractions such as
1/2, 1/3, 1/4, 1/5, etc., until it becomes evident
Just what further types will appear from that
serles. Then begin 2/3, 2/4, 2/5, etc.,until a new
series unfolds, Each numerator, when used in
combination with the successive integers as a
denominator, will produce a series of triangles
which may be found by inspection after the first
thre « or four examples,

TABLE 1, Right Triangles with Integer Sides

from Double-Angle Formula

a b a? p? 2ab b2 - a2 p2 _ ;2 Triangle
R S 4 4 3 o] 3- 4- 5
? CARE: S TR 45 53 28-48-33
3 8 0 64 48 55 73 48-55-73

It may be well here to take a mome
10 comprehend the infinite, We learned first that
each integer may be used to generate a right tri-
angle combination, ylelding in the process two new

ALECT_INLCECTS 10 spur us on, Now we gee that each
Integer may be used with the infinite array of in-
tegers to produce Pythagorean triples, Moreover
this infinite array may be performed an infinite
number of times, Finally, each of thege infinity of
infinities of Operations produces three new in-
legers that form three possible combinations of
a/b that feed new numbers to the formulation
for our purposes faster than they can be consumed

The preceding discussion is largely purely the-
oretical and may -appear to have little practical
application, Yert, it hag been passed along to spur
an interest in thege phenomena and has been pre-
sented with the hope that you will come into cloger
working contact with the readily available nctw.ork
of facts and dara which are number theory
‘ Long usage ig what makes the old t;hO(.‘ fit
fL:;rr:do[rltably, and it takes usage to make the in-

allon containe is ¢ >
DAEtS Wort l‘]l;.\d in this and the pPreceding
quﬂ;gzei ;m:r'| problems everywhere throughout
;he ad]jitin p );s neering that involve
eyl on o vec;or Quantities in g two-dimen-
;‘o al system. Every one of these problems can
¢ reduced to the solution of one or more right

nt in trying

10

triangles. Given the x and y components of two o
more vector quantities, the situation often ariges
that the sum of the vector components along one of
the axes will predominate. An example is an al-
ternating-current electrical circuit analysis wit
some reactance, butlargely resistance prevailing,
Another problem is a turbine stage velocity dis-
gram where either the x or the y component of
the steam velocity may be small, depending upo
whether inlet or exitconditions are in mind, There
are countless tractive, friction and conveying
problems where a small grade or incline is in-
volved. Other problem solutions of this natre
concern the boat crossing a river with a current
or an airplane flying with a cross wind.

We know, of course, with precision that the
solution of a right triangle involves solving &
equation of the form

c2 = a2 4+ b2,
for one of its parts, a, b, or c. We may electo
rearrange the above equation in the form

c2 - a2-=p2

The lefthand side begs of factoring

(c +a)(c -a)=bh2 d
Dividing through by the term, (c +a), ylelds

(c - a)=Db2/(c+a) 5

c=a+b2/(c +a)Fa+bla
Where ¢ is unknown, we may get a first aPle"'
imation for the hypotenuse of a right triang igti?;
solving the approximate expression on the r -
above. Similarly, if a short side and the hYPOIZ““as
are known, we may approximate the long side
follows:

aZc-b2/2. a

We will see later how we can improve upon
results of these approximation methods. il

The ancient civilizations used these mer ¥
in their approximate solutions of right [ridr:fere
before methods of extracting square roots1 i
invented. Ir is interesting to observe how ¢ osand
Interrelated are the problems of square rootsoﬂ_
right triangle solutions. We learned to aPPé\LS
mate square roots in FUN WITH REC!PROH:WS
by using a method that is virtually synony
with the derivation above. - 110

As an example assume a resistance, %xohm&
ohms, and the net reactance, R}( et ARES
Applying methods learned in FUN WITH SQU o
we recognize immediately that R 2= 15

)
units. We also know that the interval between 1[;0',
and 1112 comprises some 221 ‘‘square qurou;l
We adopt the convention of putting quotes %hle (]
the 221 ““square units’’ so that it is possl

imeé
work in terms of a, b2, and c at the samie‘f‘ﬂe
without becoming confused. We may the
simply state that if,
Z2 = R 24 R 20hms,
X y
then, Z 2110+ 225
221
2111 4+_4 =111 +1/55.5
222

F-
Now, we should recall from FUN WITH RECI
ROCALS that

Foaert
1/18 = (1/2) (1/9) =(0.5)(0.1111.....)=0,0555>
Turn about being fair play, 1/55.5=0.018. We o

g 12
CONTINUED ON PAG
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IfI join
the Timken
Company
after
graduation,
what

will they do
for me?

The Timken Roller Bearing Company \j

Murcf,’ 1966

Every man with any job hunting experience knows not to ask that question.
And yet, we think it has some validity. After all, a man’s growth can
depend as much on the company he works for as the company’s growth
depends on the man (remember, there are no statues to committees).
Solt(-) invest in your growth, and ours, every young graduate engineer
who joins the Timken Company spends up to four years in one of 22 in-
dividualized training programs.

Extensive training
Instruction takes place on the job and in the classroom. Later on there are
executive development programs at leading universities.

But don’t misunderstand us. The Timken Company is not a graduate
school. With us, you earn as you learn. '

As one of our engineers, you'll learn much of what we know about tapered
roller bearings, or fine alloy steel, and their infinite applications. Hopefully,
you’ll teach us something, too.

You can be an indoor-type working on straight application engineering,
research, testing and production. Or you can be an indoor-outdoor-type
and work in sales engineering. It doesn’t matter—choice of assignment is
up to you.

Challenging assignments
If you choose the latter group, you'll work in automotive, industrial, and
railway bearing sales—or steel sales—helping customers solve rheir engineering
problems, which are also ours.

Some of our recent efforts: bearing engineering for a telephone cable-laying
ship now crossing the Pacific, the Alweg Monorail, the world’s tallest crane
and biggest strip mining shovel, Craig Breedlove’s Spirit of America, a
moveable grandstand for the new District of Columbia stadium. Steel prob-
lem solving for Atlas missile silos, Project Mohole, the latest Kaman Heli-
copters, a 400-foot crane boom and hundreds of automotive gear and die

applications.
We won’t forget you

Advancement is not restricted to one department or division. A steel sales
engineer may be transferred to automotive sales and from there to Inter-
national. Whatever your job, we’ll never forget where we’ve put you. This is
one of the advantages of working for a company that is the world’s largest
producer of tapered roller bearings and a foremost producer of seamless
steel tubing, but is not the world’s largest corporation. We employ about
20,000.

The Timken Company has three products: Bearings, Steel, Rock Bits.
Uses for these products number in the growing thousands. And there is

always something new stirring. .
The dramatic switch of the nation’s railroad freight cars to roller bearings,

a field we pioneered, is an example.
An international company
There are 31 Timken Company sales offices in the United States and Canada.

Practically every major city has one. -
We serve markets in 119 countries from 14 manufacturing plants located

in Australia, Brazil, Canada, England, France, South Africa and the U.S.

And we’re still growing strong. .
If you are, too, we'd like to hear from you. Write to Department MC for

Career booklet. )
An equal opportunity employer.

1

12 Canton, Ohio 44706
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CONTINUED FROM PAGE 10

now state Z to a greater degree of precision than
any laboratory measurements of resistances al-
low: II‘4”

(Not to scale,)

Z = 111,018 Ry =15

Z = 111 “221”

Rx" llO

Fligure 4, Solution of 15-110» 111,018
Right Triangle

(The curved line,«, used above implies that the
following term in the triple of numbers forming
a right triangle does not yield an exact solution
but does yield a solution that is correct through
the number of significant figures furnished,)

Or, In a turbine problem, given a vectorial
equation

V‘: = sz + V:',2 feet per second,

Data are supplied, Vy = 50 feet per second
and Vy = 410 feet,

We quickly ascertain vy2 - 2,500 ““square
units.” Applying these units to the task of in-
creasing the square of Vy to include the square
of the next and succeeding integers beyond 410,
we Immediately see that hardly more than three
additional integers can be Included, It takes 821
units to get from 4102 to 4112, an additional 823
units to get from 411210 4122, and lastly 825 units
are required to include the difference between
4122 and 4132, Including three significant figures,

ttlw solution of V4 = 413 feet per second is com-
plete,

(Not to scale,)

V4 = 413,04
Vy = 50

a1 iy
“2500""

Figure 5. Solution of a 50-410-413 Right Triangle

Vx= 410

It is within our Capabilirt ¢
) ¥ to carry the above
;.olultlio(;l (;ut ;o 413,04 if we dared introduce the
mplied significance and accuracy inthe veloci
detcrminutions. d an
Assume a new Ccircumstan

ce in which th -
tenuse or a righe triangle i i g

s known, along with a

(Republication
rights reserved, )
Madison, Wisconsin
March 13, 1064
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proportionately small side, and determine the
other leg. For example, given:
F2 = Fx2 4+ Fy2,
where F = 2,000 pounds ,
Fy = 600 pounds; find Fy.

