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GRAPHICAL DETERMINATION OF BEAM 
DEFLECTIONS 

Jesse B. Kouners, e 706 

Ass't Professor of Mechanics, University of Wisconsin 

In this article numerical problems have been worked out 
for the common cases of beam loading, showing the detailed ap- 
plication of graphic methods which are simple and practical. 
The general theory of these methods may be found in books on 

graphic statics, and the theory upon which some particular 
methods are based may be found in Morley’s “Strength of Ma- 
terials.” 

It can be proved that when the area of the load diagram of a 
beam is treated as the load on the beam and a funicular poly- 
gon is drawn, the ordinates of this polygon will be proportional 

to the bending moments; and if this moment polygon is treated 
as a load on the beam and a second funicular polygon drawn, 
the ordinates of this funicular pelvgon are proportional to the 
deflections of the beam. 

In Figure 1 is shown a simple beam carrying uniform and 
concentrated loads. The uniform load is broken up into equal 
strips and the weight is assumed to act at the middle of each 
strip. The concentrated loads act at their points of applica- 
tion. When the first funicular polygon has been obtained as 
shown in the figure, the area of this polygon is broken up into 
equal strips and the mid-ordinate of each strip is used to rep- 
resent the area in the second force polygon. The second fun- 
icular polygon is then drawn as shown. Only half of it is 
completed because of symmetry. The scales indicated are those 
used in the original drawings.
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The following notation will be used to determine the deflec- 

tion of the beam: a 
E = modulus of elasticity. 

I1=moment of inertia of cross section. 

I. = linear scale in the two funicular polygons. 

F=force scale in the first force polygon. 

Hi= pole distance in the first force polygon in inches. 

W= width of a strip in the moment diagram in inches. 

H:== pole distance in the second force polygon in inches. 

Y:— ordinates in the first funicular polygon in inches. 

Y:— ordinates in the second funicular polygon in inches. 

The moment at any place in the beam will then be: 

M=Y1MF
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The deflection at any place in the beam will be: 

pet, = XO*H FAW 
2. ver NG 

It should be noted that if X* or 3 are used to represent 

the moment area in the second force polygon, then the result 
must be multiplied by 2 or 8 respectively. Conversely, if 2 Ya. “— 

“p, B Ybe used then the result must be divided by 2 or 3 respec- 
* tively.*7It should also be noted that the true deflection curve 
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will be an inscribed curve tangent to the sides of the funicular 
polygon. 

It may be mentioned here that one of the great advantages 
of the graphical method lies in the fact that the problem is no 
more difficult for complicated loading than for simple loading. 
In the numerical case, which is here considered, a compara- 
tively simple loading was chosen so that the deflection could be 
checked algebraically, but the problem would have been no
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more difficult even if the load diagram had been as irregular 

as one could possibly make it. 
When we deal with a cantilever beam we will again need 

the bending moment diagram. If the loading is made up of 
uniform loads and concentrated loads, the bending moment 

diagram is most easily drawn by first calculating algebraically 

the values of the bending moment, say, for every foot of 
length. In Figure 2 is shown a numerical case in which the 

maximum deflection is found by determining graphically the 
moment with respect to the free end of the bending moment 

area. As shown in the figure, the bending moment area is 

again broken up into strips and a force and funicular polygon 

are drawn. If M is the scale, in foot pounds, used in plotting 
the bending moment diagram, then the deflection, using the 

same notation as in the previous case, is: 
Def. = 12MY oaths 

Here Y. must always be the intercept of the first and last 

strings in the funicular polygon, on a line drawn parallel to 

the forces thru the point in the beam where the deflection is 
wanted. If the deflection is wanted at some place x distant. 

from the wall, then only the bending moment area between the 

wall and the point x is used. 

If the loading on the cantilever is very irregular so that the 
algebraic calculation of bending moment would be tedious or 

perhaps impossible, the graphical method may be employed. 
The free end of the beam may be taken at the left end, and the 
load diagram is broken into strips of equal width, as was done 
in Figure 1. Each force is assumed to act at the middle of 

cach strip, and a funicular and force polygon are drawn. The 

moment at any distance from the free end will be proportional 

to the intercept on a line through this point parallel to the 

forces, of the first and last strings for all the forces to the left 

of the point in question, or in other words, to the intercept of 

the funicular polygon. As in Figure 1 

M= Y,LH,F 

Figure 3 shows a numerical case illustrating a beam over- 

hanging its ends. A simple loading was chosen so that the re- 

|
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SEER 

| 
sults could be checked algebraically. If we consider only the 
bending moment diagram between supports and treat this as a 

load on a beam, a funicular polygon may be drawn which will 
have ordinates which are proportional to the deflections. Fig- 
ure 3 makes the method plain. 
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Fig. 3 
For deflections of the overhanging ends, the moment of the 

bending moment area will be involved as in the case of a canti- 
lever, but here must be taken into consideration the fact that 
the slope at the two supports is not zero. As shown in Figure 
3, the slope at the supports is proportional to the reaction at 
each support as determined by the second force polygon in this 
figure. 

M/N’L?wH,F 
Slope at right support = =a 

Here the notation is the same as before and M’ N’ is the re-
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action at the right support in inches, scaled from the second 

force polygon. In the figure the 2 appearing in the denomi- 
nator of the equation is due to the fact that in drawing the 

second force polygon. the Y; lengths in the first funicular poly- 
gon were doubled. . 

It can he seen that if the slope at the right support is posi- 
tive the effect on the beam will be to reduce the deflection due 
to the overhanging end, while negative slope would increase 
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the deflection. We know that in a simple beam treating posi- 

tive bending moment area as a downward load on the beam we 

would get upward or positive reactions and the slope at the 
right support would be positive. So if on this basis the reac- 
tion at the right support is positive we know the slope is posi- 

tive. Conversely, if positive moment is treated as an upward 

force, then the reaction at the right support would be negative, 

and then negative reaction would mean positive slope. 
For the part of the beam overhanging at the left end we can
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see that here positive slope would increase the deflection and 
negative slope would decrease the deflection of the overhang- 
ing end. 

It can be seen in Figure 3 that the first funicular polygon 
. would not give very accurate values of moment. It is better, 

therefore, to proceed as in the case of the cantilever beam, cal- 
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culate the moments in the overhanging part algebraically, and 
thus determine the moment diagram. The moment of this 
area with respect to the free end is then found graphically, as 
shown in Figure 4. This quantity must have added to it or 
subtracted from it the product of the slope at the right support 
times the distance from the right support to the free end of 
the beam. Since the slope at the right support is positive the 
effect is to decrease the deflection. Thus the product is sub- 
tracted as shown in Figure 4. 

If the deflection is wanted at any point x distant from the 
right support, the product of the slope times the distance a is 
added or subtracted from the moment of the bending moment 
diagram from the right support to the point x. with respect to 
the section at x 

Figure 5 shows the case of a beam fixed at one end and sup- 
ported at the other. To determine deflections graphically prob- 
ably the best way to proceed is to determine R, the reaction 
at the supported end, and then calculate algebraically the mo- 
ments, say, for every foot of length. The moment diagram 
can then be plotted and from this a deflection curve may be ob- 
tained, as was done in the case of the overhanging beam be- 
tween supports. 

Since in the case before us the supported end of the beam 
does not deflect, the deflection caused by R must be exactly 
equal to the deflection caused by the loads on the beam. Or 
since the deflection of a simple cantilever beam at the free end 

is proportional to the moment of the bending moment area with 
respect to the free end, it follows that the moment of the bend- 
ing moment area due to the loads, which we will call M,, is 
equal to the moment of the bending moment area due to R, 

which we will call M,. It can be seen from the figure that 

we, = BE y Btn _ BLY 
wt 2 3 3 

For the general case M, can be found most easily by graphic 

methods. The moment diagram is plotted, using only the loads f 
on the beam, and from this M, is found graphically in the us- 

RL . 
ual way. Then since — aS Mz, the numerical value of R 

| 

| 
oo
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is known. ‘Having found R the correct moment diagram may 

be calculated and plotted. This is done in the lower part of 

Fig. 5 and the deflection curve is then obtained in the usual 

way. The correct moment diagram may also be obtained by 

plotting the moment diagram due to R; and the moment dia- 

gram due to the loads on the beam, on the same side of a com- 

mon base line, and then taking the difference between the or- 

dinates. 

Tn a built-in beam,* the effect of the fixed ends is to pro- 

duce moments Ma and Mp» as is shown in Fig. 6. These mo- : 

ments are in general negative and tend to make the beam | 

convex upward thruout its length. It can also be shown that | 

the value of these moments is as follows: | 

Ma = Ax = = or 2 i Ce — 2) 

2A 6Ax 2A (3x 

Mey oe c(t, —2) 

Where A = moment area due only to loads on beam, 

x = distance from left support to centroid of the area. 

L, = length of beam between walls. 

Tn a numerical case the moment for every foot due to the 

loads may be easily calculated, and then the moment diagram 

drawn. The moment of the area, A x, may then be found 

evaphically or, taking the load diagram, a funicular polygon 

may be drawn, the ordinates of which will be proportional to 

the moments at different points in the beam. This funicular 

polygon treated as the moment area A may be used to deter- 

mine A x graphically. This second method is used in Fig. 6. 

