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11. Precautions to be taken by the Engineering

Department when repairing the track, etc.

12. Instructions for working inclined railways and

train working on steep gradients.

13. Hand-signaling.

The idea being to reproduce, as far as possible,

actual working conditions, a model section of railway

was installed, consisting of a double-track junction,

with full equipment of side track, switches and sig-

nals such as are usually found at a typical junction

station. The signaling is in accordance with the latest

British practice, as laid down in the regulations of the
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Board of Trade, every feature—such as interlocking,

slots, electric repeaters, ground discs, etc.—being re-

produced in miniature. The signal box has a frame

containing 25 levers, while working in connection

with it are disc block telegraph instruments represent-

ing adjacent block posts on the main and branch

tracks.

The text books are the company's book of Rules

and Regulations and the appendix to that book con-

taining in detail the regulations for operating the

railway. A course of instruction embraces from fif-

becoming acquainted with the general principles of

railway working and business. As a result, several

promising men have been "discovered," whose capa-

bilities were such as to render them of more use to

their employers in other departments than those in

which they were formerly employed.

The lectures in no way compete with outside educa-

tional agencies or the university courses to which we

have already referred; and while it may be contended

that lecturing and teaching in the manner described

are the special functions of the scholastic profession,

the arrangement undoubtedly has the advantage of

securing lecturers who are always up-to-date in regard

to the rules and regulations of their own railway, in

which respect the system has much to commend it.

Color Sense and RailwavJSignal Lights *

In the discussions which have been taking place

since the introduction of the new method for testing

color sense, the opinion has often been expressed that

the exclusion of persons with abnormal trichromic

sight from the railway and marine service is an un-

necessarily harsh measure; this objection I myself

teen to twenty lectures, and a class is limited to some

twenty-five students. Following each lecture a dis-

cussion takes place, and the students are required to

perform various operations with the aid of the model.

Lectures are given weekly during the autumn and

winter months, and at the close of a course students

may undergo an examination, on the result of which

certificates are awarded by the company, the posses-

sion of which is specially noted in the recipient's of-

ficial history and secure for him special consideration

in regard to future promotion.

We understand that the experiment has been so

successful that classes have been established in various

centers throughout the Great Western system. In

each case special care is taken to ensure that the lec-

turer is a fully competent official, while the course of

instruction is regularized by the circulation from head-

quarters of skeleton lectures, indicating exactly what

points are to be specially dealt with.

A further development in the matter of staff in-

struction has lately been made by the formation of

classes in railway station accounts and the office work
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ciples; with this obpect in view, I have made new

trials with improved apparatus and have had the re-

sults properly recorded and controlled. I venture to

hope that these results will convince the skeptics of

the "color-incapacity" of those with abnormal sight,

let alone the total uselessness, for the railway and ma-

rine service, of those with dichromic sight.

The objections against the exclusion of those with

■dichromic sight and (more recently) of those with

abnormal trichromic sight, are based on two alleged

facts: 1st, that no accidents on railways or at sea

have been caused by them; 2nd, that those persons
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who were declared to be color-blind when examined

by the usual tests proved to be perfectly capable of

distinguishing colors as required when tested "on the

spot," i. e. with actual railway and ship signals.

The first argument I will not consider here; I will

merely refer the reader to my remarks on this point in

the Zeitschrift fur Sinnesphysiologie, volume 41, part

4, where I explain why it is only possible in very few

cases to prove with certainty that a given accident

has been the result of defective color-sense, while

nevertheless color-blindness is not really so harmless

as some people might think.

The second argument deserves a little more consid-

eration, especially as it is the one more particularly

raised again and again by those chiefly concerned,

namely by those in the railway or marine service.

Typical, and quite intelligible from the point of view

of its author, is the remark made in an article about

the testing of the color-sense in the German nautical

publication Hansa, September, 1906, No. 39. There it

is stated: "A university professor of Rostock, oph-

thalmologist and member of the commission for sec-

ondary examinations, was in the habit of giving sail-

ors, who could not distinguish with certainty red and

green skeins of wool, but could distinguish red and

green ship lanterns, a certificate that they could dis-

tinguish colors well enough, and of telling them:

'just quietly continue to be a sailor, but do not become

a wool merchant!' "

The impression which such a remark (its authentic-

ity is hardly open to doubt) by an "expert," or still

worse by a superior eye-examiner, is likely to make on

sailors must be considerable. It certainly appears to

many laymen, and also to not a few technicians, to be

the most natural thine to test the color-sense of the

applicant as employee in question by means of those

lights, which he will have to distinguish in the course

of his employment, that is to say, by means of signal

lanterns and signals, which are the same as or similar

to those actually used. The only difficulty is that the

tests should be carried out under the same conditions

as occur in actual practice. Let us consider these con-

ditions a little more closely.

