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had his first experience been an examination . The higher 
matriculation standard in Germany, and the fact that the 
German student is older-the average age is twenty to 
twenty-five years-on entering the university, must be 
borne in mind when comparisons are made as to the 
proper time for specialisation and research to commence. 

If we desire to rival the work of the German universi
ties, we should seriously attempt the better organisation 
and coordination of our entire educational system. One 
might imagine a trunk railway with stopping-places and 
b;anches. The trunk line might represent pure science, 
literature, and philosophy, and be ahmys extending itself 
further; the stopping-places to where the scholars or 
students branch ofT to apply their training to livelihood 
occupations. \Vherc exactly these stopping-places should 
be placed should be fixed after careful deliberation. 1\fost 
\Vould branch ofT for the arts and crnfts from the primary 
school; most of the remainder would branch ofT after the 

school; a small proportion would enter the 
branching ofT for the professions at places 

dectded upon. Encouragement to enter the university 
should only be given after careful consideration. Far too 
many men nowadays are painfully strugf!linn- arlainst 
nature in the university, to the detriment of the 
tions for which nature reallv equipped them. Even in the 
German Empire only IJ out of every 1000 of the male 
population enter the university. 

The Times, in a rcc:nt article, says :-" Germany 
has bUilt up a chemtcal Industry, worth tens of millions 
of pounds annually, through the a"ency of research 
chemists, methodically trained in her ';;umcrous technical 
schools." This is quite true; but there is one further 
requirement that must be mentioned: German manu
fac.turcrs know the value, in dividends, of the services of 
tr:11ned research chemists; Irish and En,lish manfacturers 
do not.: an.d no matter how many and"'how "·ell trained 

un:verstt_r students become, the effect on the country's 
1ndustnes \VIII be small unless they find suitable fields of 
opc.ration; This is a serious fundamental question 
whtch mtght well be taken up by industrial imprm·ement 
mo,·ements and by anyone who has the ear of the public. 

RECEXT DET'ELOPMENTS IN TELEGR.IPlJ1· 
1lND TELEPIIONl'.• 

Ji'OR rt;ars the simple form of apparatus 
or lis cqu1\·alcnts served the requirements of most 

countries,. as telegraph service . grew and the traffic 
rendered 1t 1mperahve to erect Ion« hnes directh· connect
ing distant cities, the problem gf obtaining -a greater 
l·c,·en.ue from the large capital expenditure involved became 

and progress was made broadly on three distinct 
hncs of development. In the first, means were desirlned 
for the transmission of several mcssan-es simultane;ush
m·er the same conductor; in the bv the use of 
suitable and electrical devices, 'the actual speed 
of transm1ss1on was raised in overhead wires to ten or 
tweh·c; times possible manual operating, :md, 

type pnntmg and wnttng systems were im·ented 
with varying degrees of success. 

A method which in theory admits of sendin,. as many 
as tweh·c sim'!ltancous messages in one or double 
that. duplexed, depends on the superposition of 

"':1bratwns on. a telegraphic circuit at one end of 
a . hnc. f? effect th1s result, a number of electrically 
dm·e•: tunmg-forks, arranged to vibrate at different fre

are connected telegraphic keys to a line 
'' !re, s? on depressmg any one key a series of elec
tncal nbrattons, of the frequency of its companion tunin"
fork_. arc sent through the line. At the far end 

are of a type that will respond to musical vibra
tions only, and is constructed or adjusted 
to respond to the v1brattons of one of the distant tunin,.
fork_s alone, an.d to no If any one key is depress;d 
a mus1cal osctllatwn traverses the line, and the 
rece1ver m tunc responds. If t\vo or more keys however 

simultaneously, a series of 
IS and those receivers that are in tune with 
the ,·anous components of the cun·es respond, and all the 

C
.1 .From _the" James Forrest" Lecture, deli\'ered before: the: Institution of 
ml Engmeers on June 22 by Sir John Gave}·, c.n. I 
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others remain unaffected. This sy:;tem orif(inated in 
America, but it has been developed and improved by 
Mcrcardier in France, where it is said to have given good 
results recently. In the modern apparatus the receivers 
consist of so-called mono-telephones, each of which is so 
made and adjusted as to respond to only one frequency. 