The area A is easily found from the average ordinate by taking | 

the mid-ordinate of each strip in the moment diagram and 

dividing the sum of the ordinates by the number of strips. 

When Ma, and My have been determined as shown in Fig. 6, 

the true moment diagram for the beam is easily calculated 

and plotted. Or, as was done in the figure, the moment area 

due to the loads only is plotted from a base line and then Ma 

and My are plotted to the same scale from the same base line. 

Since the first moment area is plus and the second minus, the 

*Morley’s Strength of Materials. 

i "Ls
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difference in the ordinates gives the correct moment diagram, 
shown shaded in the figure. A funicular and force polygon 

drawn for this area will give the deflection curve in the usual 
way. If the work in Fig. 6 had been absolutely correct the 
points A” and K” in the last force polygon would have coin- 
cided; and then of course the corresponding strings would 
have been colinear. In this problem more nearly correct ans- 

wers would have been obtained if the linear scale had been 
twice as large as the one used.
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TIE SELECTION OF A PAVEMENT 

Louis C. Rocxert, ¢ 715 

“There are three things which make a country great and prosperous 

—a fertile soil, busy workshops, and easy conveyances for men and 

things from one place to another.” ‘i 

Roads indicate the degree of progress made in the develop- 
ment of a country. At first roads were constructed for mili- 
tary purposes to facilitate the movement of troops and the 
munitions of war. In Europe this is brought out in a remark- 
able manner by the present bloody conflict. For a secondary 

reason roads are laid out to further commerce. This has been 
enhanced by the tremendous strides made in the great indus- 
trial world in the last four or five decades. The demand for 
the distribution of produce to the channels of consumption 
must be supplied by adequate thoroughfares, reaching, like 
arteries, into the most remote districts, ministering to the 
wants of cities, towns, and hamlets. A third reason for good 
roads is becoming more. and more prominent with the devel- 
opment of the automobile, which requires comfortable and 
pleasant routes. Country highways in particular must now 
be constructed in large measure in a manner suitable to this 
class of traffic. Thus it is seen that the reasons for the exist- 
ence of a road may be three-fold: it must annihilate distance 
for the captains of war, industry, and pleasure. 

In conformance with these reasons for highways a certain 
type will be chosen. The ideal pavement will possess the fol- 
lowing qualities:—it must be durable to resist the punishment 

of traffic; it must be noiseless so as not to disturb thinking : 
people; it must be suitable to the class of traffic so as to furnish 
the best wear and satisfaction; it must be clean to protect the 
public health; it must be non-slippery so as to prevent acci- 
dents; it must have low tractive resistence so as not to prohibit 
traffic; it should be aesthetic so as to be pleasing; and finally, 
it must be economical. Such are the requisites for the ideal 
pavement. No single actual pavement has yet been designed 
and constructed but that it has failed in at least one of these 
attributes. Tence in the selection of a pavement these pecu- 

eee
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liarities must be weighed and balanced so as to furnish the 
best pavement under the given conditions. 

The prime requisite in a pavement is durability. How 
long can a certain roadway be maintained before reconstruction 
will be the more economical course to pursue? There are two 
ways in which to determine the life of a pavement: first, the 
number of years during which a certain class of road will last, 
based on the results of past experience with such roads, and 
secondly, the total number of tons per unit width of street sur- 

face that can be transported before reconstruction will be 

necessary. 
The former method, advocated by George W. Tillson, allots 

a certain number of years as the average life of a pavement; 
for example, a sheet asphalt should last about eighteen years, 
a stone block twenty-five vears and so on. The latter method 
supported by John A. Brodie considers that a pavement will 

, be subject to a certain tonnage per yard of width of street sur- 
face; for example, he estimates that before replacement a small 
stone block pavement ought to be capable of sustaining during 
its life seven and a half million tons of traffic for each yard 
of its width. This second view conveys more information be- 
cause it goes into the chief cause of the destruction, and takes 

into account the real factors which accomplish the ruin of 
pavements. It is the more scientific course. 

A second requisite in a pavement is noiselessness. Nothing 
so much disturbs the mental activities of brain workers as the 
incessant rumbling, clanging, and clamorous din that rises 
from a noisy street. This is the deciding element in a pave- 
ment in special localities such as the vicinities of hospitals, 
schools and similar places where it is absolutely necessary that 
the strictest quietness prevail. In residential districts it is 
also desirable to have a street which will not magnify and re- 
verberate each hoof-fall. People desire a little quiet and in 

manv eases have gone to great expense to secure it. 

The third quality essential in a highway is that it must be 
suited to the kind of traffic to which it is subjected. The road 
of vesterday is now inadequate. Traffic conditions are chang- 
ing, motor-drawn vehicles are increasing at a tremendous rate, 
drawn loads are growing to greater proportions, and slow moy-
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ing conveyances are being supplanted by high speed automo- 
biles. Some streets will have heavy commercial traffic, others 
will have a heterogeneous traffic, and still others will have light 

and speedy traffic. The construction suitable to one condition 
may not be suitable to another. A water-bound macadam can- 
not economically replace a stone block pavement. The type 
to be chosen depends upon the character of traffic. “The trat- 
fic census should be considered one of the most important varia- 
ble factors in the solution of that important problem, the se- 
lection of that type of road or pavement best suited to local 
conditions considered from both the standpoints of economy 
and efficiency. In connection with the census returns on any 
road, should be considered the traffic on cross and parallel 
highways and the effect of improvement of these highways on 
the traffic of the highways under consideration. It should not 

be taken for granted that the bald return of a traffic census 
should be the sole basis of the selection of the type of road or 
pavement; but it should be considered a guide in estimating 
the value of the type of construction adopted.” * 

A fourth characteristie which ought to be indigenous to a 
pavement is cleanliness. To be clean a street should possess 
an impervious and smooth surface and should be composed of 
non-dust-producing materials. Dirt and dust wpon a road are 
unsanitary and, moreover, act in the destruction of the road by 
serving as an abrasive to wear away the surface. 

A fifth requirement is non-slipperiness. This point is not 

confined simply to horses but it is also of special importance to 

the motor-driven traffic. A skidding automobile will and does 
occasion a great amount of damage to human life and property. 
Some types of construction become altogether unsafe when 
built steeper than a certain grade, so that quite frequently : 
grade is a determining factor in the selection of a pavement. | 
However, slipperiness may also result from a dirty street; but, 
of course, such a fault is more a matter of maintenance than a 
question of type. 

A sixth quality is that the pavement should offer low resist- 
ance to traffic. This characteristic depends cn the kind of 

(1912 Report of the Special Committee on “Bituminous Materials for 

Road Construction” of the American Society of Civil Engineers.) 
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traffic and the grade of the street. In the case of horse drawn 
vehicles the low resistance will be given by a very smooth and 
glass-like pavement, while motor-drawn vehicles on the other : 
hand require a slight roughness so as to prevent the driving 
wheels from slipping. Indeed, there is considerable difficulty 
in securing a pavement which will be ideal for all kinds of 
traffic under all sorts of conditions. 

A seventh requirement is that a pavement ought to be aesthe- 
tic. It is a deplorable fact that the average American mu- 
nicipality neglects to beautify its highways. In Europe and 
even South America this feature receives considerable atten- 
tion. Roads are bordered with trees and parkings and the en- 
tire arrangement is such as will give the most restful, har- 

monious and peaceful impressions. Tere, on the other hand, 
these details quite frequently fail to receive any care what- 
ever. Hence a little forethought on this score will be well 

spent. | , 

An eighth factor in the selection of a pavement is its econ- 
omy. The highway which, under the particular conditions pe- 
culiar to it, has the smallest annual cost ought to be the best 

pavement to construct. This does not mean that the roadway 
having the lowest first cost will have the lowest annual cost. 
Under some conditions it may be the most expensive. The 
pavement having the lowest annual cost may be impossible ot 
selection because the financial condition of the community will 
not permit of a high first cost. The annual cost is a function 
of three variables: the interest on the first cost, the annual 
expenditure for maintenance, and the annuity or fund which 
is set aside each year and which will be sufficient at the end 
of the life of the pavement to replace it. The table on page 60 
gives the comparative costs of several pavements under con- 

ditions obtaining at Cambridge, Massachusetts. 
Tn comparing the annual costs of these several types, the | 

conditions in each individual case must be considered. One 

pavement is not cheaper than another because its annual cost | 

is less; it is cheapest under its peculiar conditions of durability, 

suitability, and other factors. Thus a water hound macadam 
substituted for a granite block pavement would have a much 
higher annual cost because its life would be shorter under the
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punishment of heavy traffic, its maintenance costs would be 
excessive, and the inconvenience and loss of time to the users 
of the street. occasioned by tearing wp and making repairs 
would pay two-fold the construction of the granite block in 

the first place. 

The selection of a pavement, therefore, depends on several 

factors which are more or less interrelated. A type of con- 
struction selected merely for one excellent quality will very 
likely give poor satisfaction. The pavement to be desired is 
that one in which the various excellencies are dove-tailed one 
into another so as to give the best possible service. 

Estimated Life and Cost of Various Pavements.* 

Estimated — First Annual 
Kind of Pavement Life cost per cost per 

in years sq. yd. sq. yd. 

