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Abstract
The basis for this paper was initiated by observations that were made by a group of
undergraduate students (the co-authors listed above) as part of a coursework exercise in an
elective unit (CMPS2S22 "The Information Revolution and its origins") which is taught at
the University of East Anglia, Norwich.  It concerns a technical problem that must have
beset the early operators of cables who used a sensitive galvanometer with a light-spot, so
that deflections one way were identified as dots and the other way as dashes.  If Morse
code had been designed for use on long distance cables, then it would have been balanced,
so that the number of dots in an average message would equal the number of dashes.  This
would generally leave the light spot in the middle of the screen.  But Morse code was not
designed this way and the sum of dots generally exceeds the sum of dashes.  In the case of
the imbalance in Morse code messages, there are linguistic effects, but we may be certain
that operators would, with experience, have developed coping strategies, so that the spot
did not go off the scale.  However, the authors are not aware of any record of such
operational procedures.

                                                  
1 students on unit CMPS2S22 ("The Information Revolution and its development") which
is taught in the spring semester at UEA Norwich



Introduction
In the early days UK and European telegraph operators were not perhaps as aware of the
effects of signal dispersion as their North American counterparts might have been; the
distance between stations were not generally that great.  The experiences of the 1858 trans-
Atlantic cable would have given some indication of the nature of the problem, but it was
only after the successful cables of 1866 that operators had to contend with the effects of a
distributed RC network.  As conventional dots and dashes could not be distinguished
except at very low transmission rates the Steinheil system of +V for a dot and -V for a
dash was adopted.  We should also recall that message reception was by means of
observing the movement of a light-spot from a marine galvanometer.  This would have
been a simple task if the Morse code were balanced such that the average number of dots
in a message was balanced by a similar number of dashes.  This was not the case, so that
the cable acquired a bias which took a considerable time to decay.  The operators therefore
had to read displacements on what was essentially a moving baseline.  There were attempts
to address the issue, but according to James Graves at Valentia island [1] these were not
successful

" . . .Writing to Mr Steams on 20th July 1873 after a short experience with his apparatus I remarked:-
“Our experiments, I consider, have been very successful indeed.  I have done all I could at this end to
make them so.  With anything new the chief-points to be found out are (1) the construction of the
apparatus, (2) the object for which each portion is used and (3) the various peculiarities appertaining to
the adjustments.  These once grasped, the whole becomes clear.
Your remarks on “overlap” waves are interesting; they would however come more into play with a longer
Cable (than 63 miles).  It is this fact, so well known to Cable operators, that renders the question of
recording on long cables so difficult to solve.  Although it is not a difficult matter to make a relay which
will record regular reversals across the Atlantic, it is a very difficult one to get a relay to register such a
sentence as “She sees she is his sister”, inasmuch as every current in the same direction is weaker than
the preceding one and the reversal (at the t in the last word) comes with a rush in the opposite direction.
In this irregularity of force lies the difficulty in mechanical recording by means of a relay.

        

Meanwhile I had been engaged at other experiments for in October 1877 the “((Automatic Curb sender))”
of Sir Wm. Thomson was submitted to me for trial on the Cables - a full description of which will be
found in the Journal of the Society of Telegraph Engineers Vol. V p.213.
After numerous trials at all sorts of speed I was compelled to come to the conclusion that “no increase
could be obtained from it over the ordinary system of manipulation”.
The action was practically the same as the Curb sender electrically, with much less complication of
mechanism, and the Keys were intended to be worked by hand.  In both the Curb sender and the
Siccardi’s Keys the principle carried out in their construction was to send a + after a - signal and a - after
a + signal, but the term “curbing” was in neither case carried out in its entirety as, to “curb” properly,
several alternations (in fact an infinite series) of + and - currents should succeed every signal until the
charge is entirely neutralised.  A result not obtainable in practice.
A lively discussion ensued upon my paper “On Curbed signals for Long Cables” which was read before
the Society of Telegraph Engineers on February 12th 1879 (Vol. VIII p.92) when it was endeavoured to
be shown that I was not acquainted with what was the true nature of “curbed” signals, because my paper
only dealt with results obtained in actual experiment with instruments supplied by the Inventors and
submitted for trial.  Thus the “Curb Sender” of Sir Wm. Thomson and Professor Fleming ((Jenkin)) for
Automatic Cable working by means of perforated paper (similar to the Wheatstone Automatic punched
paper) was only constructed to send two currents for each signal instead of a series of several alternate
currents of contrary polarity.  If, therefore, the “Curb sender” was not calculated to perform the duty of
“curbing” it was mis-named.  All I had to do was to report upon it as it was.  The same also applies to
Count Siccardi’s Keys which also sent two currents for each signal by ordinary manipulation.
On 20th April 1878 I sent in a report upon a comparative trial of the three systems - Ordinary Working
Keys, Automatic Curb Sender with punched paper, and Count Siccardi’s Keys.
After detailing the various speeds attained by each, and the reported results observed at the other end of
the Cable I continued - “As on previous trials, so on this, the final result is that hand work by Ordinary
Keys and uncurbed signals is reported ‘superior’ to anything else, whether auto or other curbed key
signals."