The second method of increasing the output of telegraphic 
wires is the automatic or machine-transmitting instrument 
which is typified by the Wheatstone apparatus adopted and 
perfected by the Post Office in Great Britain. In all 
instruments of this character a long p::1per ribbon is per
forated by a suitable in an arbitrary manner, and 
the transmitting and receiving apparatus is so designed 
as to transcribe these perforations, at the distant end, into 
:IIorsc signals, into similar perforations, into type-printed 
messages, or e\·cn into written characters. 

This 'Vheatstone system has been very fully 
in the United Kingdom. It is capable of dealing with 
traffic at a maximum rate of 450 words per minute, and 
it is invaluable for the transmission of news. Thus, in 
the central office in London, items of news may have to 
be transmitted to fifty or more towns simultaneously. 
Circuits are made up for news transmission, each pro
,·iding for a number of towns, some of the circuits being 
of a permanent character and some formed temporari1y to 
meet special requirements. As many as eight 'Vheatstone 
slips can be punched simultaneously in one operation, and 
each length of slip is run through the necessary trans
mitters at the highest speed considered judicious. \Vhen 
lonf! Press messages arc received they are divided into 
sections, and each section handEd to a separate telegraphist 
for perforating, so that the transmitting apparatus can be 
kept to its maximum capaGity. 'Vithout this useful and 
adaptable apparatus, it would be almost impossible to deal 
satisfactorily with the vast amount of news traffic which 
is sent daily to every town in the country. 

For ordinary public message traffic on lines of moderate 
length, where each individual message is short, the \Vheat
stone has certain disad\·antages, namely, the initial delay 
in perforating the slip, its distribution, and, finally, the 
re-distribution of the receh·ed slip amongst the writing 
telegraphists, for it is obvious that at the high speed at 
which 'Vheatstone is worked, several operators are re
quired at each end of the line to keep pace with 
apparatus. In practice in this country, for circuits of 
moderate length it is generally considered preferable to 
provide direct l\Iorse apparatus worked duplex, 
or quadruplex, as circumstances may dictate. 

With overhead lines the limit of speed in automatic 
working is that imposed by the recei\·ing apparatus, which, 
owing to its self-induction, obstructs the reception of Morse 
signals at a higher speed than that named. This difficulty 
has been overcome by substituting a chemical for an 
electromagnet receiver. In this form the current at the 
recei,·ed end passes through a long paper ribbon saturated 
with n solution which is decomposed by a positive current. 
Tile Morse signals appear in blue lines on the received 
slip. 

It is said that with this method a maximum speed of 
1000 to 1200 words is possible under fa\·ourable conditions, 
but the difficulty in working at such high speeds, where 
characters are receh·ed in 1\Iorse code and ha,·e to be 
transcribed manually, is the division and distribution of 
the slips amongst the large number of writers necessary 
to keep abreast of the work, the precautions needed to 
a\oid loss of messages, the injurious effect of brief con
tacts caused by workmen, which result in the loss of 
several words, and last, but not least, the difficultv and 
delay in obtaining repetitions where errors, false sfgnals, 
or missing words render this necessary. 