Ma@Cadami, geayuswuaus ms ie eee we 10 1.00 1790 

Granite blocks grouted with P. cement.. 20 8.25 -2008 

Brick grouted with Portland cement.... 15 3.00 -2435, 

Bithulitic on concrete base ............. 10 2.65 2840 

Wood block grouted with P. cement .... 15 3.75 -2920 

Tay Macadam geese ce oy (aweeeae ese 28 10 1.25 2960 

Ponds run for a term of 10 years. To make all calculations on the 

same basis. 

Now that the qualities of the ideal pavement have heen dis- 
cussed, it would be well to see how the various pavements in 

general use approach this ideal. Among the many surfaced 
pavements may be mentioned the following: Stone block, wood 
block, water-bound macadam, concrete, brick, sheet asphalt, 
bituminous macadam and bituminous concrete. 

-\ stone block pavement laid on a sand cushion and con- 
crete foundation with a grout filler is about the most durable 
type. If properly constructed it is capable of sustaining the 
severest kind of punishment. Hence from this point of view 
it is especially adapted to streets wherecn heavy trucking is 
predominant. Its chief defects are its noisy surface and high 

first cost. Much depends upon the selection of the stone. The 
granular structure of the stone should be rather coarse so that 

*Considerations affecting the selection of types of Pavement adapted 

for use upon a given street. “Engineering & Contracting,” Dec. 11, 

1911. 
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the surface will wear to a sand paper finish. The use of a 
filler is also an important item. Unless the filler protects the 

edges of the block, these edges are likely to chip off, causing a 
rounded top or turtle-back wear on the blocks. When such a 
condition obtains, a very irregular surface is formed which af- 

fords places for the deposition of all kinds of dirt and filth. 
The wood block pavement laid upon a sand or mortar cush- 

ion and a concrete foundation with a suitable grout filler con- 

stitutes a street surface as durable as the stone block. Ex- 
treme care must be exercised in the selection of the wood and 
the preservative treatment thereof. This type has the advan- 
tage of being the most noiseless. Its surface is very clean as 
long as the blocks do not bleed. However, this oozing of the 
preservative is prevented by the proper treatment of the block 
in the first place. The chief defects of the wood block pave- 

ment are slipperiness in wet weather and high first cost. Tt 
makes a good pavement in business districts, often supplanting 
the stone block because it is a quieter pavement. 

-\ water-bound macadam makes a good pavement for light 
and medium horse-drawn traffic. It is fairly noiseless and as 
a general rule the cheapest pavement in first cost. Tlowever it 
has a very dusty surface, and under automobile traffic will read- 
ily ravel and go to pieces. It is especially adapted to country 
roads which carry only horse-drawn traffic. The deficiencies 
can be somewhat overcome by the application of a dust pre- 
ventative. 

Conerete pavement is suitable to all kinds of automobile and 
medium-heavy horse-drawn traffic. Tt has a smooth sur- 
face which is easy to clean, is not very noisy, and has a good ap- 
pearance. Its chief defects are slipperiness, especially in wet 
weather, and the difficulties of good construction. 

A brick pavement laid on a sand cushion and a concrete 
foundation with a suitable bituminous or grout filler is most 
suitable for medium-heavy traffic and is well adapted to auto- 
mobiles. It presents a smooth surface, can be easily cleaned, 

presents only a low resistance to traffic and is dustless. On 
grades of five per cent or greater the grout filled pavement be- 
comes too slippery but in this case a specially designed block 
may be used with a suitable bituminous filler. The cost of
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brick is rather high depending on the distance of the point of 
delivery from the centers of production. , 

\ sheet asphalt pavement is excellent for all kinds of me- 
dium heavy traffic. It is comparatively noiseless, it has the 
cleanest and most sanitary surface and offers the least resist- 

ance to traffic. A great disadvantage is its slipperiness, espe- 
cially when it is wet.. A poor asphalt pavement is almost 
always the result of poor selection of material or improper in- 
corporation, or a combination of the two. By scientifie manip- : 
ulation and adequate inspection, sheet asphalt will make an 
exceptionally serviceable pavement. With proper aesthetic 

. design of the street, it gives an artistic finish such as is secured 
by very few pavements. 

A bituminous macadam highway is suited to light traffic and 

especially to motor-driven traffic. Its advantages over the 
water-bound macadam are several,—it is less noisy, it is dust- 
less, it has an impervious surface and is cheaper to maintain. 
Its chief disadvantages are that it may be slippery, particu- 
larly upon grades, that it does not always adapt itself to the 
changes of the climate, and that the surface does not possess 

homogenity owing to the non-uniform penetration of the bi- 

tumen. 
.\ bituminous conerete pavement is suitable for medium- 

heavy horse-drawn traffic and is best adapted to all kinds of 
automobiles. It possesses all the advantages of the asphalt in 
a lesser degree without the marked disadvantages. It is noise- 
less, clean, non-slippery and offers light resistance to traffic. 

Tis first cost is greater than that of the bituminous macadam 
and less than that of asphalt. Its aesthetic qualities are almost 
equal to those of asphalt, and are particularly suitable for parks, 
loulevards, and pleasure driveways. 

To determine which pavement to build requires a scientific 
investigation into the past, present and future traflic. It is evi- 
dent that in wharving and heavy freight districts the stone 
hlock pavement must be chosen. In a business district where 

less noise is desirable, a wood block may be the choice. In most 
other types first cost, appearance and other factors will decide 
whether the pavement shall be asphalt, brick concrete or bitu- 
minous. Under all cireumstances the traffic condition is the 

principal determinant and that type of pavement will be the 
lest which will render the best satisfaction in service, durabil- 

itv and economy.
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RACING, ITS ADVANTAGES, AND ITS INFLUENCE 
ON AUTOMOBILE DESIGN 

Rozerr Bruce Wurrsz, m 718 

Automobile racing is not only the most costly but it is also 

the most sensational of all sports. As a spectacle and in its 
demands upon the sportsmanship of the contestants it sur- 

passes even aviation. This is proved most conclusively by 
the rapidity with which the racing eraze has swept over the 
country in recent years and by the enormous crowds which at- 
tend speedway contests. Unfortunately there has been much 
loss of life in connection with racing, and this has led to 
numerous agitations to prohibit the sport. Its opponents 
claim that it is not a sport, but rather a slaughter, a commer- 

cialized murder comparable in many respects to bull fighting. 
Nevertheless racing, in spite of its toll of human life, has 
been largely instrumental in bringing about the wonderful 
advancement in motor car design. The adversaries of auto- 

mobile racing apparently fail to realize that the freedom of 
their own cars from annoving troubles and frequent break- 
downs arises from the fact that the extremely severe condi- 
tions of racing have made possible the detection of weak parts 
and have thus led to improvements in design which are re- 
flected even in the cars intended for less strenuous service. 

Following the London-Brighton non-stop run in 1896 a race 
the entry list of which contained the best efforts of the pio- 
necr designers, Leon Bolle¢, Daimler, and Levassour, the 

necessity for increased power output and limitation of weight 

became verv apparent. Further, since the purchasers of au- 
tomobiles of that period were necessarily wealthy men and 

true lovers of the sport, it was natural that the racing machine 
was developed much more rapidly than was the pleasure car. 
In fact, there is little question that racing, and racing en- 
thusiasm alone, developed the automobile industry up to 1903 

or 1904. Throughout this period the principal object of the 
. designer was to develop the power of the motor: and since 

practically all interest had heen centralized in the advance- 
ment of the four-eycle engine, many different designs for
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greater power were introduced, and considerable effort was 
expended on the development of detail. 

To one who has studied the early history of the automobile, 
it is apparent that in the period between 1903 and 1907 the 
aim of the designer was principally to develop the speed car, 
the touring car being substantially an adaptation of high 
speed design to the less strenuous conditions of touring. In- 
asmuch as practically all important investigations or modifi- 
cations in design demanded tests beyond the ability of the 
touring car tester, the field of high speed testing in races was 
introduced as a side issue. Then, since the most rigorous 

experimental investigations of racing strength had met with 
success, the results of such experiments on racing machines 
were applied to the earlier designs of pleasure vehicles. Dur- 
ing the last decade, although considerably more attention than 

before has been given to luxury, accessibility, ease of riding, 

and grace of exterior design, some of the greatest engineering 
minds, ITarounn, Vincent, Porter, and Stutz, have continued 

to work on speed creations, developing them to the highest 
degree of the art. Since the manufacturer has not continued 
his former poliev of concentrating effort on high speed pro- 
duction, racing has not received due credit for modern ad- 
vances in designing, but the fact that racing has been very 
intimately related to these advances may be shown beyond 

question of doubt. 
Racing, it cannot be denied, has promoted the sales of many 

makes of automobiles, and many companies now doing a thriv- 
ing business would long since have declared bankruptey had 
it not been for the wonderful advertising medium a victorious 
racing car became. The many victories of Stutz alone gave 
this car its start and sudden popularity. In one day it had 
proved, its stamina, its sturdiness, its speed, and its power—- 
and had provided a free advertising medium for itself in every 
part of the country. The names of National and Mercer in- 
variably reflect their victories at Santa Monica, at Tndian- 
apolis, at Savannah, or at Elgin. Simplex gained its initial 
fame from racing in the pioneer days, as did Alco, Fiat, Loco- 

mobile, Marmon, Peerless, and Lozier. In further retrospec- 
tion of the carly davs of the industry, the names of Packard 

a ee i CC
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and Panhard are instantly brought to mind. ‘The name of 
Panhard especially was known as one of the leading makes to 
everyone with the most remote knowledge of automobiles. The 
finest speed creation the world has ever known, the Peugeot, 
a masterpiece in design, was brought into public light by its 
wonderful consistency and enduring speed service ‘in France 
and America. Indeed, Henry Ford's first step toward his 
present position, his very first financial backing, was a result 
of the victory of his car over the famous product of Alexander 
Winton. 