SHE SEES SHE IS HIS SISTER has an imbalance of +47 in 49 Morse strokes

In more recent times we have

NOW IS THE TIME FOR ALL GOOD MEN TO COME TO THE AID OF THEIR PARTY
Was transmitted through the Italian cable in 1927 and has an imbalance +3 in 125 Morse strokes

An investigation of charge imbalance was undertaken by a group of students, this year's
cohort in the elective unit CMPS2S22, "The Information Revolution and its origins" which
is taught in the Spring semester in the School of Computing Sciences at the University of
East Anglia, Norwich.  They were asked to work in groups to examine charge imbalance
and the influence of language.  The first part of this paper comprises a summary of their
observations, which throws new light on the subject.  This coursework assignment was
open-ended.  The students were at liberty to choose their specialist area and to develop
individual approaches.  In many cases, it has not been possible to compare like with like.
An inspection of the results will indicate that there is a problem of sample size and
variability of data.  It was therefore felt necessary to initiate a more rigorous analysis.  The
approach which is outlined below is at an early stage of development and benefits from the
statistical expertise of one of the authors (GJJ)

The origins of Morse code [2]
Morse's original system was more like the code books of Chappe.  A word was converted
into a number by means of a code-book.  The number was transmitted and decoded by the
recipient.  This was particularly cumbersome, but remained in use for some time for the
transmission of Chinese characters.  Alfred Vail who was Morse's assistant from 1837
visited Louis Vogt's print shop in Morristown, New Jersey and on the basis of the relative
frequency of type constructed a variable byte-sized code where 'E' was represented by a
dot, 'T' by a dash and so on.  He had a working system by January 1838 and was
transmitting up to 10 words per minute.  He overhauled his system in 1843, so that only
the letters E,H,K,N,P and Q were unchanged



Imbalance in Morse code
Just so that we know what the situation is the Morse imbalance in the letters of the
alphabet are listed below from most positive to most negative

Letter balance
H +4
S +3
B +2
F +2
I +2
L +2
V +2
D +1
E +1
R +1
U +1
A 0
C 0
N 0
P 0
X 0
Z 0
G -1
K -1
T -1
W -1
J -2
M -2
Q -2
Y -2
O -3

Letter Frequencies
If a sample of text is taken and the frequency of occurrence of different letters is observed
then we can arrange them in descending order.  This was done for a 38,343 word sample of
Genesis (shown as row 2 in the table below) and can be compared with the Morse (Vail)
frequency (shown as row 1).  Row 3 is the equivalent situation for a modern document,
p.265 of the Cambridge Encyclopaedia of English Language.  It is quite clear that there are
a range of variations.

Table 1
1 E T A I N O S H R D L U C M F W Y G P B V K Q J X Z
2 E A H T O N I S R D L M F W U G Y C B V P K J Z X Q
3 E A T I N O R S L H D C M U F P G B Y W V K X J Z Q



Letter frequency and theoretical charge imbalance: the influence of language
Given the relative frequency of a letter in a language e.g. f(A(English)) = 7.968% we can
multiply this by the charge imbalance to get a measure of the imbalance that that letter will
yield to a large section of text.  Summing these imbalances, we can get a measure of the
theoretical charge imbalance for each language.  In Table 2, we see that English comes out
as 53.471, Dutch, which has predominantly more occurrence of 'J' comes out at 54.534.
Polish, on the other hand, comes out at 18.9215, which is probably due to the prevalence
of 'CZ'.