1. Let us assume that a man of average intelli-

gence and acuteness of vision, who wishes to enter the

railway service and who with a view to the color-

sense tests has often carefully looked at railway sig-

nals, is tested by being shown in succession a number

of red and green railway signal lights, burning

brightly, at a distance of 100 metres (no yds.), the

changes of color being made in an irregular series.

Then the probability that the man tested will make

an error is exceedingly small, even if he is color-blind

or has an abnormal color-sense. I would hardly ex-

pect one mistake to a hundred questions.
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a comparatively short time available in order to make

up his mind.

An interesting light is thrown on the lantern ex-

amination system by the investigations of Dr. Stad-

feld, of Copenhagen. He subjected a large number

of sailors, whose color-sense had been tested by means

of signal lanterns and found normal, to examination,

firstly by repeating the signal-lantern tests and then

by other methods. The results obtained are recorded

in Dr. A. Krogh's paper: "Nyere Undersogelser over

Farveblindhed og abnorm Farvesans og deres prak-

tiske Betydning," published in Danish Sofartsidende,
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Vol. XIII, Nos. 43 and 44. Dr. Stadfeldt found that

of 295 mates examined, 17 had a defective color-

sense; in 11 of these cases, the abnormality was rec-

ognizable when the lantern test was used. This shows

that it is possible to detect an abnormal color-sense,

in some cases, by means of the lantern test; but care-

ful examination by a specialist is required, and much

more time than the medical men who have to make

these tests officially are able to afford.

A man with an abnormal color-sense also makes mis-

takes in such cases, although not quite so frequently,

especially as far as red is concerned, as one who is

wholly color-blind.

The driver who is on an express locomotive travel-

ing at high speed, frequently has to perform impor-

tant actions a few seconds after seeing a colored sig-

nal. He will quickly pass, on his locomotive, signal

lanterns the glasses of which have just been cleaned

and which are burning brightly; perhaps immediately

afterwards, he will see lanterns on the glasses of

which soot is deposited, or the lights of which are not

burning brightly; or are dimmed by fog; he must

recognize the signals with certainty for a considerable

distance, sometimes from one-half a kilometer (550

yards), as he can hardly stop his train within a shorter

distance, if he has the ordinary brakes available.

These conditions are very different from those

which prevail when he is examined "on the stop," that

is to say, when he is shown several times in succession

a red light and several times a green light, generally

both at the same distance, the brightness remaining

constant, and when he is allowed as much time as

he likes for making his observation.

Similarly, the conditions under which a sailor has

to recognize colored lights at night are much less

favorable than during this simple examination with

lanterns. He must recognize signals at a distance

very quickly, and it may be disastrous for him should

he confound a dimly-burning lantern with white light

with a red or a green lantern, or still worse if he is

unable to distinguish the two side-lights of a ship from

each other with certainty. The side-lights of a steam-

ship should, in clear weather, be visible, to a normal

eye, at a distance of 1 nautical mile, and their colors

recognizable.

A rather remarkable proposal was recently made, if

I remember correctly in an English publication, based

on similiar considerations to those mentioned above,

and that is, that the color-sense of employes should be

tested while running on an experimental section, spe-

cially constructed for the purpose. The section was,

as far as I remember, to be either a mile or a kilo-

meter (0.62 mile) long.

Such a proposal is hardly worth consideration. In

fact it hardly seems possible to me, in practice, to
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mately the same as that of the colored lights, but with-

out in any way affecting its tint. Thus each of the

three holes could be made to show each of the three

colored lights, if they were illuminated from behind

by the source of light used.

2. In front of the plate with the colored glasses,

another revolving metal *plate was placed, in which

there were six round holes having diameters of 1, 2,

3, 4, 5 and 6 millimeters (3-64, 5-64, 1-8, 5-32, 13-64

and 15-64 in.) respectively, so that the fields of the

colored lights shown could be given these different

magnitudes. Moreover, it was possible to cover up
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each individual field entirely.

3. Behind the colored glasses, and consequently

between them and the source of light, one or two

pieces of ground glass could be interposed. The intro-

duction of one such glass reduced the brightness of the

light to about one-half or one-third, of two to about

one-sixth of its original value.

The examinee was seated in the room at a distance

of 5 meters (17 ft.) from the lights; this room was

kept so dark that he was unable to ascertain, by means

of any secondary indications, what size of field and

brightness of light he was being shown.