The introduction of light weight reciprocating parts and 
high compression ratios, the investigation of proper exhaust 
discharge and manifold design, the proper selection of the 
bore-stroke ratio, in fact, the entire design of the modern au- 
tomobile engine has been most potently influenced by the re- 
sults obtained from racing practice. In racing, light weight 
reciprocating parts were the essential outcome of practice and 
experiment. Since long connecting rods became a necessity 
in order to minimize angularity and consequent power losses 
in cylinder side thrust, laboratory investigations were con- 
ducted with high grade alloy stecls stressed to 60,000 pounds 
per square inch which proved entirely satisfactory in service. 
Although it had been recognized for vears that the use of steel 
in cylinders and pistons would he ideal if they could be manu- 
factured properly, steel had received but very little attention 
until comparatively recent times. Indeed the Mereédes en- 
gineers in their most exacting investigations in preparation 
for the French Grand Prix of 1914 proved that steel could be 
used in cylinder construction by adapting it to the motors 
which gave such wonderful service in this classic race. Ex- 
perimental researches for weight diminution by the use of 
different materials conducted in the laboratories of a racing 
manufacturer developed to a large extent the aluminum evl- 
inder and piston, testimony for the suecessful use of which was 
first shown by the Maxwell racing ears. The wide adaption of 
alumnium to pleasure car usage of today hardly needs men- 
tioning. 

The high compression ratios employed in the modern high 
speed engine are a direct result of racing practice. Compres-



66 The WISCONSIN ENGINEER 

sion ratios on the Grand Prix Mercers of 1914 were carried as 

low as 19 per cent. of the total volume with a mean effective 

pressure of 100 pounds per square inch, and no pre-ignition 

resulted. The employment of large valve passages and port 

areas became necessary in these engines and forthwith de- 

manded considerable research as to proper proportioning of 

the valve and cylinder diameters. Valve-timing, another 

most influential factor in speed and power development, con- 

stitutes a field in which experimentation, although compara- 

tively easy to conduct, can be thoroughly carried out only in 

racing engines. To quote from Finley Robertson Porter, de- 

signer of the 1914 Mercer and the F. R. P. engines: 

“Placing the opening of the exhaust as early as 70° 

ahead of center and closing as late as 63° past lower 

center, with practically no attention paid to the closing 

of the exhaust and the opening of the intake within rea- 

sonable limits, have proved thoroughly practical and ef- 

ficient in stock ear production, as well as in racing; and 

to racing alone is this due.” 

S. A. E. Transactions, 336, 9, 2, 1914. 

The predominance of overhead valves in the modern racing 

engine has proved beyond question their supremacy in high | 

speed, high powered efficient design, and in fact it has been : 

due to racing alone that the overhead valve has come to its high | 

state of perfection. The disadvantages of exceedingly noisy | 

operation and poor lubrication so manifest in the first over- 

head valves were climinated as a result of racing tests. In the 

investigations for proper scavenging and proper formation of : 

the combustion chamber or other conditions affected by the 

valve unit, such innovations as the overhead camshaft, the 

fowr-valve cylinder and proper exhaust port design have been 

evolved. Proper lubrication; which is of fundamental im- 

portance to victorious racing, has been a subject of much re- 

search in the production of many a new speed creation, and the 

results of these experiments have long since been incorporated 

in pleasure car design. In the construction of racing engines 

and the remainder of the chassis as well, pump shafts, lay 

shafts, gears, and many other important parts frequently 

|
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rupture with no apparent cause and in spite of the fact that 
the mathematical stress lies well within the limits of safety. 
Similar difficulties are of course encountered in pleasure car 
manufacture, or develop when the car is in the hands of the 
owner; but as these failures occur at infrequent intervals and 
generally do not come to the attention of the designer, they 
are not investigated. Obviously these failures do not lead to 
any proper improvement in design. 

It can not be denied that owing to the advent of the auto- 
mobile, accompanied by ever increasing demands for steel of ‘ 
utmost strength, the metallurgical development of the world 
has made almost incomparable progress. The study of the 
metallurgy of such steels or the consideration of the micros- 
copical metallography, heat treatment, and the relationships 
between chemical composition and physical characteristics in- 
volves unlimited investigation and endless work which deserves 
far more eredit that will ever be established. Not only im- 
proved metallurgy but also improved thermal treatment and 
a considerable increase in the number of industrial allovs are ; 
credited to the automobile in its relations with the steel in- 
dustry, ‘To what extent racing has influenced this develop- 
ment is difficult to state, but it is an indisputable fact that 
racing has fundamentally influenced the development of light 
weight construction of the chassis as well as the engine. And 
were it not for the modern alloy steels, light weight design 
would indeed be difficult. 

Another development rarely attributed to racing but essen- 
tially a direct influence of racing, is ease of riding. The fun- 
damental requirement for this property, although generally 
neglected in racing design, was revealed in endeavoring to keep 
the wheels of the racing vehicle on the ground. ‘The facts 
that sprung and unsprung weight must of necessity bear a 
given ratio to one another and that keeping the wheels on the 

’ ground is a factor not to be considered by itself were well 
brought forth by the laboratory investigations conducted by 
I. R. Porter for the Mercer racing cars. In fact, these ex- 
periments in conjunction with a vast amount of detailed re- 
search directed toward the accomplishment of these ends led 
to very gratifying conclusions which are well evidenced by the
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extensive application of cantilever and semi-elliptic spring 

construction in present day practice. The form which was 

decided upon as being most satisfactory in high speed service 

and which has later proved very successful in touring cars is 

the semi-elliptic spring, shackled at the fore end and fast at 

the rear end. This form, it may be observed, is fast super- 

ceding the cld three quarter elliptic and the full elliptic sus- 

pensions. 

The ecneeption of the stream line body and the wire wheel 

s is due entirely to high speed construction. The former de- 

velopment, decreasing wind resistance to such a large extent 

and providing at the same time a body extremely more grace- 

ful and far more harmonious to the eye, is the product of the 

French racing designers. The wire wheel with its advantages 

of light weight, decreased wind. resistance, easy riding proper- 

ties, and most important, added strength, owes its American 

popularity to the unrestricted use of wire wheels in racing. 

These factors and such indirect influences as the introduction 

of the multiple cylinder engine, developed principally for 

greater power and high speeds in aviation work, or the ad- 

vancement of the Knight engine for greater power and silence 

as well, are all important indirect influences of racing practice. 

The efforts put forth by the chief engineer and his staff of 

research enginecrs in their efforts to produce a victorious car 

are enormous. The innumerable adjustments in the final 

preparations, the changes needed to meet new road and atmos- 

pheric conditions, and the replacing of different parts consti- 

tute the lesser portion of the real efforts of the laboratory and 

factory engineers. Were it possible for the racing antagonist 

to note how carburetors, magnetos, and entire lubricating sys- 

tems, are tried out for weeks, even months preceding the speed 

trial, for the purpose of accumulating data on the respective 

qualities of each, a conception of the value of racing to the 

motor car production and efficiency of today might more fully 

be realized. Were it possible to see the concentrated efforts 

of the designer to produce a lighter yet stronger and more ef- 

ficient part, a part which later would be incorporated in the 

stock production after its racing test, the value of racing would 

be unquestioned. 

oe
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THE FIGURE OF THE EARTH 

R. D. Hveurs, ¢ 713 

The figure of the earth is per se of universal interest. In 
astronomy, moreover, it is a matter of highest importance, 
since the diameter of the earth is the unit to which all celestial 
distances are, and must be, referred. It is natural, therefore, 
that from very early times men have given much thought to 
this subject. And, singularly enough, every determination 
that has ever been made, from the time of the soothsayers up 
to the present day, has been based on the same fundamental 
principle. This is the principle of measuring a line on the 
earth’s surface and finding the ‘corresponding are of the 
heavens, from which the value of the total circumference may 
be computed. 

Contrary to the present popular opinion, the earliest astron- 
omers regarded the earth, not as a flat body, but as a sphere. 
Their conclusions were based upon the varying altitude of the 
stars, and upon the appearance of ships at sea. Probably the 
first of these men to attempt the actual measurement of our 
globe was Eratosthenes, an Alexandrian. He observed that at 
Syene (in Egypt), on the day of the summer solstice, the sun 
was exactly vertical, while at Alexandria, at a corresponding 
season of the year, its zenith distance was 7° 12’. He as- 
sumed these places to be on the same meridian, and caleulat- 
ing their distance apart to be 5,000 stadia, he inferred that 
the cireumference of the earth was 250,000 stadia. THis result 
was probably far from correct, or if correct, was accidental. 
\t present, however, we have no means of checking his value, 
or those of several other early astronomers, as the length of 
the stadium has not been handed down to us by history. The 
Arabs, as early as 814 A. D., made similar measurements, but 
it is probable that their results likewise were incorrect. 