Nearly 4000 ‘““square units’’ interms of Fyzare
required to yield Fy a single pound less‘than F,
itself. As it happens, Fy2 = 360,000 “square
units,”” or enough for 90 such intervals. Now we
may state cautiously that Fy = 1,910 pounds, We
nevertheless realize that we have applied an ap-
proximation method, whichis only nearly exactfor
the first interval, though 89 additional increments,
Yet, if we perform the actual solution by longhand
methods, the four-place answer is Fy = 1,008
pounds. The accuracy of the short-cut method is
99.9 percent in this instance whereas the angle in-
volved is the arcsin 0,3000, or approximately 17,5
degrees, We mention this because the accuracy of
this method depends upon the magnitude of the
acute angle involved, and not upon the length of
the sides. You may verify that the method is ap-
proximately 99 percent correct where the angle
is 30 degrees, Insofar as either one acute angle
or the other in a right triangle has a good chance
of being smaller than 30 degrees, the method
may be employed over a wide range of applica-
tion,

In assuming above that Fx = F - Fyz/ZF: "f
error of a single unit was made in the first aPr
plication of the approximation, three units erflioe
appeared in the second approximation, then "_
units error, seven, nine, etc., units in each suc
ceeding approximation until 179 units error waf
introduced in the 90th instance. In all the accum
ulative error is:

Units error = 1 + 3 + 5t.... + (2n-1), where

n = 90, i
Recall now FUN WITH SQUARES and recogn of
that the sum of the accumulated error representh
by the series above is nothing more than éds
square of 90! That is, the sum of the firstn
numbers is n2, itself! Therefore, the accumulat
error after 90 intervals totals 8,100 units. These,
In turn, suggest that two additional intervals n}dﬁ
be included, of F = 1,908 pounds. This solutd 20
Now agrees with the calculated answer referre
above, =

AS a matter of fact, we may tabulate the pro
lem as below and eventually arrive at any desire
degree of accuracy.

Fx = 1,910 - 8,100

3,810
- 1,909 - 4,281

3,817
= 1,908 - 464

3,815
= 1,908 - 0,12
= 1,907.88,

Although we started with 3-4-5 as a right ut
angle, we now also recognize 600~1907.88- te
4s being another, where the 1907, 88 is as accurd
as we please to make it!

.,
e
.,

e

Professor PaulJ, Grogan, Chairman
Department of Engineering
University Extension Division
The University of Wisconsin
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ON PLANETARY LANDINGS BY
SPACECRAFT

In Part 1 of this discussion,
pulished in the January issue of
the magazine, we derived and dis-
cussed certain preliminary re-
sults, These results are ex-
tremely important; the entire
discussion of the specifics of a
planetary landing, as presented in
this article, can be carried on
within the framework of these re-
sulta and their implications,
Therefore, we will restate them
at this point,

(1) Variation of atmospheric
density with altitude:

* poe ~(m/RT)gy
where m is molecular weight of
the atmosphere, R the universal
gas constant, T the Kelvin tem-
perature, g the acceleration due
to gravity, y the altitude,

(2) Shape of a Keplerian orbit:

oy l1+E
min T+FE cos
where r is radial distance from
the planet’s center, E the orbital
eccentricity, rmin the perigee,
and # the angular distance from
the perigee,

(3) Eccentricity of orbit, when
ship’s motion ig approximately
parallel to the planet’s surface:

E =, (vzr/ng -1

where v g the ship’s veloeity
relative to the planet’s center
and R the planet’s radius,

(4) Velocity of g ship falling
toward a planet;

vV =vo + Y2gR /-;
where Vg, is the velocity relative
to the planet’s center of the ship

when it ig veryfar (at least 2
from the Planet, i

14

PART TWO

(5) Drag forceof an atmosphere
on a ship at any time:

& 2
F=1/2 pu’scy

U is the ship’s airspeed, S the
surface area exposed to the air-
stream, and Cp the ship’s co-
efficient of drag,

(6) Reduction in airspeed as a
result of drag in a constant-
density atmosphere:

Ui
Us

(l/ZUiPSCD/M)t +1

where Uj is the ship’s initital air-
speed, M the mass of the ship,
and t is time,

(7) Angular distance traveled
by the ship while decelerating
under atmospheric drag:

M
- d, +[1/2PSCDreff]

x[1n @1 . 1/2U;85C5t/M)]

where go is the angular position
of the spacecraft on entering the
atmosphere (which is of constant
density), and Teff is half the dig-
tance between R ang the upper
limit of the atmosphere,

(8) Radial velocity of a ship
which is under the effect of grav-
ity, “centrlfugal force’”, and a
{;)dial drag force which obeys Eq.
. VG
T= ctanh c VG t' where we have
made the fo]]

owing changes of
variable;

C = @ -v2ref);c2- 172050 p/M;

1 In E‘—Qiq’

=14 1
SO

VG

by Tom Heppenheimer

fo being the initial radial veloc-
" led by
Radial distance traveled D
the(:g)ship whose radial drag force
obeys Eq, (8): r = rp, ,
- 1 lncosh ¢ NGU.

C

(10) Velocity of a ship thllcrlinl;
moving vertically and is
rockets:

V’-‘_I_ln MQ —gt—Vo,

¢ o B/ (and I8
where T is rocket th:rusthe -
not to be confused witht %)
Eq. (1), Mg, and v are the -
initital mass and velocity,tion
is the rate of mass ejec
kets,

th?-lzs(i:ng restated these re::lmé
we may now go on to discllé-,l‘n phe
specifics of a planetary] e

We need consider on yroac
portions of a landing ﬁ];l;e
which lie in the atmosp ; e’al'
when a ship is outside el
mosphere its orbital n‘tlge o
governed explicitly by i e
of Kepler, In p.’clrtic:ula\r:,tmna
ship’s velocity and dire:npom'
motion are known at agiv e foutd
then the eccentricity mE;YS gener-
from Eq. (3) or from tuss in
alization which was disc{-‘urthefn
Part I of this paper. d bydﬂ'
the perigee may be fOE;Itlh ’ csped
ferentiating Eq. (2) W ive
to &, setting the deriva of motid
equal to the direction . poith
of the ship at the givforrmm.
and proceeding to solvehrough

If a ship is passing ttwo P
atmosphere there are€ o that the
to consider, The first S ories o
ship is undergoing awlll there
braking ellipses and
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CONTINUED FROM P AGE 14

fore leave the atmosphere again;
the second is that the ship will
remain in the atmosphere and will
land directly, These cases cor-
respond respectively to Steps 1
and 2 and to Step 3 of the gen-
eralized landing approach dis-
cussed in Part I of this paper,

Suppose a ship is passing
through the atmosphere in a brak-
ing ellipse (as opposed to a ter-
minal descent), It is a well-
known fact that the ship will not
be strongly braked along the en-
tire length of its flight, but will
undergo a rather short period of
intensive deceleration about mid-
way through its atmospheric
flight, this short period being
bracketed by much longer peri-
ods in which the deceleration is
rather small, Thus we may ideal-
ize the situation as one of flight
down to perigee with velocity
unchanged, with a sudden de-
crease in velocity in the im-
mediate vicinity of the perigee,
followed by flight up from the
perigee to the atmospheric limit
at constant velocity (the reduced
velocity),

A physical system described
by this model is that of a stone
skipping over water: it flies at
nearly constant velocity, but its
velocity is reduced very suddenly
during the time of contact with
the water, Now it is a remark-
able fact that if a spacecraft
has the proper shape and enters
the atmosphere at the proper
angle, it will glance off in a
manner precisely analogous to
that of the skipping stone; this
was first shown by Sanger and
Bredt in 1944, This analogy lends
credence to the model.

The corresponding idealization
of the orbit is a “plecewise”’

Keplerian conic, the first part,
extending down to perigee, hav-
ing the €ccentricity associated
with the ship when it enters the
atmosphere and the second part,
extending up from the Perigee
having the eccentricity associ.
ated with the ship when it leaves
the atmosphere,

The key to ana
lem, then,
the proper

lysis of the pProb-
Iiesi in determining
Perigee, There is no
explicit solution to this problem

in the form of an equatio

i : n, but it
I8 possible to get up an it’erated
Process which wil] lead to the de-
sired solution, Thig Processg

Tests upon two theorems, which
we will now consider,
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Theorem I is motivated by the
fact that the idealized orbit dlis—
cussed above is, ordinarily, (i.e.
for moderate reductions in yel—
ocity) very nearly symmetrical,
with the perigee lying near tl}e
middle of the flight path, This
theorem states: Let one space-
ship follow the idealized orbit,
S0 as to enter the atmosphere at
a point gp and leave at a point
ve, 8o R2Be , Teducing its veloc-
ity in the process from vg to ve,
Let an identical spaceship fly at
a constant altitude which has
been so chosen as to insure that
this ship will also reduce its
velocity from vy to ve while
traveling from position @, to de.
Then the average velocities for
the two flights will be very nearly
equal, and furthermore will be
given approximately by:

v [ kV h -
av k-_.Q+ 1 where k ve/vo_

To prove this, it is necessary
to consider the two situations,
In the idealized orbit the ship
travels half the flight path atvel-
ocity vo and the other half at
velocity ve, Let s be the length
of the flight path, The time for
traversing the firsthalf =s/2v,,
Likewise, the time for traversing
the second half is 8/2vg or
8/2kv,, Thus the total time is
(8/2vg + 8/2kvg) = s(k + 1)/2kvg.
Then the average velocity is as
given in the theorem, 2kvo/k+ 1,

For the constant-altitude sit-
uation the mathematics is not so
simple, The relevant equations
are Eqs., (6) and (7). These,
however, are written for air-
speed, or velocity relative to the
surface of the planet. The air-
speed U and velocity v differ by
a factor WX rgff, where @ is the
planet’s angular velocity and X
Te€presents the cross product,
However, the difference between
Uandvis ordinarily quite small,
amounting in the case of Earth
to about 57 at most, in the case
of Mars to no more than 8%, and
in the case of Venus to verynearly
zero, Thus we may modify Eq, (6)
slightly and the modification will
still be quite accurate, The mod-
fified equation will read:

V= vi
/2 U;PSCH/ Myt + 1,

This equation is not exact, as
was the unmodified (6), but for
f t such as we will

VO
1+ Qt,
Let T be the time required
reduce v from vg to ve; then this
equation implies that Q %l

Then we have:

"’1—»,(11'-‘%/?1?