All the foregoing methods increase the carrying capacity 
of the. wires; in other words, they reduce the capital 
expenditure per message, but none of these increase the 
output per operator, nor do they diminish the working 
cost in the instrument-room; in fact, ·1vith high-speed 
automatic transmission this cost may be higher than with 
other methods described. The messages have to be pre
pared by the perforation of the punched slip, telegraphists 
ha\·e to control the sending and receiving apparatus, and 
the Morse slips, as they are reeled off the receiving 
apparatus, have to be divided and distributed amongst a 
number of operators for transcription. The initial pre-
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par.ation of. the transmitting slip will always, of course, be 
necessary 111 all automatic systems, but inventors have 
turned their attention to increasing the speed and reducing 
the cost of transcription at the received end, in the case 
of as well as automatic sending, by the substitution 
of typmg apparatus worked mechanically or electrically for 
:he manual transcription. A very considerable number of 
wstruments has been desi«ned to achieve this end, but 
one of the earliest, which h';s met with permanent success, 
:md h): means of which a \·ery large proportion of the 
work Ill Europe and nearly the whole of the Trans

is dealt with, is the well-known Hughes's 
typt-·pnntmg Instrument. 

The Hughes method of transmission has many 
It provides a clearly typed message for 

deln·ery mstead of a written one, it removes a possible 
source of error in transcription, and it increases the speed 
of working as compared with ).lorse by about 25 per cent. 
It be du_plcxed, and it is used by the Post Office on 
all Its - Continental wires. It has, however, the dis
nd,·antage that a considerable inten·al of time elapses 
between the transmission of two consecutive si«nals owin« 
to the revolving arm ha,·ing to traverse all thc"intervening 
letters. Baudot has obviated this waste of time by adopt
ing the multiple system of telegraphy.. He entirely 
abandons the Hughes method of transmission, and he forms 
an arbitrary signal code which, by means of five con
secuti,·e currents, some plus, some minus, in combina
tion, h<; represents letter of the alphabet, figures, or 
other s1gnals. By h1s method he can provide four or sb:: 
channels simultaneously on one wire, each being worked 
manually. 

The Baudot system admits of the transmission of a much 
l:lrger number of messages over each wire than the 
Hughes. It is also more flexible, inasmuch as the various 
channels it provides can be divided amongst an equal 
number of towns; thus Paris can use two channels to 
Lyons and two to ).farseilles over a Paris-Lyons circuit 
extended from Marseilles, and so on. It is largely used 
in France, and has been introduced into this country. 

It will ha,·e been obsen·ed from the foregoing that there 
three distinct methods of telegraphic transmission with 

which we arc mainly concerned to-night, although others 
might be mentioned. In the first, an arbitrary code of 
signals is repeated in similar arbitrary signals by which 
the alphabet is artificially represented, and the message is 
read by a skilled operator; in the second, what may be 
termed the dial type of apparatus is used, where two type
wheels, either mond mechanically or electrically, revolve 
isochronously, and they may either show fleeting letters 
<lr print them in permanent characters ; and in the third, 
an arbitrary set of electrical signals is devised which 
actuates specially designed apparatus which may repro
duce the message in legible characters, printed, or even 
written. The third method has been utilised by various 
inventors and applied to automatic transmission, so as to 
dispense with manual transcription at the receiving 

In all cases a paper ribbon or slip is perforated by 
punches generally actuated by a specially designed type
writer keyboard, in which the depression of any key causes 
n series of perforators representing the arbitrary combina
tion of the corresponding letter to appear on the slip. 
This is passed through an automatic transmitter; the Clec
trical currents corresponding with the perforators are 
transmitted o\·er the circuit, and the distant apparatus 
actuated. 

Murray has dedsed a system which has undergone 
trials both at home and abroad. His slip has one 

row of perforations which gears into the moving mechanism 
of the transmitter, and below this a second series of per
forations which represent his artificial sij:!nalling code, 
which is of the Baudot type. At the receivinj:! apparatus 
an exact counterpart of the transmitted slip with its per
forations is reproduced, and this perforated slip is passed 

and actuates an automatic type-writer, which 
pnnts the message. 