No other determinations were made until several hundred 
years later, when Fernel, a Frenchman, attempted to solve the 
problem. He measured the distance along a meridian by 
counting the number of revolutions of the wheel of his car- 
riage. His astronomical observations were made with a tri-
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angle, used as a quadrant. By a happy chance, his resulting 
length of a degree was very near the truth. As his determina- 
tion of the earth’s size was made on the assumption that our , 
planet is a spheroid, his value for the diameter was, of course, | 
erroneous. | 

The next person to improve the method of the determination | 

was Willebrord Snell. He used a chain of triangles for his 

measurements. In 1637 Richard Norwood made a still more | 

accurate determination. He observed the sun’s meridian alti- 2 

tude in London on June 11, 1633, as 62° 1’, and on June 6, 

1635, the meridian altitude in York as 59° 33’, The distance | 

between these places he measured along the public road, partly | 

by chaining and partly by pacing. | 

The application of the telescope to circular instruments was 

the last improvement of a fundamental nature. This was 

made in 1669 by Picard. After his invention calculations were 

made with increasing frequency and accuracy. Governmental 

bureaus were established in most of the prominent nations of | 

Europe. In the middle of the last century an international | 

congress was established for the purpose of discussing new 

methods of increased accuracy and for comparing the com- 

pleted determinations. In_ short, the foremost scientists of 

Europe entered into this international competition, the goal of 

which was the most accurate determination of the size and fig- 

ure of our earth. 
During all this time the United States government contin- 

ued as a spectator. Not a single attempt was made toward 

measuring the globe. In 1898, however, the United States 

Coast and Geodetic Survey started what proved to be the most 

comprehensive and accurate measurement of all. To the 

pluck and ingenuity of the men on this Survey, the scientists 

of the Old World, with all their years of experience, have been 

forced to acknowledge defeat. 

Up to 1898 the best computation was that of Clark. Tlis 

work was based upon six ares scattered over Europe, Asia and 

South America. The longest of these, the one in India, sub- | 

tended a celestial are of 24°. The flattening of the earth at 

the poles Clark computed by comparing the curvature of his
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Indian are with that of an are measured in Russia. THis re- 
sults are as follows: : 

Equatorial radius Hie ao os Dewey eee oe. 6,878,906 
Polar radius 2.0... 6... cece cece cece eee 6,356,584 

i ‘ 
MIBtteHINE sscmewy ve 85 6 REE ew ence age ea enroraesereanere => 

295 

- This value of the earth’s diameter we now know to be about 
400 meters tco small, while the value for the flattening is sev- 
eral per cent too large. 

The United States authorities, realizing the inadequacy of 
the arc method determined to use a plan which, because of the 
enormous amount of work connected with it had never before 
been attempted. This method, known as the area method, 
consists of taking observations of many stations covering large 
areas in all parts of our country, and tying these together by 
triangulation. The superiority of this over the are system is 
apparent. Suppose, for example, that a molder was given six 
pieces of bent wire and told to shape a globe with a diameter 
ten times that of the longest wire which would most nearly fit 
the wires. Would he not have an infinitely more difficult task 
than if he had been given a large area of the surface, which 
in fact ineluded in itself innumerable ares running in all di- 
rections. 

The greatness of the task performed by our United States 
Coast and Geodetic Survey may best be appreciated by a con- 
sideration of the following facts: (1) The area treated covers 
18° 50 in latitude and 57° 7’ in longitude. (2) Five hundred 
and seven astronomic determinations were made. (3) All as- 
tronomic determinations are connected by primary triangula- 
tion. (4) The effects of all topographical irregularities within 
4,126 kilometers of each astronomical station have been taken 
into account. (5) The effect of possible distribution of den- 
sities beneath the surface of the earth corresponding to the 
condition called isostasy has been taken into account, and the 
existence of isostasy established. 

Space forbids that, in this discussion, the work of the United 
States Coast and Geodetic Survey be described in detail. Suf- 
fice it to say, that the area mentioned above is tied up by a tri-
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angulation from New Jersey to California, an oblique are ex- 

tending three-fourths of the length of California, another 

oblique are from Maine to Louisiana, a triangulation of the 

Great Lakes, and several minor ares. All the triangulation has 

been reduced to the United States Standard Datum, which 

gives to Meade’s Ranch, in Kansas, a latitude of 39° 18’ 

: 267.686 N. and a longitude of 98° 82’ 30."506 W. 

\s stated, 507 astronomic determinations have been made. 

The difference between these astronomic values and the corre- 

sponding geodetic values is a measure of the deflection of the 

plumb line from the vertical, and hence, of the deflection of 

the actual surface of the geoid, or sea level globe, from the 

theoretical ellipsoid of revolution. 

In order to make a more comprehensive determination of 

the minor irregularities of the geoid in our own country, it 

was deemed advisable to compute, if possible, the deflection 

from the vertical at stations where the actual deflection was 

not determined. The principle of this computation is very 

simple, being based upon Newton’s law of universal gravita- 

tion: 
«ok M' M? 

° a? 

When g = force of gravity. 
M' and M2 = the masses of the attracting bodies. 

d = the distance between them. 

k = the universal constant. 

In calculating the deflection, the attraction of all topograph- 

ical deflections within 4,126 kilometers of the station was taken 

into account. The formula most used in this work is one de- 

rived by Clark, and is as follows :* 
' 

D = 12." 44 as h (sin a’ — sin @,) loge = 

In order to test the accuracy of these so-called topographical 

deflections, two independent experiments were made. In the 

first place, the contour lines of a part of the geoid were drawn 

from the data compiled above. These contour lines, be it re- 

membered, are lines of equal elevation on the surface of the 

*For explanation and proof see Geodesy, by A. R. Clark, Oxford, 1880; 

pages 294-296.
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geoid referred to the hypothetical spheroid, and they show, 
therefore, the departure of the geoid from the true spheroidal 
form. When this work had been completed, it was found that 
the contours followed the topography to a remarkable degree. 

The second experiment was the comparison of observed de- 
flections of a number of stars with the computed, or topo- 
graphic, deflections. It was found that the computed declina- 
tions were in every case far too great. 

These facts lead to but one conclusion. This is perhaps best : 
summed up in Prof. Hayford’s Figure of the Barth and Isos- 
tasy: “The logical conclusion from the study of the geoid con- 
tours, taken in connection with the fact already noted that the 
computed topographic deflections are much larger than ob- 
served deflections, is that some influence must be in operation 
which produces an incomplete counterbalancing of the deflec- 
tions produced by the topography, leaving much smaller de- 
flections in the same direction.” é 

What is this “influence?” Before answering this question 
let us consider a few all-important fundamental facts, Tt the 
earth were of homogeneous material, its figure of equilibrium 
would be an ellipsoid of revolution. But, as a matter of fact, 
it is heterogeneous matter, and, moreover, obeys the laws of 
fluids. Now, since it is in equilibrium, the irregularities in 
densities must be compensated hy irregularities in the surface; 
that is to say, above each region of deficient density there will 
be a bulge on the ellipsoid and above each region of excessive 
density there will be a hollow. These “Dulges” and “hollows” 
are the mountain ranges and ocean beds, and the “counterbal- 
ancing influence” has been given the name of “isostasy.” 

Perhaps this isostatic condition of the earth can best be ex- 
plained by the homely example of the ant hill. Tmagine a huge 
ant hill upon a level plain. The material for the hill has 
largely been brought up from the ground directly below it, so 
that the amount of matter is no greater per unit area at the 
hill than at other points, and its density is less. Now a plumb 
bob hanging near the ant hill is deflected towards it, A dis- 
tant bob is, however, attracted no more when the material is 
heaped up than when it was below the ground. 

This effect is exactly what has been observed in practice.
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Plumb lines are deflected by near irregularities of topography, 

and very little by distant ones. This fact was of highest im- 

portance in proving the existence of isostasy. 

The final step necessary before making the principle of isos- 

tasy of practical value was to determine the depth of the so- 

called cornpensated density. By experiment, this was found 

to be in most cases approximately 70 kilometers. 

The work of computation was now a simple matter. All 

topographic deflections were calculated with isostasy correc- 

tions. The accuracy of such calculations is easily shown from 

the following table: 
Topographic 

Observed Topographic deflection 

Station deflection deflection _with 
isostacy 

Santa Barbara, Cal. ............ —18.38 —64.97 14.91 
Point Arena, Cal. ........8..-+. +16.98 +104.63 +16.45 

Waddoup, Utah ................ 24.84 +54.71 +2211 

Patmos Head, U. ..-...-.0++++++ 18.52 —27.20 —9.42 

Chewer N. &. 2. aaisteserom me Ter —37.46 —10.32 

Maximum error as shown by obs. 