To find vay we must integrate
this expression from 0 to T and
divide by T:

T a

Voo =

Al Y ey
ka T_[(_]'ﬂ.ﬁ&ed%]—
vok

*1-K 1n (1/K)
Consider now 1ln (1/k). Let_li-

"

+x so that x = l-k, If we e
I-x l+k
pand in a Taylor series abouf
the point x - 0 we have: In_H
2(x -x3 + x5 -...) But for Il

2 5
we can easily neglect higher
powers of x, Then, making ape-:
propriate substitutions, we hav
In (1/k) = 2(1;];), or, multiplying
1+
=k,

by the coefficient %’vav-z‘ﬁf
But this is precisely the exll‘:ireea!i:
sion for vay found for the "
ized orbit, Thus the theor

roved,
! From this theorem wehilf'e"m
extremely useful equations: m
¥, 2vgk = 2vpVe

ava T kK Vo+Ve

M m— L B
vg *1+ 1/2P0;5Cp1/ 1d(en'
Theorem II states: If t}:"‘;ﬂel_
tical spaceshipsreducetleby i
ocity from vg to Ve solehz s
mospheric drag, then t g g8,
encounter the same massth fact
The proof stems from eetheif
that if the two ships red?}fen ey
velocity from vo to Ve s
must lose the same am
momentum, Theonly Way & 5
lose momentum is to tra‘]:et
to the gas encountered.
mass of gas encountel < of §
ship be mj and the mas pe MY
encountered by the othEI;v 4
Then we require that m1 hg,resef
= may(vg - Ve), from whic
immediately that m] = mz-eﬂgee,
Now we may find the PS¢ Guess
The process is as followg;nce i
a value of the perigee.>! 4
CONTINUED ©N it
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CONTINUED FROM PAGE 16

and ve are known, it is possible
to calculate the idealized orbit,
Now calculate the mass of gas
which lies along this orbit; to do
this it will be necessary to com-
pute the value of the line integral
of Eq. (1) along the path of this
orbit; this computation is dis-
cussed further on in thie article,
Now under the above two the-
orems it follows that the ship
could travel along an “‘artifici-
al'’, purely mathematical, con-
stant-altitude orbit so chosen as
to reduce its velocity from v, to
ve while traveling from gg to de;
if it were to do so it would en-
counter the same mass of gas as
it would along the idealized orbit,
and would require very nearly the
same time, T, Let the mass of
gas that must be encountered be
mg, and let s be the distance in
linear units (not radians or de-
grees) between g, and @e, meas-
ured along the orbit, Find mg/s;
this would be the density of gas
In the constant-altitude orbit, p.
We find v,y from Eq. (11) and
knowing s, we can easily findT:
T= 8/vay, This T and ¢ can be
put Into Eq, (12); the implied
equality will hold if and only if
the proper value of the perigee
was guessed at the start, For if
the value guessed was too low,
then p will be too high, and the
value computed from (12) will be
too low; if the value of the per-
lgee was guessed too high, the
value computed from (12) will be
too high,

This therefore makes possible
an iteration which will converge
eventually, It should be noted,
however, that the process is la-
borious and is best carried out
by computer, In particular, the
calculation of mg by computing
the line integral of Eq. (1) along
the path of the orbit will proceed
in the following manner:

Suppose the orbit hag been cal-
culated; it is in two “branches”
either of whlich ‘és givenby Eq, (2);
L= +
h rmm; T8 here Ej is
the eccentricity correspondin to
either vo or vz as the lc):ase n%ay
be, It will benecessary tofind the
variation of altitude with @; this is

r-R,ie, v(@) ;(i:E.;%rmm -R
i COS @

or y(e) » Y min 1 4 Ej

1
+REi(1-cos " tEjcos @
14 % cos ¢

€re Ymin is the

altitude at perigee, This is the ex-
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pression that must be put in the
exponent of (1) in the place of‘ Y,
the resulting expression being in-
tegrated between appropriate
limits, This integration cannot be
carried out except by computer,
for the integrals involved cannot
be reduced to known functions,
functions which have been tabu-
lated,

As a point of interest, however,
there are special cases for which
the integration is simple indeed,
These are the cases for whichgg
or @e is rather small -- less than
0.4 radian, For such cases (1 +
E cos #)2(1 + E),and from the

Taylor expansion,cose=1-1/2¢2,

Putting these approximations
into the general expression for
y(@), we have the approximation
V(@2 ymin + REg2 . This ex-
2(14E)

pression can then be substituted
for y in Eq, (1). Then we may set
up the line integral for mg:

mg = po [ °1 - (mg/KT)

REa2) =o€ -ME¥min
2(14E)’ de KT

#i mgRE g2
o € 2KT(]+E) dg

where we are calling the univer-
sal gas constant K, not R, to avoid
confusion with the R that repre-
sents planetary radius,

But this integral can easily
be ivaluzated, for it is of the form

-t

0 € dt. This integral, or
rather a variant _which is mul-
tiplied by 2/A/TT, is called the
“error integral’” and has been
tabulated extensively, for exam-
ple, in Jahnke and Emde’s Tables
of Functions with Formuiae and

(Ymin +

Curves

Now let us consider the termin-
al landing phase, in which the ship
enters the atmosphere and does
not leave but spirals to a landing,
The solution to this problem will
vield only to a computer, but the
key lies in a relatively simple
iterated process. Let the atmos-
phere bedivided into a large num-
ber of equally-spaced layers,
each layer being only a mile or
80 thick so that density in each
lyer is very nearly constant, As
a ship traverses an individual
layer its tangential velocity will
not 'c'hange by very much; hence
the ““centrify gal force’ will
change little, and G of Egs, (8) and
(9 may be taken as constant for
a given 1_::1:|re_1:= Then, remember-
Ing thatv -TU 4 g3 xi\", Egs, (6),

(7), (8), and (9) may be applied
successively to each layer, the
conditions of the ship at the bot-
tom of any given layer furnishing
initital conditions for the appli-
cation of these equations begin-
ning at the top of the next layer
as the ship descends, It is even
possible to account for the useof
dive brakes or parachutes, for
these will change the values ofS§,
the exposed surface area (and
perhaps also the valueof Cp), hut
it is a trivial matter to arrange
the boundaries of layers so tha
these changes will occur at such
a boundary, In this fashion the
ship may mathematicallybe
tracked on down until it is rather
near the surface of the planet,
for near the surface it may well
be desirable to fire retrorockets
for the final touchdown, Thisis
especially true if the planet in
question is Mars; it is fairly
certain that the final descent must
be made by rocket, rathe'r fn
the manner of the Russians’ Ié-
cent Luna 9, o
It may reasonably be assum
that through the use of appropri-
ate aerodynamic braking de‘-'icz
the ship has greatly reduclrl
its airspeed so that it is mov hS
only slightly with respect totle
surface, Further, it is reasonablé
to suggest that thereare tWOPO[:'
sible cases, In the first case tt
rocket would have been s]owafe
by parachute to just overa lslght
touchdown speed, and only a8 e
“kick’” would be neededforasase
landing, An example of thisfc "
is to be found in a series 0 ‘:m
periments recently <:a::'3:ie<10l1tni
Texas on the landing of Gemak_
capsules on land, The maln?:the
ing was by parachute; only o
last few feet of descent were
rockets needed, and theseW -
quite small.* For this caeaﬂy
mass of the system is Very nef b
constant, and the problem © .
altitude at which retroflreme’
begin for there to occur :n
sired velocity reduction € ingle
solved quite easily by 2 #
application of Newton’s laws'shlp
In the second case th(:1 i
must be slowed a great eo &
100 feet per second, OF T
as a reasonable estimate. o0kt
the ship will have to cuf . the
from its parachute and effeti i
remaining descent 80l€Y

*See Time, August 13, 1:?2-3&
62 for an account of thes g
CONTINUED ON PAG
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The Corppany‘s first engine, the Wasp, &
to the air on May 5, 1926. Withina Ju-‘
Wasp set its first world record and rw
to smash existing records and set stans
for both land and seaplanes for ;m
;:ome, carrying airframes and pilots h?;--
baerft;.rir-. and faster than they had ever g

d by P

In recent years, planes powered =
& Whitney Aircraft have gone °
new standards of performancé i 2
same way as the Wasp ha o
1920's. The 727 and DC-9 are M|
the new family of short-lo-med‘uw‘.
jetliners which are powered B e
successful JT8D turbofan: e
current military utilizations are 1'17
powered Mach 3 YF-12A which ”.'_-
established four world aviation fecﬂt b
the advanced TF30-powered FALY
geometry fighter aircraft.

an

TOTAL TECHNICAL PERSONNEL

o

1938 1942 1946 1950

aKe ¢

P':ttlogkvjfnihe above chart; then a good long look

o excting gr:eifhﬁurcra_ft—_where technical careers

abity—whe wth, continuing challenge, and lasting
re engineers and scientists are recog-

