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Infantile Paralysis* 
Its Nature, Manner of Conveyance and Means of Prevention 

By Simon Flexner, M.D., Director of I,aboratories of Rockefeller Institute 

THE Rockefeller In�titut(l for Medical Research has 
been appea)Gd to by so man:y physiciam and laymen for 
information and advice on the subject of infantile paraly­
sis that it has scemed desirable to relate the facts of 
present knowledge concerning certain highly pertinent 
aspects of tr.e disease together with deductions of prac­
tical importance derived from them. 

Infantile paralysis is an infectious and communicable 
disease which is caused by the invasion of the central 
nervous organs-the spinal cord and brain- of a minute, 
filterable micro-organism which has now been secured 
in artificial culture and as such is distinctly visible under 
the higher powers of the microscope. 

The virus of infantile paralysis, as the micro-organism 
ca'.lsin� it is termed, exists constantly in the central 
n �rvous organs and upon the mucous membrane of the 
n 1se and throat and of the intestines in persons suffering 
from the-disease; it occurs less frequently in the other 
internal organs, and it has not been detected in the 
general circulating blood of patients. 

VIRUS IN HEALTHY PERSONS. 

Although the micro-organism of infantile paralysis is 
n!JW known, thp difficulties attendin� its artificial cultiva­
ti'ln and identification under the microscope are such 
as to make futile the employment of ordinary bacterio­
log'ieal tests for its detection, Nevertheless, the vllus 
ean be detected by inoculation tests. upon monkeys, which 
animals develop a disease corresponding to infantile par­
alysis in human beings. In this manner the fact has 
been determined that the mucous membrane of the nose 
and throat of healthy. persons who have been in intimate 
contact with acute cases of infantile paralysis may be­
come contaminated with the virus, and that such con­
taminated persons, without falling ill themselves, may 
convey the infection to other persons, chiefly children, 
who develop the disease. 

The virus has apparently an identical distribution irre­
spective of the types or severity of cases of infantile 
paralysis. Whether the cases correspond with the so­
called abortive forms of the disease in which definite 
paralysis of the muscles does not occur at all, or is so 
�light and fleeting as often to escape detection; whether 
they correspond with the meningeal forms in which the 
symptoms resemble those of acute meningitis with which 
muscular paralysis may or may not be associated; or 
whether they consist of the familiar paralytic condition, 
the virus is present not only within the nervous organs, . 
but also upon the mucous membranes of the nose, throllt 
and intestines. 

ESCAPE OF VIRUS FROM THE BOny. 

Micro-organisms which convey disease escape from the 
body of an infected individual in a manner enabling them 
to enter and multiply within fresh or uninfected indi­
viduals in such a manner as to cause further disease. 
The virus of infantile paralysis is known to leave the 
ini'Jcted humau body in the secretions of the nose, throat 
and intestines. It also escapes from contaminated healthy 
persons in the secretions of the nose and throat. Whether 
it e�er leaves the infected body in otller ways is unknown. 

At one time certain experiments seemed to show that 
biting insccts, and particularly the stable fly, might with­
draw the virus from the blood of infected persons and 
inoculate it into the blood of healthy persons. But as 
the virus has never been detected in the blood of human 
beings and later experiments with the stable fly have not 
confirmed the earlier ones, this means of escape of thfl 
yirus must be considered doubtful. On the other hand, 
it has been shown by experiments on animals, so that 
the same facts should be regarded as applicable to human 
beings, that the virus seeks to escape from the body by 
way of the nos) and throat, and not only when inoculation 
takes place through these membranes, but also when the 
inoculation is experimentally made into the abdominal 
cavity, the blood, or the brain 'itself. From this it is 
concluded that the usual means of escape of the virus 
is by way of the ordinary secretions of the nose and 
throat, and after swallowing these, with the discharges of 
the intestines. 

ENTRANCE OF VIRUS INTO THE BODY. 

The virus enters the body, as a rule, if not exclusively, 
by way of the mucous membrane of the nose and throat. 
Having gained entrance to those easily accessible parts 
of the body, multiplication of the virus occurs there, 
r/ter which it penetrates to the brain and spinal cord 
by way of the lymphatic channels which connect the 

* A statement made at a meeting under the auspices of the 

Academy of Medicine, New York, July 13th. 

upper nasal membrane with the interior of the skull. 
Whether the virus ever �nters the body in any other way 
is unknown. Certain experiments already alluded to 
make it possible that it may be inoculated into the 
blood by insects and other experiments have shown that 
under peculiar and extraordinary conditions it may in 
monkeys enter through the intestines. 

But while' the latter two modes of infection may oper­
ate sometimes, observations upon human cases of infan­
tile paralysis and upon animals all indicate that the 
main avenue of entrance of the virus into the body is by 
way of the upper respiratory mucous membrane; that is, 
the membrane of the nose and throat. 
• Tlae physioal properties of the virus of infantile par­
alysis adapt it well for conveyance to the nose and throat. 
Being contained in their secretions, it is readily dis­
tributed by coughing, sneezing, kissing, and by means of 
fingers and articles contaminated with these secretions, 
as well a� with the intestinal discharges. Moreover, as 
the virus is thrown off from the body mingled with the 
secretions, it withstands for a long time even the highest 
summer temperatures, complete drying, and even the 
action of weak chemicali'>, sucb as glycerin and carbolic 
acid, which destroy ordinary bacteria. 

Hence mere drying of the secretions is no protection; 
on the contrary, as the dried secretions may be converted 
into dust which is breathed into the nose and throat, 
they become a potential source of infection. The sur­
vivial of the virus in the secretions is favored by weak 
daylight and darkness, and hindered by bright daylight 
(tnd sunshine. It is readily destroyed by exposures to 
sunlight. 

Since epidemics of infantile paralysis always arise dur­
ing the period of warm or summer weather they have 
been thought of as possibly being connected with or 
dependent on insect life. The blood sucking insects 
have especially come under suspicion. Experiments have 
been made with biting flies, bedbugs, mosquitoes and 
with lice. Neither mosquitoes nor lice seem able to take 
the virus from the blood of infected monkeys or to re­
tain it for a time iu a living state. In one iustance bed­
bugs have been made to take up the virus from the 
blood of monkeys, but they did not convey it by biting 
to healthy monkeys. 

Certain experiments did indicate that the biting stable 
fly could both withdraw the virus from the blood of in­
fected and reconvey it to the blood of healthy monkeys, 
which became paralyzed. But more recent studies have 
failed to confirm the earlier ones. Moreover, experimen­
tally inoculated monkeys differ in one way from human 
beings suffering from infantile paralysis, for' while the 
virus may appear in the blood of the former it has never 
been detected in the blood of the latter. The ordinary 
or domestic fly may become contaminated with the virus 
contained in the secretions of the body and serve as 
the, agent of its transportation to persons and to food 
with which it comes into contact. 

Domestic flies experimentally contaminated with the 
virus remain infective for forty-eight hours or longer. 
While our present knowledge excludes insects from being 
active agents in the dissemination of infantile paralysis 
they nevertheless fall under suspicion as being potential 
mechanieal carriers of the virus of that disease. 

The attention which the recent epidemic of infantile 
paralysis has drawn to the disease attended by paralysis 
has led to the discovery that domestic animals and pets 
are subjeot to paralytic diseases. The animals which 
have especially come under suspicion as possibly dis­
tributing the germ of infantile paralysis are poultry, 
pigs, dogs and cats. But in isolated instances sheep, 
cattle and even horses have been suspected. All these 
kinds of animals are subject to diseases in which par­
(tlysis of the legs and other parts of the body sometimes 
appear. In not a few instances paralytic diseases among 
poultry or pigs have been noted to coincide with the 
appearance of cases of infantile paralysis on a farm or in 
a community. 

Experimental studies have, however, excluded the 
allove mentioned animals from being carriers of the 
virus of infantile paralysis. The paralytic diseases which 
they suffer have long been known and are quite different 
from infantile paralysis. Their occurrence may be co­
incidental; in no instance investigated has one been 
found to be responsible for the other. 

FOLLOWS ROUTES OF TRAVEL. 

Studies carried out in various countries in which infan­
tile paralysis has been epidemic all indicate that. in ex-

tending from place to place or point to point, the route 
taken is that of ordinary travel. Thi8 is equally true 
whether the route is by water or land, along a simple 
highway or the line of a railroad. In other words, the 
evidence derived from this class of studies confirms the 
evidence obtained from other sources in connecting the 
distributing agency intimately with human beings and 
their activities. 

The virus of infantile paralysis is destroyed in the 
interior of the body more quickly and completely than, 
in some instances, in the mucous membrane of the nose 
and throat. It has been found in monkeys, in which 
accurate experiments can be carried out, that the virus 
may disappear from the brain and spinal cord within 
a few days to three weeks after the appearance of the 
paralysis, while at the same time it is still present upon 
the mucous membranes mentioned. 

The longest period after inoculation in which the virus 
has been detected in the mucous membrane of the nose 
and throat of monkeys is six months. It is far more 
difficult to detect the human than the monkey carriers 
of the virus, since, as directly obtained from human 
beings, the virus displays a low degree of infectivity for 
monkeys; while, once adapted to monkeys, the virus 
becomes incredibly active, so that minute quantities are 
capable of ready detection by inoculation tests. Yet in 
an undoubted instance of the human disease the virus 
was detected in the mucous membrane of the throat 
five months after its acute onset. Hence we possess 
conclusive evidence of the occurrence of occasional chronic 
human carriers of the virus of infantile paralysis. 

Not all epidemics of infantile paralysis are equally 
severe. Indeed great variations or fluctuations are known 
to occur not only in the number of cases, but also iu the 
death rate. The extremes are represented by the occa­
sional instances of infantile paralysis known in every 
considerable community and from which no extension 
takes place, and the instances in whioh in a few days or 
weeks the number of cases rises by leaps and bounds 
into the hundreds, and the death rate reaches 20 per 
cent or more of those attacked. While all the fMtors 
which determine this discrepancy are not known, certain 
of them have become apparent. 

A factor of high importance is the infective power or 
potency, or, technically stated, the virulence, of the 
micro-organism or virus causing the disease. This virus 
is subject to fluctuation of intensity which can best be 
illustrated by an example. The virus as ordinarily pres­
ent in human beings even during severe epidemics has 
low infective power for monkeys. But by passing it 
from monkey to monkey it tends to acquire, after a vari­
able number of such passages, an incredible activity. 
However, occasional samples of the human virus refuse 
to be thus intensified. But once rendered highly potent, 
the virus may be passed from monkey to monkey through 
a long but not indefinite series. 

Finally, in some samples of the virus at least a reverse 
change takes place-the virus begins to lose its virulence 
until it returns to the original or even to a diminished 
degre(l of infective power. In this respect the behavior 
of the virus corresponds to the onset, rise and then the 
fall in number and severity of cases as observed in the 
course of epidemics of infantile paralysis and other epi-' 
demic diseases. 

Hence either a new active specimen of the virus may 
be introduced from without which, after a certain num­
ber of passages from person to person, acquires a high 
potency; or a specimen of virus already present and left 
over from a previous epidemic, after a resting period 
and similar passages, again becomes active and reaches 
an infective power which equals or even exceeds that 
originally possessed. Another but more indefinite factor 
relates to the degree of susceptibility among children 
and others affected, which at one period may be greater 
or less than at another. 

VARYING INDIVIDUAL SUSCEPTIBILITIES. 

Not all children and relatively few adults are suscep­
tibile to infantile paralysis. Young children are more 
susceptible, generally speaking, than older ones; but no 
age can be said to be absolutely insusceptible. When sev­
eral children exist in a family or in a group, one or more 
may be affected, while the others escape or seem to 
escape. The closer the family or other groups are studied 
by physicians, the more numerous it now appears are 
the number of cases among them. This means that the 
term infantile paralysis is a misnomer, since the disease 
arises without c(tusing any paralysis whatever, or such 
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�light and fleeting paralysis as to be difficult of detection . 
The light or abortive cases, as they are called, indicate 

a greater genoral susceptibility than has always been rec­
ognized ; and their discovery promises to have far reacll­
ing consequences in r(lSpect to the meanp employed to 
limit the spread or eradicate foci of the disease. 

Like all other infectious diseases; infantile paralysis 
dol'S not arise at one() after exposure , but only after an 
intervl'n.in" lapse of timfl ealled thfl period of incubation . 
'rhis period is subjeet to wide limits of fluctuation ; in 
eertain instanees it has bflen as short as two days, in 
others it has been two weeks or possibly even longer. 
But the usual period does not exceed about eight days. 
Probably thfl poriod at which the danger of communica­
tion is greatest is during the very early and acuttl stage 
of tIle disease. This statement must btl made tl'ntatively 
sinee it depends on inferenee, based on general knowledgo 
of infnetion, rather than on demonstration. Judging 
from experiments on animals, tho virus tonds not to 
persist in the body longer than four or five weeks except 
in thoso oxeeptional instances in which ehronic . carriage 
is developed. Hence cases of infantile paralysis which 
have been kept un der supervision for a period of six 
weeks from the onset of the symptoms may be regarded 
a� praetitmlly free of danger. 

lnfantile paralysis is one of the infeetious diseases in 
whidJ. insusceptibility is conforred by one attack. The 
evidence derived from experiments on monkeys is eOIl­
elusivo in showing that an infoction whip,h ends in re­
eovery gives protection from a subsflquent inoculation . 
Observations upon human beings have brought out the 
same fact, which appears to be generally true, and to 
inelude all the forms of infantile paralysis, namely, the 
paralytic, meningeal, or abortive, which all confer im­
minity. 

HAI'lIS OF THg IMMUNITY gXPhAINgD. 

'['he blood of normal persons and monkeys is not capa­
ble of destroying or neutralizing the effect of the virus 
of infantile paralysis. The blood of persons or monkeys 
who have recovered from. the disease is capable of de­
stroying or n eutralizing the effect of the virus. The 
in�uHeep tibility or immunity to subsequent infection, 
whether oecurring in human beings after exposure or 
monkeys after inoeulation, rests on the presence of the 
destroying substanees, the so-ealled immunity bodies 
which arise in the internal organs and are yielded to the 
blood. So long as these immunity bodies persist in the 
body proteetion is afforded, and their presence has been 
detected twenty years or even longer after recovery from 
infantile paralysis. Experiments have shown that the 
immunity bodies appear in the blood in the course of 
even the mildest attaek of the disease, whieh fact ex­
plains why protection is afforded irrespeetive of the 
severity of the case. 

Protection has been afforded monkeys against inocula­
tion with effpctive quantities of the virus of infantile 
paralysis by previously subjeeting them to inoculation 
with sub-effeetive quantities or doses of the virus. By 
this means and without any evident illness or effect of 
the prot,'etive inoculation eomplete immunity has been 
aehieved. But the method is not perfect since in eer­
tain intancos not only was immunity not obtained, but 
U1wxpeeted paralysis intervened. In the instances in 
which proteetion was accomplished the immunity bodies 
appeared in the blood. 

PASSIVE PIWTECTION UELATIVgLY SHOUT. 

By transferring the blood of immune monkeys to nor­
mal or untreated ones, they can be ren dered insuscepti­
ble or immune, and the immunity will endure for a 
relatively short period during which the passively trans­
femld immunity bodies persist. The accomplishment of 
passive immunization is somewhat ullcertain , an d its 
brief duration renders it useless for purposes of pro tee­
tive immunization . 

On the other hand , a measure of success has been 
aehieved in the experimental serum treatment of inocu­
lated monkeys. }1'or this purpose blood serum derived 
either from reeovered and proteeted monkeys or human 
beings has been employed. The serum is illjeeted into 
the membranes aoou t the spinal eord, and the virus is 
inoeulated into the brain. The in jection of serum must 
be repeated several times in order to be effective. 

Use of this method has been made in a few instanees in 
Franee, where the blood serum derived from persons who 
had recovered from infantile paralysis has been injeeted 
into the spinal membranes of persons who have just 
become paralyzed. The results are said to be promisin g. 
Unfortunately the quantity of the human immune serum 
is very limited, and no other animals than monekys 
seem eapable of yielding an immune serum and the 
monkey is not a practicable animal from which to ob­
tain supplies. 

ONLY ONE DRUG TREATMENT. 

The virus of infantile paralysis attacks and attaches 
itself to the cen tral nervous organs. Hence it is reached 
not only with difficulty beeause nature has earefully pro­
tc'cted those sensitive organs from injurious materials 

which may gain accoss to the blood , but it must be 
counteracted by substances and in a manner tl'at will 
not themselves injure th05e sensitive parts. Tr.e ideal 
means to accomplish this purpose is through the employ­
ment of an immune sorll.m, since serums aro a .mong the 
least injurious thera.peutic agen1,s. 

The only drug which has shown any usdul dogreo of 
activity is hexamethylonamin, wHeh is itself gllrmidieal , 
and J'as the merit of entering the uwmbranps, as well as 
the substance of the spinal eord and brain in wr.ich the 
virus is deposited. But experiments on monkeys j'ave 
shown this ehemical to be effective only very early in 
the eourse of tho inoculation and only in a rart of the 
animals trl'ated. 

PRACTICAL DgDUCTIONS AND APPLICATIONS. 

1 .  The ehief mode of domonstrated eonveyaneo of the 
virus is through the agnncy of h u man beings. 'Vb.etJ'.er 
still other modos of dissemination oxist is unknown. 
According to our present know lodge, the virus leaves the 
body in the seeretions of the nose and throat and in tl'.e 
discharges from the intestines. The conveyers of tte 
virus includo persons ill of infantile paralysis in any vf 
its several forms and irrespective of whether thc'y are 
paralyzed or not, and such healthy persons who m.ay 
have become contaminated by attendaneo on or assoeia­
tion with the ill . 

How numerous the latter class may be is unknown. 
But all attendants on or assoeiaies of tho ;;ick ar� sus­
pect. These l'ealthy carriers rarely tbPIll.selv('s fall ill 
of the disease ; they may, however, be the sourcn of infec­
tion in others. On the other han d,  tho fact that infan­
tile paralysis is very rarely communicated in goneral 
hospitals to other persons, whether doctorb, nursos, or 
patients, indicates that its spread is subject to roady 
control un der restrieted and supervised sanitary con­
ditions. 

2. The chief means by which th e seeretions of the nose 
and throat are disseminated is through the aet of kissing, 
coughing, or sneezing. Hence during the prevalenee of 
an epidt'mic of infantile paralysis eare should be exer­
eised to restrict the distribution as far as possible through 
these common means. Habits of self denial, eare and 
cleanliness and consideration for the public welfare can 
be made to go very far in limiting the dangers from these 
sources. 

Moreover, sinee the disease attacks, by prefereneo, 
young children and infants, in whom the seeretions from 
the nose and mouth are wiped away by mother or nurse , 
tJ:>.e fingers of these persons readily become contaminated. 
Through attentions on other ehildren or the preparation 
of food which may be cOlltaminated, the virus may thus 
be eon veyed from the sick to the healthy. 

The eonditions whieh obtain in a household in which 
a mother waits on the sick child and attends the other 
children are direetly contrasted with those existing in a 
well ordered hospital ; the one is a menam'l, the other a 
proteetion to the community. Moreover, in homes the 
practice of carrying sma ll ehildren about and comforting 
them is tr.e rule , through which not only the hands but 
other parts of the body and the clothing ot parents may 
become eontaminated. 

3.  Flies also often collect about the nose an d mouth 
of patien ts ill of infantile paralysis and feed on the seero­
tions, and they even gain access to the dibehargcs from 
the intestines in homes unproteeted by screens. This 
fae t relates to the domestic fly, which, beeoming grossly 
contam.inated with the virus, may deposit it on the nose 
and mouth of J:>ealthy persons, or upon food or eating 
utensils. To what extent the biting stable fly is to be 
incriminated as a carrier of infeetion is doubtful ; but we 
already know enough to wish to exclude from the sick,  
and henee from menacing the well, all objectionable house­
hold inseets. 

Food exposed to sale may beeome eontaminated by 
flies or from fingers which have been in conLaet with 
seeretions containing the virus ; hence food should not 
be exposed in shops and no person in attendanee upon 
a case of infantile paralysis should be permitted to handle 
food for sale to the general public. 

4. Protection to the public ean be best secured through 
the discovery and isolation of those ill of the disease, and 
the sanitary control of those perons who have associated 
with the sick and whose business calls them away from 
home. 

In the first plaee, where homes are not suited to the 
care of the ill so that other children in the same or adja­
cent families are exposed , the parent should eonsent to 
removal to hospital in the interest of the sick child itself, 
as well as in the interest of other children. But this 
removal or care must include not only the frankly par­
alyzed cases, but also the other forms of the disease. 

In the event of doubtful diagnosis, the aid of the 
laboratory is to be sought, since even in the mildest 
cases changes will be detected in the eerebrospinal fluid 
removed by lumbar puncture. If the effort is to be madfl 
to eontrol the disease by isolation and segregation of 
the ill, then these means must be made as inclusive as 

possible. It is obvious t1'at in eertain homes isolation 
can be earried out as effeetively as in hospitals. 

But wr.at has been said of the small incidenee of eases 
of the disoase among the hespital personnel and those 
with whom they come in to eontact, indicates the extert 
to which personal care of tl'e body by adults and re­
sponsible people ean diminish the menace wbieh these 
aeeiden tally or unavoidably in eon tact with the ill are to 
the eommunity. 

Care exercised not to scatter tl'e seeretions of the nose 
and throat by spitting, coughing and sneezing, the free 
use of clean han dkerehiefs, eleanliness in habits affecting 
especially the hands and face. changes of clothes, etc., 
should all Sflrve to diminish this danger. 

In the end, tho early deteetion and isolation of tl:.e 
cases of infantile paralysis in all of its forms, with the 
attendant control of the housebolds from whieh trey 
eomo , will have to be relied upon as the chief measure of 
staying the progress of the epidpmie. 

LgSS THAN OTHEH DISgASml. 

5. The degree of suseeptibility of children and othlJr 
members of tbe eommunity to infantile paralysis is rela­
tively small and is definitely lower tr.an to such communi­
cable diseases as measles, scarlet fever and diphtheria. 
This faet in itself constitutes a m easure of eontrol ; and 
while it does not justify the abatemen t of any practieable 
means which may be employed to lim.it and suppress 
the epidl'mic, it should tend to prevent a state of over­
anxiety and panic from taking hold of the community. 