GOP. ie oie sunceneiaseniernase sot mot eon ead | PETS 87.65 4.45 

Average @©FYON oo. eee eee cece eee teens 40.08 3.05 

With all the data now at hand, there remained the work of 

computing from it the correct size of the globe. The details 

of this computation are not within the scope of this article. It 

is sufficient to say that five calculations were made, each by a 

different method. The final results of these calculations are as 

follows: 
Latitude of Meade’s Ranch...........+++++++ 39° 18” 267.47 N 

Longitude of Meade’s Ranch ......+++++++0> 98° 32’ 30'.64 W 

Equatorial radius 1.0... eee e eee eee eee eee 6,378,283 meters 

Semipolar axis ........ cece e eee eee eee ee eee 6,356,868 meters 

a-b 1 

Flattening, —— ... eee 

4 297.8 

The above values of the earth’s radii are, with reasonable 

certainty, known to be within 34 meters, or about 120 feet of 

their actual lengths, and the flattening is known to be between 

Pa and se with pom as the most probable value. 

ee
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The irregularities of the sea level surface can, of course, be , 
shown only by a contour map. It will be impossible, there- 
fore, to do more in this article than merely to mention the fact 
that the work of the United States Coast and Geodetic Survey 
confirmed the presence of these irregularities, but found them 
to be less than had been formerly supposed, owing to the isosta- 
tie condition of the earth’s outer crust. 

The people of this country cannot give too great praise to 
the men connected with the United States Coast and Geodetic 
Survey. In the short space of thirteen years they have arrived 
at a determination of the size of the earth which is much more 
accurate than any ever made. They. have compelled the scien- 
tists of Europe, with all their past knowledge and experience, 
to admit the superiority of American methods. They have set 
a record which, it is safe to predict, will not be equalled in 
many years. 

OR Ok 

For the first time in the history of the University of Colo- 

rado a woman has become president of the Combined Engieers, 
an organization composed of engineering students, Miss sie 
Eaves having been awarded the honor. 

* Ok Ok 

In the December issue an interesting account of the Senior! 
Chemical, Senior Civil and Senior Mechanical Engineers’ trip} ~~ 
will be published. 

|
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LEARNING TO FLY AT CHANUTE FIELD 

Asurer E, Kerry, m 717 

Editor’s Note: The following letter was received by Professor Cal- 

Jan last September. Since then Asher Kelty has graduated from the 

Rantoul Aviation School and is now awaiting his call for active service. 

RESERVE DETACHMENT, 
CHANUTE FIELD, 
RANTOUL, ILLINOIS. 

My dear Professor Callan:—I may now consider myself a 

real aviator, for I have been flying alone for almost three 
weeks. T was given a real calm joy ride when I first started 
because my instructor, Victor Vernon, did not believe in doing 

stunts with a raw recruit as many of the instructors do. The 
second time up, however, he gave me the controls at 700 feet 
and told me to keep her straight and level. This time up he 
made the turns, but the next time I was required to make the 

turns 90 degrees at a time, keeping lined up with the sections 
and roads on the straightaways. They are very easy to follow 
on account of the different crops in the fields. This prelim- 
inary work was done in the front seat, the instructor reaching 

over and touching me on the head when I was to take the con- 
trols and on the shoulder when I was to make a turn. 

The next trip up I was given the back seat, and the instructor 

motioned the different turns I was to take from the front. This 
time we did left and right spirals and figure-eights. My air 
work, as this is called, was satisfactory, so we next started on 
ground work—landing, taking off, ete. This went somewhat 
slower. The air work depends considerably upon instinct, be- 
cause it is just a question of banking the right amount for a 
given amount of rudder. The general tendency is to over- 
bank, which results in a side slip, which is not serious with the 

Curtiss JX14 because these machines have so much vertical 
surface that the tail swings around on its own account very 

quickly. In faet it is quite difficult to keep the plane in a side 
slip. 

As I mentioned, the landings came more slowly. It re-
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quires a certain amount of practice for each individual and 
thus the greater part of the instructional time is spent in this 
work. One must glide in at a good speed and slowly level off, 
starting at about 25 feet and finally flattening out at about two 
feet. Then just holding the machine off the ground, one must 
pull up on the elevators until the machine just starts to sink. 
The tail is then pulled quickly down so that the tail skid and 
wheels touch at the same time. The tendeney here is a “tail 
high” landing, or if the ground is the least bit soft or rough, 
this results in a “noze over” or a “noze up.” The “noze over” 
may break the machine up considerably, but it is not fatal. A 
“noze up” merely breaks the propeller. After staying on land- 
ings until I had had 276 minutes of instruction altogether, T 
then made my first “solo.” I went up to about 1,000 feet over 
Rantoul, making figure-eights, and had a wonderful time for 
16 minutes. It was quite windy (about 10 m. p. h.) and 
rough. On the way down T had judged my distance a little 
short so that it was necessary to cut in the motor for a few sec- 
onds, and then I made a poor landing on account of the puffs. 
Mr. Vernon, however, said that it was all right, so that from 
that time on I have been a real flier. 

On my second solo ride, I was foreed down because my motor 
cut out on one side (four evlinders), the jet on one side hav- 
ing plugged up with sediment. I was only up about 200 feet 
and going with the wind. I shut the motor down and banked 
for a left turn steeper than I had ever done before. I had just 
straightened out into the wind when I was practically on the , 
ground, so I pulled the tail down and made a good landing. I 
afterwards learned that an experienced man would have taken 
a chance at landing with the wind rather than having tried | 
such a steep bank near the ground. 

I have had one spill and therefore think that I shall be a 
real flier, because the saving is that no one really learns to fly 
until they have had one accident at least. About my fourth 
solo ride I was practising landings and had decided to try a 
landing in the southeast corner of the section. I cut off about 
three-quarters of a mile away at 500 feet and came in over a 
farm house just outside the field. I looked down at a farm 
house to see how high I was, for the aneroid is of no value for
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altitudes less than 300 feet; I noticed that I was fairly low, 

but I thought that I had plenty of room to clear the telephone 

wires at the side of the road. Then I looked up just in time 

to see my left wing crash into a large elm tree. I spun around 

180 degrees and dropped into the road with my tail hung up 

on the telephone wires. I did not know that the tree was there. 

Well, the top of it no longer is,—1,880 pounds at 70 miles an 

hour mean quite a lot of power. Needless to say, the machine 

was ruined and is in the repair shop yet. I did not get one 

scratch, but of course I did not fall more than 60 feet. 

Oh, yes! I thought that the wind was strong the first day 

I went up alone, but since then I have been up in much 

stronger winds. One Monday I went up in a wind that was 

about 35 miles an hour on the ground. (It increases with alti- 

tude as we learned at ground school.) “It was very rough the 

first 1,100 feet on account of the houses, clumps of trees, ete., 

on the ground, and thus I had to watch her every minute. I 

went up to about 2,000 feet, and although the wind was still 

stronger it was very smooth. I seemed barely to creep on the 

up turns or against the wind, and then down I went like the 

wind. I passed over a farm house, nozed her up slightly and 

stayed there hardly moving for nearly seven minutes. Then 

T veered off to the right and nozed down with the motor shut 

off to a successful landing. A landing is very difficult in a high 

wind because the distance one glides is much shorter and one 

has to dive much steeper than usual. If you bounce the least 

bit the wind may catch you and lift vou eight or ten feet. 

Then you must “shoot the gun” or put on the motor and make 

another turn of the field, because if you allow the 1,800 pounds’ 

weight of the machine to drop that distance, the landing gear 

would be ruined. In putting the motor on and off, the switch 

is never turned off, but the throttle is pulled back so that the 

motor turns over about 275 or 300 r. p. m., a speed which is 

insufficient for pulling purposes. Normal speed is about 1,400 

Yr. p.m. 
Straight flying is getting to be a good deal of a bore and Pll 

be glad when I am able fo learn some of the tricks that save | 

men’s lives over on the front. | 

nel
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PUBLIC SPEAKING 

The ability to express oneself clearly and concisely is al 
most indispensable to any professional man, but it is an ab- 
solute necessity to the successful engineer. An engineer must 
not only be able to do things, but in order to be of the maximum 
service to the world he must be able to tell others how things 
should be done. He must not only have a wide knowledge, 
but he must be able to impart this knowledge to others. These 
two things demand, therefore, that a man have the ability to
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get up on his feet, at a moment's notice, if need be, and convey 

his own thoughts and conclusions to a group of people. In 

order to make what he says count, he must be able to organize 
his material well and to present it forcibly. The ability to 
do this requires practice and experience; and ean be acquired 

in no other way. 
There are three means by which the undergraduate can ob- , 

tain this training here at the University: first, through the 
courses offered by the Public Speaking Department, second, 
by joining one of the Engineering Clubs, and third, by be- 
coming a member of one of the three Debating Societies. Each 

of these methods has its advantages and a good many engineers 
are availing themselves of the opportunities offered, but there 
are still not enough men out into these activities from the 
Knginecring College. We of the Engineering School must 

take more interest in these activities so that when our oppor- 
tunity for leadership comes we will not be found lacking in the 

ability to grasp it. Wi 
x % * “ we 

RECOPYING DATA 

Many hours of valuable time spent in tedious and utterly 
useless recopying of experimental data are required in several 
of the laboratory courses of the Engineering School. Data, 
regardless of the neatness of the recorder, are not acceptable in 

original form, and thus columns and columns of data must be 
transcribed to a form data-sheet in order that we may, presum- 
ably, become familiar with commercial report writing. This 
is a decidedly inefficient procedure, wasteful of time, wasteful 
of energy, wasteful of paper. True, it is good practice in 
lettering, but what more’ The present engineering curri- 
culum in conjunction with the proper amount of student activi- 
ties and the outside reading which one certainly should not 
neglect in these times of all times, permits of very few leisure 
hours. This is a vear of overloads and overloads requiring ut- 
most efficiency, and requirements of this kind are loops on the 
indicator card. In some courses it has been found possible to | 
avoid, this waste of time and effort; is it not possible to devise | Ay 
means to the same end? te 

fe
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HONOR ROLL (Supplementary ) 
ALLEN, L. C., m’20, H. Q. Co., 121st, H. F, A., Camp Mac Arthur, 