Creed has worked in the same direction, but he uses 
the ordinary \Vheatstone alphabet already described, nnd, 
of course. the \Vheatstone transmitter. At the 
end a perforated Wheatstone slip is reproduced by a punch
ing machine. which, controlled by the re\·erse currents from 
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the transmitter, and, using compressed air as a motive
power, perforates the received slip at considerable speed. 
This slip is then passed through an automatic type-writer 
ad:tptcd to work with the \Vheatstone alphabet, which 
types the message on a long slip, to be gummed on the 
telegraph form. In both these c:tses the received slip can 
be inserted in a second automatic transmitter and the 
me-ssage sent on to another town-an advantage in the 
transmission of news, which frequently has to be re
distributed from large provincial centres to other towns 
having no direct communication with London. Both these 
systems are in use in the British Post Office. 

Siemens and Halske in Berlin have devised an automatic 
system in which, by means of suitable apparatus, the 
message is printed by the receiving apparatus direct by 

methods. 
\\"rrting telegraphs, based on the fact that two ordinates 

at right angles to one another can be made to describe any 
cun·e, have been designed. The telewriter, in which the 
pen is connected to two arms which follow the 
of the writer, and which in doing so pass over varying 
resistances and transmit to line currents of varying 
strength, is well known. At the receiving end two pivoted 
electromagnets, placed in a very powerful magnetic field, 
are deflected over arcs dependent on the strength of the 
current circulating at any moment. Two arms at right 
angles to one another arc connected to the transcribing 
pen, one arm being pivoted to each magnet, . and the 
writer's movements are reproduced. 

There is only time to refer briefly to the beautiful writing 
apparatus designed by Pollak and Virag. In this a slip 
is perforated by suitable means with nine rows of holes 
of varying sizes; suitable flexible brushes make contact 
throuj:!h these holes between batteries and the line wires, 
and thus cause currents of different electromotive forces 
and duration to circulate over the line, and to act on two 
telephone receivers at right angles to one another. Rays 
of light are reflected from one to the other and on to a 
photographic slip, and the written messages, which can be 
transmitted at 6oo to 1000 words a minute, appear 
dcxeloped and fixed on the sensitised paper which emerges 
from the dark closet of the apparatus. 

Submarine telegraphy is not susceptible of the many 
developments that have been possible with land-lines. The 
high electrostatic capacity, varying from 0·3 to o-4 micro
farad per mile, and the very long lengths that are neces
s:try to connect the great continents of the world, render
ing the usc of any but the most delicate apparatus 
impossible on long cables. The receiving instruments 
originally invented by the late Lord Kelvin, then. Sir 
\Villiam Thomson, arc still the only apparatus :n-:ulable 
for the reception of messages on long Transcontinental 
cables, and so far it has not been found possible to increa$c 
materialh- the speed of working except, of course, by 
incrensing the dimensions and cost proportionately. 

In ordinary telegraphy, when transmitting throu.gh a_n 
overhead line, the frequency of the current alternations IS 

only rSo per second for 450 words per minute, and the 
current has actuated the apparatus at the further end 
before the battery connection has ceased. Another con
dition however, is introduced when n conductor is used 
for t;lephonic speech in which a maximum frequency. of 
t8oo to zooo vibrations per second has to be dealt wtth. 
In these cases the transmission . from the telephone assumes 

wave-forms, and the effect of a moderate 
capacity becomes far more mar!•ed than m. the case of 
tele"raphic transmission. If a s1mple wave 1mpulse .were 
emitted in a circuit contnining neither capacity nor induct· 
ance it would maintain its form, and it would Jose 
in nmplitude owing to the ?f cnerg->: in. heating the 
conductor. \Vith much capactty m the CirCUit, however, 
the wm·e tends to and if the capacity be 
suflicientlv «reat and the line sufficiently long, the follow
in« wm·e- the lagging tail of the previous one; 

blend more or less to)!ether, and havin)! lost their 
distinctive character they fail to impress on the 
telephone the distinct character of the sound from which 
theY emanate. 