6. A percen tagfl of persons, children partieularly, die 
during tre acute stage of tr.e disease. This percen tage 
varies from five in certain severe epidemies to twenty in 
others. The average death rate of many epidemics ras 
befln below 10 per cent. A reported high death rate 
may not be actual, but only apparent, sinee in every 
instance the death will be reeorded, while many cases 
which recover may not be reported at all to the au­
thorities. 

In the present instance it is too early in the eourse 
of the epidemic to ealculato the death fate , which may 
prove to be considerably lower tJ:>an it now seems to be . 

7. Of those who survive a part make eomplete re­
coveries, in whieh no crippling wratever remains. This 
number is greater than is usually supposed, beeauso it 
includes not only the relatively large number of slight 
or abortive cases, but also a eonsiderable number of 
cases in whieh more or less of paralY5is was present at one 
time . TJ:>.e disappearance of tre paralysis may be rapid 
or gradual-may be eomplete in a few days or may re­
quire several weeks or months. 

The remainder, and unfortunately not a small number, 
su ffer some degree of permanent crippling. But even 
in this class the extent to whieh recovery from the par­
alysis may occur is very great. In many instanees the 
residue of paralysis may be so small as not seriously 
to hamper tre life activities of tr.e individual ; i� others 
in whom it is greater it may be relieved or minimized by 
suitable orthopedic treatment.  

YEARS FOR FULL REJCOVgRY. 

But wrat it is imperative to keep in min d  is that tl:.e 
recovery of paralyzed parts and the restoration of lost 
muscular power and function is a proc�ss wbieh extends 
over a lon g period of time ; that is, over months and even 
years. So that even a severely paralyzed erild who has 

made little reeovery of funetion by the time the acute 
stage of the disease is over may go on gaining for weeks, 
montrs, and even years until in the end he ras regained 
a large part of his losses. 

Fortunately, only a very small number of the attaeked 
are left severely and helplessly crippled. Lamentable 
as it is that even one should bo so affected, it is neverthe­
less a reassurance to know that so many recover alto­
geth.er and so mueh of what appears to be permanent 
paralysis disappears in time. 

There exists at present no safe method of preven tive 
inoeulation or vaceination, and no practieable method of 
speeific treatment. The prevention of the disease mus1 
be aceomplished through general sanitary means ; reo 
covery from the disease is a spontaneous process which 
can be greatly assisted by proper medical and surgieal 
care . 

Infantile paralysis is an infectious disease, due to a 

definite and specific micro-organism or virus ; reeovtry 

is accomplished by a proeess of immunization whieh 

takes place during the aeute period of the disease. The 

tendency of the disease is toward recovery and it is 

chiefly or only because the paralyds in some instances 

involves those portions of the brain and spinal cord wrieh 

eontrol respiration or breathing and the heart's aetlon, 
that death results. 

Finally, it should be added that not since 1 907, at 
which time the great epidemic of infantile paralysis, or 
poliomyelitis, appeared in this country, has the country 
or this State or city been free of the disease. E�ch sum­
mer since has seen some degree of accession in the num­
ber of the cases ; the rapid rise in the number of eases this 
year probably exceeds that of any previous year. 
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Fig. 2.-Detail plan view. Fig. 3.-Actual elevation. 

The C)Tclo-l-larn10nograph 
An Instrmnent for Drawing Large Classes of Important Higher Plane Curves 

By Robert E. Moritz, Prof. Mathematics, University of Washington 

:"lEST It) IIll' straight line, the ('onie sections (includ­

ing the drclc), and the simple harmonic curve", few 
"111'\,(," 11 1'(' of more frequent oeenrrellce and of greater 

t1lPoretical importance than the cardioids, thc lima(,ol1s, 
a lid the foliate curves or rosettes (French r08(lchcs, 
German Roscnkui'ven), 'When it is desirable or neces­

"a I'Y to eOIlHtruct sueh eurves the method commonly em­
ployed is to plot the curve by points from their equa­
I ions, 'rIms to cOBstruct the eardioid, p = 1 + cos e. 
a I'hitrary values are assigned to th� angle e and thll 
('OlTeSpollding values of p are eomputed. Each value 

(If () and the corresponding value of p determine a point 
of IlIP eUl've, and a Rutlicient number of points having 
hl'l'll tIm,.; loeated, the required curve is obtained by 

drawing a smooth curve through these points, 
It is evidellt that this proeeHS is necessarily laborious 

a lId far frolll accurate, for it involves an accumulation 

of "l'l'ol',,-the error in approximating cos e for a given 

nllue of 0, the errors involved in the construction of 0, 
t hI' "alues of 0, and the corresponding values of p, and 

('IT()I'� incident to drawing a smooth curve through given 

points, 
All the�e 1'1'1'01'8 may be eTiminated and the curves 

laid out with the greatest ease and utmost precision 
hy emvloying a simple instrument which compels the 

pf'lleil or pen point to move according to the mathe­
lllatical law which defines the curve, 'l'he curve is thus 

generated by the continuous motion of a point, compar­
ahle to the commonly employed method of constructing 
a drcle by means of a pair of compasses. In fact, the 
dl'eie itself is among the many curves that come within 

tlte range of the instrument. 

The circle, the cardioid, the lima(:on, the rosettes, and 

lllany other curves have the common property that they 
may be represented by equations of the form p = 

a cos J!.. 0 + k, where p, 0 are polar co-ordinates and a 
q II, 1], and kproperly chosen constants. For rosettes 

'" = 0, for the circle, cardioid, and lim(l�'on p = q and 

It , k = 0, It, and -, respectIvely, for JJ = '2q and a 2k '2 
we ha ve the curve known as the nephroid, for JJ 2q 

and a = le, the double-egg curve and so on, 

The intrinsic reason for the importance of these 
curves allll the frequency of their occurrence is no 

doubt to be sought in the faet that sueh curves may be 

obtained from a composition of a simple harmonic with 

a uniform circular motion, for obviously the equation 

It cos JJ 0 + k results from the elim;nation of t 
q 

from the two e(l\Ultiolls p = a cos pt + 1c and e = qt, 
of which t1wtirst n�pl'eSellts a'simple harmonic motion, 

amplitude a, wave length 2 IT / p, k being the distance of 

the neutral point of vibration from the origin, and the 

c 

Fig. 1. 

p 

8 c Po 

second represents a circular motion, q being the unit 
of angular velocity. Any curve whose equation may be 

put in tho form p = a cos J!.. 6 + k may, therefore, be q 
ll)lpropriately desigpated by the term cycliC-harmonic 

(,Ul't'c and defined as the locu8 of a point which has 

simplc harmon'tc motion in a straight line while at the 

samc time this line rota.tes uniformly about one uf its 

point,�, 

The fOl'e,c:oing olJ,el'vntioll :11,,1 c()ll�equent del1nitiOl,l 

Fig. 4.-The cyclo-harmonograph. 

suggcst the possibility of constructing these curves 
kinematically, 

Consider two wheels B and (j (1<'ig. 1) which for 

practical reasons are cOllneeted by an idle-wheel, but 
which, so far as the theory of the instrument is eOTl­

cel'llcd, may be thought of as having rolling contact. 

The wheel B carries a crankpin J, which, as the whcel 
revolves, Hlides ill a slotted crossbar JJ' of a crosshead 

J' P perpendicular to JJ'. The crosshead is eOllstrained 

to move ill the direetion of the line of centers BO. If 

the wheel B is made to roll at a uniform rate along 

the circumferenee of the wheel (j, any point P on the 

cl'osshead will have simple harmonic motion along the 

lille BO, while the line BO itself turns with uniform 

angular velocity about G as a center, The point l' 
therefore describes a curve having the property above 

mentioned, 

'1'0 derive the equation of the cur,'e described by the 

point 1', let Bo denote the initial position, B any subse­
quent position of the rolling wheel, Qo and Q the re­

spective points of contact of the wheels B and C, Q" 
the new position of the POillt Qo considered as a point 
Oll the circle n, Let (j and p denote the radii of thc 
wheels Band G respectively, </> the allgle through which 

/I has turned with referenee to the line of centers, () 

the angle between the two lines of centers. Let Po reIH'l'­
�ent the initial position of P; which is so chosen that 

GPo = a + k, where a = BoJo =OG' and Tv is allY 
arbitrary distance (j' Po' If now G is chosen as the 

center of co"ordinates, GPo as the direction of the polar 
axis and p, e as the polar co-ordinates of the point p, 
we have 

p = CP = BJ' + J'P - Be; 
but BJ' = BJ cos <jl = It cos <jl, since BJ = BoJo = a; 
J'P = JoPo = BoC + C'Po = BC + k, so that J'P­
BC = k, and we have, 

p = a cos cp + k, 

But from the fact that the tw o arcs QoQ and Q 0' Q are 

equal , we further have BQ, Ijl = CQ.6, that is qqJ = p6, 

fro�� which <jl = J!.. 6 so that finally q 

= a cos J!.. 6 + k, q 
In explaining the theory of the instrument we have 

assumed that the wheel B rolls on the circumference 

of the fixed wheel 0, The same result will be obtained 

if both wheels are permitted to rotate about their fixed 
centers, the paper on which the curve is to be dra WIt 
being attached to the face of the wheel 0, 

Figs, 2 and 3 represent two projections of the working 
parts of the complete instrument shown in Fig, 4, 

The framework A. supports two shafts Band 0, each 
of' which carries a set of wheels D and E, Each set 

of wheels admits of being raised or lowered and of 
being clamped at any desired position on the shaft, so 

that any wheel of either set may be brought into the 

plane of the idle-wheel F, which serves to connect the 

two sets of wheels. The necessary adjustment in the 

position of the idle-wheel for the various combinationR 

of wheels is effected by means of a slotted bar G, which 

carries the idle-wheel. 
'I'he shaft 0 has secured to its upper extremity a 

l'i l'('ula l' diRk IT, wltiel! sern's to ltol,] til(' paper on 
which the curve i" to he <lrawll, 

'l'he shaft B terminates In a crankal'm I, to whit'll is 

damped a crankpin J, This crankpin works in a slide 

K, whose extremities move in two grooved parallel 
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guides L and M. Near the middle of the slide K is 
fa stened the tracer-arm N, which slides in a fixed sup­
port 0 and carries the tracer-sl ide P for the reception 
of the tra cing pencil or pen. 

The tracer-arm N and the cra nkarm I are graduated 
to facilitate in the setting of the tracer-slide P and 
the crankpin J at various distances. Two graduated 
scales Q and R facilitate the adjustment of the various 
wheel s to the plane of the idle-wheel F. 

To draw any desired curve of the form p = a cos J! 6 
q 

+ k we now proceed as follows : The wheel of diameter 
fJ of ,.;et E and the w heel of diameter q of set D are 
( ·OIlilected hy the idle-wheel F. 'l'he crankpil) J is set 
at  the d i stance a from the center of the shaft B, and the 

traeer-slide P is set at the distance k from the neutral 
point T of the tracer-arm N. A sheet of paper is 
fastened to the disk H, and the pencil or pen point 
inserted at P is brought ih contact with the paper. 
On turning the idle-wheel by hand the pencil will draw 

p 
the curve p = a cos -') + k .  

q 
The cycloharmonograph shown in Fig. 4 contains 

10 wheels in each set with diameters proportional to 
the numbers from 1 to 10 respectively. This adapts 
the instrument to the description of 63 distinct species 
of curves, each species being characterized by a distinct 
ratio p/q. a and lc admit of all values within the l imits 

a .( 3 inches, k < I) inches a + k .( 6 inches. 

p � a ( cos � 0 + ! ) 10 4 p � a cos � o IO 

S pecimens of harmonic curves that can be drawn by the cyclo-harll\onograph. 

Experimental Biology 
WE USE in our title the term Experimental Biology, 

which requires some apology, as a convenient label for an 
interesting bundle of thirteen papers by Jacques Loeb 
and Hardolph Wasteneys. They give an account of im­
portant experiments bearing on a variety of puzzling 
biological problems. ( 1 )  Loeb showed many years ago 
(1889) that some animals orient themselves in relation to 
a luminous object so that their plane of symmetry falls 
into the direction of the rays of light, and suggested that 
this reaction was comparable to the heliotropic reaction 
of plants . In 1897 he brought forward evidence in sup­
port of the view that the action of light in evoking a 
heliotropic reaction is chemical, and this theory is now 
confirmed by additional facts. 

According to the law of Bunsen and Roscoe, the photo­
chemical effect of light is equal to the product of the in­
tensity into the duration of illumination, and this has 
been shown to hold for the heliotropic curvatures of 
plan ts (Blaauw and Froschl) and of hydroids (Loeb and 
Ewald) . Furthermore, it has now been shown by Loeb 
and Wasteneys that the region in the spectrum most 
efficient in the production of heliotropic curvature is al­
most the same for hydroids (Eudendrium) and for oat 
seedlings. The investigators suggest that there are two 
types of photosensitive substance, one with a maximum 
sensitiven'ess (or absorption) in the yellowish-green, and 
the other with a maximum of sensitiveness in the blue . 
The first type is represented by visual purple, and a 
photosensitive substance of this type occurs in Chlamy­
domonas (often claimed as a plant) ,  in Daphnia, and in 
many other organisms. The second type of photosensi­
tive substance occurs in Euglena, in Eudendrium, and in 
many plants. Thus the distribution of the type of sub­
stance does not correspond to the boundaries between 
plants and animals. 

(2) In another series of experiments Loeb inquires into 
the conditions which determine or prevent the entrance 
of the spermatozoon into the egg. It is well known that 
a fertilized egg is non-receptive to other spermatozoa. 
What is the nature of this block? It is not due to the 

changes underlying the development of the egg, for if 
the eggs of a sea-urchin are induced to develop by the 
methods of artificial partheriogenesis , a spermatozoon 
may still enter the egg or an individual blastomere. By 
simply altering the alkalinity of the sea-water Loeb can 
make a sea-urchin ovum receptive or non-receptive to 
the spermatozoon of a starfish ; this depends on some 
rapid alteration of a physical property of the surface of 
.the ovum. And the ingeniously worked-out experimental 
argument points to the conclusion that a block of this 
sort is induced when a spermatozoon fertilizes an egg. 

But what of the more positive side of the question? 
. There is a widespread belief that a spermatozoon shows 

a positive chemotropism for the appropriate ovum, but 
Loeb finds no proof of this in sea-urchins . The motility 
brings the spermatozoon fortuitously near the egg ; the 
vibrations may assist in boring and in fixing the sperma­
tozoon to the surface of the ovum until other forces, such 
as surface-tension, come into play. What is certain is 
that the spermatozoon cannot enter the egg unless physi­
cal conditions .at the boundaries of egg, spermatozoon, 
and surrounding solution are right. It must be noted, 
however, that a sea-urchin spermatozoon becomes more 
active when it comes near an egg of its own species, and 
Loeb suggests that this activating effect of the egg upon 
spermatozoa, being most rapid as regards spermatozoa 
of its own species, is a means of preventing hybridization. 
In other words, the activating influence of the egg has 
some degree of selective specificity. 

(3) In a third set of experiments Loeb tackles the 
problem of the degenerate condition of the eyes in some 
cave animals, such as fishes and salamanders. Though a 
few zoologists cling to the "natural" interpretation that 
the "blindness," which differs considerably in degree, is 
due to the hereditary accumulation of the results of 
disuse, the difficulties in the way of accepting this Lam­
arckian view are very serious. It has been assumed, 
therefore, that the blindness of some cave animals began 
as a germinal variation or mutation. But confidence in 
the legitimacy of this assumption has been lessened by 
the meagerness of our knowledge as to the occurrence of 

variations in the direction of optic degenerati.m. Vl;r.v 
welcome, therefore, are Loeb's recent experiments which 
show that degeneracy of the eye can he readily induced 
by influences affecting the condition of the egg or the 
earliest stages of development. Thus, embryos with de­
generate eyes can be produced by fertilizing the eggs 
of Fundulus heteroclitus with the spermatozoa of M enidia. 

Since in these cases there is usually no circulation in 
the feeble embryos, the influence is suggested that the 
anomalous condition of the eye may be due to lack of 
c irculation. Blind embryos of the pure breed of Fundu­
l us may be produced by the addition of KCN to the sea­
water ; and a short exposure of the fertilized ova to tem­
peratures between zero and 2 deg. Cen t.  results in abnor­
mal embryos, a certain percentage of which will show 
degenerate eyes.  It is interesting to learn that lack of 
light does not, in the case of Fundulus ,  influence the de­
yelopment of the eye. }'rom Loeb's experiments it is 
not to be argued 'that the blindness of cave animals 
arose in any of the ways mentioned. What the experi­
ments show is the legitimacy of the assumption thaI 
blindness may arise as a germinal variation . or factorial 
mutation. And that is considerable gain. 

(4) Other experiments deal with the influence of bal­
anced and non-balanced salt solutions upon the osmotic 
pressure of the body liquids of Fundulus ; with the rune­
tional importance of the ratio of concentration of an tag­
onistic salts with univalent and bivalent cations ; and 
with the membrane formation in the eggs of the sea · 
urchin. 

(5) In an illuminating essay on the stimulation of 
growth, Loeb states his view that it may be inherent in 
an unfettered cell to grow and divide eternally in appro­
priate conditions, as is illustrated, indeed, by both Proto­
zoa and Protophytes. This capacity may depend on 
the presence of  synthetic ferments 0 1'  "synthetic mechan­
isms" which are formed from the food taken up by the 
cells . But few cells show this capacity, and the question 
arises : What stimulates growth and what keeps the 
cell at rest? In most cases the unfertilized ovum soon 
dies, in spite of its potential immortality. If it is fer­
tilized or treated with the methods of artificial partheno­
genesis, it divides actively. The condition of rest or 
activity in this case depends, according to Loeb, upon 
the condition of the cortical layer of the egg and the 
alteration in the rate of oxidations connected with this 
condition. We do not know whether the resting of body­
cells is determined by conditions identical with those 
determining rest in the egg. 

" We know, how�lVer, that specific substances circu. 
lating in the blood can induce certain resting cells in the 
body to grow, and that these substances differ appar­
ently for different types of cells . It lRay be that in the 
body substances antagonistic to these may enforce t,}\(, 
inactivity of the cells ." 

(6) In a vigorous and characteristic paper entitled 
"Mechanistic Science and Metaphysical Romance," Loeb 
argues that the demonstration of the reality of molecules 
and the counting of their number in a given mass of 
matter "puts science for a long time, and probably irre­
vocably, on a mechanistic basis : It marks, perhaps,  the 
greatest epoch in the history of the theory of cognition .  
I t  enables and compels u s  t o  define the task of scienee 
differently from Kirchhoff, Mach, and Ostwald. We 
may say it is the task of science to visualize completely 
and correctly the phenomena of nature, of which our 
senses give us only very fragmentary and disconnected 
perceptions. We must try to visualize the numerous 
hidden processes and conditions connecting the discon­
nected phenomena we perceive ." We cannot argue the 
question here, but we must be allowed to enter our dis­
sent from Loeb's  conclusion that the activities ,  develop­
ment, and evolution of organisms can be adequately and 
exhaustively described in mechanical terms, or in chem­
ico-physical terms (which are regarded by many as ideally 
mechanical) . We are convinced that in living creatUf<IS 
new aspects of reality have emerged which transcend 
mechanistic formulation. We are inclined to think that 
further study of the metaphysics which this consum­
mately ingenious experimenter slangs so vigorously might 
render him less confident in the stability of his mechan­
istic system. We yield to none in our admiration of his 
illuminating scientific achievements, but we cannot agree 
with his philosophy.-J. A .  T. tn Nature. 

A Memorial to the Engine Room Staff 
A M E M ORIAL commemorating the self-sacrifice of till' 

engine-room staff of engineers, electricians, boi1ermak�l''' 
and others who lost their lives at sea in the path of 
duty now occupies a prominent place at the Prince's Pier 
Head, L�verpool. I t  is of gray granite, 48 feet high, amI 
surrounded by a raised border of grass, about 40 feet i l l  
diameter, with a granite kerb. T h e  memorial is the  
work of  Sir vVilliam Goscombe John,  R A. ,  t11ft motive 
being the tmttle of the elements. 
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Automobi les In the Great War--I I * 

Types of Cars Used and Technical Details Considered In  the Light of Experience 

By W. F. Bradleyt 
Concluded from SCIENTIFIC AMERICAN SUPPLEMENT No. 2 1 17,  page 67, July 29, 1916  

�I ETA L W H EELS BEING ADOPTED. 

ONE of the mOHt important lIevelopments of the war 

i� the adoption of the a l l-meta l i n  vla�e of the wood 

wheel. Although the wood w heel may �ont i n lle in use 

for some years on �ollllllereial trucks, and possibly wil l  

not be abandoned for touring c a r  purposes, it  i s  already 

doomed for arlllY tru�ks. The primary objection brought 

against the wood wheel is that, even if well made of 

good material in the first instance, it requires attention 

from time to time to keev it in proper condition. This 

defect is lIlost apparent when trucks have to remain out 

of doors day and n ight, indeed on all occasions ex�ept 

when in the repair shop. Another obj ect ion is that if  

the vehicle �atches fire-and the enemy's guns are con­

stantly 011 the search for cOllvoys working ba�k of the 

l ines-the wheels are l iable to be destroyell and it be­

comes a diffk'ult matter, if not an illlpossib i l ity, to get 

the truck away. 'Vith IIlPtal w heels it is nearly always 

possible, when the fire Im s burned itself out, to tow the 

vehiele home. Apart from the b ody, it is snrprising how 

little a bUl'lled-out truck wil l  suffer in its essenti al 

organs. 

Practica lly no army trm'ks are now being built in 

Europe with wood w heels. All the Aust in and other 

trueks supplied to the Royal Naval Air Service for use 

in Frallee in a short time had their wood wheels ehanged 

for those of the steel disk type. General ly, when re­

plaeements become neeessary ca st-steel o r  disk wheels 

are substitutpd for wood. A slllall  lllunber of American 

t r l1�k fl have been changed in this way. 

}'or trucks of 3 %  -ton capacity and upward the cast­

steel wheel of the spoke variety is extensively employed 

by }'reneh and Italian makers, and a l so by the British. 

The latter, however, are also partisans o f  the disk type. 