Waco, Texas. 
AVERY, HERBERT L., e 18, Navy, Y. M. Cc. A., Brooklyn, New York, AXTELL, WAYNE O., ¢ 718, Captain, 310th Engineers, Camp Custer, 

Mich. 
BOHN, DONALD L., m 18, Sargeant, 121st. Field Artillery, Heavy, 

Band, Camp Mac Arthur, Wa , Texas. 
BROWN, HERBERT Hy: 6 17 Ptistitomaet, 337th Infantry, Camp 

Custer, Battle Creek, Mich, 
BROWN, STACEY, ch ’18, 2nd Lieutenant, Field Artillery, Camp 

Custer, Mich. 
COLE, EVERETT L., e ’1 7, Corporal, U. S. Naval Reserves, Charleston 

Navy Yards, Boston, Mass. (Address: 22 Frances St., Quincy, 
Mass.) 

DONALDSON, CHASE, e 18, Company E, 7th Regiment of Engineers, 
Fort Leavenworth, Texas. 

GLOGER, WILLIAM H., e *17, Camp Grant, Rockford, Illinois. 
GOERNER, ERWIN F., ’20, Pat. A., 120th Artillery, Camp Mac Arthur, 

Waco, Texas. 
JOHNSON, ROBERT C., c¢ ‘17, 2nd. Lieutenant, 310th Engineers, Camp 

Custer, Battle Creek, Mich. 
LORD, HERBERT 0., c 18, 2nd Lieutenant, 160th Depot Brigade, 

Camp Custer, Battle Creek, Mich. 
LUETSCHER, HAROLD, ex-m ’17, Corporal, 12ist Field Artillery, 

. Heavy, Camp Mac Arthur, Waco, Texas. 
MILLER, EDMUND, ch ’17, 310th Supply Train, Co. No. 6, Camp 

Custer, Mich. 
PINNEY, ARTHUR J., e 17, Corporal, Headquarters Detachment U. S. 

Marine Corps, 7th Regiment, Guantanamo Bay, Cuba. 
SCHUSTEDT, FREDERICK N,, ¢ ’17, SArgeant, Camp Grant, Rock- 

ford, Ill. : 
TRAYOR, GEORGE W., ¢ 12, Company B, 362nd Infantry, Camp Lewis, 

Washington. 
VIGNERON, EUGENE M., e ’17, Ft. Newcastle, New Hampshire. 

* * * 

A COMMUNICATION 

The study of valve gears and valve diagrams, as presented 
to the sophomore mechanical engineers in Machine Design 12,) 7 
should be deferred until their junior year when the teachings 
of this course may be experimentally verified in the Steam 
and Gas laboratories and when the student has gained from 
Steam and Gas 1 his first true understanding of the principles
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of the steam engine. At the time the course is now given, 

many students of valve gears are unfamiliar with anything but 

the cross-sectional projection of the D-valve, are wholly igno- 

rant of practical indicator cards, and do their work principally 

by following what his neighbor has done. Many of those who 

take Steam and Gas their junior year enter the class with the 

idea that indicator cards from the steam engine are like the 

cards from a steam pump. They know the Zeuner and the 

Bilgram diagrams quite thoroughly, but they are totally un- 

familiar with the practical study of valve action. The terms 

“cutoff,” “lead,” or “lap” have a certain significance to them 

when applied to a drawing but not elsewhere. This is not be- 

cause of an incompetent instructional staff by any means. It 

is because the course is given too early and is too brief. Even 

were the study of valve diagrams deferred to the completion 

of Thermodynamics and junior laboratory testing, one credit 

does not allow sufficient time to handle adequately a subject of 

this scope. Modern valve gears, such as the Walschaert or the 

Baker-Pilliod, poppet valves and valves with riding cutoff are 

hardly mentioned. There is very little time to study anything 

but the Zeuner and the Bilgram diagrams, a Corliss layout, and 

possibly a problem on the Meyer valve. It is interesting to 

note that the chemical engineers become practically as familiar 

with these diagrams and their theory as do the mechanical 

engineers, although the former study the subject only inci- 

dentally as a part of their three credit course in Thermody- 

namies. They are able to grasp the subject more readily 

because they have completed several experiments in the labora- 

tory. 

The trouble lies in the fact that the study of valve gears 

comes too early in the curriculum. To obviate this difficulty 

the following plan is suggested: The courses in Machine De- 

sign 11 and 12, testing machines and machine elements, could 

be incorporated into one course without overworking the stu- 

dent in the least. By this substitution Valve Gears would 

take the place of Machine Design 12 and would be studied 

simultaneously with the theory of the design and the thermo- 

dynamics of the steam engine. An expansion of the course to 

include many fundamental features of steam engine practice 

would thus be possible. This would result in a material im- 

provement df the course. —Roserr Bruce Wuairr.
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| ALUMNI NOTES | 

— ? 

Howard Buck, qh famous tackle and captain of the var- 

sity team in 1915, is now Director of Athletics of Carleton 
College, Minnesota. 

John Wise, e 716, former editor of the Wisconsin Engineer, 
is still with the Engineering Dept. of the Westinghouse Co. 

He writes that Gus Andrae, also of the class of ’16, is in the 
Sales Department of the same company, that Phil Jamieson is 
in the Works Department and that Eddie Andrews, e ’16, edi- 
tor of the Engineer 71415 and manager 71516, has recently 
been transferred to Cincinnati with the Publicity Department. 

Samuel Eby, c ’17, is a computer in the office of the Gov- 
ernment Engineer at Milwaukee. 

Grover C. Almon, m 717, is employed by the Gisholt Ma- 
chine Company in Madison. 

I. Z. Baebler, e 17, is working for the Western Union Tele- ‘ 
graph Oo., in New York City. 

Roy H. Davis, ¢ ’17, is in the employ of D. W. Meade in 
Madison. 

C. C. Dodge, e717, and J. E. Mackowski, e 717, are employed 
by the T. M. E. R. & L. Co. of Milwaukee. 

Arthur B. Foeste, e 717, is connected with the Denver Gas : 
and Electrie Company in Denver, Colorado. 

Dwight S. Fowler, c ’17, is Assistant Engineer for the city 
of Green Bay, Wisconsin. 

Jerome H. Gefke, e ’17, is employed by the Wisconsin Tele- 
phone and Telegraph Co., in Milwaukee. 

Walter I. Grubb, ¢ 717, and K. C. Spayde, e 716, are em- 
ployed by the McClintock-Marshall Co. in Pittsburg, Pennsyl- 
vania.
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Gordon G. Johnson, m 717, is now working for the Chicago, 

Rock Island & Pacific Railroad in Moline, Hlinois. 

A. E. Henry, e 717, is connected with the American Tele- 

phone & Telegraph Co. in Detroit, Michigan. 

Leslie V. Nelson, e °17, is working for the Minnesota Steel 

Co. in Duluth, Minnesota. 

Gilbert F. Roddewig, m 17, is draughting for the Stone & 

Webster Company, Consulting Engineers, of Boston, Massachu- 

setts. 

Frederick L. ReQua, m 717, is in the Research Department 

of the Cutler-Hammer Co., in Milwaukee. 

August E. Kringel, ¢ 710, was married to Miss Norma 

Paeske of Milwaukee, on April 16, 1917. 

Charles A. Rau, e 717, is working for the Corn Products 

Co., in Pekin, Illinois. 

Charles R. Poe, e 717, is in the employ of the American 

Telephone and Telegraph Co. in Chicago. 

Warren Weaver, C. E. ’17, is Assistant Professor of Mathe- 

matics at Throop Institute of Technology in Pasadena, Cali- 

fornia. 

Louis Slichter is working on submarine detectors in New 

London, Connecticut. 

Newton D. Whipple, ch ’17, is working as a chemist for 

the American Steel & Wire Co. in Waukegan, Illinois. 

Everett H. Van Patten, Jr., m 17, is with the Curtis Aero- 

plane Co. in Buffalo, New York. 

Edwin J. Paulus, C. E. ’11, was married to Miss Blanche 
McClelland of Chicago, on June 27 of this year. 

FE. R. Brandt, m 17, is acting as Standards Enginecr of the 

Fairbanks-Morse Company. 

i el



The Wisconsin Engineer | 

ee Nee 

; DON’T LOSE SIGHT OF THE FACT 
| That You’ll Get the Best to be Had Here in Clothes i | 

! HART SCHAFFNER & MARX CLOTHES | | 
| Manhattan Shirts Stetson Hats Fownes Gloves Vasser Underwear j 
| Also remember that our stocks are large enough to accommodate you at all times i 

| | 
! | 
| ‘ | 
| I 

a a 

DANIEL W. MEAD (SS Ee. 
CHARLES V. SEASTONE SSS ueSz 

: : SFr S29) Consulting Engineers SS" FY SS 
Madison, Wisconsin. ‘. 
CSCS «|: «Chicago Steel Tape Co. 