The loss of the overtones means diminution of the 
timbre of the \·oice; in other words, through speech mny 
still be possible. but the voice ultimntely becomes less 
recogni;;nble until, when a certain limit is passed, if the 
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resistance of the conductor be not too great, it may 
degenerate into a low-toned imitation of speech, or with 
the smaller conductors which are used for city work the 
attenuation rapidly lowers the volume of sound until it 
becomes unrecognisable. Self-induction is the analogue of 
inertia in mechanics; therefore, if it were possible to 
endow the circuit in which a wave was in movement with 
sufficient self-induction to prevent the tailing and con
sequent distortion of its form, the limit of speech would 
be materially increased, as the attenuation due to resist
ance alone would have to be provided for. Kow it is 
possible to achie\·e this result to a certain extent by adding 
artificially to the self-induction of telephone cables, 
technically termed loading. The ideal method would be to 
increase the self-induction uniformly throughout, and 
attempts ha\·e been made to effect this by lapping a copper 
conductor with thin iron wire or tape of a high magnetic 
permeability. Another method consists in distributing 
magnetic coils at uniform distances of a mile or two apart 
throughout the length of the line. Under these conditions 
the distance over which speech is possible has been increased 
from two and a half to three and a half times. 

The British Post Office has recently laid a cable with 
distributed inductance between England and France which 
will increase the range of speech about four times as com
pared with a similar type of unloaded cable. 

The rapid and enormous de\·elopment of the telephone 
service that has taken place throughout the world within 
the last few years is a remarkable achievement of the 
electrical engineer. The principle of the microphone, which 
converts sound vibrations into electrical vibrations, and of 
the telephone, which re-converts the electrical into sound 
vibrations, are so well known that I need not dwell further 
on the subject than to .point out that Graham Bell's tele
phone, as it left his hands in 1876, is essentially the same 
instrument, slightly impro\·ed in mechanical construction, 
as he ga\·e it to the world, but all the other adjuncts of a 
complete telephone service have been profoundly modified, 
and we are not yet in sight of· finality. 

In the period during which the ordinary telephone equip
ment has undergone modifications, inventors have turned 
their attention to the design and perfection of an auto
matic telephone in which each subscriber, by a simple 
method of manipulation, may without the intervention of 
an operator at the exchange obtain direct access to any 
other subscriber connected with the service. One of the 
earliest systems of this type was known as the Strowger. 
Each subscriber's line terminates on a line switch which 
forms part of a group of 100 switches. This swifch is 
connected by ten circuits, the equivalent of the plugs and 
cords in a manual board, with a series of selectors each 
accommodating 100 junction lines. According to the size 
of the exchange, there may be two or three sets of selectors 
connected similarly by means of junction circuits, and, 
finally, there is a connector, a somewhat similar instru
ment, which makes the connection between the two 
subscribers. 

Each telephone has a dial with finger holes and numbers. 
On removing the telephone from the hook the procedure 
is as follows. If, say, No. 4852 is wanted, the caller 
inserts his finger in hole 4 and re\·olves the dial up to the 
limiting stop. This actuates the line switch, which causes 
a connecting plug to enter the springs of the first dis

leading_ to the selector group of 4000. 
fhe same actwn follows 111 sequence with 8, 5, and 2, the 
final mo\·ement of the connector making the connection if 
the required subscriber is disengaged. If he be 
t<? another a busy back signa l (a vibratory current) ' is 
g1\·en. \Vhen the connection is made and the conversation 
is complete, the hanging up of the telephones restores the 
connections to the normal. This method has had consider
able de\·elopment amongst the independent telephone com
panies in America. 

On the subject of the future de\·elopment of telegraphs 
and telephones, few of those acquainted with the subject 
would ,·enture to dogmatise, but certain statistics I have 
prepared will com·ey to you possibilities far more pregnant 
than any amount of speculation. The following figures, for 
the years 1902 and 1907 respecth·ely, have been gathered 
from authentic returns, and they embrace information from 
every country of importance throughout the world :-
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Telegraph and Telephone Statistics-Wire Mileage. 
1902 1907 Increase 

J,6.sg.6s9 s ,o:;S,931 I,379r32:Z 
212,£91 25Q1 000 46,to5=2t'6% 

.. . 
Submarine cables .. . 