}'or the l ighter units, such a s  l ight trncks on twin pneu­

matic tires and motor ambulances, the steel-disl{ wheel 

has made a remarkable j ump into favor. T hese pneu­

matic-shod wheels ean be detached by removing 4 to 6 
nuts. I neidentally, 4 studs and nuts, adopted by some 

makers, are considered a n  insuffieient attachment. Six 

should he a minimulll. 'The detaeliabl e  wire-spoke wheel 

has not been give a more extended appl ication, although 

it has held its own on ton ring cars nsed by staff officers, 

RUBliER TIRES USED O N  ALL W HEELS. 

Not many years ago the French m i litary authorities 

were inclined to favor the use of steel tires, particularly 

on the driving wheels. The results were not satisfac­

tory, the initial economy being more than offset by the 

greater cost of upkeep and the difficulty of operating 

the vehieles on greasy granite-paved roads. The war has 

proved the necessity of using rubber on al l  trucks and 

on all  wheels. B lock tires, for which many claims were 

made at one t ime, have not proved satisfactory. The 

alleged advantage of being able to replace a block if  one 

gave out has not been l';ubstantia ted. One reason is that 

the new b lock always has a greater thickness than the 

worn unit it has to replace. 

All kinds of tire troubles have developed and more· 

over kinds unknown under peace conditions. Mileage 

has dropped very low and many trueks tn the north of 

Franee are not averaging more than 1,500 miles on a set 

of band tires. On some of the heavy gun cars 800 miles 

is considered a fair average and 1,500 miles excellent 

service. These, however, are special vehicle3 having a 

load of 7 tons and more, obliged to operate in a fire-swept 

zone not negotiated by any veh icles other than the l ight 

2-wheeler carts of the Army Service Corps. One section 

of Pierce-Arrow 5-ton trucks doing ordinary transport 

service in }�rance averaged 5,000 miles on a set of tires, 

but 4,000 miles can be considered a fair average. 

Ti res do not perish principally by having their tread 

worn down. 'l'hey chip away laterally ; they come away 

from their base, sometimes for short distances, some­

times for their entire eircumference ; and generally they 

weal' unevenly. On all the cambered roads of I�rance 

the inner one of dual tires carries the greater portion 

of the load and, of course, wears down before the outer 

one. I t  is worth Suggesting that some means of equaliz­

ing wear be devised ; a detachable and reversible wheel, 

separate from the bearing housing, would make it pos­

sible to get the full l ife out of a pair of bands, instead 

*Paper to be presented at Semi-Annual Meeting of Automo­

bile Engineers. 

tEuropean correspondent, Class Journal. 

oj' having to scrap both when onl y  one i s  worn (lown. 

An engineer officer connected with one of the l'ierce­

Arrow convoys, who was troubled with this uneve:l weal' 

of tires, often fol lowed behind the trucks on a low side­

car. The roa d  consisted of a centra l ly paved strip, 

10 feet wide, with the outer strips composed of a m ix­

t 1ll'E' of mud and more or less broken stone. '''hen pass­

ing other vehicles it  was necessary to run with the 

t'ight-hand wheels in the mud, the l eft-hand side of the 

body then being a foot h igher than the right-hand side. 

(Jnder such eondit ions it was possible to see dayl ight 

under the outer of the dual tires, showing that the wear 

wa s '  all ,on the t read of the inner tire. I t  was also 

not iced that the standard eqnipmen t  for front wheel 

tires was insufficient for the rough roads near the front. 

When dropping into shell holes and bumping over ob­

Rtructions i t  was eonllllOn to see ehunks of rubber torn 

out of front tireR, causing them to be withdrawn from 

sprvice more freqnently than the rear ones. 

The experiment was therefore madE' of fitting wider 

front t ires and narrower rear ones. In the place of the 

original set of 3G by G front and 40 by G dual rear, t he 

engineer had fitted 3G by G front and 40 by G dual real'. 

This ehange was satisfactory ; the mileage being greater 

nnd the cost less. 'rhere was less tendency for the front 

wheels to bog and drivers said that road shocks at the 

Rteering wheel were less. 'rhe angle of weal' for the 

inner t ire was reduced, the outer one taking the load 

ROOlwr owing to the narrow tread. The tendency to 

�kid was a l so considerably reduced. 

BODY SIZES AND CON STRUCTION .  

'rile bOlly dimensions fixed for }'rench trucks a n d  con­

firmed by the war are a platform of 138 by G7 inches 

with removable s ides 24 inches high. The driver's seat 

must be 55 inches wide. The hoops carrying the canvas 

top have to be of sufficient strength for each of them 

to �arry a load of GGO pounds, the central hoop reeeiving 

1,300 pounds. This al lows wounded men on stretchers 

to be brought to the rear when trucks are returning 

after del ivering supplies and was done extensively dur­

ing the series of battles for the possession of Verdun. 

Owing to t h i s  speci fication the hoops are generally of 

steel and are fitted with rings. Many of the American 

trucks supplied to the A l lied armies had a prairie 

schooner type o f  body, with a single top eovering the 

load and the drivel'. This was a mistake as the driver 

was l eft without protection when the nature of the l oad 

neeessitated the removal of the top. .�lso with no divi­

sion behind them, the men on the front seat were in 

the position o f  a person in the mouth of a drafty a lley. 

It is essential that the two tops be independent, and that 

there be a vertical division just back of the driver's 

seat. Drivers need much more protection than is given 

on the standard commercial vehicle. This protection has 

not been given by American makers. The drivers have 

therefore provided it themselves, sometimes with pecu­

liaI' results. The British have a preference for a per­

manent driver's cab with side doors and canvas exten­

sion above the dash, so that in bad weather only the 

upper portion of the driver's head is exposed. The roof 

of the cab carries a rifle rack. This a rrangement is 

sati sfactory, particularly for English weather conditions. 

If is a primary condition that the real' wheels must 

not break the uniformity of the body platform. On this 

account the body is raised a l ittle above the frame mem­

bers. Advantage should be taken of the lateral overhang 

of the body to fit stout lockers alongside the frame mem­

bers. This has been done in many cases to provide 

storage space for the regulation spares the truck must 

carry. Few makers appeal' to have realized, however, 

that a couple of men having to l ive and eat aboard the 

truck also need spares, and that no space is provided for 

their storage. This could easily be remedied by fixing 

additional lockers alongside. The construction of these 

boxes should be strong and door hinges should be at the 

top-that is the door should open upward. 

Although special vehides are provided for the rapid 

transportation of troops, all trucks Ilre liable to be 

cal led upon for this work on occasions. It is thus de­

sirable that the body shoul d  be so designed that it can 

receive either a couple of longitudinal seats down the 

center and about 6 inches apart or transverse seats. 

'J'hE' aC'('omlllodation requh'ed is of the most primItIve 

natUl'e, n n d  the fitti ngs should not interfNe in any way 
with the normal serviee of the t l'llck. 'rile hrightly 
tin ted yellow o r  sandstone eanvas tops suppl ipd w ith 
many American trucks a re a danger nnder I,Juropean 
war eonditions. The correC't t i n t  i s  gray, or bl ue-gray, 
or bptter stil l  variegated with blue-gray as the dOlll i ll a n t  
note. 

USES OF FOUR- W H EEL DRIVE N TRACTORS. 

Practica l ly all the o rd i ll a l'Y t ra nsportation of thE' 
A l l ied a rmies is done by rear-drive trucks. 'rhe 4-",lwel 
Liriver is doing svedal work and does not usually ellTllE' 
into competition with the 2-wheel drivel'. In other 
words, the 2-wheel driven true\{ is the most satisfactory 
and the most economical type for the general transl'or, 
tat ion of food, ammun ition and men. 'l'he 4-wlleel ll ri \'t'r 
first came into use G 01' (j years ago when the F'renl'b 
a rmy sought to abolish the use of horses in the haulage 
of it s heavy field pi eces. }'or this work it waf; i lllPOilSi­

ble to consider the ordinary trutk, for t he a l·t i l l p l·Y 
rnrely operates along m a i n  roads, mill in the maj ori ty 
of ca ses has to work on no roads at a l l .  What was 
requ i red, therefore, wns a traetor capable 01' 11Ilu ling 
the guns to all  positions open to horse tealllH, awl o f  
doing the work faster t h n n  i t  �ould be done lIy llUl·SPH. 
The abolition of horses for haulage of the guns also 
illlpl ied the abolition of horses for the transporta tion of 
lllunitions ; thus the trac10rR had to be eallable oj' haul­
ing trailers loaded with shel ls to any position that lllight 
be taken by the guns. 

The problem has been a ditlicult one, for it was not by 

any llleans snfficient to duplicate the pOints of appl i ca­

tion of the power in order to obtain a vehiele that �olli d 

travel over any kind of country and lllount any kind of 

obstacle. 'l'he difficulties met by ordinary trncks whpn 

obl iged to abandon main roads a l so had to be faced by 

the 4-wheelell driven tractors. The differen�e i s  that 

the 4-wheeler's real wor\{ begins when the going is sneil 

that the ordinary truck would have ceased to lie of a lly 

nse. A large amount of experience has been acqu i rell 

in the use of chains, paddles and caterpi l l a r  bands for 

the road wheels i n  order to a l low these tradol's to 

operate under all kinds of cross-country conditi ons. 'l' he 

results, however, have been sufficiently satisfa etory to 

justify the belief that the horse has ceased to he ne�E'S­

sary to the heavy artil lery batteries. 

TRACTORS DEVELOPED BY FRE N C H  ARMY. 

The F rench a rmy has developed two different types 
of 4-wheel driven t ractors : a heavy tractor capable o f  
hauling n o t  less than 12 tons, generally on two trailers ; 
and a l ight tractor hanl ing a m inimum of 8 tons. 'l'he 
unloaded weight of the heavy tractor is l imited to 5 1-:� 
tons, and the l ight tractor mnst not scal e  more than 
3 %  tons ; these weights comprising the complete vehicle, 
2 drivers, gasoline, oil, tool s  and spares. Although some 
6-cylinder engines were used for thi s work in the early 
stages, at present 4-cyl inder engines are employed ex­
clusively. Every tractor is fitted with a power-driven 
winch or capstan. This is absolutely essential, war 
experience having shown that even a 4-wheel driver can­
not work successfully across country without this auxil­
iary. As a general rul e  the winch placed horizontally 
across the front of the frame has been the most success­
ful type. Towing hooks are fitted front and real', an 
artillery:type elastic coupling is provided at the real', 
a powerful sprag or ratchet is fitted and the tractors 
have equal size dual tires front and rear. The use of 
these tractors has been confined l argely to the hanlage 
of 120 and 155-millimeter field guns, which is heavy 
artillery that must, nevertheless, possess a reasonable 
amount of mobility. 

The 4-wheel driven tractor has not been used to any 
great extent in the haulage of the 75 mill imeter field 
piece. Nevertheless, a certain number of the 75-milli­
meter batteries have been lllotorized. The weight of this 
gun, withont its carriage, is only 1,014 pounds. Thus it 
mn easily be carried on a chassis designed for a 3 %  -ton 
load. 'ehe problem to be solved was a system of quick­
acting jacks that wonld take all the weight off the 
springs when the gun went into action and give the same 
rigidity as with the ordinary gun ca rriage. For these 
automobile guns the authorities have selected De Dion 
Bouton and Schneider 3 % -ton chassis similar in general 
dpRign. Thp Pllg i llP  i s a 4-<'yli nder of roughly 4 14  by 
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li-iudl lJore aUlI st roke ; the gearlJux vru v i lle� 4 speeu� ; 
and tinal drive is by internal gear�. Tllese batteries 
have been extensively and successfully employed for 
anti-aircraft work. The ammunition wagons are of the 
same general uesign a s  the gun-carrying chassis. Un· 
like the ordinary trucks the hood is armor plated. Tile 
gasoline tank is placed at the real' inside a steel box 
witllout a top. 'l'his gives it adequate protection against 
lJuliets and shell spl inters. 

An entirely distinct class of work is the use of auto­
mobile tractors for the haulage of heavy artillery­
(4, 15 and 16-inch guns. For this class of slow-speed 
heavy haulage, steam has been abandoned in favor of 
the interna l-combustion engine. Even the B ritish, w ho 
have always shown a partiality toward steam, haye 

f allopteu gasoline tractors for the hanlage of heavy guns. 
A l thongh varying considerably in details of design, these 
tractors are all on the same general lines. They embody 
little of the automobile type chassis. In one particular 
euse a pure traction-engine chassis, made by a steam 
traction-engine manufacturer, is employed and is fitted 
with a G-cylinder Knight engine of about 6 by 6 % -inch 
hore and stroke. The engine operates the large diameter 
metal road wheels t hrough internal gearing and in addi­
tion drives a powerful winding drum. The tractors haul 
loads of 2G to 30 tons distributed over two or three 
t r a i l ers. Their rate of travel is 3 to 4 m. p. h. 

1<'01' this wor*- the caterpillar tractor is being used to 
a moderate extent hy all the All ied a rmies. Except for 
ngrkul tural purposes Europe had paid little attention 
tu the caterpillar tractor before the war. Tllus the 
machines now used by the armies are practically all 
of American origin . .  On certain occasions when the 
enemy' s  lines have been broken by heavy artil lery fire 
fol lowed by well-ordered infantry attacks, it  has been 
found uifficult to make this temporary snccess a perma­
nent advnnce by reason of the slow rate at which the 
supporting artil lery has lJeen brought up ove1' the broken 
('oulltry. It is under such conditions tllat the caterpillar 
tracto1' can lJe used to best advantage. There is no k ind 
of country over which it cannot move, and it is capable 
of bringing up guns more quickly than they can be 
hauled by horses. 

The neceSSity has been shown for specially tra ined 
crews for the handling of 4-wheel driven tractors and of 
henvy a rtillery tractors and caterpillars. An ordinary 
automolJile drivel' is not sufficiently experienced. The 
men, and the officers in command of them, should know 
immediately what kind of country can be traversed with 
anu without chains anu paddles on the wheels ; what 
li ills can be climb ell. with the full number of trailers ; 
where to drop the load ; anu where and how to put 
the winch in operation. 

The adoption of motor traction for a heavy howitzer 

battery means that the entire work of the battery is 

performed by mechanical traction. Thus a battery with 

45 tractors will have attached to it about 40 5-ton 

trucks and 20 3-ton trucks for bringing up ammunition 

and supplies, as well as about 15 cars for repa i r  service. 

WORK OF ARMORED CARS. 

Practically everything on wheels capable of carrying 

a machine gun has been fitted up for service at some 

time or other and termed an armored car. Nearly two 

years of fighting is a sufficient length of time to allow 

lllllllY errors to be corrected and to give plenty of accu· 

rate information on what armored cars can and cannot 

do. Even now, when the unsuitable types have been 

eliminated there are several varieties of armored cars. 

At one end of the scale are the motorcycle and sidecar 

carrying a machine gun, and at the other end the heavy 

truck, weighing about 12 tons, and carrying 4 machine 

guns and 1 field piece. 
I t  should be pointed out, however, that an exaggerated 

importance has been given to the armored car. In the 

present stage of war on the Western front, with men 

in trenches 10 feet below the ground and in dug-outs 

20 feet below the earth's surface, there is not much op­

por'tunity for a scouting automobile to show its merit: 

But before this underground warfare was adopted 

armored cars were important, and they will doubtless 

again be important when open fighting is resumed. 

The most suitable type of machine has been found to 

be a powerful touring-car type of chassis with a 4·cylin­

del' engine of approximately 4 .by 6-inch bore and stroke, 

01' its equivalent. The single compartment body is built 

up of steel plates, generally 0.3 inch thick, capable of 

resisting rifle fire at close range. The plating extends 

over the engine and the radiator, with louvres to allow 

a sufficient draft of ail' for cooling purposes. Steel disk 

wheels are fitted, with twin pneumatic tires at the real' 

and fenders designed to deflect bullets without interfer­

ing with the accessibility of the wheels. Double steer­

ing, although a decided advantage has not been adopted 

in the majority of cases. No o rdinary chassis is built 

to steer from both ends, and rather than undertake 

cOllsidel'alJle work the cars have been sent out with 
ordinary steering. I II practice the double steering is 
never required except at rare intervals and for short 
periods ; when it is needed, however, it may be ne,,(] ed 
badly. 'l'hese cars usually carry one or two mac-h ine 
guns in a turret, 01' sometimes a machine gun and a can­
non. A powerful wire cutter is an important adjunct. 

TRAILERS BEHIND ALL KINDS OF CARS. 

It is worth n �J t ing that the war has brought about un 
extensive use of trailers. Their first application was i !l 
the automobile service, where loads are bulky and l ight. 
Their use has been extended in this service and has a lso 
been adopted by other branches of the army. Natur a l l y  
the 4-wheel driven tmctor h a s  tended toward a cons i lI­
erable increase in the use of trailers, but these are 
vehicles originally deSigned for operating w ith trailers. 
The trailers are now being attached behind all kinds of 
automobiles, which, it was originally thought, would 
never have to receive them. Thus 3 % -ton trucks work­
ing with bulky loads are being made more efficient by the 
addition of trailers. A large number of light trucks, of 
%, and I-ton capacity, mounted on pneumatic tires, are 
fitted ,,:ith the speci al army type elastic coupling at the 
rear and wlll take one or two 2-wheel pneumatic-tired 
trailers. 'l'hese are extens ively used for the transporta­
tion of men working in the rear of the lines. For in­
stance, at a big aviation depot employing 500 men , who 
have to work 5 miles from their billets, these l ight 
tractors and trailers are used to take men backward 
and forward morning, noon and night. The machines 
are not kept specially for this purpose, but are used on 
general haulage work around the depot. The trailers 
are merely 2-wheel floats with canvas tops on detach­
able hoops ; the front is closed and entrance is at the 
rear ; there are 2 longitudinal seats. In a few minutes 
the trailers can be stripped to mere pla tform bodies 
suitable for carrying aeroplane wings or a complete 
aeroplane. As a speed of 35 m. p. h. can be maintained 
on good roads, these outfits are valuable, in case of 
necessity, for the quick transportation of troops to 
threatened points. Many of the smaller munition fac­
tories not having sufficient work to justify the purchase 
of a truck, are using ordina ry touri ng cars with a 
trll i ler attached. 

WAR STAN DARDIZATION LESSONS. 

Innumerable a rguments can be found in the war zone 
in favor of standardizat ion. The mil itary tendency the 
world over is toward uniformity, and attempts will 
doubtless again be made to standardize design. This is 
a tendency that should be energetically opposed, for 
no single vehicle can monopolize the good features of 
automobile design. As already pointed out, the attempt 
to impose on manufacturers a purely mil itary type is 
doomed to failure. No a rmy can maintain in peace all  
the trucks it will  require for war conditions. Any mili­
tary type that can be developed is bound to be swamped 
by the thousands of purely commercial models that will 
have to be enrolled when the nation goes to war. 

Certa in features can be insi sted on-aud indeed are 
required in Europe at the present time-without handi­
capping the deSigner or making it difficult for him to 
a�oPt improvements as they are suggested by experie�e. 
'r he features that should be uniform are : s\ze and style 
of bodies ; wheels and tires ( in France these have now 
been reduced to one size ) ; magneto bases an� couplings ; 
carbureter flanges ; towing hooks ; turning radius ; clear­
ances ; driving chains ; threads for all bolts and nuts ; 
and control. 

All these features can be adopted, for trucks I'Jf a given 
capacity, w ithout interfering in any way with the scope 
of the designer and without arresting progress. Although 
the army type body may not be suitable for all classes 
of business, it is an easy matter to make the one adopted 
interchangeable - with it. But it is in the repair shops 
that the real lack of standardization is felt. 'l'he repair 
staffs that have to handle every kind of vehicle from 
the automobile factories of the whole world, can be 
excused for believing that not even the fringe of this 
problem has been touched. Not only does there appear 
to be an entire lack of uniformity between one firm and 
another, but even the product from individual factories 
is not sufficiently standardized. The military authori­
ties have every reason to encourage the movement to­
ward standardization in automobile engineering. 

U NIFORM NOMENCLATURE NEEDED. 

'l'he archaic system of naming automobile parts is 
another difficulty that ought to be removed. The con­
fusion is so great that in the .big stores, where French, 
American, English and Italian spares are given out, it 
has been necessary to adopt a new international code. 
It  is one of the curiosities of the war that France should 
be interested as much as America in the standardization 
of the technical terms of the American automobile 
Industry. 

German Chemical Industries Combine 
A RECE N T  issue of The Engineer, London, gives the 

following details of a new combination that has been �or�ed by the manufacturers of chemic'al.s in Germany, 
1Il VIew of the competition they anticipate after the war. 

With the exception of the chemical works styled �riesheim-Elektron, which were somewlat late in j
'
oin­

mg the large new combine of th e chemical industriES of 
Germany, all the large concerns have now held their 
gen

.
eral meeting'S and sanctioned the new agreement . 

'PhIS agreement includes the Hccbter Dye Works 
Messrs . Leopcld Cassella & Co . , Kalle & Co . ,  Ltd, th� 
Badiscl::e Anilin and Scc.a Wcrks, the dye-works of Bayer 
& Co . , the cc mrany for the Ir anufacture of aniline 
dyes at Berlin-Treptc n, the chemical works of Weiler­
tel' Meer, and the ch(mical works of G ricshdm-Elektron.  
The arrangf ment provides for a doser ce-operation be­
tween kindred concerns witbn tl:e same industry than 
has ever before been known in Germany. The reasons 
for the combine are stated to be the uncertainty of 
the future, the increasing competition on the part of 
neutr�l and hostile countries, and a desire to bear join tly 
the r1sks connected with foreign affairs. At the same 
time the separate concerns retain their independence and 
freedom of action, while they are to afford each other 
all possible support and communicate to each other all 
data acquired in the matter of m anufacture, etc. The 
agreement covers a period of fifty years from January 1st, 
1916, except tl e G riesheim-Elektron COLcern, for which 
the agreemen t will operate on January 1st, 1917. 