®d as the maj
s jor reaso '
ued suiccess. n for the Company's con-

gineers . .
® today ae:(éiosr?;entlsts at Pratt & Whitney Aircraft
#1By Conversion fg the ever-t_aroadening avenues of
B b Ofor every eln\.'lronment. .. allopening
s ens exploration in every field of aero-
euk stace WGrk‘lndus.trlal power application. The
gement's det mg.on vthese programs, backed by
most advanceq fac‘?lr'?mahon to_ provide the best and
1%2dy given the CII ies and s_uentific apparatus, has
ot land, sea, i aorgpany a firm foothold in the cur-
_‘"*”T’f's Py Tl?e lspace programs so vital to our
Our technical stafs ist of ‘ach{evements amassed
%ielopment of com is a veritable list of firsts in the
" Tirst Wasp en lpact power plants; dating back to
)2 Position of \Eon'lé" which lifted the United States
Eineering ang scier d_ -Ieader.ship in aviation. These
* YMmpany tq Obtn'tlﬁ-c achievements have enabled
ain its current position of leader-

» &

hana

i1l

@

PRATT & WHITNEY AIRCRAFT TECHNICAL POPULATION VS YEARS

RECORD OF STABILITY
(No dip in technical population

| for the last quarter
| of a century)

¥ Pratt & Whitney Qircraft DIVISION OF WTED%WTC

CONNECT
FLORIDA ICUT OPERATIONS EAST HARTFORD, CONNECTICUT
OPERATIONS WEST PALM BEACH, FLORIDA

PROJECTED GROWTH _____“L‘O
&

B e,

i

|

1954 1958 1962 1966

ship in fields such as gas turbines, liquid hydrogen
technology and fuel cells.

Should you join us, you'll be assigned early responsi-
bility. You'll find the spread of Pratt & Whitney Aircraft's
programs requires virtually every technical talent. You'll
find opportunities for professional growth further en-
hanced by our Corporation-financed Graduate Educa-
tion Program. Your degree can be a BS, MS or PhD in:
MECHANICAL » AERONAUTICAL ELECTRICAL « CHEMICAL
ENGINEERING » PHYSICS CHEMISTRY » METALLURGY
+ CERAMICS MATHEMATICS » ENGINEERING SCIENCE OR
APPLIED MECHANICS.

For further information concerning a career with Pratt
& Whitney Aircraft, consult your college placement
officer—or write Mr. William L. Stoner, Engineering
Department, Pratt & Whitney Aircraft, East Hartford,

Connecticut 06108.

SPECIALISTS IN POWER. .. POWER FOR PROPULSION—POWER
FOR AUXILIARY SYSTEMS. CURRENT UTILIZATIONS INCLUDE
AIRCRAFT, MISSILES, SPACE VEHICLES, MARINE AND INDUS-

TRIAL APPLICATIONS.

ORPs

An Equal Opportunity Employer, M & F



CONTINUED FROM PAGE 18
rocket thrust, Drag forces will
be quite small, and the velocity
of the ship at any time after in-
itiation of retrofire will be given
by Eq, (10), Also, by integrating
this equation with respect to
time, the distance traveled at any
time past the time of retro igni-
tion can be calculated, This dis-
tance is given by:
Y « Yo - Vot - 1/2gt?
g l [t(l L 4 ln__Nlr)_m )
M Mo-Mt
+ Mg In (M, - Hl)]
M (13)

Moreover, the time required for
the descent may be calculated
from Eq. (10) since, for a par-
ticular rocket whose parameters
are known, v is a function of t
alone, The time required cannot
be found from an explicit equa-
tion, since it is a root of atrans-
cendental equation, It can be
found, however, by trial-and-er-
ror,

Thus Eqs, (10) and (13) will
provide all necessary informa-

tion about the descent under rock-
et thrust, If the parameters of
the retrorockets are known then
these equations will give the time
required for descent and the alti-
tude at which retrofire must be-
gin; if a retro system is under
design then these equations can
be used to determine if a partic-
ular design will be adequate,

Of course, there is the possi-
bility that the ship can make the
descent entriely by parachute,
This is the case for all Mercury
and Gemini flights to date; it will

also be the case for a landingon
Venus, which has exceptionally
dense atmosphere, Thus, a soft
landing on Venus is a great deal
easier than a soft landing on the
moon, and this fact is borne out
by recent history: the Russians
had to try several times before
they succeeded in a soft landing
on the moon, but seem to have
very nearly succeeded on the first
attempt at a soft landing on Venus,

So it is that the ship touches

down and comes to rest on the

surface. Now that it has landed,
it is well to look back and note
that this analysis is not exact,
but is only a resonable approx-
imation, It is relevant to note
that an exact analysis was worked
out by Stuhlinger about ten years
ago; a key feature of his work
is an exact description of the
motion of spacecraft in an at-
mosphere, Our analysis is lim-
ited in its accuracy by two as-
sumptions, namely, that the vel-
ocity can be treated as dropping
off very rapidly in the vicinity
of the perigee, remaining es-
sentially constant elsewhere, and
that the increase in velocity which
results from falling inward to
lower altitudes, an increasepre-
dicted by Kepler's Second Lav,
is negligible, However, in cases
where these assumptions are jus-
tified, our analysis can serve as
a first approximation,

EAST LANSING, MICHIGAN
March 6, 1966
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A new expanded polystyrene casing for
safety and extreme im
Work s.

compensate for changing soil conditions,
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e impact strength, accordin
The casing, trademarked Bury-Pac

glass underground piping offers greater
g to the manufacturer, Corning Glass
» compresses and absorbs, loads to
Actual earth-loading tests have dem-
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When t . A
his B.Sﬁs.gr?:elrg,l-ty of Nevada awarded John Lauritzen
learning Dré}gra 61, it was only the first big step in the
to Western Eje ;T‘ he envisions for himself. This led him
Nowledge s g ric. For WE agrees that ever-increasing
eers—and is hssie,”t'm to the development of its engi-
John attendezpmg John in furthering his education.
Uate Engineerin one of Western Electric’s three Grad-
honors. Now th g Training Centers and graduated with
Plan, John is:, Wrongh the Company-paid Tuition Refund
anagement aEerg toward his Master’s in Industrial
Currently 4 p| rooklyn Polytechnic Institute. He is
Planning engineer developing test equip-

He’s finding it at Western Eléctric

John Lauritzen wanted further knowledge

’

ment for the Bell System'’s revolutionary electronic
telephone switching system.

If you set high standards for yourself, educationally
and professionally, let's talk. Western Electric’s vast
communications job as manufacturing unit of the Bell
System provides many opportunities for fast-moving
careers for electrical, mechanical and industrial engi-
neers, as well as for physical science, liberal arts and
iors. Get your copy of the Western Electric

business major
Career Opportunities booklet from your Placement

Officer. And be sure to arrange for an interview when
the Bell System recruiting team visits your campus.

o
— W
"s—h 1
. estern Elect"c Manufacturing and Supply Unit of the Bell System / An Equal Opportunity Employer

p”n";lp

al
Engj Manufacturing loc

ations in 13 cities O
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these same cities plus 36 others throughout the U.S.

neering Res : [1 Operating centers in many of
€arch Center, Princeton, N. J. O Tc\elyni Corp., Skokie, I, Little Rock, Ark. O General Headguarters, New York City
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Ford Motor

recognition

Company is:

What does it take to gain re(.ognitiuﬂ'.;:

Ford Motor Company? If you have akl

- that we can utilize, and if you're ﬂmblm.:
‘ as well as able, you can move ahead fast
Ford! Consider the career of Eric Mangelsen

Eric came to work at our Yllf*ilal_‘tl le,!t .“
February, 1961. During the init.lal.sta_i.fihl‘
his training program, he was gwcllwm:
assignment to supervise the .develoc{)z'lw
design and construction of special pro lqu['-
calibrating and test equipment fOL‘“.E,.
mobile voltage regulators. Later, ~:;1i13m=
assigned to processing and production of the transmt’or l:i o
amplifier system for our 1963 cars. He was responsible for 1_ntr0 which
a new cleaning process for voltage regulator contact I?Omts'_,e‘.\\.i,-‘;
substantially reduced costs. He was also instrumental in proce= =

. 1066
sstori in our new 19
the refined transistorized regulator system used in ou
automobiles.

Eric Mangelsen
B.S., Uniu. of Kentucky

ciape an o R
Now a member of management with broad responsibilities dH:.;,idl}
Production Department,-Eric Mangelsen has moved ahea it
with a company that believes in giving young men every (Tplpseq Talk
to demonstrate their skill and ingenuity. Why not investiga i o far
to our representative when T

" s You car
he visits your campus. You
with Ford,

<>

The American Road, Dearbaorn, Michigan

4y employe
An equal oppurtumf} emp

Spartan Engine®’

Twenty-five hundred dollars
incash awards

to engineering and
metallurgy students.

g nces a $2,500 award

Ihe Forging Industry Educational and Research Foundation dnnuuh L_ | Development Needed
- b - 2 ¢ . \' . - ‘!l‘vr‘

ompetition for the best paper on the subject “The Principal Technic cincarr S

U : ' ' 5 T o us eight o ;

by the Forging Industry in the Next Decade.” First prize, $1,000, pl

4 (=] ¥ J

totaling $1,500.