Tcl<fltOJ:cs 
\Vire ... ... ... ... 71467,417 1;t ,83;t,537 l 2J372 1120 

Subscribers' st:itions 3,534,036 4.ts73,33o 

Large figures frequently fail to impress the mind, but when 
it is stated that this mileage of wire will soon, if it has 
not by this time, equal one-third the distance from the 
earth to the sun, the remarkable activity of the modern 
telegraph and telephone service will perhaps be more 
forcibly realised. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

The engineering department is losing the 
services of ).Ir. F. H. Hummel, lecturer in civil engineer
ing, who has accepted the chair of engineering at Belfast, 
and of Dr. J. D. Coales, lecturer in electrical engineering, 
who has been appointed principal of the \Volverhampton 
Technical School. 

observatory syndicate, in a report to 
the Senate on the Huggins dome and the astrophysical 
building, state that the buildings now erected may be re
garded as consisting of two parts, though for the sake of 
economy in construction they arc structurally blended. 
The first part consists of a dome feet in diameter, 
together with a small room for accessory apparatus and 
a room for any observer who may be making use of the 
Huggins instruments installed in the dome. These are to 
be called the Huggins dome and the Huggins observer's 
room. The second part-the astrophysical building-com
prises a computing room, which also serves as a library, 
and a small room appropriated to the use of the head of 
the department. The Huggins instruments are now ready 
for adjustment and use. 

The Goldsmiths' Company ha\·e given 7ool. for the equip
ment of the metallurgical department of the chemical 
laboratory. 

The prize of sol. out of the Gordon Wigan fund for 

I a research in chemistry has been awarded to 2\Ir. J. 
Thomas, Trinity, for experimental investigations on "The 
Isolation of the Aromatic Sulphinic Acids " and " The 
Resolution of Externally Compensated Quinoline Deri
vatives containing Two Asymmetric Carbon Atoms." 

::\Ir. \V. F. Penee, of the Indian Forestry Service, will 
deliver a course of lectures on Indian forestry during the 
).Iichaelmas term of 1910. 

Ox<ono.-The next award for the Radcliffe prize will 
be made ·in .1\Iarch, Igii. The prize, which is of the 
value of sol., is awarded by the master and fell<?ws of 
University College every second year for research 111 any 
branch of medical science comprised under the following 
heads :-human anatomy, physiology, pharmacology, 
pathology, medicine, surgery, obstetrics, gynaecology, 
forensic medicine, hygiene. The prize is open to all 
graduates of University .who shall pro;e.eded. or 
shall be proceed1ng to a med1cal degree 111 the Umvers1ty. 
Candidates must not ha\·e exceeded twelve years from the 
date of passing the last examination for the degree of 
B.A., and must not, at the date of application, be fellows 
on the foundation of Dr. John Radcliffe. The memoirs 
must be sent to the University Registry on or before 
December I. 

The Rolleston memorial prize, the value of which is 6ol., 
will be awarded in Easter or Trinity term, 1912. The 
prize is open to such members of the Universities of Oxford 
and Cambridge as will not have exceeded ten years from 
the date of their matriculation on March 31, 1912, and is 
to be awarded for original research in any subject com
prised under the following heads :-animal and vegetable 
morphology, physiology and pathology, and anthropology, 
to be selected by the candidates themselves. Candidates 
wishing to compete should forward their memoirs to the 
registrar of the University before March 31, 1912. The 
memoirs should be inscribed" Rolleston ).!emorial Essay," 
and should each bear the name and address of the author. 
They may be printed or in inanuscript, memoirs already 
published being aJmitted to the competition. 
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