The most intLresting feature of the affair is that all 
the profits are to be pooled, the profits being arrived at 
according to uniform rules, and divided between the 
different participating concerns according to a fixed per­
centage. In the case cf some of tl::e firms the entire 
production does not contribute to tt e profits of the pocl, 
and of others there are some special exceptions , which 
only later on, according to fixed periods , " ill accrue to 
the pool. As regards tt.e Hechster Dye Works , for in­
stance, the special profits on calcium carbide nitrolim 
and certain prc ducts derived frem these comm�dities ar� 
reserved ; for the old combined concerns the Badiscbe 
Anilin Company, the Bayer Ccmpany, a,�d the Trepton 
Company, the profits on the new departure at Lud­
wigshafen in the matter of synthetic ammonia and its 
products are eXEmpt. The fixing of the rartieipation 
percentage has, of course, been a difficult task but a 
solution was found by the three largest works, th� Hocl­
ster Dye Works, the Badische Anilin and Soda Company, 
and the dye works of Bayer & Co . ,  each obtaining 24.82 
per cent of the aggregate pocled profits for the first 
ten years, and after the expiration of tt.at time 25.02 
pel' cent. These three works will thus during the first 
ten years take 74.46 per cen t, and after that period 
75.06 per cent of the aggregate profits of the combine 
l?aving respectively 25.54 and 24.94 per cent. The Ber� 
lm-Trepton Company for aniline dyes has had appor­
tioned to it 8.08 per cent for tte first ten years and 8 . 14 
pel' cen t after the lapse of that time. In the old trij:,le 
c?�bine, Ludwigshafen-Bayer-Trepton, the latter rar-. 
t1Clpated with 14 per cent, and the two others with 43 
pel' cent eac.l::. . So as to bring the Hochster Company 
on t�e same footing as regards percentage, the clq)ital 
of thIS company has been raised to the same amount 
as that of Ludwigshafen and Bayer by an increase of 
4,0?0,000. m�rks, issued at a premium of 100 per cent, 
whlCh prIce IS materially below that ruling in the open 
market. A further transfer of capital has taken place 
by the shares of Kalle & Co . ,  in Biebrich, formerly held 
by the Cassella firm, having passed into the possession 
of the Hochster concern, which now holds the entire 
share capital of 6,000,000 marks of the Kalle concern . 

The relative positio n  of the works of the combine as 
regards share of profits is as follows : 

l�jrst 'I'en 
Yeal'R. 

Per Cent.  
Afterw ard 
Per Cent, .  1 ---- -- --

Hochster Dye Works . . . . . . . . . . . .  . 
Baden Anilin Oompany . . . . . . . 
B ayer, Leverkusen . . . . . . . . . . . . . . . . . . .  . 
Leopold Casst'lla Oompany (about) . . . . .  . 
Anitin Company. Trepton . . . . . . . . . . . . .  . 
Oriesheim Works and Weiler-tel' Meer 

24 . 82 
24 . 8  
24 . 82 
10 . 00 
8 . 08 

25 . 02 
25 . 02 
25 . 02 

8 . 14 

Works (about) . . . . . . . . . . . .  . . . . . . . . .  7 . 50 --'---'-.:.::�-'---'---� 

�ith reference to the manner in which the profits 
aVallable for the last two companies are to be divided 
nothing definite has been stated, but it has been surmised 
that 6 per cent will go to the Griesteim-Elektron Com­
pany and 1 Y2 per eent to the Weiler-tel' Meer concern . 

It may be mentioned in this connection that the 
Badische Anilin and Soda Works have just declared a 
dividend of 20 per cent for last year, the Bayer Works 
at Leverkusen a dividend likewise of 20 per cent, against 
19 pel' cent for 1914, and the Weiler-ter Meer Works 
oue of 12 per cent. 
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Six -foot ci-nular saw equipped with a 25 horse-power driving motor and a 3 horse 

power motor for operating the feed mechanism. 

Group of double-lever channelers, each driven by a direct·current 
railway type motor. 

An Electrically Operated Marble Quarry 
Many Different MaehiHes at Widely Scattered Points Demonstrate the Advantages of This Kind of Power 

IN view of the wi el e  a ppl ication of el ectrieity in pra c­
rlea l Jy every LlI'lllH'h of i nd ustri a l  adi v ity, it is not S U I'­
pri�illg to timl thi� \'ersatile form of motive POIVN' at 

work ill the m odel'll quarry. Many of the tm;ks hereto­
fore performed hy m ll llUal  l abor in the qua rries a re now 
performed hy el eetrien l l y-driven machines, and invari­
ably the result:l I lt  pl'O!luet is not only less expensive, 
�lIIt it is a l so of a m O}'e n n iform a mi Iletter qual ity. 

I n  the lI eeOlnpa nyi l lg i l l ustrations appear several of 
the mll(']11l1es empl oyed in olle of the l eading Vel'lllont 
qUIII'!'ieH. The fi rst of these shows a ,.,ix-foot cireul ar 
saw emp l oyed in cutti ng 1IlJ(1 tri mmi ng marble slahs, 
whidl i s  IlI'ovided witlt two m otors ; one, a 25 horsp­
powt'r motor, rota tes the huge Haw ; the other, a B 
horse-power unit,  d rives the feeding mechanism. 'rhe 
pt'riphery of the Naw has inset diamond cuttin g tools, 
)Jermitting of very rapid sawing. However, this ma­
('hine is  not i n tendetl for work ordinaril y performed by 
the gang saWH or rubbing beds. 

A llJost i nteresting machine is the electrie carhorull­
(Ium ma chine empl oyed for cutting mol dings in pieces 
or marble. 'rhe hed pl ate has a slow reciprocating 
travel simil ar to that of a planer. '1'he adjustable grind­
ing elements are carborundum wheels of variolls sizes 
a nd sha )1e�. By fu netions of these wheels flutings and 
fil lets of various sizes can be produced, resulting in 
el aboratp decorn tive mol dings. As in the instance of 
the drelll ll r  Raw, the machine is independently driven ; 
a 20 hOl'He-power motor driving both tools and hed pln te. 

'rhere are several hundred pneumatic hand tools used 
in the Ntone-eutting shops, to which air is suppl i ed at 
pressures of from 50 to no pounds by m otor-driven com­
pressors. 'rhese, in the broader sense, also m a y  he re­
garded as electrically-operated equipment. 

'I'he handling of stone is expedited by overhead elec­
tric traveling cranes of standard design. 

In the second view appears a group of doubl e-lever 
ehannelers which are provided with a gang of long 
ehisels set on either side of a strong framework and 
actua ted through gearing by a 12 horse-power railway 
type motor. The vertical, reciprocating motion of the 
chisel gangs, combined with the s low forward move­
ment of the machines, forms na�·row channels or slots 
of the desired length and depth, usually at right angles 
to the "rift" or natural cleavage line of the marble 
strata, and cross channels in order to secure blocks of 
the desirpd size. Although the motors empl oyed in 
these machines are unavoidably and continuously sub­
j eeted to a considerable amount of vibration when the 
channelers are in action since they are mounted direetly 
on the channelers, still, in spite of the severe conditions, 
the original equipments of 20 years ago are to-day in 
regular use on flat cutting and operati ng with unim­
paired efficieney a fter a n  aeti vt' serviee of llt'lI rl y t.wo 
decades. 

By Frank C .  Perkins 

Ike:l nse of the varied arrangement encountered in 
m 1l  1'1I 1e  Ht rata, it is frequently necessary to operutp 
dWllnelt'rs ut various angles to the horizonta l und, 11 :4  
Illay he' l loticed in the illustration, "inee the meelianka I 
design of the machines shown in the seeond view limits 
thei r effective use to surfaces which are practicall y 
level , another form of machine shown in the thire} illm;­
trulion is utilized where both flat and slope channel ­
ing ttre required. The last named machine is equipped 
with only one chisel gang, whieh is given a positive 
reeiproeating m otion by means of compressed air. '1'his 
in turn is supplied in a d osed circuit hy a motor-driven 
compressor : the entire outfit compril'les a self-containeel 
unit. 'rhe operator can secure all necesfmry speed :H1-
justments through the motor control l er. 

'1'here are in all about 100 channelers used in the 
Vermont quarries, including some two dozen of the ol e] 
double-lever type, which are driven by direct current 
motors as compared to the electro-pneumatic machines 
which are uniformly equipped with 12 horse-p()wer ill" 
duetioll m otors. '1'he latter m otors have phase wounel 
rotors am} external resistances connected through slip 
rings, making them especially adaptable to condition;; 
requiring frequent starting under load with a relativel y 
l(jw eurrent consumption. 

I n  addition to the channeling process, the bottom of 
the block of marble is perforated by means of drills. 
'rite hol es are usually driven either along or parall el 
to the "rift" or natural deavage line, thereby rendering 
possible the loosening o.f the block by means of levers 
or wedges. No blasting is required as the aetual work 

of quarrying marble i s  performed entirely by machin­
ery. 'I'here n re over 70 electro-pneumatic drills em­
pl oyed for perforating the marble hlocks. These drills 
overate on the same principle as the el ectro-pneumatk 
channelers, although there is a slight variation in thei r 
construction in that the drill proper and the motor­
driven air compressor are separate, transportahle units, 
connected only by flexible tubing. The load conditions 
are not severe and the compressor is geared direct to 

a two-speed 51h horse-power induction motor. 
'While the greater part of the quarries are open work­

ings from whieh the detached blocks of marble are re­
moved with the aid of derriek hOists, some of them ex­
tend for a considerable distance under ground and 
employ heavy pillar supports for the roof or hanging 
walls. In some respects the conditions in such quarries 
entail work similar to that encountered in mining. The 
West Rutland quarry offers a striking example of 
quarrying along mining lines. Here the workings have 
been carried to a depth of about 300 feet and the open­
ing at that level exceeds 2,000 feet in length. Electric 
l ighting is required to illuminate the workings and an 
eleetrie l o('omoti ve i s  used to haul the bl ocks of marble 
from tile working fllc!' to the base of a slop .. hoist, 

wllieh in turn brings them to the sn 1'fa ('e. It m a y  he 
added that to vrovide snitabl e  working eondit iollH, it 
has been found n ecessary to t'm pl oy foreetl l'enUllltiun 
in the underground galleries of the West Rut l a n d  

quarry. '1'his is amply provided for by a six-foot fan 
located on the surface and d ri ven by a 40 hOrfle-])OWpr 
induction motor. 

Water in varying quantities is frequently encountered 
in quarrying. .l<'urthermore, as the quarry openings a rt' 
practical ly  unprotected, a certain amount of t'm l'fa(�p 
drainage and seepage must also be provided fOJ·. 'J'IJt' 
pumping sets used for dewatering the quarrit's iUl 'l nilp 
both reciprocating and centrifugal types, d riven hy 
induction motors. ::-lmall portabl e  pumps driven hy 
2 horse-power motors are available, as  a rule, for tel1l­
porary use. I!'or heavier work stationary units are 
used, in which case the motor is of about 3il horse­
power rating which is ample since in no instance d oes 
the operating head exceed 350 feet and the load dt'mam! 
is not heavy. 

In the West Rutland qua rry there are at the present: 
time in service a total of about 570 motors which range 
in capacity from 2 to 250 horse-power, with an aggre­
gate rating of approximately 14,000 horse-power. Direet 
current units are in many cases applied to hoists, eranes 
and l ocomotives, and constitute about 25 per eent of 
the total motor equipment ; the remainder being poly­
phase induction motors operating at 220, 440 or 2,300 
volts on three-phase 6O-cycle circuits. Fully 65 electl'k­
ally-operated rubbing beds are at work in the different 
shops. The older installations consist of group>; of 11 ve 
or six machines driven through counter-Shafting by 50 
horse-power motors. 'I'lle individual drive system is 

now largely ' used and the more recent additions to tIle 
shop machinery provide a 25 horse-power motor belt­
connected to each pair of rubbing beds. 

The electric current is supplied to the various plants 
from foul' hydro-electric stations having a total capae­
ity of 5,525 kilowatts and two steam stations having an 
output of 1,250 kilowatts. Distribution is made through 
eleven substations, over transmission lines aggregating 
more than seventy miles in length. The hydro-electrie 
stations are all located on Otter Oreek, a small stream 
which rises in Bennington Oounty, Vermollt, flows 
through Rutland and Addison counties, and enters Lake 
Ohamplain near Vergennes. 

The electric system is particularly convenient fo]' 
quarry work, as it is unaffected by the tempemtul'e 
changes, which must always be considered with steam 
or air lines, and the laying of additional wire or cable 
to suppl y current to new machinery or to meet changeN 
of location of any existing machine can be safely, easi l y  
and rapidly accomplished without interfering i n  any 
way with the opera tion of tlte )'emaindel' of the quarry 
equipment. 
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Electro-pneumatic channeler driven by a 12 horse- power induction motor which 
actuates an air compressor. 

Marble rubbing beds in finishing shops, on which slabs of marble are ground 

smooth and polished. 

Materials Used in Case Hardening* 

By . R. A. Millholland 

OF all the forms of heat treating, no doubt case 
hardening is the most extensively employed. It is 
IlIerely an application of the old cementation process of 
lUaking steel frolll i ron. Of course, improvements have 
been made over tile original methods, both in the process 
and in the materials involved. There are two prime 
requisites that case hardening fulfills more efficiently 
than any other process Il:nown to modern mechanical 
science, namely, a very hard non-wearing surface and 
tough malleable core that is capabl e  of absorbing an 
el lorlllOUS amount o f  vibration without serious difficulty. 

The application of the process of case hardening is 
too extensive for exhaustive enullleration in this l illlited 
space. Generally speaking, short shafts, pillS, bolts, 
collars, thrust rings, screws, bearings, spindles, gears, 
ratchets, clutch dogs, or any machine parts that are 
Illade of steel and are subject to wear, can be advanta­
geously case hardened at a very slllall cost. '.rhe writer 
lias  in mind a cOlllpany that makes a practice of case 
ha rdening all  the steel parts of its tools and j igs used 
in the manufacture of automobiles. �'he lIIaintenance 
on these tools is surprisingly low. Locating lugs amI 
('eu tering blocks do not wear away on the edges and 
hecome inaccurate. Practically the only replacement 
that is done on the tools at all is of drill bushings and 
horing hal' guideiS. The locking devices, set screws, and 
da mps showed no sign of wear after months of constant 
vroduction. One small cotter pin hole has had 40,000 

Hhackle holts pass through it and it is sti l l  as aceta·ate 
as micrometers can measure. The sallie jig was re­
placed three times in drilling 20,000 holes hefore the 
ease-hardened jig was made. No change in design was 
made ; only the case-hardened feature was added. Any 
steel surface, whether a bearing one or not, that is l iable 
to be nicked or marred by rough handl ing can be made 
practically indestructible by case hardening. �'he ad­
vantage of the process of case hardening low-carbon 
steel in place of using high-carbon tool steel is obvious 
in many instances, yet it must be clearly understood 
that case hardening is not a cure-all  shin plaster to be 
Ilsed indiscriminately for any and all  purposes. Each 
firm must learn largely from experience what can be 
ease hardened to advantage. 

Let us first have clearly in mind what is meant by the 
term case hardening, and the cementation process. 'Ve 
must hark back to the days when the art of making 
steel was new-how far back no one really knows, but 
the names of Damascus and 'l'oledo are fami l iar to all 
readers of history. Were you to ask one of these readers 
what was the most striking thing that he remembered 
:1 bout these two ancient cities, no doubt the answer 
would be : "The swords of Damascus and blades of 
�'oledo." Without a doubt both of these famous steels 
were made by the cementation process with some im­
provements, the secrets of which died with the prest ige 
of the cities. 

A fine grade of wrought i ron was the base upon which 
the eementation process was founded. Flat bars of iron 
were placed in furnaces packed in layers of charcoal 
:1nd subj ected to a temperature in the range of 1 ,400 
to 1 ,650 deg. Fahl". The carbon in the charcoal was 

*The Iron Age. 

dissolved by the iron and " hen carbon had penetrated 
the steel and thoroughly saturated it, the cementation 
was considered complete and the bars were removed 
and "stack welded" one upon the other to a homogeneity 
that has been the envy of succeeding generations or 
steel craftsmen. �'he ancients realized the value of 
"working" their steels and the results secured were 
remarkable. �'he writer does not want to be misunder­
stood, however, causing some to believe that ancients 
could produce better steel than our latest modern manu­
facturers do. The ancients had nothing to surpass or 
even equal the chrome-vanadium steel of to-day. 

'1'he process of case hardening, then, is nothing but 
the proper regulation of the cementation or infusion 
process, as some see fit to call it. '1'he old method of 
using charcoal as a means of injecting, or infusing, the 
carbon into the iron is slow and costly. Many newer 
and better materials have been discovered which are 
far superior to the old charcoal process. 

It  was discovered some years ago that the presence 
of n itrogen in the carbonizing material materially in­
creased the speed of penetration or infusion of carbon 
into the surface of the iron. It was found after inves­
tigation that nearly all of the numerous patented car­
bonizing compounds have only two really essential ele­
ments in them, and despite the claims of the virtues 
of their respective products, carbon and nitrogen still 
remain the two major elements involved in case harden­
ing. It is of l ittle or no consequence to the practical 
man, whether the carbon penetrates the steel in a gaseous 
or solid state. Let the ultra-scientific theorize on that 
subject and meanwhile let us consider the natural car­
bonizers and their faults and virtues. Among the 
natural carbonizers, those most extensively used are 
granulated bone, charred hoofs and leather, beet sugar 
pulp and crude raw sugar. Granulated bone is no doubt 
the most widely used of all earbonizers and while it has 
some almost unforgivable evils, its availableness and 
price make it a universally used carbonizeI'. Its one 
and only great drawback is the high phosphorus content 
which has a noticeable effect on the toughness of the 
case-hardened area, making it brittle and prone to chip 
or flake off in service. However, after bone has once 
been burnt over and stil l  contains a high percentage · of 
carbon, the danger from the phosphorus decreases with 
the number of times the bone is used. I should say that 
36 hours of actual carbonizing heat is  all that bone will  
stand and give any kind of results at all .  If the bone 
is properly fortified after each heat, it can be used re­
peatedly, and grows better in carbonizing quality after 
each fortification. Highly uniform results can be ob­
tained by uniform methods in fortifying the "spent" 
bone. By fortifying I mean restoring the carbonizing 
power of the bone. Bone is made up largely of lime 
which really forms the body or structure of the bone 
and is in evidence when after repeated heatings small 
bits of chalky white substance are found in the mass of 
burnt-over bone, indicating that the bone is almost spent 
or burnt out. The writer has developed a m ethod of 
his own regarding this process of  refortifying spent 
bone and will gladly furnish any fellow craftsman with 
more particular details than this limited space will 
permit. 

Cha lTe(] hoofs a n d  Iput her when m i xeu w i th h i ekory 

eha rC'oa I mal", a very good earllOnizel', bul the mixture 

is very uncertain and where uniform results are requ ire!l 
t he fortified bone is  best and costs much less. Beet 
sugar pulp is obtainable from any sugar refinery at It 
snrprisingly low cost, and in the writer's est imatiull hll �  
no rival for case hardening nuts and screws as the work 
comes from the carbonizing pots without any adhering 
dust particles and fused bits of metal that we often fi w l  
in t h e  charred leather. lfive hours is the longest Ill'a t 
that beet sugar pulp will  stand before it is spent ami 
nothing is left but a l ight flaky dust in the caml. '1'he 
shrinkage of the pulp is  at least 30 vel' cent. Beet Huga J· 
pulp is high in volatile carbonizing gases aud fur that  
reason t h e  carbonizing retorts must be tho roughly gas 
tight to secure the depth of case in the parts ullliergo i l l ,>(  

('a se ha rdening. 
Now l et us consider the artificial, or rather the manu­

factured, case-hardening compounas. Some are patented, 
but many are not, and I shall describe several different 
brands. Each manufacturer of carbonizing eompouLl t I  
quite  naturally claims his to be tile best, ami I haY(' 
pamphlets and booklets OIl lIly desk that show clea r ly  
a n d  quite convincingly, I confess, t h a t  t h e  particular 
brand of carbonizeI' exploited in the pamphlet is  the best 
obtainable. I might truthfully say that I have not ru n  
across any real b o l d  fra uds in t h i s  particu l a r  l i ne, at  
least n o t  within the last six years, a n d  a n y  of the better 
known products are safe and reliable carbonizers to URp, 
that is, disregarding the economical side of the quest i o n .  

I have found a l l  of the present carbonizing COlllpolUltlH 
put out by the manufacturers to be very expen sive, aull 
they all  lose their body and disintegrate into tin e  dust 
and do not respond to fortifying a s  well a s  the natural 
bone does. };'or very fine work I strongly recolll lllelHl 
the use of a llIanufactured carbonizer because the resu l t" 

obtained are undoubtedly the superior of bone carbou­
izer, but for ordinary purposes bone is  quite satiflinctory .. 

�'he reason for this discrimination hetween ord inary 
work and del icate case hardening is based on sci en t i fi e  

principles. The writer h a s  found through h i s  o w n  expp­
rience that a earbon content in the case of 0.85 per cel l t  

gives the very best results for a hard, stiff ca se tlw t w i l l  
neither wear away easily nor chip o ff  under a sl igh t 
hlow. Of course, it is quite impossible to seeure suel l a 
d i stinctly theoretical carbon content in your ca se, h u t  

anywhere from 0.85 to 1 per cent carbon in the casp w i l l  
give remarkable results i f  properly hent trea ted. A 
closer adherence to this range is secured by USipg til!' 
balanced compounds of the carbon i 7.er m a nufa eturers 
rather than by indiser i m inately u s i n g  n atura l ('a rholl­

bIers. However, for the most part, the fort i  l i e!l h OlI!' 

will give very good results and it is I l I lH"h J l J () J.,� 
economical. 

The Hudson Bay Railway 
STATISTICS in regard to the Hudson TIn y Ra il w a �' 

tabul ated by C:llladian Government offieials,  SIIOW (h a t  

there h a d  heen expended o n  account o f  th i R  ra il way I n  

,January l ast £3,093,060. ,]'here are 378 m i les of grn ding 

compl eted , awl steel ha d heen laid for 24'2 m i l es.  It iN 
expeeteil that steel will he l aid to Port Nel s, , : , parl y  i n  
1 91 7, a nd that I he h a rhor w i l l  he ready fo r tratli!', 
tJ l ou gh iJl ('olll plpte, a hou t 11 1 1' l i mp  IIle ra i l wa y  1,; rea d y  
fol' operation. 
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Rapid Nickel Plating* 

Investigations With a View of Improving Present Methods 

DURING the greater part of the half century that 
nickel plating has been practised, platers were content to 
follow in the footsteps of their forefathers and deposit 
nickel at the snail's  pace of three to five amperes per 
square foot.  A few years ago "rapid nickel salts ,"  
claimed to  permit of  nickeling at  two to  three times the 
usual rate, were imported from Europe. These proved 
to be only mixtures capable of yielding more concentrated 
solutions than that enemy of progress, the "double sul­
phate ,"  which for so long has masqueraded as the plater's  
friend. The American plater soon learned how to make 
up his own rapid solution, and as a result nickeling at 
ten to twenty amperes per square foot is very common 
to-day. 