3 . e €10 0] ] c a . .] 3y .

- . p (e I) L‘. M

[ > Foundation.
' ade & 66 meeting of the
Colorado, where the award presentation will be made at the 19
For full details fill in and mail the coupon or write:

The President

F orging Industry M

Educational i T
and Research sohon LR el B
Foundation O N

%5 Public Square « Cleveland, Ohio Faculty Advisor

v - >scribes the
- - FORGED, descri
olor film, 70 BE FOR
; e . and color film, 3 2
For youy immediate information. a new 16-millimeter sound and lications and advantages of forged
. ) ; ;. .. the apph y Lo K
'0rging Process, design considerations and production methods . . . s fitm is-on Joan free from
. el ' . ; i Association, this
& — ustry ASs
Prts. Length 18 ade available by Forging Industr . .arest you.
g minutes. Made available by ging - » office nearest )
e r the o
=, e e directory fo
Modern Talking Picture Service, Inc. Check your telephone d

25
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Industrial News

ONTINUED FROM PAGE 22

This simple device — a single wafer of quartz with tw
electrodes - is now performing a complex function
frequency selection which previously required eight
individual electronic components. Developed by Roger
A. Sykes and William D. Beaver of Bell Telephone Lo
oratories, the new device is a bandpass filter which con
be used in radio, narrow-band FM, and telephone com
munication systems.

New plastic covering system for suspension-bridge
cables - a joint development by Bethlehem Steel Cor-
poration and E, |. du Pont de Nemours & Co., Inc.
many advantages: speedy installation :

ance, true watertight protection of
maintenance,

— has
, handsome appear-
the cables, and no

Iniating a unique ““first” in the annals of bowling f’e'
(left to right) Ray R. Eppert, president Burroughs v\"
poration; Joe Joseph, professional bowler, Manny »Le of
president of the Bowling Proprietors’ ASSOCIGf-mnro‘
America, and Howard C. Seehausen, executive dlfrecces
of the association. Burroughs and BPAA ioined ;;rlve’
to automate the reporting of results at the 19 g h's
Anniversary All-Star Bowling Tournament at Joe Josepa"v‘
Pro Bowl in Lansing, Michigan, which was held Jum:cf.'
18-30. A Burroughs B300 computer was on site 1 phcﬂi
ess results and to provide biographical and stat!®

. . H H rs C[
information to the sports press on individual bowle
the entire field,

26
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GREAT scoTT!!
A U.5. RUBBER PORTABLE,

SUBMERSIBLE DWELLING.

2 .S RUBBERZ |
THE TIRE COMPANY?Z

..........

Toda
Y, U,S RUbb -
. er ; , ’ i :
One of our reDFESentatl‘S 'ﬂVC.)lved in many fields including atomic research, oceanography and space research.
ives will be visiting your school soon. Check with your placement office for the exact date and time.

U.S.RUBBER

March, 1966
27
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DOUG CAVES, SALESMAN

C.E., 61, University of Southern California

BO FROST, PLATE MILL FOREMAN

M en on the rmovove LE., '62, Penn State University

DENNIS

WITMER, RESEARCH ENGINEER
Ch.}

» 61, University of Maryland

and other technical graduates at Bethlehem Stecli You li
find a great deal more information in our booklet, Careeg
with Bethlehem Stee] and the Loop Course.” You can 0(;
tain a copy at your Placement Office, or drop a postcar

ation,
to Manager of Personnel, Bethlehem Steel Corporatio

NGINEER
DOM TORIELLO, DON SIGMUND ELEpTRlc?;EEhnOIU;)_
OPEN-HEARTH FOREMAN E.E., 62 Carnegie Institute 0
MtE., 63, Case Institute of Technology
s ineefiﬂg
Have you heard about all the opportunities for eng
q Bethlehem, Pa. 1801 6.

KARL KUGLER, MECHANICAL ENGINEER Program
M.E,,'62, State University of New York (Buffalo) An equal opportunity employer in the Plans for Progress
28
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01)pA(lCELERATED DEFENSE PROJECTS OPEN NEW
ORTUNITIES FOR YOUNG ENGINEERS AT ALLISON

Young gra .
crca(ediy dAlll;;i;ﬂgmeers ?vill find broad new opportunities
Allisor e has e;:}:'and.mg capabilities in the defense area.
development and S been _reCOgnized as a leader in design,
tems, as wel] g production o_f advanced aircraft power sys-
vehicles, As the ePOWt’:r transmissions for military tracklaying
Allison alsg j nergy conversion division of General Motors,
4erospace ang ;Eallﬂng significant contributions in advanced
Now, with [hec ea'r technology.
vs Cleveland*l?lgnl;(mcm of responsibility to operate the
on a ney dimensia a _-Automotivc Plant, Allison is taking
ment and progy n to its capability in the design, develop-
Thus, Auisoncﬂon of complex military weapons systems.
Bineers in the 4 l'le‘pre‘sents a versatile opportunity for en-
SPace propy]s; Pplication of advanced technologies to aero-
temg— ion systems, and armored military vehicle sys-

includin,
3o £ one . S
SMissiong, of their principal components, power

Murch' 1966

1n addition, an expanding volume of work in commercial
fields gives a solid base to these urgently needed military
programs.

Chances are, the opportunity of your choice awaits you at
Allison. Talk to our representative when he visits your cam-
pus. Or, write for our brochure describing opportunities in
the creative environment at Allison. Send your request to:
Mr. R. C. Martz, Director of Personnel, Allison Division,
General Motors Corporation, Indianapolis, Indiana.

Allison GM

THE ENERGY CONVERSION pDIvVISION OF
GENERAL MOTORS, INDIANAPOLIS, INDIANA

AN EQUAL OPPORTUNITY EMPLOYER

General Motors



ICE AND ITS PREVENTION
AT THE ST. CLAIR POWER PLANT

SUMMARY

Experiences by the Company, and other or-
ganizations, with icing difficulties were investi-
gated, One instance of ice difficulty was located
which was sufficient to show possibility of dif-
ficulties, but not frequency, Hence, it was as-
sumed that frazil ice presented a significant
problem for further consideration,

Methods of ice prevention were investigated;
they consist of:

1. Electric heating of the intake flow,

2, Steam heating of the intake flow,

3. Compressed air bubbling through the intake

flow, and

4. Recirculation of warm condenser cooling

water from the overflow canal to the water

intake at the screen house,
It was found that the costs of preventing ice
formation using steam or electric heat would be
large and, within a short time, would exceed
the cost of installing a recirculation system,
Furthermore, for the air bubbling scheme to be
effective there must be temperature stratifica-
tion of the water ahead of the screens, and in-
formation from the US. Army Corps of En-
gineers indicated that there is no significant
temperature gradient in the St, Clair River,
Hence, air bubbling would be ineffectual, It is,
therefore, recommended that Tecirculation
be continued on the basis of itg low cost, ef-
fectiveness, and reliability,

Tq Prove the absolute necessit
vention, it ig recommended th
ceased at St, Clajr
encountered, or sey
Xperienced with no dj
“

Richard F. Lu
gineering, served

y for ice pre-
At preventive
until either ice
€r winter con-
fficulty,

difficulty is
ditions are e
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by Richard F. Luxton

INTRODUCTION

Universally, industry requires a vast supplllf ag
water, and a steam generating power gter
is not unique in its great th1rs’t for w re:
Not the least of the power plant’s wa;'ei-the
quirements is for condenser cooling. gramr
new units, such as the main turbo-gen i
to be added at St. Clair, this need rush
nearly a quarter of a million gallons pegnerﬂbﬁ'
As with smaller systems there arises vuhat could
ity of the operation to ice formation t & itk
seriously curtail the intake water flowndenser'
that the efficient operation of the C;etermme

The purpose of this report is to i
the best method of ice prevention, poblem.
ice formation is deemed a serious prwill be
Four alternate schemes of ice prevention
investigated, 1 from

The gconsequences of ice formation aﬁgem the
plugging of the intake water screens in water
phenomenon of frazil ice form?tl%go F), Fré-
near thirty-two degrees F ahrenheit @ Tl
zil ice, commonly called ‘‘needle 1cle'ate about
of minute particles of ice that nuc ethe water.
impurities and microscopic eddies in rate th
The particles, then grow at such aand result
they can accumulate on the screens hin a fe¥
in a substantial decrease in flow wit
minutes, 1 i1 ice 10

The methods of elimination of frazillgeat‘
be considered here are steam or elect}';Chum]m.g
ng of the intake flow, compressed air bt 'y
in the ice formation region, and re“ﬂ;low can
condenser cooling water from the oveit the con-
into the intake flow, (See Figure 1) ion will ¢
clusion of the report a recommendati s I
made in favor of the most advantageou
liable scheme, if one is necessary.