6231 Cottage Grove Ave. 
CHICAGO, ILL. 

‘ —Manufacturers— 
Engineers Support sicy taipacmndts, Tae Haveli Helle 

. elf.Computing Rods, Stadia Rods, Rod Our Advertisers Se Ribbons, Targets; Marking Pins, 
| Lining Poles, Eureka Tape 

Repairers, Etc., Etc., 

THE BEST LITTLE OPTICAL SHOP 

MAGNIFIERS, COMPASSES, AND GOGGLES 

Victor S. Maurseth 
521 State St. 

SAVE YOUR EYES 

ee 

; | 
For a Good Place to Eat: 

—TRY— 

| The Wisconsin Lunch | 
424 State Street L. F. Haderer 

| A free steak dinner with every meal ticket i 
| | 
0 tat ttt HB pte 

Kindly mention The Wisconsin Engineer when you write.
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Autumn Sumner & Gramton 
When the leaves begin to turn, Roll films purchased of us developed 

it is time for man to begin to sys- 
: : - FREE! Drugs, Stationery, 

tematize his affairs—busy season 
+ a Toilet Supplies, Etc. 

—winter coming. 

You need a reliable watech— U.S. Postal Station No. 9 

something sure. You need an 

alarm clock these cool mornings. = ae - “ 

And then the fall and winter so- | 

cial functions demand little things 

for prizes, M 7 

Convenient store — accessible M ° M e ° 

and full of interesting things. ‘ + . 

GAMM’S Morgan's. Malted Milk | 

Jeweler 9 W. Main St. 

; : 

JENSEN’S BOOT SHOP 
Quality Footwear 

614 State at Frances 

W isconsin Barber Shop 

GEO. T. WALKER, prop. | 

Phone 1048 Cor. Park St. and Univ. Ave. | 

ot 

| t ASK TO SEE THE 
i | i LINO-GRAPH i 

the combination protractor, curve-triangle straight- 

i edge. The handiest thing possible for a draughting i 

j table. i 

| UNIVERSITY SUPPLY ASS’N. — | 
ea en tn tn ttt 

Kindly mention The Wisconsin Engineer when you write.
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SH 

ROEBLING WIRE ROPE 
[ee hes | 
i ue i oe i 

i JOHN A. ROEBLING’S SONS CO., Trenton, N. J. i 
i —MANUFACTURERS OF— i 
7 Wire Rope, Strand, Telephone, Copper, Flat, Special Shapeand Miscellaneous 
I Wires and Insulated Wires and Cables ! 
I AGENCIES AND BRANCHES | 
= New York Boston Chicago Philadelphia Pittsburgh _ Cleveland Atlanta 7 | San Francisco. Los Angeles Seattle Portland, Oregon. l 

ee tn tt tt tt ttt tH 

! se | 
| THE™HUB | 

MADISON. WIS. 

i HUNDREDS OF OVERCOATS i 
| —TO CHOOSE FROM— | 

Every new style—every price $15.00 to $50.00 
i SUITS, TOGS—The nobbiest, snappiest, belted or plain styles i 
i $20.00 to $40.00 i 
se ttt 

RES AES EEE ET 

/UFKIN TAPES C JIE 
x 

Could not DOMINATE the Field without pox: A, 
sessing sterling QUALITY; Could Not Lead if 2) ey 
tliey wverenct RECOGNIZED AS THE BEST— (Pe mL, °@) Vaal i) 
ABSOLUTELY. They haye many superior fea- Ve MW A) : 
tures. Send for Catalogue. \ QZ ) 

| HE Lorain fPuLe Co. <2 
Saginaw, Mich., New York, Windsor, Canada ; 

easter eens ht NNN et HH 

a “ | i | oacouea | 3) THE VILTER MFG. CO. ; 
i a NG wal 906 CLINTON STREET, MILWAUKEE, WIS. i 
1 ine aoe Established 1867 i 
| A ‘_ A Builders of i 
| RES Ice Making and Refrigerating Machinery 

1 ( eae Corliss and Poppet Valve Engines i 
| & net : . < i ‘i 3 If interested write for bulletins 
erat tt tH HHH 

Kindly mention The Wisconsin Engineer when you write.



a ES) The Perfect Gift 
re YL 3 

7 ey ha A picture perfectly framed 

i he aQ\,\ |. == = ml A // | 
| ite Sve |i 
| | a ; Wie | 

| ee SSS <2 ES 
Qa | ide 
eB ll | it 

Ss So att te “So] 80 fo do oo ‘eins 

———— EEE = 
TOEW.ES.. 

A Critical Inspection 
of our work and the unanimousopinion will 
be, that it is faultless. ais comes Som 

our long experience, modern facilities, fil- e 

tered water and expert workers. Last, but traf atanderretworten, lat et | Mic Killop Art Co. 
ne deer oss ia tene ts Godlingsa. Make this (Incorporated) 

your Jaundry. and you will wear that smile of, 597 Stat St 

ALFORD BROS. eet 
Phone 172 

ae ae ar 

| : | 
| Here 1S Our Preparedness Program i 

| Our stores are brim full of things neces- | 

f fort and good health i sary for your comfort and goo ealth. i 

i The best of everything, special up-to-the i 

i minute Drug stores, high quality service. i 
| | 
; THE MENGES PHARMACIES — | 
i. THREE Si10ORES i 

Fen nan ent tt aan 

HA I At 

| * 2 | 
Reliable Jewelry & Optical Co. ! 

| 3 ‘ | 
| Finest Jewelry at Lowest Prices | 
Ln: : 
i Christmas Presents can be secured now by paying 

i a small deposit i 

| A specialty in watch repairing and a former adjuster of the Elgin i 

| National Watch Factory. i 

i 422 STATE STREET j | 

at ABH | 

. Kindly mentinm The Wisconsin Engineer when you write. |
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| ‘ . | 
| You will come again if you try one meal | 

| at | ! | i The College Refectory i 
| 638 STATE | 

Variety Courteous Attention Clean Dishes 
{ Rapid Service Good Food Home Cooking i 
oe ap ae ee ena nee 

i 

! ! 
| ’ | ; BOYD & FICHTEN’S | 
| | 
i Two Stores—Up Town—Down Town | 
| | 

We Pack Candy for France 
| { oe 

erent seen 
| 

= 

| ENGINEERS | 
i We have a wide assortment of Dietzgen and K. & E. in- j 
j struments and drafting supplies. | Those taking surveying j 
j courses will find us as well prepared to supply their wants as | 
| those in the drafting rooms. | 

| FRESHMEN 
If you haven't asked to be shown our drafting instru- j 

j ments better do so at once. We still have a range of prices j 
; from $17.00 to $26.00 with a few excellent second hand sets | 
j at $5.00 up. i 
i New Supplies for i 
| Shop Work Surveying Mechanical Drawing i 
j _ Starret’s Steel Special i 
i Pocket Set Pocket Tape Flat Scale i 

: THE CO-OP ! 
- 4 508 State St. 

Shins RNh 
: Kindly mention The Wisconsin Engineer when you write. _



Fe tnt LL 

| | | Th | ' ree i 

| Engineering Achi | | Engineering Achievements | 
| | 
| . | 
i First--The Panama Canal i 

Where G-E Generators furnished all the electric power used in build- 
! ing and are supplying the electrie power used for operating it today. } 
| G-E Motors helped build this canal and are operating it. 

| Then--the Catskill Acqueduct | 
i oe aa Where G-E equipment was selected for applying | 
P ybeg arr iS 95% of all electric power used j | Ae ro > | 
el aS in the construction and for] 

! ta “practically all the power for: 

- " rm \ operation: 
| RT meat ves co reweemana — fe | 
| pe ecm eal Pow | 

| Gia on ee ee ae | 

tl eee) i Now--the Gan. eee | a 
| ‘ eae a yo Cee i pa $i 3 

; Barge Canal : a — | | 
! aoe Cree as 
| is operated throughout ee ea ey i | 5 é Sr! Ce] aon SSE oerd | 
| with General Electric pe CANA i 

| Company equipment. ge Es aaa SS” i 

| With every form of power ean i 
j to choose from electricity was selected—with every make of electri- ; 
i cal apparatus to select from that bearing the name of the General ! 
i Electric Company was used in nearly every instance, ! 
! | 

| G | Electric C | ($6) eneral Electric Company | 
General Office: Schenectady, N. Y. i 

a ADDRESS NEAREST CITY | 

l Boston, Mass. New York, N. Y¥. Philadelphia, Pa. Atlanta, Ga. I 
| Cincinnati, Ohio Chicago, TH. Denver, Colo. San Francisco, Cal. i 

i Detroit, Mich. (G. E. Co. of Mich.) St. Louis, Mo. : 
i Dallas, Tex. (S. West G. E. Co.) ! 

ee et tt tt ei i i 
~~ Kindly mention The Wisconsin Engineer when you write. 
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