Under these conditions, when the largest stop of

6 millimeters (15-64 in.) was used, the angle of vision

of the examinee amounted to 4 min. 6 sec. The angles

of vision of the six stops are as follows:

Diameter of stop, 6 millimeters (15-64 in.), angle

of vision 4 min. 6 sec.

Diameter of stop, 5 millimeters (13-64 in.), angle

of vision 3 min. 25 sec.

Diameter of stop, 4 millimeters (5-32 in.,, angle

of vision 2 min. 44 sec.

Diameter of stop, 3 millimeters (y& in.), angle of

vision 2 min. 3 sec.

Diameter of stop, 2 millimeters (5-64 in.), angle of

vision 1 min. 22 sec.

Diameter of stop, 1 millimeter (3-64 in.), angle of

vision 41 sec.

By way of comparison, let us consider what (ap-

proximate) angles of vision are given by the signal

lanterns used on railways and ships. It is not pos-

sible to give absolutely accurate statements, as we are

never dealing with uniformly illuminated disks of

definite standard size.

In the case of an ordinary railway signal lantern,

a petroleum lamp burns behind a clear colored or

white plate of glass, which is circular and has an

available diameter of about 15 centimeters (6 ins.).

It is evidently not correct to consider the flame

alone as representing the surface which is emitting

light, as close to it, both to the right and to the left,

there are metal reflectors. But even if these are in the

best possible condition and polished like mirrors, they

cannot give the whole surface of the glass an even

approximately uniform brightness. However the ob-

jects aimed at, namely, to utilize by the reflection more

of the illuminating power of the lamps and to obtain

a larger bright field than the flame alone would give,

are no doubt attained. If in. calculating the angle of

vision, I assume the diameter of the field to be 15

centimeters (6 ins.), then any error that I make is

certainly in favor of the railway lantern. Actually,

the angles of vision must be somewhat smaller.

Under these assumptions, the railway signal lantern

would give the same angle of vision as the largest
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If the signal lights are shown to an entirely un-

prejudiced person with normal sight without giving

him any previous explanation, and he is then asked

what colors he sees, he at once correctly recognizes

red under all conditions. In the case of green, some

individuals doubted at first whether it was green or

blue, but in no case was it confounded with white or

red. The "white," if it was burning bright and the

field not too small, was at once called by all, without

hesitation, white or yellowish white. But when the

brightness or the magnitude of the field was reduced,

it was asserted more definitely that the white was not
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a pure white, but rather a yellowish or reddish white.

But no person with normal sight was tempted to con-

found this light with red and to call it a red light.

This is an interesting point theoretically and also

of importance if we consider the probability that a

color-blind employe of a railway will make a mistake.

But of much greater importance is the fact that in

spite of all practice, a person who had very sharp eyes

and had an unlimited length of time available for ob-

servation, still made mistakes to the. extent of 16 per

cent. I do not doubt that a color-blind locomotive

driver could arrive at a similar figure; moreover, if

very many series of such trials were made, a series

with a lower percentage of error would be bound to

turn up occasionally. But if only one-tenth, or even

only one-hundredth, of such mistakes were to occur,

this would already be a definite proof that it was pos-

sible to allow color-blind persons to remain in a serv-

ice, in which a number of lives depended on their

ability to distinguish colors properly.

I have made similar series of trials also with several

other color-blind persons; some were red-blind, others

green-blind, but all were persons with acute or very

acute vision and quickness of mind. As in the case

of persons with an abnormal color-sense (to be con-

sidered later on), I always told them before the first

trial was made that only the three colors, red, green

and "white," were in question, and I immediately

added that the latter was only a nominal white, as it

was the light given by an ordinary electric incan-

descent lamp.

All the color-blind persons tested told me at once

after the first few trials, that they found the problem

impossible, as all the lights appeared similar, and in

fact appeared to them to be yellowish. They then,

with laughter, at my request tried to guess the colors

as nearly as they could; but it was evident that they

had no notion what the colors really were.

RESULTS OBTAINED WITH PERSONS HAVING AN ABNOR-

MAL COLOR-SENSE.

There would have been no particular advantage in

making special series of trials of persons with di-

chromic vision, had I not had the intention to ex-

amine, by the same method, persons with abnormal

trichromic sight; as at present not yet everybody is

sufficiently clear about the incapacity of the latter.

I had expected that but few mistakes would be

made by persons with an abnormal color-sense when

shown separate single lights, unless indeed the lights

were very dim and only a short time was allowed for

observation, conditions which were especially avoided

in this series of trials. The number of mistakes con-

sequently surprised me.

Still more important is the following behavior

which is very typical of persons with an abnormal