’” i eefing
LG, P, Williams, ““Frazil Ice,”” Engil
Journal, XL11, 55-60, November, 1959

g ¥
PAGFE
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If you still think glass is just glass,

Now ol
Ask “gfossscl&:i“oﬁo(;vhat metals can—and more. Much more.
or years, lhctonlcfiﬂr'lt)gruphm Institution.
NS W ot o s o8 SMIDp OF 6 ocean’s floor
then ]ubOriouS]y‘ h ]Ll?,‘--lll a “bottom corer” on a wire and
'Eoomcmng Corc;ﬁu it up again. Not any more. Now a
~is simply tossed —I‘m-ldc for Woods Hole by Benthos, Inc.
When it sl‘Elnls-{nt overboard and allowed to plunge freely.
ment into 5 Holloilllct ocean floor, it drives a sample of sedi-
A impuc[ il }l‘?c inside the corer.
most hollow mcx-—T‘-SLT two glass spheres that can do what
Slres at the hoth‘J S can’t: withstand the tremendous pres-
float it tq the om of the ocean. They tug the tube loose and
Sphereg pinpl\i;t‘”}l?t‘. A flashing beacon inside one of the
oday glass 's its location for the waiting ship.
can be made to maintain constant electrical

Murch' 1964

ask Woods Hole.

at missile speeds. Be a heat exchanger in a gas tur-
t without sacrificing strength. Con-
ot bend. Break. Not break. Melt.
ant it to. It is the most versatile

properties
bine engine. Save weigh
duct or insulate. Bend. N
Not melt. Do whatever you w
basic engineering material.

For solutions to their problems, industry and government
are coming to Corning. Because Corning is the glass-master.
We are widely diversified, internationally based, and have
one of the most daring, expert and imaginative engineering
staffs. Plus, a marketing principle that concentrates on devel-
oping products only in areas where a need exists and no prod-
uct does.

Young engineers seeking challenge, opportunity, and ad-
\vited to write to Career-Development Man-

vancement are ir
Corning, New York.

ager, Corning Glass Works,

CORNING

CORNING GLASS WORKS

AN EQUAL-OPF'QRTUNITV EMPLOYER
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CLACULATION AND
RECIRCULATION
FLOW SCHEMATIC

FIGURE NT/
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ICE FORMATION
To determine the extent of ice problems,
Inquiries were made within the Company and
directed to the U,S, Army Corps of Engineers,
Bccau‘se all power plants of The Detroit Edi-
son Company have been provided with the re-

circulation scheme, no history of ice difficyjy
at Company plants was evidenced, One instane,
was indicated of a frazil ice problem at the City
of Port Huron Water Supply Station during the
winter of 1962-63 for a period of a few days,
This instance, though not conclusive in respect
to frequency, did establish the definite possibiliry
of occurance; therefore, it is assumed thy
frazil ice problems are of sufficient importance
to necessitate measures for its prevention,

ELECTRIC HEAT

One system for prevention of frazil ice for.
mation would be the installation of submerget
electric heaters,

In considering this scheme it was though
that the heating devices could be located at 2
preferred depth where frazil ice would be prone
to originate due to water temperature stratifica-
tion, It was found, though, that such stratifica-
tion does not occur in the St, Clair River’;
hence, it is reasonable to assume that it does
not occur in the turbulent flow of the intake
canal. Therefore, the entire flow must be heated
for the heating system to be effective.

The following calculations indicate the power
requirements and expense to bring about specific
temperature increments to the total intake water
flow based on the assumption that complete energy
transfer will occur between the heaters and the
water,

From the tabulation, the requirements for &
five degree Fahrenheit (5° F) increase (thi
value to be used for effect and cost comparison
in the intake water temperature are l6l,
kilowatts at an operating cost of $363.01 p&f
hour, Furthermore, there is a $10,486,840 c&
pacity reduction cost that would be chargedl(llg
the system if it operated during a peak per
for the total power system, *

it TABLE 1
TERMs EQUATIONS
m « Mass rate of flow = 30,588 1bm/sec kw-sec, & jon factor
. S A, P- (0.948 =Y=2=5) Q ; conversi
c ?t?eclfic heat of water - | Btu/¢ F - Btu R definition of
m B. From the thermodynamic detfl = .
aTy - 'trel:“Pf-‘rature increment (° F) to in- specific heat ¢ = @ u/aT)v, ‘"TC u/dT,
dKe water at maximum flow of incompressible fluid becomes ¢~ ot
& 220,000 gpm (30,588 1bm /sec) where u denotes the internal energy P
P . }ng: “'(TS;ET unit mass; it follows that
= er (kw Q = m c AT
for finite increments.
TABULATION
AT (%F) 1 2 3 a 6
5 for/see) R s, 91,764 12235 1552,940 183,528
Capacity 535 96,802 120,060 161,336 193,60
Reduction
Cost 2,097,355
Operating ' L1975 6,202,130 g 389,485 10,486,840 12,584,260
ost
st ($/hr) 72.60 145 .20 217.80 200,41 363 .01 435.61

2, Mr, Leonarcl; .S,

gineers, Lake Survey; Verp
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Army Corps of Ep.
al, 7—12-65p =

. aering DE
3. Mr, R, Stanley; General Engmeerwfrbal.

Partment, The Detroit Edison Company;

7-13-65
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Caterpillar seeks uncommon quality...in people and products

Cat research and engineering
led the way to better lubricants...

IjOPOdy knew how to measure lube-affecting
ar 1a_b1es—load, speed, temperature—in a
working gear mechanism. Thus, there was
?_0 accurate method of correlating lubrica-
lon failure data with actual parts. Cat engi-

neers found a way.
enc;I‘ihe{ lt)appefl Cat’s accumulated experi-
knowT (;1 rication researc_h. Went into Cat’s
resistae ‘ge of mfatal fatigue and scoring
knowl:ge;flt%d in t}}e end enlarged that
Test Ma%: h.ine.ey devised the Geared Roller
kno?‘v};lls m;chir{e_could duplicate the entire
e and 1311t101pated range of gear loads
envim};lee s. Reproduce, in a controlled
ftisid imiﬁt, any .load or sliding velocity
maChinn he t-rgmsmnt conditions of actual

P e operation.
dict, t?:‘ PtfhEI} on, Cat engineers could pre-
i e e ect.lvel_less of any lubricant, knew
N 1t would fail, and why. New oils could

“An Equal Opportunity Employer™

Caterpillar T
ach . )
clor Co., General Offices, Peoria, lllinois » Caterpillar Americas Co., Peoria, lllinais «
Caterpillar Tractor Co., Ltd., Glasgow «

elbourne

Caterpllar (Africas op 2 Brasil S.A., Sa0 Paulo «

March' 1964

ca) (Pty.) Ltd., Johannesburg « Caterpillar Mexicana S.A. de C.V., Monterrey

be evaluated. New refinements and additives
could be developed. All industry derived
benefit, in better lubricants, because Cater-
pillar engineers pushed back the boundaries
of knowledge a little more.

That’s one example of what we mean by
new frontiers. There are many others. We
need engineers—mechanical, chemical, in-
dustrial, metallurgical, agricultural, electri-
cal, civil, and others. To work in research,
development, design, manufacturing, sales,
and many other areas. If you like challenge,
we need you.

Contact your placement office. We'll be
interviewing on your campus s00on. Or write:
College Recruiting, Personnel Development
Dept.D, Caterpillar Tractor Co., Peoria, IlL

CATERPILLAR

Caterpiliar and Cat are Registered Trademarks of Caterpillar Traclor Co.

Caterpillar Overseas S.A, Geneva Caterpillar of Australia Pty. Ltd.,
Caterpillar of Canada Ltd., Toronto  « Cilﬂpl"aflffaﬂte S.A., Grenoble =
« Caterpillar Mitsubishi Ltd., Tokyo, Japan « Tractor Engineers Ltd., Bombay, India
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STEAM HEAT .
alternate system would provide the energy
in A:‘hf: form ofy available energy in throttle
steam,*

The following calculations indicate energy re-
quirements and expense based on the use of
throttle steam at a cost of $0.30 per million
Btu of heat supplied.’

For the five degree Fahrenheit (5° ) increment
to the Intake flow, the operating cost is $165.18
per hour for steam heating, Similarly, there is
a capacity reduction incurred for this system,
but a specific dollar value is not readily avail-
able nor easily calculated, It would be safe to
say, that it would represent a multi-million
dollar investment,

AIR BUBBLING

Alr bubbling consists of releasing com-
pressed air from a submerged location so that
the alr may ascend to the surface of the water,
Since water density is a maximum at thirty-nine
degrees Fahrenheit (39° F), the ascending bub-
bles will transport dense and relatively warm
water to the surface where the water is coldest,
The net effect is that surface and frazil ice is
prevented from forming by increased surface
water temperature,

As stated previously, though, there is no
water temperature stratification in the St, Clair
River and a similar condition is assumed for
the intake canal, Furthermore, it has been
established from technical publications that frazil
lce forms either about foreign particles or
minute eddies in the water, It can be seen,
then, that turbulence caused by bubbling could
unbalance, with an adverse effect, any equili-
brium conditions that may exist, Of course the

air could be heated, but any resultant effe
would be negligible considering the energy re.
quired for a substantial temperature change
the flow., And, without a substantial incresse
of temperature of the water, frazil ice wouk
continue to form. Hence, the effectiveness o
this system
be, at best, nil,

RECIRCULATION

Recirculation, which has been standard pro-
cedure for The Detroit Edison Company, con-
sists of diverting warm water from the over
flow canal to the intake at the Screen House
where it is allowed to mix with incoming con-
denser cooling water (See Figure 1) during col
water periods, By following this procedure
no Company plant has suffered an outage duet
frazil ice accumulation and consequent plugging
of the screens, in which event manual ice re
moval would be required and an outage of thi
section of the circulating system would be neces-
sitated,

The thermal effectiveness of the recirculation
is indicated by table 3.