The most recent step in rapid nickeling, if nickel's 
twin-brother and rival, cobalt , may be included in this 
category, is the remarkable work of Kalmus and Barrows ' 
in plating with cobalt at 150 amperes per square foot, 
turning out" lOmmercial plating of high grade in three 
minutes. 

These achievements with cobalt suggested the desira­
bility of obtaining similar effects with the cheaper nickel 
solution. In so far as the wonderful results' of cobalt solu­
tion Xl lIB depend upon its extreme concentration (312 
grammes of anhydrous cobalt sulphate, equivalent to 585 
grammes of the crystallized salt, per liter, or 7 Yz pounds 
per gallon) it should be possible to duplicate them with 
nickel, since its salts are equally soluble. It is in the 
matter of anode corrosion and in its absorption of hydro­
gen ' that nickel is infer:or to cobalt as a metal for electro­
plating. 

The nickel anode becomes "passive" on the slightest 
provocation, and instead of all of the current dissolving 
nickel as is desired, a portion of it is spent in producing 
acid at the anode . Besides cutting down the efficiency 
of deposition, this acid causes hydrogen to be evolved 
in considerable quantity on the cathode, where some of 
it is absorbed by the deposit. Absorption of hydrogen 
by nickel renders it hard and brittle, and is ikely to 
cause it to curl away from the metal on which it is de­
posited. The addition of a small amount of some chlo­
ride to the sulphate solution usually used. for nickel 
plating is a well-known remedy for this passivity of the 
anode. 

Previous experience with hot nickel solutions indicated 
their use for overcoming the difficulties just mentioned, 
since in a hot solution anode corrosion is greatly improved 
and absorption of hydrogen is lessened. 

A 25-gallon (95-liter) hot nickel bath was used at 12.5 
to 150 amperes per square foot (14 to 16 per square 
decimeter) ,  with great satisfaction, producing in five 
minutes a heavier deposit than is obtained in an hour 
from the usual "rapid" bath at ten amperes per squarf­
foot. In spite of the extreme current density the de­
posits were superior in quality and adherence to ordi­
nary nickel plate. Since the electrical instruments and 
current supply were inadequate for working this bath 
to its full capacity, a portion was removed to an enam­
eled pail where it could be tested on small cathodes. 

This solution contains nickel sulphate (single salt) , 
nickel chloride, and boric acid in the following propor­
tions : 

NiSO •. 7H,O . . . . . . . . . . . . .  . 
NiCI..6H,O . . . . . . . . . . . . .  . 
H.BO • . . . . . . . . . . . . . . . . . . .  

Grammes lLiter Ounces IGallon 

240 
20 
20 

32 
3 
3 

At the outset the anodes were the same that have been 
used in the plating laboratory for a number of years, 
viz . ,  strips of electrolytic nickel. Later cast anodes of 
the same material were employed. Results of some of 
these tests are presented in tabular form. (See table 1 ) .  

In no case was the deposit "burned." I n  No. 5 there 
was a vigorous evolution of gas, indicating a low current 
efficiency of deposition. Deposits from the hot solut:on 
were mat, but polished easily. 

It is a matter of general observation that electrolytic 
deposits become rougher with increasing thickness ; when 
comparing different plating baths it is therefore desirable 
to know the thickness of the deposits as well as their 
physical qualities. I<'or the same current efficiency, the 
thickness of nickel deposited will be proportional to the 
ampere-hours per unit of surface. By a comparison of 

* A paper presented at the twenty-ninth General Meeting of the 
American Electrochemical Society. 

1 Transactions American Electrochemical Society (1915) 27 75. 
2 Idem. ( 1 9 15) 2 7 ,  121 . 

By Oliver P. Watt, University of Wisconsin 

the ampere-hours per square foot in the accompanying 
tables, the relative thickness of different deposits may be 
estimated. At 100 per cent effic 'ency one ampere-hour 
per square decimeter deposits 0.0123 millimeter, and 10 
ampere-hours per square foot deposits 0.00052 inch, or 
0.001 inch in thickness requires 19.2 ampere-hours . One 
hour at 10 amperes per square foot,  or 10 ampere-hours, 
is considered good nickeling, and a common cobalt de­
posit by Barrows was 150 amperes per square foot for 
three minutes, or 7.5 ampere-hours. Judged by these 
standards the results shown in the tables are heavy de­
posits . 

In order to secure samples from hot and cold solutions 
for direct !lomparison polished aluminium cathodes were 
used, from which the nickel was easily stripped. (See 
table 2) . 

Plating on aluminium brought out the difference be­
tween deposits from cold and from hot solutions. An 
excellent deposit was obtained from the hot solution in 
every case, which bore polishing without peeling from 
the aluminium, and when stripped from the latter proved 
of excellent physical quality. Most of the deposits from 
the cold solution rolled up and partly separated from the 
cathode while in the plating bath, and in the few cases 
where this did not happen the deposit was torn during 
polishing. No. 53 consisted of five successive deposits 
for five minutes, each coating being polished and im­
mersed in the electric cleaner for ten seconds before re­
plating. It is 0.0025 inch (0.06 millimeter) thick, and 
is harder than the usual deposit from a hot solution. 

Current efficiency tests were made by reading the cur­
rent on a Weston model No. 280 ammeter, and deter­
mining the weight of metal deposited in five or six min­
utes. Since a difference of three seconds changes the 
weight of a five-minute deposit by one per cent, the 
results are subject to an error of at least this magnitude. 
Current efficiencies above 90 per cel;lt are obtained in the 
hot solution at 20 amperes per square decimeter (190 
amperes per square foot) . It is evident from the tests 
that heating the solution and lowering the current density 
raises the current efficiency. (See table 3) . 

Polarization at the end of No. 52 was only 0.16 volt . 

Measurements of polarization at 70 deg. Cent. ( 158 deg. 
Fahr. )  gave 0 .15  volt at current densities varying be­
tween 13 and 26 amperes per square decimeter (121-242 
amperes per square foot) . It is therefore probable that 
hot nickel solutions can be operated at high current den­
sities with less anode surface than is at present used for 
current densities of 10 amperes per square foot. 

In experiments with a solution containing 75 grammes 
per liter ( 10 ounces per gallon) of the "double sulphate" 
two and a half times the current was required to cause 
burning at 70 deg. Cent. (158 deg. I<'ahr. )  that produced 
this effect in a cold solution, the weight of metal de­
posited being the same in the two cases. This indicates 
that concen tration of metal is a greater factor in permit­
ting the extremely high curren t den sities used in these 
hot solutions than is the temperature. The beneficial 
effect of heating a nickel solution consists in the improved 
quality of the deposit, and in better anode corrosion. 
To avoid convection currents the flame by which the 
solution was heated was removed at the beginning of 
each test.  At the higher current densities there is notice­
able heating of the solution by the current. 

A nickel solution that is extensively used consists of the 
single sulphate, boric acid, and common salt. In order 
to learn if the substitution of common salt for the nickel 
chloride of the laboratory plating bath would cause any 
marked difference in its operation the following solution 
was tested : . 

Single sulphate . . . . . . . . . . .  . 
Sodium chloride . . . .  . 
Boric acid . . . . . . . . . . . . . . . . 

Grammes I Liter I Ounces / Gallon 

240 
30 
22 

Although this solution gave fine results, i t  is inferior 
to the bath containing nickel chloride, in not permitting 
the use of so high a current density. (See table 4). 

To make up the bath with niekel chloride proceed as 
follows : Dissolve the nickel salts in the proper amoun t 
of hot water, add nickel carbonate in small amounts a t  
a time and heat until all acid i s  neutralized ; eithdr filte l 

T AB LE 1 -

Exposure. 

No. 12 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
No. U . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
No. ! .) . . . . . .  . 
No. 49 . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
No. ;;0 . . . . . . . . .  . 

No. 5� . . . . . . . . . . . . . . . . . . . . . . .  _ _  . . •  

Exposure . 

. . . . . . . . .  

Temperature 

T A B LE 2

-

DEPOSITS ON ALUMINIUM. 

Temperature 

Deg. I Deg. 
Cent. Fahr. 

74 165 
35 95 
38 1 00 
7 1  160 
78 172 

98 208 

, Amperes per Ampere-
Time I - Hours per 

Minutes. I Square I Square Square 
i Decimeter. Foot. Foot. 

Deposit .  

�-i� , �
8
�

.
:�
2 

I' ��
7
�
6
� -- -�

2
T
7
) :

.
!

9
�- -:OI��n���·ttle. 

22 Mat, tore in buffino;. 
5 24 . 2  225 18 . 7  Fine. 

10 30 . 7  28.5 47 . 6  Fine. 

25 15 . 2  141 60 . 0  

0.002 inch (0.05 milli­
meter) thick. 

Five successive de­
posits. 

TAB LE 3-CURRENT E FFICIENCY TESTS. 

Temperature Amp"res per Ampere-
Time , Hours per Cathode 

Deg. Deg. Minutes. Square Square Square E lHclency 
Cent. Fahr. Decimeter. Foot Foot Per Cent. 

- ��- ---- ��� -

45 1 13 6 3 1 . 1  289 28 . 9  S9 . 0  
29-40 84-104 6 3 1 . 1 289 28 . 9  1 9 . 4  

140- 158 1 3  S . 6  80 1 7 . 3  1 00 . 9  

No. 1 1 .  
No. 1 :� . 
NO . 10 . 
No. 46 . 
No. 4S . 
No. 5 1 . 
No. 52 . 

. . . . . . . . . . . .  60-70 
. . . . . . . . . .  25-28 77- 82 5 19 . 4  180 1 5 . 0  3 1 . 7 

9 1-84 1 96-183 5 9 . 5  88 7 . 4  98 0 
77-73 171-163 6 26 . 4  245 24 . 5 100 . 5  
76-84 167-1�� 6 5 1 . 3  477 47 . 7  99 . 2  

T AB LE 4-TESTS OF BATH WITH SODIUM CHLORIDE. 

Exposure.  

Temperature Amperes per Ampere-
. _--- �- ---�---. Hours per Cathode 

Deg. I Deg. Time Square Square Square Efficiency Deposit. 
Cent . Fabr. Minutes. Decimeter. Foot Foot Per Cent. 

. . 32 90 5 19 . 0  1 77 14 . 7  25 . 6  Good. No. 42 . . . . . . . . . . . .  . 
No. 43 . . . . . . . . . .  . . . 7l 160 5 19 . 6  184 1 5 . 3  S2 . 3  Burned one edge 
No. 44 . . . . . . . . . . . . . . . . .  . . . 76 169 5 20 . 8  1 93 1 6 . 1  82 . 8  Burnett one edge 
No. 86c . . . . . . . . . . . . . . . . . . . . 84 183 3 20 . 2  187 9 . 3  . . . . Fine. 
No. 68d . . . . . . . . . . . . . . . . . . . 78 172 4 25 . 3  234 15 . 6  . . . . Burned. 
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or allow to settle and decant the clear solution , and 
finally add the boric acid. 

In so far as anode corrosion is concerned, any soluble 
chloride might be substituted for the nickel chloride, 
but not without some effect on the character of the de­
posit. Magnesium chloride or sodium chloride seems to 
be preferred for this purpose . In case either or  these is 
used, neutralizing might well be done by the carbonate 
of the same metal. Ammonium salts and the "double 
sulphate" of nickel are to be avoided, since they are 
likely to cause crystallization from solution when cold. 

To obtain the best results from a hot solution the cur­
rent density must be high ; cables and tank rods mu st 
therefore be of ample capacity . Control of a hot solu­
tion by regulation of the amount of anode surface will 

.!I probably be easier than in a cold bath. The heating coil 

Nightblindness* 
By Dr. M. Meyerhof 

A N U MBER of observations of nightblindness have been 
published during the present war which were made on 
soldiers in the field. The impossibility to find their 
way at night brought the men thus afflicted soon under 
medical treatment. Braunschweig' has in a short time 
ha d occasion to examine 27 such cases among widely 
different parts of the army ; Zade' 12, Best' 36, and 
Panl' Hi. All of these cases were seen at the scene of 
the war during the trench fights and especially in 
win ter. Aside from errors of refraction, the eyes never 
showed any symptoms of disease ; malnutrition was 
in most cases not to be thought of. Bitot's spots on the 
bulbar conj unctiva were always absent. A number 
of wounded officers with whom I had occasion to speak, 
a ffi rmed that they had seen here and there cases of 
nightblindness among their men. All of these cases had 
occurred in the trenches and especially during the win­
ter of 1914 to 1915. The moving war in the East, 
though fraught with much greater bodily strains and 
a n  often poor food supply on account of the bad roads 
and the rapid advance, seems to have brought about such 
cases of nightblindness but rarely. ( Compare U hthoff. ) 

It may be of interest to relate similar observations 
from the literature of the Napoleonic wars, although it 
is not possible to make at this late date a correct 
diagnosis. 

When Bonaparte moved in 1798 with his just landed 
army from Alexandria to Cairo, his soldiers quite natur­
ally suffered terribly from heat, thirst, sun blinding, and 
-in consequence of lack of foresight as regarded the 
poor supplies of the Nile land-from hunger. To this 
was added the tiring, severe service on night watches 
against the opposing bedouins and fellahin who sneaked 
forward without making a noise, so that, for instance, 
early on .July 5th a severe night battle took place in 
the divisions of G eneral Bon. On July 16th, four days 
previous to the battle at the pyramids, Detroye,' chief 
of a battalion of engineers, wrote in his unpublished 
diary : "A number of soldiers have been attacked by 
an eye affection and cannot see by night. "  Since the 
serious inflammation of the eye, which later on rav­
aged the F rench army in such a terrible manner, be­
gan only in August, these were probably isolated cases 
of nightblindness. However, neither the chief surgeon 
Larrey," nor the physician in chief Desgenettes' men­
tioned any such cases. It must be remembered that 
nightbllhdness is found even to-day epidemically among 

� the badly nourished fellahin, especially the chilren, and 
particularly in certain regions of the Nile delta in which 
pellagra, too, is not rare on account of living on bad 
maize. I have not been able to find any other mention 
of nightbllndness in any of the numerous writings on 
the campaigns, so full of deprivations, made by the 
French or English in Egypt and Syria. 

On the other hand, Robert,. physician in chief of the 
military hospitals during the siege of Malta ( 1798 to 
18(0) gives a more accurate description of nightblind­
ness which raged epidemically among the shut-in French 
troops." In October, 1798, the blockade was completed 
by the English fleet. At the end of December scurvy 

* Centribl.  f. Prakt. ilugenblk., Jan.,  Feb., 1916. 

' Braunsch weig. Kurze Mittheilung ueber die epldemische 

Hemeralopie 1m Felde. Muenoh. mea. Woohen8ohr., 1915,  No. 

- 9, p. 303. 

i 'Zade. Ueber A ugenerkrankungen im Felde. I bidem, No. 

!l3, S. 800. 

S Best. Ueber Nachtbllndheit 1m Felde. I bidem, No. 33, 
p. 1 1 2 1 .  

·Paul. Beobachtungen ueber Nachtblindhelt 1m Felde. 

Ibidem, No. 45, p. 1548. 
'Cited by De l a  Jonqullire, IlExpeditlon d'Egypt, 1798 to 

1 80 1 .  

°D. J .  Larrey. Relations hlstorique e t  chirurglcale d e  l'ex­

pedition de l'Arm�e d'Orient. Paris, A .  XI, 1803. 

'R. D. Desgenettes. Histore mMicale de l'Arm�e d'Orlent. 

An. X, 1802. 
"Robert. M�moire sur la  topograph l e  physique et mMicale 

de JIola Jte. An XI, 1803. 

should be of heavy lead (or hard load) pipe, with a set­
tling space of five or six inches below the lowest coil ; 
lead will also serve as a lining for the tank. If an electric 
cleaner is operated from the plating dynamo ,  either the 
heating coil should be electrically insulated, or all rheo­
stats should be connected on the cathode side of the line. 
Should gas pitting occur on first using the solution in the 
morning, it may be avoided by heating the bath to boil­
ing for a few minutes before beginning plating . Seventy 
deg. Cent. ( 158 deg. Fahr. )  is a good temperature at 
which to operate a hot nickel bath. 

Owing to the peculiar properties of electrolytic nickel, 
the advantages of a hot over a cold solution are greater 
in nickel plating than in the deposi tion of any other metal. 
ADVANTAGES OF A HOT OVER A COLD NICKEL SOLUTION. 

1 .  Heating from 25 to 70 deg. Cent. (79 to 158 deg. 

was already rampant, so that in February, 1799, over 
400, and in April 636, men suffered from it. Most of 
these patients complained at  the same time of night­
blindness. "The nyctalopia ( sic) ," says Robert, "is 
that form of eye disease in which patients cannot see 
at night. �t is easy to recognize such patients ; their 
pupils are large and considerably dilated. At night they 
cannot at all differentiate between objects. This dis­
ease attacks most frequently cachectic individuals with 
flabby tissues. During the winter of 1798-99 
( year VII. ) this disease was epidemic at Malta. The 

soldiers of Forts St. Angelo and St. Elmo suffered es­
pecially from it, while those of Fort La Florina re­
mained perfectly free from it. The first named forts 
lie in the lowest part of the city, at the seashore, while 
the Florina lies highest and near the country. Cold,  
moisture and night chills, together with insufficient 
food, are, therefore, the distant causes of nyctalopia ; 
I especially mention the poor food., because the first 
cause alone 'could not have produced the nightblind­
ness. There are frequent cold and moist winters at 
Malta and, yet, nightblindness had not occurred be­
fore. . At the same time when this nyctalopia 
appeared many individuals were attacked by diarrh<pas 
or colds, others by discharges from and tearing of the 
eyes ; those suffering in this way did not show night­
blindness to the same extent. The immediate 
cause of this disease is, tlierefore, an atonic condition, 
tiring and diminution of sensitiveness of the visual 
organ. Although the prognosis of this disease was free 
from any danger, still it caused considerable anxiety. 
Those afflicted by it could not stand guard on the walls 
of the forts by night. Fumigations of animals' livers 
and aromatic plants cured the disease. It reappeared , 
however, after a short time. During the whole time of 
the winter, as long as the conditions underlying it con­
tinued, it could not be cured ; as soon, however, as the 
conditions of the soldier could be improved, and as 
soon as the cold and moisture had given way to the 
agreeable warmth of spring, the sensitiveness of the 
visual function returned and the disease disappeared." 
Soon thereafter the scurvy, also, disappeared by which 
300 men had been affected. Although the siege lasted 
till September, 1800, that means through a second win­
ter, Robert does not mention this disease any more. 

This was probably a real epidemic nightblindness, 
as it used formerly to be quite frequent ( mostly com­
bined with xerosis conjunctivre ) in prisons, schools and 
among ships' crews'o in consequence of the lack of green 
vegetables. Yet, it was not observed during other 
prolonged sieges in the 19th century ( for instance at 
Hamburg, Sebastopol, Paris ) ; as also at Port Arthur 
in 1904 and Przemysl, 1914-1915.tl It is notable that the 
nightblindness at Malta diminished when spring came 
and even disappeared. Braunschweig and Paul, too, 
saw their cases during winter. If exhausion and under­
nutrition are to be accused, such reports of nightblind­
ness should surely have been expected in the communi­
cations concerning the French campaign in Russia in 
1812. There are, however, none from the relations of 
individuals who took part in that campaign and 
none in the medical description of the Belgian military 
surgeon Von K erckhove." He mentions only a slight 
epidemic infection of the eyes at the beginning of the 

'Robert gives a special chapter to nlghtblindness, entitled 

"nyctalopia," while he had previously called the same all'ec­

tion "hlimliralopie," which Is the usual term
· 

nowadays. For 

the Hippokratlcs a nyctalops is a day blind ; for Galeu and 

the later authors the night blind. 

IOFr. Tyrrell ( A  Practical Work on the Diseases of the Eye, 

vol. II, London, 1840 ) ,  relates that it was particularly fre­

quent o n  English ships In the ports of the East and West 

Indies and was called moon blindness by the sailors. 

"The Regimental Physician, Dr. R. Pamperl ( Meaill!. Klinik, 

191 5 ) ,  says that scurvy, too, appeared only after the end 
of the siege among Austrian prisoners In the hospitals. 

"Hlstolre des maladies observ6es 4 la Grande Arm6e fran­

caise, pendant les campagnes de Russle en 1812 et d' Allen­

magne en 1813. Par Ie chevalier J. R. L. de Kerckhove dlt 

de Klrchofl'. Trol slt<mp Ji1illtlou. A nvers, 1 836.  

Fallr. ) lessens the rel:!istance of the I:!olution by one half. 
2. The current density may be increased two and a half 

to three fold. 
3. The current efficiency, if less than 100 per cent in the 

cold solution, is raised. 
4.  Anode corrosion is greatly improved, and higher 

current densities may be used at the anode as well as at 
the cathode. 

5.  The deposit is superior to ordinary n ickel plate in 
toughness and freedom from peeling. 

6. In the solution tested, plating may be done at 200 
to 300 amperes per square foot (22 to 33 per square deci­
meter) , at which rate the same amount of metal is de­
posited in five minutes as requires one and a half hours 
in the "rapid solutions" now in 'use at ten amperes per 
sqnare foo t.  

campaign a n d  severe ophthalmia during the retreat, a 

purulent discharge, which often led to blindness a n d  
w a s  later on transmitted to the Prussian troops. Once 
( P. 168 ) he says, that many soldiers suffered from 

weakness of vision, even bl indness, which was l ooked 
upon as "exhaustion of the irritability of the retina 
on account of the blinding snow." This was with prob­
ability in reality rather snowblindness than nightblind­
ness. I,arrey says oc�asionallY ( Clinique Chirurgicale, 
exercee particulieremant dans les camps et les hopitaux 
militairs, etc. T. V. Paris, 1836 ) that during the Rus­
sian campaign of 1812 blindness from amaurosis 
( gutta serena ) occurred quite frequently. 

U hthoff" has recently stated that during the cam­
paign in Russia in 1914-1915 he has seen few cases of 
nightbl indness, in spite of exhaustion and deprivations. 