From the definition of percentage or recirculi-
tion, ‘“Equation (6)’’, nineteen percent (1%
recirculation would be sufficient to bring abou
a five degree Fahrenheit (5°F) temperature
increment to the incoming water, A reced
cost estimate of a recirculating system of 25
capacity indicates that it would represent &
installation cost of $100,000.°

Furthermore, this sytem with minor modifici-
tion would offer a simple and inexpensive &
ternate outlet to the river for the overﬁt;'
canal, which would be operating at near—caPaﬁ‘_‘{
with the addition of Main Turbo-Generator Ui
Number Seven at St, Clair,

TABLE II
TERMS EQUATIONS
Mm = Mass rate of flow - 30,588 1bm L cific
€ il ?g)eclflc heat of water - | Btu/o/ls'-‘ef Ash i"tTable I'a fl;%’_}l)the definition of &P¢
m eat - C = u V’
ATy = Temperature increment (° F) to in- it follows that -
take water at maximum flow of 220, - Q= cATj
. 000 gpm i
Q = Heat transfer (Btu/sec)
A
TABULATION
ATi(°F) 1 2 6
Q (Btu/sec) 30.5 3 4 5
3 30,588 61,176 91,764 40 183,528
(Btu/hr 110 , y 122,352 152,9
Operat/ing) 116,800 220,233,600 330,350,400 440,467,200 550,584,000 660,700,800
Cost ($/hr) 33.04 66.07 99.11 132.14 165.18 198.21
4. This is steam that has a high igi
enthalpy but a 1gh (original) . Mait-
Passe«ﬂhrough alc;;:::ﬂrpressure due to having 6. J. M, Geisinger, Construction and

: e reducing valve
3. Mr, R Stanley; General Engi i

s : ngineering De-
partment, Th > b
e e Detroit Edison Company; Verbal,

_ : Com-
tenance Department, The Detroit Edison

pany; letter to C, A, Kus, 6-29-65
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|
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TABLE III

TERMS
(Refer to Figure No, 1)

subscripts denote location of value
AT 5.1 = Temperature increment through
condenser (° F) = 21,28° F7
AT j.3 = Temperature increment due to
recirculation (° F)
= Mass rate of flow (Ibm/sec)
= Volume rate of flow (gpm)
= Heat transfer of mass denoted
(Btu/sec)
= Density of water - 62.4 lbm/ft3
= Internal energy
= Specific heat of water -1 Btu/® F -1bm

G E o< O 5.

EQUATIONS

s 1 1
my qlli(—,,'m) () = 30,588 Ibm/sec
Tqa+ AT

3 1-3 (1)

Ti+ ATp1 = Ty (2)

1'01'14-!' my (3)

3
nonom o on

ug-uz = uj
c(thgTy = h3T3) - (1T  (4)
in[%ubslgmting f(:c))m Equation (1), (2), and (3)
equation and rearr: : :
kil earranging terms, as
thy (Ty + AT-1) + (] - ™4)
(T -AT1.3)=mTy

myg AT2-1 - m -
n:rli (AT22_11 i &T?_B'P ;umé'rﬁg-s .
my = AT1-3 4
ml AT+ &T1-3  4dp

Ratio of Recirculation (5)
A4/9 100 = Percentage of recirculation

(definition) (6)
TABULATION

AT1-3 C F) | 2 3 4 5 6
44 (gpm) 9,876 18,899 27,183 34,810 41,857 48,386
ﬁercentage
ecirculation 4.49 8.50  12.36 15.82  19.03  21.99
Heat Added (Btu

sec
:;’Itncoming Rlve{r :
alte

r 29,215 55,920 80,427 102,992 123,840 143,160

C
ONCLUSION AND RECOMMENDATIONS

In co i
ing pré?:ﬁf;ém“, both electric and steam heat-
sideration | themselves from practical con-
Quirements at?((:ialuse of their huge energy re-
timated }ife nd cost, Based on a thirty year es-
plant, 200 h span of a main turbo-generator
five degree ours per year of operation, and a
the cost for temperature increment to the water
Elec[rithese two systems would be: ;
. Steam © 4532,178,060, and
tOmpared [(;_ 5391,070,
OZf:CLTCUIauan?Q’OOO initial investment, only,
the ]ack“g?llng, by its theory of operation and
tive, ig re:gﬂditlons ihat would make it effec-
Power Plant EI:I?d ineffectual at the St, Clair
of Tecirculari, herefore, the final alternative
lon is open for approval and it is,

74T
Cgmpaﬂy 2(*31011‘:;1ue taken from Ingersoll-Rand
anne] MTG #9:’35%1;) I\SA%Cifications for Trenton

Jonuary, 1966

indeed, favorable in perspective of initial cost
with no operating expense and proven reliability.

The one inconclusively founded premise is
whether ice preventive measures are neces-
sary, or not, This could be answered to satis-
faction by discontinuing recirculation where it is
now being used and allowing the operation of
the plant to continue without recirculation, The
instant availability of recirculation would serve
as a ‘““back up’’ in case of icing difficulties, but,
if no difficulties were encountered, ice preven-
tion measures could be totally discontinued at
that and similar locatiors. Of course, it must
be remembered that such operation should be
proven through both sever and mild winter
conditions to be conclusive, In the case of the
Main Turbo-Generator Unit Number Seven at
the St. Clair Power Plant, it would be advisable
to provide for ready availablility of recirculation
because of the few test seasons available before

the 1968 operational date.

CONTINUED ON PAGE a6
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FREEDOWM
OF SHAPE...

One of the outstanding advantages
of Malleable Iron Castings

Casting is the simplest and most direct
way of creating form and shape with metal.
Casting offers almost unlimited freedom
to the designer. A cast design is not re-
stricted by sizes or shapes of mill stock,
accessibility of tools, withdrawal allow-
ances for dies, or other limitations.
Complex shapes, interior cavities, and
streamlined contours, which would be
difficult or impossible to create with other
methods, are simple with a casting.

For instance, consider the complexity
ofcreating the dozens ofteeth, lugs, holes
and collars on this pipe repair clamp. It

MALLEABLE FOUNDERS SOCIETY . UNION cOMm
CLEVELAND, OHIO 44115

would be prohibitively expensive to pro-
duce by any method other than casting,
By using the casting process for economy,

¥ 8
and Malleable iron for strength and ducti-

lity, these clamps combine service and
value.

The design freedom made possible by

I
casting also helps to make parts strr:;%:m
Metal components toleratg loads -
if they are designed to distribute strbmm
efficiently. Sharp corners or nther‘at s
sectional changes tend to restric e
uniform distribution of these S.tfelssm
The corner thus becomes_ a “_38_‘52 et
of fatigue failure. In a casting, itis !
ple matter to round out c(?fi'ltifsnmbers
sections and taper connect!r!g n‘]etribute
to achieve a design which will dis
stresses.

The illustration shows how Stres.-sneonthef
up’ at sharp corners. A mUC_h sed i
transfer of stresses was acme\;ﬂaueab“ﬂ
this part was switched' to a
casting (shown on the right)-

g el

MERCE BUILDING
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Ready to debut as a
practicing engineer?

0 See how LTV can

cut out for. Your

when you start
with the right job.

MWank
Racogntbion?

LTV recognizes the
young engineer from
the start. Besides
the satisfaction of
working on top-priority
projects, you'll be
given the opportunity
to work toward
advanced degrees
through company-
sponsored programs.

iy
e

.
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They

ing *
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find the field you're

If you're looking f
you're also looking for a company wit
Aeraspace Corporation, LTV Michigan
company are growing in the fields o
weapons systems and many others. Ass

Analysis = Aeroballistics * Guidance
Propulsion « Product Design * Project Plannin

Placement Office or write College Re
sion, P. 0. Box 404, Warren, Michigan
sion of LTV Aerospace Corporation and is an equal op

R I R A A A RO B
L N )
L R R A

.

help

Well-Rounded?

whole career benefits An engineer who's at home in several specialties is a man

in demand. LTV's cross-training and multiple projects
produce well-rounded candidates for top-level positions.

question you ask.Training programs. Research
facilities. Current projects
and plans for the future. And you.

R o.c----u.--.o.-c-o---u--nu----.-..-o-o'

or a career of exciting growth and accomplishment,
h the same qualities. Here at LTV
Division, young engineers and the
f missiles, mobile surface vehicles,
ignments are diversified, too.
include such areas as: Structures Dynamics « Structures Stress
& Control + Elegtronic Systems *
g « Industrial Engineer-

and others.
For complete information about a career with LTV, consult your
lations Office, LTV Michigan Divi-

48090. LTV Michigan is a divi-
portunity employer.

LTV
AEROSPACE
CORPORATION

oF L!NG-TEMCO—\/OUGHT: ~NcC

A SUBSIDIARY
LTV MICHIGAN =+ LTV RANGE

DIVISIONS: LTV ASTRONAUTICS
ONAUTICS + KENTRON HAWAII, LTD.

EMS » LTV VOUGHT AER

* 200w
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.
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7

You might be able to avoid
usual winter colds if you would
avoid fatigue, loss of sleep and
overcreating,

Se

Headline of an ad in a New
York bus: “For a successful

affair, it's the Empire Hotel,’ —

Se

One of the boys in the Mech,
Engineering Dept, hag invented
what he calls the “Square Dance
Bra’”-it stays up beautifully no

matter how frantic the fiddling
gets,

Se

Definition of e

cstacy-A feeling
when you fee

L you are going to fee]

a feeling you havye never felt
before,
Se

. ‘_‘D;}ughtur," said the mother,

didn’t I (e YOu not to let
Strange men come into yoyr
apartment? You know things like
that worry me **

“Don’t e ridiculous, M 18

other!

laughed the girl, *q v\:ent to his
apartment

this time Now, 1
3 . et
his mother worry|]”’ 4

38

g

«

XXX,
[ ]
ANLAL

To quote an old-time Quaker,
Everyone is queer except me
and thee, and even thee’s a lit-
tle queer.”’

&
Se

The engineer and his new bride
were anxious not to be recog-
nized as newlyweds, so the bride

removed her corsage and they —

both shook off the last bits a rice
before entering the hotel. Then,
sure that no one would ever
suspect that they had just been
married that afternoon, the en-
gineer walked up to the desk
and said with studied casualness:
“I’d like a double bed with room,

please.”
4
Se

The State Theatre ig having
a special double feature this
term: “In the French Style”
& ““The Fighting 69th’’,

Se

~ The trouble with being a parent
Is that by the time your exper-
lenced, you're unemployable,

Se

The original mi
venting the
in due
days,

stake was in-
calendar, Thig led,
Course, to having Mon-

Crossing Grand River Avenue
one morning, I was mearly s
down by an antiquated car lit-
erally overflowing with ab“‘f[hf
dozen children, Since the redlight
has been against the womafw
driver, as she came; to ahalr
I shouted: ““Lady, don’t you knos

hen to stop?”’ . i
" Glancing back at lthe “%tip‘
pets, she answered icily: = 10
aren’t all mine.”

4"5:.
Se

A car came to a Stop lﬂdigee *
middle of East Lansing,al:1 i
driver asked a sru.dent :C B
curb, ““Say where's M
enue?”’ ) [

“I’m apedestrian,” the stg:l::-
replied. ‘I don’t help aut
biles.”

Se

oral
The coed called us;oucswu
Gables and askedhinli_gf—‘f hen (¢
her pinmate was there. | g
Prop[;'ietor asked how‘h?‘g ;’s &
nize him, she huffed:
one that looks guilty.

Se

Thought for the Dayr:t
only young once. Aftexcuse
have to find othel;’e
your indiscretions.

:lYou,re '
- E, YGH
bat, I

Spartan 2
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MODERN DEEP-STRENGTH

ASPHALT-PAVED
ROADS AND STREETS

Stronger...Safer...Smoother. .. Quieter!

a More economical = Faster to build

= More durable ® No spring-thaw damage

® Maintenance is quicker, ™ No de-icing salt damage
easier and costs less ® No summer blow-ups

The latest information about modern Asphalt pavements of in-
terest to future Civil Engineers, including The Asphalt Insti-
tute’s new computer-derived Thickness Design Method, is con-
tained in an extensive portfolio now offered by The Asphalt
Institute. To obtain this valuable free library, fill in and mail

the coupon below today.

THE ASPHALT INSTITUTE, College Park, Maryland 20740 ‘
Gentlemen: Please send me your free library on Asphalt Con-
* struction and Technology.

« NAME CLASS OR RANK

o
®* SCHOOL

-
» ADDRESS,

-
--------------------------------------------
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Ultra-modern Research & Engineering Center

at Delco Radio, Kokomo, Indiana

To Continue To Learn And Grow. ..

-+ + s a basic management philosophy at Delco Radio
Division, General Motors Corporation. Since its in-
ception in 1936, Delco Radio has continually expanded
and improved its managerial skills, research facilities,
and scientific and engineering team,

At Delco Radio, the college graduate is encouraged
to maintain and broaden his knowledge and skills
through continued education, Toward this purpose,
Delco maintains a Tuition Refund Program., Designed
to fit the individual, the plan makes it possible for an
eligible employee to be reimbursed for tuition costs of
spare time courses studied at the university or college
level. Both Indiana University and Purdue University
offer educational programs in Kokomo, In-plant gradu-
ate training programs are maintained through the off-
campus facilities of Purdye University and available to

solid state electronics g

@

Koxkowmo, INDraNa

: am.
employes through the popular Tuill:u_m Rcfundl-::ll'](;ifg r
College graduates will find exciting and ¢ 4 silicon
programs in the development of ge:rmamum.aﬂ -
devices, ferrites, solid state diffusion, crcatlvcfl;abom_
ing of semiconductor products, development Oﬁcations
tory equipment, reliability techniques, and app
and manufacturing engineering. L ",
If your interests and qualifications lie in aﬂYd‘;f;ﬂ’mg
areas, you’re invited to write for our prochMCfuwc of
the opportunities to share in forging tth M team.
electronics with this outstanding Delco- s, Of
Watch for Delco interview dates on your camPde
write to Mr. C. D. Longshore, Dept. .135A’ o
Radio Division, General Motors Corporation, ko
Indiana,

An equal opportunity employer

ORS
DELco Rapio Division oF GENERAL MoOT

. agl
Spartan Engi"®



Invitation from

Kodak

We need the new
ways of techni-
cal thinking,
fresh from a
good campus.

CLASS OF '66 CLASS OF '65

CLASS OF '61

CLASS OF '60

CLASS OF '59

CLASS OF '62

If it has been
necessary to
pick up some in-
structive experi-
ence before se-
lecting a long-
haul employer,
that's fine.

CLASS OF '58 CLASS OF '57

The box below permits a chemical engineer, just for kicks, to test himself for
possible interest in our kind of problems. Bright M.E.s, E.E.s, and other engi-
neers will pick up enough of the general idea to transpose the test to their own
fields of competence. The next step would be to drop us a line about yourself
and your ambitions. If mutuality of interest develops and if the mundane matter
of compensation should come up, we feel that now and far into the foreseeable

future we can afford the best.

EASTMAN KODAK COMPANY, Business and Technical Personnel Dept.
Rochester, N.Y. 14650

Ane 7 i ;
qual-opportunity employer offering a choice of three communities: Rochester, N. Y., Kings

a0

port, Tenn., and Longview, Tex.

'\Ve ca .
acmoa::;‘:;t ‘-}léi;erg and tert.-butyl alcohol to tert.-butyl
thg e 3COCH,COOC(CH,);] by methods
Sixths 1 pm\,aiﬁ ice down to $3.50 a pound—about one-
Prospect for 4 Sﬂ]g }"esezfrch.-quuntity price—with the usual
velops. A plu; eutm\.tanttal fur!h:::r plunge as volume de-
acetate ang El}ng 0' reach the price level of methyl aceto-
ligne: aCCthCetiC‘c t(icelx1z}cet;11e._ two currently large-vol-
S5t however. o sters of ours, is unlikely. The tert.-butyl
» has an advantage over the other two. When

alkylateq
to. CH;COCHRCOOC(CH,),, mere heating

\———

No . : .
w assume we have large supplies of diketene and tert.-butyl al

The O % .
problem: multiply their combined economic value to many times the su

with a trace of acid catalyst drives off first (CH;),C~ CH,
and then CO,, leaving CH,COCH,R. With the cheaper
acetoacetate esters for making ketones, there is no such
neat cleavage. There the ethyl or methyl group has to be
hydrolyzed off, and if R happens to be hydrolysis-sensitive
itself, poof goes the yield. This same readiness of a-alkyl-
ated tert.-butyl acetoacetic esters (0 split out isobutylene
and then decarboxylate opens up promising routes also to
carboxylic acids, pyrroles, pyrazalones, uracils, and cou-

marins.

cohol, as indeed we do.

m of their separate values.




SIX G-E J93 ENGINES push USAF XB-70 to MACH 3.

: ; : ; 5, Mant
JACK WADDEY, Auburn U. 1965, translates PAUL HENRY is assigned to design and analysis ANDY O'KEEFE, Villanova 1.'{1 vifrEk'slgﬁ
customer requirements into aircraft elec- of compressor components for G.E's Large facturing Training Program,

# : - Evendaié
trical systems on a Technical Marketing Jet Engine Dept. He holds a BSME from the tions for large jet engines at LJED, i
Program assignment at Specialty Control Dept, University of Cincinnati, 1964. Ohio.

A PREVIEW OF YOUR CAREER AT GENERAL ELECTRIC

Achieving Thrust for Mach 3

When the North American Aviation XB-70 established a mile-
stone by achieving Mach 3 flight, it was powered by six
General Electric J93 jet engines. That flight was the high
point of two decades of G-E leadership in jet power that
began when America’s first jet plane was flown in 1942, In
addition to the 30,000-pound thrust J93's, the XB-70 carries a
unique, 240-kva electrical system that supplies all on-board

in jet power since the beginning of propellerless ﬂ;gh;-
made us one of the world's leading suppliers o.f the: s llengé
movers. This is typical of the fast-paced .techmcal Ct o
you'll find in any of G.E.'s 120 decentralized Pl’Od“CEI i
tions. To define your career interest at General : ot
talk with your placement officer, or write us now. ity
699-16, Schenectady, N.Y. 12305. An Equal Opportuni

power needs—designed by G-E engineers. The challenge of ployer. ”‘f
advanced flight propulsion promises even more opportunity

at G.E. GETF39 engines will help the new USAF C-5A fly more Bagness Is Ovr Most Important Prod.
payload than any other aircraft in the world; the Mach 3

GE4/J5 is designed to deliver 50,000-pound thrust for a U.S.

IC
Supersonic Transport (SST). General Electric’s involvement G E N E R A L @ E LE cT H ;