}j'rom all these communications it is impossible to get 
a definite knowledge of these cases of nightblindlless. 
developed in the field. I n  the two cases which thus 
far I have observed it was caused by cOJ:lleal opacities 
and astigmatism. On the other hand, I Imow from 
a reserve batallion that it has among its men several 
with congenital, probably hereditary, nightbli ndness 
who on account of t.his defect are unfit for guard 
and field duty. The heredity nightblindness in the 
French family Nougaret was indeed detected by Cunier 
in 1838, because a soldier of this family had been 
found inattentive on guard duty, and had been wrongly 
punished. We must, therefore, assume with Best that 
there is no uniform cause for the cases of nightblind­
ness, which have been observed in this war. A care­
ful di:;;tinction of the cases according to his method and 
the observation of their curability will greatly impro,'e 
our knowledge of this as yet enigmatical disease. 

While these remarks were written, a paper by H. 

Feilchenfeld appeared, who has seen nightblindness, 
usually among miners, only associated with nystagmus 
and in diseases of the fundus. Sometimes it was simu­
lated to escape work. 

Professor Hirschberg drew my attention to the fact 
that in his book on "Aegypten" ( Leipzig, 1890, p. 1(0 ) ,  
h e  has mentioned a report of the crusades which bears 
on our subject. It refers to the unhappy campaign 
of Johann von Brienne into Egypt and the capitulation 
of the crusaders at Damiette in 1221 A. D., related by 
Oliverius Scholasticus in Historia Damiatina ( Eccard, 
Corpus historre medii aevi I I ,  1414 ) : "Ex angustia 
famis diversa morborum genera vexabant cos et inter 
cetera incommoda quae sustinuerunt noctibus velut 
a'risia ( aorasia ) percussi apertis oculis nihil viedre 
dicebuntur." Hirschberg adds that this was evidently 
nightblindness from lack · of nutrition, and explains in 
a footnote the word aorasia as blindness as it is used 
in the septuaginta translation of the Bible. 

Water Power in the United States 
REVISED figures of the potential water power re­

sources of the country place them, says the report, at 
the minimum of 27,943,000 horse-power and the maxi­

mum of 53,905,000, the minimum representing the 

amount of power that could be developed from the use 

of the average annual minimum stream flow for the 
lowest two consecutive seven-day periods of each year, 
while the maximum represents the amount that could 
be developed from the use of the average maximum 

continuous stream flow available for six months during 

the year. The national forests are stated to contain 
30.4 per cent of this minimum and 31.3 per cent of the 
maximum, while over 72 per cent of the country's total Is 
found in the Mountain and Pacific States and 42 �r 
cent in the three Pacific Coast States. National forest 
water power amounts to 42 per cent of the minimum 
and 43 per cent of the maximum estimated power re­

sources of the Western -8tates.-Report Of the Unite" 
State8 Department Of AgricuZture. 

18Sitzun g  d e r  M e d .  Section d e r  Schles G e s .  t.  vaterlaend. 

KlI ll1lr .• Nov. 1 9 th,  1 91 5 ; Mild. K linik, 1 9 1 5 ,  p. 1 861. 
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The I{,estoration of the Dinosaur Podokesaurus I-Iolyokensis  
With Reproductions of the Authors Original Drawings 

},'OUR or fi vp Vf'ars ago , Dr. M ignon 'I'albot,  Profes­
sor of' O eo log'y in M o u n t  H ol y o ke Col legn , d iseoverpu the 
foss i l  nnnains of a very illtpresti ng little dinosaur, upon 
w h ieh she besto wed the namp of Poliokes({UTIlS 11 olyoken-

8£S owing to the faet that it was found in a bowlder of 
'l' riassi(, sandsj,()JlP , not a gTPat way from lVlount Holyoke 
( �() l leg( \ ,  having been (mrripd there by a glaeier. 1  'I'he 
ty pn s]H,(, i IlWll is HO W in th e aforesaid insti tution, and 
has hnt\l l studiml hy It lHunber of our most mninent 
pal rnonto]ogists, as Doetors Charles Selnwhert, Hieha1"< 1 
S. Lull , and o thers , Very roeently Dr. Lull has elabo­
ratdy reviewed and augmented our knowledge of this 
dirnill utive member of the dinosaurian group, and has 
plam.,d it in a family apart-tho Poliokes({UTidr.e of til!) 
sl lpf<rfmnily COlllps()ynatha-in whieh group we find those 
"slunder limhed, agile dinosaurs" sueh as " Co'inpsoyna­

"h ilS of tho Solenhofen lithof-,'Tapl\ie limestone (Middle 
. J l I mssie ) , "  and others . "  

Dr.  '1'aHmt,  in  her original dm;eription, gives a very 
obbomto aeeount of l'odo/cesauru8, comparing it with a 
Ill llnher of orthopod and theropod dinosaurs, and con­
s iders the fossil she diseovered to be one of the carni­
vorous types "because of the length, shape, and position 
of tho pubis and .the absenee of a postpubis."  Dr. Lull 
(,arries this deseription mueh further, and in his "Triassie 
Life of the Conneeticut Valley" he gives a very elaborate 
a(j(Jount of the skeletal remains of the animal in the 
slab, as developed by Mr. Hugh Gibb at Yale Univer­
sity, to whieh institution it had been loaned hy the 
authorities in Mount Holyoke College for a seeond exami­
nation. Dr. Lull illustrates his deseription with a num­
her 01" !l nts ; l<'igs . 1 to 3 ,. Pl. XI, are apparently reprodue­
(jOllS of photographs of the exposed skeleton of Podo­

ktsaur us Iwlyokens'is in the slab ; ]<'ig. 26 (text eut) repro­
d uees Dr. Talbot's  determination of the various bones of 
the fossil and gives them in outline as they rest in the 
matrix, while Fig. 27 (text eut) presents Dr. Lull's (Jon­
oeption of the pel v ie region and the bones found nea, it .  
'(' his last cut I have copied, reprodueing it here in Fig. 1 
of the present artiele. 

!<'igs . 30 and 31 of Dr. Lull's detailed aeeount present, 
respeeti vely , restorations of Compsoynathus longipes and 
j 'odokesauTus holyokensis-the entire skeleton in eaeh 
i nstanee. 

When I first examined the positions elaimed for tho 
l 'O IWS,  here shown in Fig. 1 ,  it struek me that the pubis 
( Pa) eo uld not have oeoupied the position given it in tho 
rostored skeleton, notwithstanding the bet that it has 
the plaee that it oeeupies in the matrix-whieh may or 
may not be a good reason for retaining it there in a 
restoration . 

In diseussing this question with Mr. Charles W. Gil­
trtOl'e , Curator of Fossil Birds and Heptiles in the United 
States National Museum, on whose opinion in sueh 
matters I place great storo , he eame to the same eon­
dusion that I had formed. He remarked that ho did not 
bditl ve that any animal's pubis would hold any sueh 
position as shown in Dr. Lull's restoration (Fig. 3 1 ,  
Lull's restoration a s  eitod above ) ,  for the reason that it 
would eome in eontaet with the eostal ribs during vari­
O i l S  movements on the part of the animal, not to say what 
it might do in the ease of the abdominal viseera and 
o t her organs. 

In a letter dat(ld at Copenhagen August 1 1 th,  1915,  my 
friend Hr. Gerhard Heilmann, the distinguished Danish 
naturalist, wrote me to the effeet that "Prof. Lull has 
sent me his 'Triassie Life of the Conneetieut Valley. '  I 
wppose that his book also is in your possession. The 
deseription does not seem to me to justify the position of 
}'oilokes({UTUS among dinosaurs, and no other suggestions 
are diseussed. After Talbot is Podokesaurus a earnivor­
ous dinosaur, 'beeause the length, shape, and position of 
the pubis and the absence of a postpubis' (Lull, p. 162) . 
But just the pubis I think to be extremely bird-like, as I 
have written before (in my part I I ) , the 'obturator 
noteh' (p. 168) is probably the part of the bone whieh 

N I I 'I'I� .-Dr. Shufeldt read this paper before the Biological 

N , , . . j Ply ,  Washington , D. C . ,  on March 25th, 1916,  and illus­

t rnjp!l it uy slilies of the accompanying original lirawings. 

1 M. Talbot, 1 9 1 1 ,  Arnero Jour . Sci" (4) xxxi . ,  pp, 469�479. pI . 
I V . ,  text llgs. 1-·6. 

1 Hichard Swan Lull. " Triassic Life of the Oonnecticut Valley, "  
Slale Geol. and Nal. Hist. Surv, Bull 2 1/ .  published by the State of 
Connecticut, 1 9 1 5 .  Pub . Doc. No, 47. 

• The "inclosed reconstruction" to which Hr. Heilmann refers, 
is a traeing he kindly made for me of his drawing, in whieh ho 
t.hrows th" pubis (Pu)  backward instead of forward , as Dod,,!, 
Lull has it . .  This drawing J have l'Pj)J'l1duced ill �'ii!.  :! of the pres­
ent paper. 

By Dr. R. 'V. Shufeldt 

has touehed the is(Jhium (see the inelosed reeonstruetion)."  
And that part whieh in Lull's  ]<'ig. 27 touehes the isehium 
sho uld be posed as to form the lower part of the aeetabu.­
hun. You will see nearly the same pelvis of a ehieken. 

" I  should very mueh like to know if anything in the 

Fig. 1 .-Pelvic region of Podnkesauru8 holyoken8is ; natural 
sir,e ; original. After Lull ( Fig. 27, Trias. Life COlln. 
Val ley ) , 1" , right femus ; Is, ischium ;mt8, metal'Huls :pu, 
pubis ; '1', 'P', tibia ; V, preRael'ul vertebra. ]" ig. 2 .-Pelvis of Podokcsauru8 Itolyokens;8. After G erh ard 
IIeilmann. Vide his letter to the author of August 1 1 t h .  1 9 1 G .  I t ,  ilium ; oth er lettering same as i n  Ii'ig. 1 .  

I" i g. B.-·-Hight lateral view of the pelvis of Olao8aaru8 annec· tn!s. About one eighteenth natural s i z e .  After M a rsh . aI', :l eetu l m l u lll ; [i ' ,  prepubis ( o r  pu bis of many authors ) .  

ObJ" /� " t. 

�---,-;�\��t -,-: 
- - - -- . - -_� ::: 

,, - - - - - - � -' ., . ' ':- (1 ( " 

� . t''' _ 1 i  ,... .... .... ' .. 

!<' J g. 4 , --High t lateral view of a possible arrangement of the 
pel vic; bOll('" in Podoke8aU1'us holyoken8is ; by the author. 
18. /, ischiadic foramen ; O b .  /, obturator foram en ; an. 
t, antitroch anter ; Ob. 8, obturator space ; Is. n, ischiadie 
notch. 

]" ig. 5.-Right lateral view of the pelvis of a subaliult speci­
men of the sage cock ( OentroceJ'cu8 uropha8ianu8 ) .  Ar­
rangement of the bones prior to their fi nal co-ossifi ca­
tioll. Specimen collected by the author, who m�de the 
<Ira wing. Lettering as in previous Figures. 

jc i g. G.-Pelvis of emu ( lJ romaeu8 nWilae hollandiae, Lath. ) ; 
right lateral view. After Marsh. ( () dontornitll eR, text, 
j" ig. 1 6 ) . Lette l'i ng a s  before. 

jJ' i g-. 7 . "  Right l a tera l v i ew oj' t li  .. pel v i s  of Oam p t o saurus me· 
d1u8. 11'o l'f>pal't (,t' i li um ott". Afte r U-ilUlOl't:". Letteri ng as 
in ]'ig-f;. 1 aud 6. 

skeleton of PodOh:PSaUTU8 eon trad il'ts that the animal was 
a pro-avis ; and I wou l d  greatly appreeiate to be able t o  
fefel' t o  the opinion o f  t.lw exedlent osteologist Dr. R. W .  
Shufeldt about this. I t  seems to me that all the bones,  
whieh undou btedly indieate to us that it is not the re­
mains of a bird b u t  of a dinosaur, are wanting. 

"The bones on Plate XI . ,  Fig. a, are not oasy to loeate, 
hut t.hey eould as well he rmnains of a bird's skul l .  Olle 
of them (B in Fig. 2tl) has some resnmblanee wi t.h pala­
tinum. 

"Exeuse the errors in this letter ; 1 have no voeabu lm'Y 
here (the Isle of Fyn, Denmark) ,  and therefore it, is  
diffi cult for me to say just what I will ."  

Before giving in substanee what I had to  say in  my 
several letters on this subjeet to  Dr.  Lull and Hr.  Heil­
mann, it will be as well to note that a eorresponderwtl 
had been opened between them, and some import,all t  
statements made i n  a letter from Hr. Heilmann t.o 
Dr. Lull are published by the latter in a footnote in his 
" Triassie Life of the Conneetieut Valley" (p. ]65) , whieh 
reads as follows : "Herr Gerhard Heilmann of Copen­
hagen, to whom that portion of the present work deserib­
ing PodokesauTus was submitted for eritieism, says of 
my restoration of the animal (Fig. 3 1 ) : 'Prof. Lull's 
plaeing of the pubis is not eonvineing, on the eontrary, his 
deseription seems to make it still more probable that 
this bone is entirely brought out of position, the ilium 
and the proximal end of the tail being totally wanting, 
and thus these must have been removed before the bones 
were eovered by sand. Dr. R. W. Shufeldt supposes (in 
a letter) that the reptile may have been a subadult 
indi vidual, and the prepubis not thoroughly eo-ossified 
with the ilium and isehium in the eotyloid eavity. This 

seems very probable. 
" 'A pubis protruding into the ehest of the animal 

looks indeed too heterogeneous to be trustworthy. ' 
[Original author's translation, from Heilmann, 1913,  B .  
p .  64."]  This is probably a translation of a statement 
made in one of the parts of Hr. Heilmann's  very usefu l 
work "Our Present Knowledge of the Origin of Birds." 

Quite an extensive eorrespondenee, in whieh I took 

part, followed upon this ; and while I have my share of 
it retained as filed earbons of my original letters on the 
subjeet, it will by no means be neeessary to reproduee 
it in the present conneetion. For the most part my 
letters were addressed to Dr. Mignon Talbot, Dr. R. S.  
Lull, and Hr.  Gerhard Heilmann , and touehed upon the 
apparently unnatural position given the pubis in Dr. 
Lull's restoration ; upon the probability of the speeimen 
having been a subadult individual at the time of its 
death ; upon the question as to how far we should be 
guided by the positions assumed by the bones in the 
resulting matrix in employing those various positiOIlR 
and their relation to eaeh other in restoring fossil vert,l­
brates at large ; upon the question as to whether Podokc­

saUTUS holyokensts was an herbivorous or a earnivorolls 
dinosaur ; upon the question as to how mueh bird there 
was in its skeletal morphology, and, finally, upon the 
desirability of still further developing the remains in 
the original slab. 

Hr. Heilmann , in his drawing here shown in ]<'ig. 2 ,  
did not get the pubis (Pll) nor the isehium (/  s) of the 
same form and outline as given by Dr. Lull in Fig. ] . 
'l'he notch at the proximal end of the pubis (Pu) in Heil­
mann's figure is too long and shallow, and the isehium is 
swelled to fit this noteh. To still further develop his 
idea as to the relations of these bones, but without l1(jeept­
ing his eonelusions in full, I made the drawing here 
shown in Fig. 4, in whieh both the isehium (l s) and the 
pubis (Pu) are eareful traeings of those bones as given 
us in Dr. Lull's figures, and of the same bones as they 
appeared in photographs of the speeimen in the slab 
kindly furnished by Dr. Talbot,  whieh passed through 
my hands on their way to Hr. Heilmann. If the Pub£s 

in life had the position I have given it in Fig. 4, it would 
be more like the plaee it assnmes in the herbivorous 
dinosaurs than in the earnivorous ones. Moreover, it 
would better support Hr. Heilmann's view that Podoh:e­

saurus was a "Proavis" and not a true dinosaur at all. 
If my reeolleetion serves me aright, it was Marsh who 
said that many of the very small dinosaurs whieh had 
been diseovered in this eountry were extremely bird-like 
in their skeletal strueture, and that in some instanees it 
was quite difficult to draw the line between the two. 

In Claosaurus am/eetens for example, apart from its 
large pre-pubis (Fig. 3 ,  p' ) ,  the bones in question have a 
very bird-like arrangement. ; and were the pre-pubis 
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greatly reduced, this pelvis would he very lllUeh like the you also go outside the limits of dinosaurs? No dinosaur I I ,  page (3) .  '1'his passus he has olllittod i n  h i s  ]"('(" ' 11 1,  
diagrammatic one shown i n  Fig. 2 .  How this would has hitherto been found in possession of neither clavieulw work (Stle there page H(9 ) .  His earlier eOl1lpariSOIL ( i l l  
affect Hr. Heilmann's theory i t  i s  not necessary for m e  nor episternum (your hypocleidi1lm I suppose t o  b e  = his doctor thesis of 19(4) botwmm tho footprints of d i no­
to state here . opisternum = interclaviculare, my l<'ig. 14G) . But these saurs and of birds , whi(lh I have proved to ho a pl ail l 

Fig. 4, as I have drawn it ,  comes nearer to the bird we see in the Pseudosuchia.6 mistake , he does not mention with a singlf) word in his 
pelvis (see Figs. 5 and 6) , and I believe to he more nearly "If I may quoto your opinion abol J t  these differen t  last work, though i t  should b e  eonsidertld only roasonahlo  
a eoneeption of  a proavine arrangement of  the elements hones in  Podo1cesauTus, I am obliged to draw the here to correet this mistake just there ; besidos he had writtell 
than shown in Fig. 2 .  '1'his will at once be appreeiated mentioned eonelusions from them. Dr. Lull writes about to me that he would do so . 
by eomparing the pelves in question with that of Podo1cesaTus (p.  1(8) that the motatarsals 'are so elosely "Just as I am writing this I get a letter from Prof. LlI l l  
Comptosaurus medius (l<'ig. 7) . in whieh he, among other things, writes about Pod kr-

In his letter to me of October 8th, 1915, Hr. Heilmann saurus: 'So far as its being a proavian is con eol'!lml , 1 
says : "You have quite eorreetly supposed what I mean ,1 1 / " , , know nothing to the eontrary. ' ' ' 

. 

by the term 'Proavis , '  it is ope of the eonnecting links I must leave it to the readers of this artiele as to what 
between Aves and Reptilia-but somewhat more bird Hr. Heilmann intends to eonvey, when he expresses ]l i s  
than reptile ; a forerunner of  Archooapteryx. surprise at my saying that the pubis in eortain dinosau rs 

"The skeleton of this Proavis I am about to reeon- is direeted baekward and downward. In roply t.o t.h i s  I 
st.ruet-using the same method as you perhaps have seen would say that not all of tho pelves of dinosaurs are 
me omploy in my reeonstruction of the intermediate fashioned liko the one henl shown in Fig. 8, for wo also . /'J ,' 1 
links between the pelvis of Archooapteryx and that of find Uwm Iiko those roprodueed in Figs . 7 , 1 1  and t 2. I t, 
Apt,ornis in Prof. D'Ar(lY W. Thompson's  'Morph- is most in teresting to eompare tho pelvis of the sm al l  
ology and Mathematies , '  p .  885 fll.4 '1'he method is dinosaur Thcscelo,wwrus neglcet1ls (1<'ig . 12) with that of 
q uit.e trustworthy, as I have proved in construeting for an Emu (Fig. 6) . Note the dose resomblan eo i n  j,h o 
h is n ew book the links between the skulls of Eohippus isehi i ,  in the bent "backward and downward" pubis h01) o ,  
and Equus.  Among these reconstructions we find the and the presence in eaeh of a prepubis (p' ) .  It would 
skulls of both Nesohippus and Protohippus but not that hi 11' not be very diffieult to build up a bird skeletoll with t ,ho 
of Parahippus,  whieh the palooontologists (Zittel : Gr1lnd- bones shown in Fig. 12 to start with ; and yet pahBollj,o-
Z II(JC der Palwonl% gic ,  191 1 ,  p. 463) eon sider to be in the logists in this eountry have not ,  up to the presont ti l lw ,  
st,raight line between Eohippus an d Equus .  From the (lonsidered ThcseelosauTus a pl'oltvis . 
roeonstructions it is evident that Parahippus belongs to n.,< Tn a valued letter from Dr. Lull , dated September 1 1  th ,  
another stem. HH5, he says : "So far as Podokesa1lT1lS is eorwern<,(l, t l l O  

"For finding the Pro avis the right starting point i s  of positions of the various pelvis dements in my rostoraUo n 
most importanee. l' quite eonsen t with Broom in his are those wliieh the bones have in tho roek, and wo h a ve 
gll (lSS that it is among the Psoudosuehia (so he names the Itlways argued that a fossil bOllo  in position in tho rook 
J'amsuehia) that we shall se!,k the reptile from whieh tho is worth more as evidenee of its tru� position than Holly 
hird-st(wk has originated. It is also between sueh a amount of argument. Tn other words, I think bo th yo" 
reptile (drawn with trai ts of eharaet,er from both Ornith o- and lVfr. Heilmann will have to pro vo your statollwl l ( , 
s lldlllS and l<;uparkeria) and Arehooaptheryx that I am and that until you ean, the pubis ought to l'ctlULi l l  as 
oOllstrueting some intermediate links. it is." 

"With respeet to Podoke.�ol1T1lB holyokens1:s it would , L-________________ _ _ _ _  . __ 
'l'his argunwnt, in my OJll1ll0n, will not apply or s t i ll  

o f  (',ours(J, b e  quite ridieulou8 if J ,  having only seen photos less hold in  tho ease of  PoriokesanTlls Flol!Jokel/sIs ,Lt al l ;  
of t,he slab, would assert that Podokes(lur'lls is not a Fig'. ,�. � ]ti;;h t I n teI'a l viPII' o r t h e pel v i s  of (icmtos ILltru s n asi· 

for, if we but glanee at Fig. 1 for a mOJll.ont" hoari ng' i l l  r :orniN. A rter 1\lal's h .  Lpttcl'in g- a �  i n  prcvioHH l��igure�. . 
dinosaur, when the Ameriean palooontologists in sist upon I<'ig. ! l . --Pelvis of the i vory-hil ler] woodp""ker ( O(J.rrJ.fleflhiltt" mind that it represents the positions of all tho hOllO:'; 

pri'ncip fLU",; ) .  Lctt(,l' i n g  as hefore. �pcd lnell i n  Col I .  } i t,s being just this. But when sueh important parts as of t h e  IT. �. N a t .  M u s .  By t h e au thor. there shown as they are aetually relatod to (lao 1 other 
010 skull , nearly the whole forelimb and the ilium are Fig. l O.-··HJ;;h t latera l view of the pelvis of a t i n a mou ( 'I'ina- in the '

' 'roek' '-and were we to aeeept the so posit . iolls as ln UN l'0 1JUNtU8., � datpl' and � al vin ) . A fter �I H l'sli  ( O (fon-
wan ting, tho deeision must be vtlry doubtful ,  beeauso I O J'n i t /Ie.', text 1<' i ;;. 20, pa ge 7 :\ ) . LetlerilJ ;;  aK in jll'e· the (;orroet onlls-we should :.;oe one tibia st,ieking o u L  
f I b k · ·  th dOff t 1 r ' y i o ns li'ig-ll l'f'S a li o v(' ,  I I } . 

h' tl til 
. 

l' l '  f t ,. t '  t W onger we go · ac III tlme we seEl e I ef(m Of( e s 
Fi;;. l l.--I'elvis 0[ 8 t crlOS(J./U'US s l mtoTIs : righ t la t.eral view , leyon( t 10 Ise IUIn, .le 0 er In IDe an( III rOil , 0 . 1 0  

morn and more eonverging, and a t  a suffieient early Lettering the same as in previous 1" i;;ures. After M a rsh . saeral vertebrm, a fmnur on top of thE) latt�r , and tho 
]JlOllwn t we shaH not be able to say if some fossil remains metatarsals belonging sOlllewhere lHltwoen tho p uhi s and 
are from Aves, Dinosauria, Psoudosuehia, or Pterosauria. r---------------------------� the isehium ! All of whieh i s ,  of nourse, ridieulolls . 

. .  Podokesaurus is the earliest known dinosaur, and it As a matter of faet, all of those bones are far romo ved 
would surely not be diffieult for me to make a reeonstrue- from their normal positions, as (Jolllpared with t.ho sn v-
tion of  the skeleton with mueh more avian ehara(lters eral positions thoy would have normally o(Jeupied i n  (, 1 ] ( \  
than that of  Prof. Lull. It, therefore seems to  me to  be living animal . I still (Jontend that the sjJt\(Jinwn was a 
a great want in Dr. Talbot 's  and Lull's deseription of the subadult in dividual, whieh diod before the pel vie honos 
fossil that they not with a single word have explained, had fused together, and that the pubis formed no oxeop-
why the remains can not belong to the Pseudosuehia or tion to the mix-up that took plaeo before all tIm hOllos 
to the birds. . drifted to those positions whieh they eventually oeeupiod 

"What you write abO ut Podo1cesaurus we have diseussed in the solid matrix or rock in whieh they wore found. 
hefore ;  it is stated in my paper, Part II ,  page 64. And '1'he faet that ,  in a lot of mixed-up bones , the long, roll-
in his "1'riassie Lif(J of the Conneetieut Valley' Dr. Lull like pubis was found direeted to the front-as eomparod 
brings my translation of that point, page 165 in the with the hinder extension of the isehium-will, in this 
footnote .  It then 'is your true eonviction that the pubis instanee, be no sound argument that it belonged there 
has been wrongly placed in Dr. Lull's restoration ; you in life, where it would, beyond all eavil, be a eonstant 
write : 'The noteh at its proximal extremity undoubtedly menaee to the very vitals of the animal when it came to 

l<'ig. 1 2.--Hi;;h t lateral view of t h e  pelvis of 'l'he8celosattrtts 
formed a part of the aeetabulum, and the long shaft of nCllleetuN Gilmore. ] ,ettering a s  before. From an afl- perform many of the ordinary aets of its life . 
the bone was direeted backward and downward. '  And vance proof of Fig. 17 for M r .  Gil more's paper on the On the 1 1th of Oetober, 1915,  I reeoived another vor.Y "Osteology of 'l'hescclo"IL!!1'U8, a n  O rthopodous dinosaur 
furthermore you 'would say that the hinder portion of from t h e  Lance formation of Wyoming," Proc.  U .  S.  Nat. valuable letttlr from Dr. Lull, in whieh he said : "I still 
the isehium is not in view, and that it was probably Mus. ,  Vol. 49. 

have your letter of September 13 before me unanswerod ,  
much more extended posteriorly, so  as  to  be nearly as and I am very mueh impressed by what you say as to 
long as the pubis . '  the value of  the evidenee used in making restoratioIl:';. 

"But  if this be so, what a revolution in our' views of I really feel, with Prof. Sehuchert, that in tho ease of 
dinosaurs ! A dinosaur with a pubis turned baekward as J'odokesaurus one ought to go up to Mount Holyok., a.nd 
in birds, with an ischium also very birdlike, and conse- study the skeleton again and find out whether thoro is 
quently with a pelvis nearly more birdlike than that of evidenee of shifting of that pubis out of its natural 
Arehooapteryx ! Have you thought of what the deseen- posit.ion or pot.  The skeleton is to a eertain oxtonL  
dants of  sueh a reptile would be?  Surely not dinosaurs ! definitely artieulated, and under the eireumstanees I Sll P-
At one time turned baekward, the pubis must remain so ; posed that the bones whinh wore in what eould bo J, 
it eannot move forward again. This we also can see natural position for a dinosaur should be taken as 001'-
from the em bryonie evolution. You have never seen, z. ,')  reet, until Mr. Heilmann 's eritieism first. eame to mo. Do 
and will nevor see (I am sure) a dinosaur with B, long, you realize that inst ead of being shmdor, rod-like bOllO:';, 
slender pubis turned baekward. But if we go to the 

p these bones are broad, plate-like struetures, not bird-liko 
Pseudosuehia you ean see the pubis on the move. 10 L � at all but very similar to the pubie hones of Triassio dino-
the pelvis of Euparkeria Capen sis, whieh I have drawn ,JifJ· -13. saurs whieh Von Ruene and Eberhard Fraas have found 
here after Broom, you will observe that the pubis passes and deseribed? Of eourse, Huene's  aetual opinion, othor 
nearly straight downward with a plain flexion baekward F i;;. 1 : : ' -- Lcft l a t e ral view of the pelvis of [iJup(lrkm·t(J. cafl en- than his published statements , is 'now unavailablo ,  bo-

1913 1 2) , 8i8.  He<luced,  i'lhufeldt after Heilmann after Broom. (R. Broom in Proeeedings of the Zool. Soe . ,  , vo . .' eause he is somewhere in the trell.ehes fighting against 
"Besides you write about the skeleton of Podo1ceslturus, the Allies , and Fraas is dead and mueh of his tlvidenec 

'aud I,o me the pieee S has more the form of the hypoclei- appressed together as to form a wonderfully compaet is as yet unpublished, but he had ereaturos whieh 1 1 0  
dium of  the united davieles ,  than it has of either the strueture, perhaps even more so than Marsh has de- supposed to be dillosaurs whieh appareutly showed affir; i­
sternal extremity of a eoraeoid, or still less tlither extrem- seribed for Ornithomimus . '  It is then impossible that ties with l'odo1cesauTus. What you and Heilmann an, 

b 
. h '  Podo1cesaurus ean be the aneestor to Ornithomimus and ity of a scapula. '  Are you aware that, y saymg � .IS , trying to do is to see avian eharaeters in the animal , . Ornitholestes , whieh Dr. Lull has written in his manu-

< I am in deht,e([ jn Prof .  ThcmJ)son for a copy of this most .. while Huene , Fraas and T seo dinosaurian eharaetms , 8m'il )t  d nl i vm'nd to TrW (8PO my translation i n  my Pnrt i n val uablo mOll ogr'ap h ,  which w aH pUhl i Khed in 1 m "  ill the Trans- and your argll II H'llt, is j t l � t. as good " 01' t,IHl pl ,w. ing of t , ll(' aclions oj' lh" Ruyal Suciely oj' Edin/)tt r!lh. What Hr. Heilmann 6 Hr . Heilman n  snollls to havo overlooked t.l1O fact hero t hat I <li d pubis a s  1 havo it as for tho plaeing of the pnbis ,;18 yon 
sets forth in t,his work on p p . SS5-888 (Fi;;s. 48-54) goes a long nut say i l was the " hypocleidium. " but that it looked mor(' like see it. I wish you , yourself, might see the Ol'iginal ske1tl­way toward sustaining what he means b y  a " Proavis . " R . \V . i'l .  that bone than it did the sternal extremity o f  a coracoid o r  any 

, See Fig. 13 of the present article. part of a scapula. R . W . S  ton. We have a east of it hero but that is not sufficient .  
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I am sure Miss Talbot will give you every facility for 
studying it, should you so desire." 

After receiving this most courteous letter, I at once put 
myself in communication with Miss Talbot, in due course 
reeeiving from her the following eommunication, dated 
at Mount Holyoke College, the 10th of November, 1915 : 
" Dear Dr. Shufeldt : 

" I am very sorry to have kept you waiting so long for 
an answer to your letter in regard to Podokesaurus, but 
T am far from well this fall and the trip to New Haven 
seems to have upset me completely, so that I have been 
able to do my regular work, only, an d have had to let 
everything else go . 

" T  am not a t  all sure that I shall not publish a little 

note in r{lgard to Podokcsaurus myself before long, taking 

issue with both you and Prof. Lull, in regard to different 

bones, howev8r, .  This being the ease, I hardly want to 

st'nd you the photographs that I am to have taken soon , 
nor do I want to give you the results of my study. 

"I should be very glad, h owever, to have a digest of 
th� remarks that Prof. Heilmann has made on the 
fossil. . . .  

"Very sincerely yours, 
(Sign ed) Mignon Talbot." 

Before receiving this letter I had had another most 
instructive one from Dr. Lull, dated at Yale University 
the 22nd Q1 0ctober, 1915,  which ran thus : 

Dear Dr. Shufeldt : 
"After your letter eame, Miss 'falhot was in the building 

and I talked to her of some of the difficulties of in terpre­
tation of the beast Podokesaurus. She is going to make 
a verv careful examin ation of the pubis and other hones 
to se� if in her �pinion there is any indication of th eir 
having shifted. She will also have further photographs 

made of that region of the specimen , as all the photo­
graphs sen t either to you or to Mr. Heilmann were 
before the ultimate preparation of the specimen, which 
was done here at Yale . Her opinion and the photo­
grapnE should be giver due weight and that is the only 
additional information on the specimen we ean get.  She 
is also going to photograph that which she con siders to 
be the han d of the animal, which may give further ligh t.  

"When I first saw Podokesaurus I thought right away 
that it was a plant-feeding dinosaur, one of the Ornitho­
poda, an d so advised Miss Talbot. Later, however, 
when we eame to study it in more detail, we both came 
to the conclusion that it was one of the Theropoda, the 
evidence lying principally in the strueture of the pubic 
and ischial bones, for I do not think the foot or hand 
would be indicative of the ordinal condition of so 'Small 
a dinosaur as this, in the absenee of the skull . There is 
no known pre dentate or ornithopod dinosaur in which 
there is not a considerable pre-pubis. If any part of 
the pubic bone tends to abort, it is, so far as my kn owl­
edge goes, the post-pubis or the after limh of the pubic 
structure. All of them show it forward directed pubic 
bone, �ust as the carnivores do ,  the principal distinction 
being that in the predentates usually the post-pubis . or, 
as Huene calls it, the pubis, lies parallel with the ischium. 
I should un der no circumstances eon sider the animal a 
sauropod dinosaur, your last question being wheth er It 
is possible to decide positively whe ther it belongs among 
the 'fheropoda or Sauropoda. My whole conception of 
the evolution of the Sauropoda from the Theropoda is 
based upon the gradual increase of size and the necessity 
of taking to a semi-aquatic habitat for bodily support 
and the changing of the diet in order to maintain the 
bulk, charaeters which are certainly absent from the 

ereature 11ll der eon sidcration .  The smallest of thE' sauro­
pods, which comes from the Potomac, has a lengH. of 10 
feet and as yet no Sauropoda are known from Triassic 
strata. 

"With best wishes .  very sin cerely yours , 
(Signed) Uiehard Lull."  

Here tha eorrespolJ dell(le practically endf'd, in  so  far 
as tbis subject was eoncerned ; and , p�rsonally , I now 
await what Miss 'l'albot publishes after sho has further 
developed the skeleton of Podokcsanru8 II olyokensts in 
the matrix. It may throw fl!rther light upon the subject 
and it may not, for the reason that the opposite pubis 
may not only not be found , but it, likewise, may be out 
of place when it is. 

Then, too , I anxiously await tho next instalment of 
Hr. Heilmann's valuable work, whieh will doubtloss pre­
sen t his side of the argument rar m ore lucidly than I have 
been able to do here . 

In any event I do not believe for aD instant that the 
pubic bone ever occupied any such position in life as 
Dr. Lull has given it in his restoration, for reasons that 
I have attempted to set forth in the present article , and 
for the added reason that we nevpr meet with bones in 
any vertebrate skeleton-living or extinct-where an 
extrCl;nity of that bone is expanded for the purpose of 
affording a sufficient area in that a notch, such as 
pxists in the proximal end of the pub is of Podokcsauru8, 
may exist there . A notch of that kind would not be 
found there unless it had some definite '18C, and the most 
natural one would be to either artieulate with some jux­
taposed bone, or to afford a greater amount of surface 
for ultimate co-ossifieation, which latter I take to ho the 
case in Podokesaurus, where , in addition, it completes 
a foramen found in both birds and dinosaurs . 

Future of the Steam Locomotive* 

A Consideration of' the Factors of' the Different Motive Powers A vailable 

THE vrineipal fadors that will enter into the steam 
ra ilway tra w;portation and motive power situation dur­
ing the ensuing ten yea rs justify the following conclu­
sions : 

hit. As the supply and cost of liquid fuel s, when com­
{Jared with coal , lignite and peat" in the United States 
and Cana!la, make their general use for internal com· 
bustion typcs of motive power prohibitive, and as pro­
dueer gas and storage batteries do n ot offer any early 
Vossihilities, the eleetric l ocomotive dependent upon an 
outside source of power for its propulsion, is the onl y 
ont' that ('all be consirIered as being in the same field as 
thl' stpalll i o('olllotivl' in gen l'nll railway sl'rvice. 

2nd. 'l'he general difficulty incident to adapting elec­
trification to exiRting stea m railway operation will not 
warrant any con8iderable change from independently 
operaterI stl'am motive power units because of the pro­
hibitive cflVital and non-vroductive cost, unreliability 
of service, non-adaptability for concentration or distri­
bution of motive power over various parts of the road, 
in ability to utilize full power unrIer a wide range of 
sveerl and tractioll variations, and lack of standardiza­
tion. 

-:kd. 'l'he future develoVlllent of the steam loeomotive 
will be along such lines as will produce the maximum 
haui illg capacity per unit of total weight, at the mini­
mum cost per l!ound of drawbar pull. 

4th. 'l'he modernized steam locomotive will provide 
for the transportation department a motive power unit 
cavable of more nearly eontinuous service, between gen· 
eral repair periods. 

5th. New and existing steam l ocomotives will be 
equipped to eliminate the production of sJ.lloke, soot. 
cinders, sparks and fire hazard ; to utilize the heat now 
avail able in exhaust steam and waste gases ; to lessen 
noi;;e ; and to reduce the eonsumption of fuel per unit 
of work performed. 

6th. All steam locomotives will be provided with 
special and automafic applianees to minimize the lia­
bility for accident, eliminate arduous labor, reduce me­
ehanieal delay, and overcome the necessity for frequent 
iJispeetiom; and adjustments. 

7th. Existing steam locomotives having transporta­
tion value will _be modernized with a view of reducing 
the cost for operation and enhancing their physical 
valuation. 

8th. The refinements in design, construction and ope­

ration that will be effeeted during the next few years, 

justifies the prediction that through the combined use of 

*Railway Review. 

By John E .  Mulfield 

superheated steam , pulverized fuel, fire-box brick arch, 
fep(l water heating and ("ompounding, a horse-vower 
hour will be successfully delivered at the tender draw­
bar of a steam locomotive of great power for 50 per cent 
less fuel than is now used by saturated steam motive 
power. 

A century has passed since Trevithick, Hedley and 
Stevhenson produced the general arrangement of boiler, 
maehinery and running gear which still forms the basis 
of the modern steam loeomotiye. 

Since the construction of George S tephenson's "Roek­
et, " which was equipped with a single pair of d riving 
wheels, the principal development hm; been an increase 
in the number and size of coupled driving wheels and a 
corresponding enlargement of the boiler anrl maehill­
cry, in order to provide means for utilizing a greater 
percentage of the total locomotive weight for adhesion 
and tractive power, and thereby enable the increasing 
of the train load. 

During recent years the tendency - toward greater 
sveed has resulted .in larger driving wheels and the ap­
plication of various combinations of leading and trailing 
trucks, such as in the Atlantic, Pacific, Mountain, Prai­
rie, Mikado and Santa Fe types, for the purpm-;e of 
carrying the loads imposed by larger boiler heating 
surfaces and grate areas. 'Vhile this change has usu­
ally provided a greater sustained boiler capacity, it has 
permitted the utilization of the maximum weight avail­
able for adhesion for the reason that the bridging effeet 
of a ("ombination of leading and trailing truek wheels 
will inerease rather than deerease the permissible ratio 
between the weight on driving wheels and the tractive 
power to an extent that the maximum allowable weight 
of the locomotive available for the production of draw­
bar pull cannot be used. As it is elear that the pro­
veIling power of a locomotive is dependent on the load 
earried by the wheels of the driving axles, and that 
whatever weight n ot so distributed is non-productive, 
it is easy to discern that the eight-wheel, mogul, con­
I'olidation, six and eight-wheel coupled, decapod and 
Mallet articulated types of locomotives will produce a 
greater hauling eapacity per pound of either total or 
adhesive weight than the corresponding Atlantic, Pa­
cific and other trailing truck types of locomotives that 
have superseded them. As improved means of combus­
tion will eliminate the necessity for grates and ash­
pans and enable the location of relatively large driving 
wheels adjacent to the firebox, the non-trailing truck 
types of locomotives will no doubt again come into favor. 

Next to the adhesive factor, the steam generator is 

the all important elemellt a mi wltiell, ill the ;;leam l oco ­
motive, i;; 11 l'elf-contairlPd part of t he motive vower 
unit. In general the maximum power that can be de­
yeloped by the present day steam locomotive depends 
upon the maximum rate of fuel eonsumption which can 
be maintained per square foot of grate area, the limit 
being reaehed when the draft becomes high enough to 
carry partially consumed fuel out of the staek in the 
form of smoke, cinders and sparks, which, besides de­
ereasing the effectiveness of the machine, introduees the 
danger from fire hazard. While the enlargement of 
grate areas and heating surfaces, improvement in eircu­
lation" and the apvlication of firebox brick arch and 
tubes have materially increased the boiler eapacity, the 
forcing of the combustion of a large amount of fuel 
vel' hour on a limited grate area has inereased the 
quantity of fuel used per unit of work performed far 
beyond what a m ore effective means of eom bustion will 
produce. Howeyer, the burning of fuel in a pulverized 
form in suspension will materially relieve this eondition. 

Having regard for the utilization of the steam, with 
the exception of the Mallet artieulated type of loeomo­
tives, the general praetice now is to use single expan­
sion eylinders. As the thermal effeetiveness of a steam 
engine is, in general, increased by carrying out the ex­
pansion of the steam in two or more stages in sepa rate 
cylinders, the use of compound rather than of simple cyl­
irlders, especially with the superheated steam that is 
now available, provides ovportunity for further im­
provement in locomotive eapaeity, and in fuel and water 
eonsumption. Compounding has been largely diseon­
tinued during the past fifteen years, due to the mechani­
eal and operating difficulties ( largely influenced by the 
excessive condensation of saturated steam ) that re­
sulted from the various designs which were adopted in 
the United States during the previous ten-year period. 
The introduetioll of the Mallet articulated type of loco­
motive by the Baltimore & Ohio R. R. in 1903, however, 
resulted in the revival of the compound system, and in 
combination with superheated steam, the results have 
b�en such as will n o  doubt again bring about the in­
troduction of the compound type of locomotive in other 
than the articulated designs. The more reeent develop­
ment of intereepting valve mechanisms will largely 
overeome the mechanical deficiencies in the previous 
designs of compound cylinders. 

Relative to the unbalanced reciprocating parts that 
go to make up a eonsiderable portion of the weight of a 
modern steam locomotive, it has developed, by recent reo 
search and experimental work, that through improved 
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design and material the weights of these parts, such as 
piston valves, valve motion gear, piston heads and rods, 
cross heads and main and side rods and counterbal­
ancing, may be materially reduced, with the resulting 
considerable decrease in non-spring-borne parts of the 
running gear and machinery, as well as in wear and 
tear on motive power and roadway. The further devel­
opment of the three cylinder compound locomotive offers 
varticular opportunities in this regard. 

A comparison of the thermal efficiency of steam and 
electric motive power shows that under the average 
working conditions a hand-fire saturated steam locomo­
tive burning coal on grates and an electric locomotive 
will each deliver about four per cent of the thermal heat 
yalue in the coal at the track rails. When the steam 
l ocomotive is equipped with superheater, firebox, brick 
arch and for burning pulverized fuel, this percentage is 
iut"l"eaHed to ahout six. The added saving that may he 
effeeted through the application of feed water heaters 
uud other appliances whereby the heat now in the 
wm.;te gases and steam that is exhausted to the atmos­
phere may be made to perform useful work, offers a 
practicahle means for further suhstantial improvement. 

'Vith respect to the electrification of steam railway 
l iues in the United States and Canada, the initial appli­
("ation was in 1895 in the operation of a relatively long 
tUllllel on the-Baltimore & Ohio R. R. in the city of 
Baltimore. Including that and subsequent installations, 
exclm;ive of the Chicago, Milwaukee & St. Paul Railway 
main line electrification, the primary reasons for the in­
troduction of electric service on steam railways to the 
present time have not been to expedite the movemeut 
of traffic or to effect economies in operation, but to pr()­
vide for : 

hIT. Smokeiless operation through underground 
terminals and tunnels, eleven installations. 

2nd. Utilization of cheap hydro-electric power, three 
in"tallations. 

3rd. Franchise requiring other than steam motive 
power, two installations. 

4th. Relief of terminal passenger station congestion. 
oue installation. 

5th. Development of local traffic, one installation. 
'.rhis total of eighteen installations made by thirteen 

different steam railway systems during the past twenty 
years, aggregates about 625 road miles, out of a total 
of approximately 280,000 road miles in the United 
States and Canada, and a comparison of the princi])al 
detail, such as the current generating, transmitting, diR­
trihuting and contact systems, voltages, types of loco­
motives and the like, will show wide variation and is in­
dicative of the present undeveloped state of the a rt. 

"While the costs for installation and for maintenance 
aud operation of these electrified sections of steam lines 
are either unavailable or difficult to obtain, it would 
prohably be conservative to approximate that a unit of 
pm;senger or freight hauling power will cost for first 
iustallation from five to ten times more for eleetric 
than for steam, and for fixed charge maintenance and 
operation it will cost from two to three times m ore for 
the eleetric than for steam. For example, should t he 
initial cost of a steam locomotive be $25,000, complete 
ready for service, an electric l ocomotive of identical 
hauling capacity with its necessary propelling auxili­
aries will represent a first cost of from $125,000 to 
$250,000. 

"Where adequate water power can be utilized economi­

cally in combination with a l oad factor of 75 per cent or 

more to reduce operating costs ; where relatively small 

train l oads and rapidity and frequency of service oh­

tain in congested districts of dense passenger traffic ; 

or where the transportation operations are auxiliary to 

mining or other industrial developments requiring the 

extensive use of electricity, there may be some justifica­

tion for the use of electric m otive power. However. 

the disadvantages that will still remain as compared 

with steam, may be stated as : 
1Rt. The almost prohibitive cost for installation, 

operation, interest, taxes and depreciation, except where 
unmmally cheap hydro-eledric power and a high road 
factor are obtainable. 

2nd. The necessity for incurring large capital invest­

mputs and discarding existing locomotive, car, track, 

signaling and supply equipment, and road and terminal 

fueilities. 
:1rd. Inability t o  utilize more than an average of 

froll! one third to one half of the power generating ca­
lIadty, due to l ow loa<l factor, and for maintaining 
ad<litional emergeney power generating equipment. 

4th. Non-interchangeability of equipment over other 
than electrified home districts, due to l ack of standardi­
zation in current and contact systems. 

5th. Liability for dangerous and expensive short cir­
('uiting at power stations or on the line, with consequen-

tial tire, suffocation, personal injury and fatalities. 
6th. Dependence upon an outside source of power gen­

erating, distributing and contact system for operation, 
resulting in complete stoppage of all locomotives in 
even t of failure. 

7th. Interference of storms, snow, sleet and floods 
with operation. 

8th. Necessity for duplicating and patrolling long dis­
tanee transmission lines to insure against current sup­
ply failures. 

9th. Electrolysis of water, gas and other metal mains 
and structures. 

10th. Short circuiting and leakage of current, due to 
defeetive insulation and bonding, and on account of un­
favorable weather. 

11th. Liability for "overheating" of motor equipment 
after short, heavy runs, necessitating "resting" of loco­
motives at terminals. 

12th. Extraordinary expense for upkeep of track amI 
contact line surface alignment. 

13th. Delays in changing locomotives at the b�rmini 
of the eledrified and steam zones. 

14t11. N�essity for a more skilled class of labor for 
inspection, maintenance and operation. 

] 5th. Increased delay and constructive mileage for 
motive power and crews. 

l(,th. Inability of the electric locomotive to utilize its 
rated capacity and effectiveness throughout the Rame 
range of speed and tractive power variations as the 
m ore flexible steam locomotives. 

17th. High initial and consequently greater fixed eo"t 
to be added to the operating expense per unit of power 
<levploped. 

18th. Difficulty in adapting electrification generally 
to existing steam road practice. 

Given a certain trackage equipped with fuel, water 
and sand supply, turning and slag-pan dumping facilities, 
a modernized steam locomotive may be successfully 
operated. However, an electric locomotive in lieu of 
these facilities would require for its operation one or 
more fireproof power generating stations ; general and 
a uxiliary feeder and distributing systems ; general trans­
former, converter or storage battery sub-stations ; over­
head or surface contact lines ; track rail bonding and 
inRulation ; safety cut-out switches ; electro-magnetic 
disturhance neutralizers, and the like, each item of 
whieh is made up of innumerable complicated and costly 
<letails for installation, maintenance and operation. 
'rherefore, the financing of projects involving the electri­
tieation of steam railway lin es will be somewhat differpnt 
l1n W  - it can be demonstrated that electrification will 
!ll"Oduce net results that cannot be obtained from steam 
operation . 

'rhe agitation for electrification has stimulated me­
chanical engineers engaged in designing steam motiye 
!lower to attack the various problems confronting them 
n' ong vigorous lines, with the result that while the in­
terehangeable steam locomotive is rapidly becoming n 
more effective and economical machine under all condi­
tions of weather, speed and train-load, the electric loco­
lJl ot ive, from an engineering standpoint, has not yet 

rpaehed any comparative degree of general Rtandard 

design, method of operating, reliability or efficiency. 
S ince the initial application of electricity on the 

R al timore & Ohio Railroad, and particularly during the 

jla"t ten years, a tremendous advance has been made 

in the perfecting of the steam locomotive through the 
UHf' of larger single units of power, in the application 

of H])ecial appliances for producing effectiveness and 

('conomy and through general and detail improvement� 

in design, material and construction. 
Prior to the development of the Mallet and other loco-

1 l 1 0t j,-p" of great power having boilers equipped with 

ll kh steam pressures, superheaters, large grate areas. 

ti rphox brick archeR, compounding and other capaeity­

pr()(lucing devices, the accelerating qualities and the en­

(lurHnee of the electric locomotive at speeds on grades 

was regarded as an advantage over the saturated steam 

loeomotive, even though its limited steam capacity was 

no greater handicap in the development of maximum 

hauling capacity than the overheating of the motors of 

eledric locomotives. However, the past ten years de­

velopment of the steam locomotive has brought about 

a material change ; for example, the use of superheated , 

HH ('ompared with saturated steam, has not only in­

creased the capacity of locomotive operation approxi­

Illately 33 1h per cent, but it ha;; at the same time en­

ahled a saving of approximately 25 per cent of the fuel 

and 33 lh per cent of the water used per unit of work 

performed for the reason that in single expansion cylin­

der;; an indicated horse-power hour may be produced 

for from 15 to 20 pounds of superheated steam, as com­

pared with from 26 t o  32 pounds of saturated steam , 

and a horse-power hour Illay now be delivered at a 

tender drawbar, through the cOlllplete range of the 
effective capacity of the locomoth-e, for approximately 
three pounds of coal. 

In general, therefore, it lIlay be eonservatively con­
cluded that the steam locomotive will remain the stand­
ard unit of motive power for present and future general 
railway operation for the reason that its existing merit 
and the possibilities for improvement fully j ustify its 
continued use. 

Improving the Physique of Americans* 
HUMBOLDT declared that "Whatever virtue men would 

have appear in society must be taught in the schools ." 
It is upon these nurseries of civilization that we must 
rely to reawaken the physical conscience and to show to 
future generations that, by taking thought, they can not 
only free themselves from disease, but can attain a vigor 
of in tellect and a strength and beauty of body not seen 
on earth since the days of the ancient Greeks. 

The following plan is proposed as a direct and effi­
"cient method of teaching the masses what the body 
beautiful should be, and what steps are necessary to 
secure this great desideratum. 

The number of teachers and ex])erts necessary to carry 
it out will be no greater than the extra teachers now em­
ployed in our public schools to distract the children's 
minds from the fundamental studies of the curriculum 
by inculcating in a vague way a smattering of various 
more or less immaterial subjects. Teachers, parents, 
and everyone else at this writing, acknowledge that 
health comes first, and that the whole system of educa­
tion must be made to conform to this axiom in very 
deed, even as it now professedly conforms to it in theory. 

To begin with, we must fain acknowledge that there 
is no question that much of the present drive to conserve 
and improve the health of school children begins too 
late. It is in the improper treatment of the little chil­
dren that most of the seeds of future trouble are sown. 
If small scholars were carefully watched, and each one 
minutely studied for any congenital defects, as well as 
for any fault of environment, there might result an 
enormous saving to the State by reason of the diminution 
in the numbers of dipsomaniacs, neurasthenics ,  insane,  
and incompetent people. Starting the education or

"
num­

bers of congenitally defective children in our public 
schools , and pushing them along,  un til their condition 
is made worse and harder to remedy, is an error which 
we are learning to avoid. Bu t we are not so careful to 
avoid and not so successful in combating injury not 
alone to the delicate, underdeveloped, and undernour­
ished children, but even to the normally healthy ones , 
by improper physical condition s in the schools. 

The principal reason for this failure, which is so far­
reaching, and so general that its im])ortance cannot be 
overestimated, is that we neglect the ])hysical status of 
the young scholar until more or less harm has been done. 
We are trying to make bricks without straw by pushing 
all the young scholars along the road of education just 
so many feet every year, all the while neglecting the two 
essential features, first, whether the child has the normal 
equipment, physical and mental, for the work, and sec­
ond, whether the work is in any way injurious to him. 

School teachers have a notion that so long as the child 
keeps up with his grade, and no complaints of ill health 
are made, he is doing well enough and there is nothing 
to worry about. There are a great many rules and tables 
to determine what the mental status of a child should 
be at a certain age, and for that matter, there are enough 
rules to show what the average child's physical develop­
ment should be at a given age. Unfortunately, however, 
the teachers do not know the latter rules, however well 
they may be acquainted with the former ; nor are there 
any tests of the physical status of the scholars in the 
regular school work that are as easily applied and as 
efficient as the tests of their mental work, always at hand 
in their marks for their recitations and their periodical 
examinations. 

Consequently the average teacher is not at present 
capable of judging whether the child is  being injured by 
the school work, or whether the child has the normal 
physical development for his age. The medical in spec­
tor of the school is not engaged to do this essential work, 
so it is not done. 

There is, therefore, not only the danger of a lasting 
injury to the child by allowing him to live under improper 
conditions, both in and out of school ; there is also the 
further unfortunate circumstance that his physical de­
velopment is neglected. From both of these causes the 
average school child suffers injuries that are most vital, 
both in their immediate and remote results. "As the 
twig is bent, the tree is inclined." Our interference with 
present conditions must not be solely of a negative char­
acter ; we must take positive steps to assure the best 

* An abstract of an article in the Af edical Record. 
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1 1 1I ' ll t,a'] and !Joll ily do velopm ent if we wish to give every 
�«hola[' a fai r nhaneo to gro w UJl to the  full measure of his 
]Jo l,cnt,ial abilities .  As an i n('entivo to e v eryone directly 
i n t,el'osk(l in this vital qlwstion, tho paren ts, the teachers , 
and ()spollially the ehild, the following simple plan is pro­
l )Oserl : 'I'o begin with , there should' be oareful physinal 
(\xalllinatioll at least monthly of every seholar by quali­
fio(l i n speetors un der the oontrol of thfl medieal inspee­
t,o[' of Uw seltoo!. 'rhe teachers coul(l easily learn to 
ass ist. tho medieal offleer and should perform most of the 
doj ,tLil work IW(lessary for the proper examination and 
rating of th8ir own sllholars. This aspect of tllfl 
matkr will be takoll up again in this paper. 

Canis should be made out in duplinate , cilloring PIe 
eit i l d ,  tLS dairins an, now scored. Height, weight, lung 
( ' ''pew i ty,  strongOl, (\tn . ,  should he rO(lordml tmd compared 
to t li fl  normal for the seholar's  age . The eondiUon of 
L lin (\,\' < 's ,  tf,nt,h , tonsils,  throat, hands , felelt, and genital 
o l'g;Lns s l lOu lcl be notod. 8peeial oxamination should be 
lIlado fo r rupt.uro , slloliosis , onlarged veins, enlarged thy­
lll U S  and. thyroid glands and abnormal eonditions of the' 
IY l l lphat. i ( l  glands , spleen, and liver. '1'hfl state of the 
t.o ngue , eonj uuetivlB, (Jornplexion and skin generally, 
" l w l l l i! bo noted. Also the care of the hody , whether 
( · lo1L1l OL' dirty, whether tho finger and tot) nails are eiflan 
and w()1l trimmed, whother hair and sealp are cl(,an and 
pmj)orl.v ear()d for. Bow-legs , knock-knees, enlarged 
j o i nts,  flat feet ,  or any malformation or disoase of the 
hOlles shou ld also be pspeeially noted. Credit should btl 
g i ve n  fo r o very thing normal, and extra marks might be 
a I / o wed for eS]leuially good points , likfl a perfect den ture , 
I I I.nrkud. eic'anlineBs of body, ote . ,  while eertain specified 
l',, ( l 1wt ions  in the marks should Ill' made for congenital 
1 1I.,dfo l'matioIls Bueh as duh-foot, flat-e\test, strabismus, 
Jj l l ll.eh-haek, otll . 

( l ao of tho aforunwn tioned (lards ' sfuJUld ho SllTtt to 

t. l w  paWll t or guardi�Ln and one filed in a eard-ind8x to 

ho ( 'O llsul1'{,d al, tho llext examirml,ion. Rtooping shoulders, 
s p i nal ( 'urvat,uro , (lOrn S ,  eruptions , ringworm, i teh , de­
( ' '''.\'0 ( [  t.eoth,  pmlilHllosts, spongy gums,  Iloated tongup , 
and o t.her rpmmliahle eonditions should ho reported and, 
if l'eawlIahle dforts are not made to eorreet them, the 
(, lt i l d  should ho dllharred from a rating at the next exami­
l I a t,ioll . 'l'his would endanger his Ilhanees in eompeting 
for tho hC'al th CLnd beaut,y pri;l(' , to he hereafter described .  

I f  cs po(l ially good eorreetivo work has been dOlle , extra 

marks m ight ho allowell . 
'I' h i s  llloll.(,hly raUng should be eontinued until thn 

, · l J i l d  gl'1Ld llaks from 1,110 primary or grammar sehool 

and aL L Ito dos(l of oa(lh sehool year thon, should he an 

a'l(:o u ntiug.  If tho marks for physieal rating for the 

y()tlL' faU helow a cmrtain minimum the pupil should he 

duharl'od from promotion to tlw next grade in the school. 

I f , howover, the aggregate of eredits exceods the min i­

I IIUJIl, a modal for good physical eondition should be 
pI'Clsent(,d to the ehild, and if the total erodits reaeh a 

s pfleified height, extra credits should ho grantod. The 

I l lodal may be of some ordinary metal, as cop por or 

hrass , but pretty enough to he attraetive . Absence from 

Hllllool for sieknflss or otherwise should be noted in the 

s umming up of the marks, tlnd might affeet the ratirl!; . 

T he mi�imum in the lower grades , at least, should not 

1.0 placed so high as to dehar an averag�l ehild, whose 

parents or guardians will make a seriou8 effort to eorrect 

the dofeets noted. 
'rhe teachers themselves should all he required to 

II nd(Jrgo a s�JVere physillal examination before thoir ap­

pointment to t()aeh and at least annually thereaftor. For 

S I ' l lOOI8 in the vieinity of New York city the reeently 

('s tablished Life Extension Institute would no doubt 

gladly undertake the periodical examination of the pub­

l ic '  SllilOOl teachers, and would rf)(JOmmend to th(llll any 

a l torations in their mode of life that might be neeessary 

1,0 (Ionservo their health and efficiency. So far as known, 

])" . Groenwood's plan as carried out in Blackburn, Eng­

l and (of whinh eity Dr. Greenwood was , and prohably is 

,\'111" health eommissioner, as we would call him in New 

York) , for ('nlisting the teallhers aetively in the health 

work of the puhlic schools htls n()ver heen tried in 
AJ[wri(�a. He, however, gave it a good trial in the 

Blallkhul'D sllhools , and speaks highly of the r()sult. The 

plan was essentially to make " the teachers our first line 

of defen sl' ," espellially those tetlching in the lower grades .  
He ns Lablished a eourse o f  lectures on personal and school 
hygiene for the teaehers and gave an examipation at the 
clorwlusion of the eourse . r helieve that only tho&e who 
wished to do so took thfl examination. But those who 
passed it erflditably received a eertifieate that they were 
( ',ompetent to teaeh the rudiments of sehool ltnd person.al 
liygiene and were allowed an ineroase in their salaries. 
According to Dr. Greenwood, their work in this direction 
was satisfaetory to him and a g!'('at sounlH of satisfan­
tion t,o tho k:w l w l'� j,\ l<ll l l�ol v,,� .  '(' I wi r �(lhool t.asks 

werll morH intpl'usting', and their  o wn and t1wir seholars ' 
health was benefited by this innovatioll and by the 
simple sanitary regulations whieh they inaugurated for 
their own and their seholars ' benefit. 

Of course, this scheme will probably fail in exeeution 
unless a full time Tllfldinal direetor is - en gagod in every 
sllhoo!. He or she must be an enthusiast for the com­
bined physieal and mental edllllation of children and 
must he a specialist in that line of work. He must 
have eontrol of, and be responsibl() for, the hygiene of 
the school-houses and of the sehool-rooms. He must 
pnlvent over-erowding and over-heating of  the rooms 
t1lHI over-working of the seholars . He must superintend 
th e examinations of the latter nalled for in the foregoing 
plan and must be responsihle for the proper filin g and 
accuraey of the score cards, and must know that the 
ehildren and their parents are given proper direction s  
for eonserving their health, and for correcting an d reme­
dying any remedial defects noted in any of the cases.  
He must also be competent to supervise and superintend 
all the athletie sports and exerllises of the seholars and 
must be partieularly alert to prevent any injury to any 
pupil by improper or too strenuous exercises . He must 
see that every teacher and scholar gets the requisite 
exercise , and must instruct the former in the simple 
rulos of personal and sehool hygiene and must see that 
thl5se ace enforced .  In short, he must have suc h author­
ity as is n ow given in eivilized countries to ntlva;l and 
military surgeons ,  whose word in hygienic and sanitary 
matters oan be contravened only by the eomman der­
in-chief. 

There is no reason wh y this plan should not he put in 
praetice in any eity. It would soon he followed hy a 
decided improvemen t  in the present rather anemic Ilhar­
acter of mueh of the teaehing in the lower grades .  
'l'eaehers would learn t o  look upon thflir small pupils 
as human beings with minds and bodies to Ilultivate­
and not merely as rflceptaeles into whieh "learning" is 
to be introduoed. ]<'urthermore, the teaelll1fs would find 
themselves so much stronger and better in body an d 
mind that they would begin to feel more respflct for 
themselves,  and a more vital in terest in thflir work . 

Naturally this plan will take tinlfl for its developmpnt 
and will doubtless meet with considerable opposition. 
Yet, T belil1Ve that it,  or some modification of it,  will 
prove entirely workable . 

By the adoption oj' th%e health and physieal eXllol­
lenee prizes, hy instrllnting the teaehers in the elements 
of SdlOOl hygiene, and hy enlisting ()veryone in the health 
and physieal well-heing eontest, a !,"l'eat step toward 
hetter general health eonditions will have been taken . 
r<J veryhody interested in the sehool will be perform) drawn 
into the movemen t.  '1'he parents could scarlmly fail to 
be deeply interested. Rmall leaflets should be printed 
and distributed throughout the town at the beginning 
and the eiose of eaeh school year, ealling attention to 
the pri;les and the rules of the contest, and the ehild' �  
mon thly health Ilard should in every ease b e  transmitted 
to the paren t promptly and attention ealled to any 
remediahle defects in the child' s  health or habits. Health 
lectures to parents , with special referen ee to the winnin g 
of the health prizes,  should be instituted and given by 
the school m edinal inspectors at least monthly through 
the sohool year. 

The expense of the movement n eed not he great. Even 
if it were, the reward in the greatly increased intert)st 
in everything eonneeted with health, hygiene an d the 
hringing up of ehildren would he of in ealculable benefit 
to the schools , and to the eommunity at large. If it 
did inerease the taxes somewhat,  the resulting henefit 
would he so ohvious that no thoughtful person would 
think of finding fault with the sehemo . The extra ex­
pense would he saved to the state many times over, hy 
tho resulting deei'ease in eriminals, degeneratfls and imb@­
eiles,  and by the development of a higher and finer and 
more effieient average eitizen and voter. 

Utilization of Nettle Fiber 
DR. OSWALD llWUTEH, professor of bot any at the Ulli­

versity for Agrieulture in Vienna, propheHies that as a 

resul t of his experiments with nettle fiber Austria wil l 

heeollle iJ](kp(�lldeut of foreign eotton. The authorities 

have Ileeided to organize and to prepare for the use of 

the Hew material. I n  the spring nettles will be planted 

aIHI cultivated in the entire l\1onarehy, and after the 

han'est in the fall the eul tivation of the nettle will 

hegin on the mOllt extensive lines. In this onl y sueh soil 

will be eultivated, mostly along rivers, as is not fit for 

other use. 

I n  his efforts to sepa rate the filler of the nettle, Prof. 

Hiehtor used ammonia with sueeess, but the high eost 

of this method made it appear eOlllmereially unprofit­

able. }j'urther experiments ( so Prof. Riehter stated in 
a reeent leeture ) have proved t hat the fibers may be 
s!'paratp(l wi th wat !']'. He has al�o simplified the pro­
('(',.;s of separation. I" or this reason he believes that the 

cultivation of nettles will be found profitable even in 
time of peace. 

During the leeture l�rof. Hiehter exhibited articles 

mack from the nettl e fiber. lIe lirst showed the silllpl e 
fiher, whieh hall tho appearanee of hemp, and then the 

t hroad on l a rge sllooh; whieh seemed to differ in uo re­

speet from eot( on thread. A ball of eotton yarn next at­
tract!'(l attention, Hnd finally a pair of soeks, knitted 

from this eotton, which were dazzling white and liile 

texture. Cord looking l ike the ordinary coarse cOI'1I 

was also "hown, as was "eotton batting," whieh would 
he useful for d ressing wounds . 

Beea nse of its great reeeptivity of eertain elements 
it is adapted for the mantles of the 'Velsbaeh lights.  
I<'nrthermort), it absorbs many colors and can, t herefore, 
he dyell well. }j'inally,  it ean easily be made waterproof. 
- Unitcd Statcs Commc1'ce Reports. 
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