Table 2
letter imbalance f(English) I(English) f(Dutch) I(Dutch) f(Polish) I(Polish)

A 0 7.968 0 8.974 0 9.087 0
B 2 1.282 2.564 1.471 2.942 1.416 2.832
C 0 3.039 0 1.6067 0 4.205 0
D 1 3.823 3.823 6.018 6.018 4.205 4.205
E 1 12.35 12.35 20.462 20.462 8.361 8.361
F 2 2.646 5.292 0.967 1.934 7.185 14.37
G -1 1.964 -1.964 3.773 -3.773 1.448 -1.448
H 4 5.281 21.124 3.406 13.624 1.004 4.016
I 2 7.904 15.808 7.101 14.202 8.126 16.252
J -2 0.176 -0.352 1.722 -3.444 2.346 -4.692
K -1 0.214 -0.214 1.693 -1.693 3.212 -3.212
L 2 4.364 8.728 3.454 6.908 2.145 4.29
M -2 2.235 -4.47 1.703 -3.406 1.881 -3.762
N 0 8.445 0 7.867 0 6.445 0
O -3 8.327 -24.981 5.273 -15.819 8.125 -24.375
P 0 1.788 0 1.422 0 3.25 0
Q -2 0.188 -0.376 0 0 0.0214 -0.0428
R 1 6.845 6.845 6.298 6.298 4.459 4.459
S 3 5.505 16.515 3.273 9.819 3.73 11.19
T -1 9.116 -9.116 5.97 -5.97 2.546 -2.546
U 1 2.329 2.329 1.5564 1.5564 2.145 2.145
V 2 1.176 2.352 3.135 6.27 0.1176 0.2352
W -1 0.882 -0.882 1.374 -1.374 6.276 -6.276
X 0 0.082 0 0.01 0 0.1386 0
Y -2 1.952 -3.904 0.01 -0.02 3.54 -7.08
Z 0 0.047 0 1.461 0 4.5854 0
        
   51.471  54.534  18.9214

Note that no special Polish or Spanish characters were considered here

There is a need for a metric and one such measure is given by:

� 

Relative imbalance =  Σ(dots)− Σ(dashes)
Σ(dots) + Σ(dashes)



Before we consider this in detail it might be useful to see an example of how the imbalance
varies as a function of the number of words in English and a typical example is shown
below.  The fact that the student has plotted difference against number of words, rather
than the number of Morse key-strokes means that our measure of relative imbalance
cannot be used here.

Imbalance in text and the effect of language
One student group used as a test sample the documentation for a software package called
Mozilla which represented approximately 650 words and is given in many languages.  The
analysis which is shown in Table 3 includes the Morse for the different punctuation marks

Table 3
Dutch German Swedish English French Spanish Italian

Σ(-) 3500 3500 3450 3450 3400 3500 3750

Σ(+) 4800 6300 4950 4700 5650 4900 5600

Δ= Σ(+) - Σ(-) 1300 2800 1500 1250 2250 1400 1850

Σ=Σ(+) + Σ(-) 8300 9800 8400 8150 9050 8400 9350

Δ/Σ  (%) 15.66 28.57 17.86 15.34 24.86 16.66 19.78

Another student group took  Genesis I as their source and the results are given in Table 4.
Table 4

Dutch German English French Spanish Italian

Σ(-) 2635 2551 3436 3215 3207 3049

Σ(+) 3876 4682 5274 5155 4650 4514

Δ= Σ(+) - Σ(-) 1241 2131 1838 1940 1443 1465

Σ=Σ(+) + Σ(-) 6511 7233 8710 8370 7857 7563

Δ/Σ  (%) 19.06 29.46 21.10 23.14 18.36 19.37



Although the relative imbalance in German is particularly large, there is no evidence that
this created a problem during the period when the traffic on the Greetsiel-Valentia cable
was inserted onto the Anglo American cables to Heart's Content.

The effect of sample size was investigated using different sections from Genesis (in
English) and it is obvious from Table 4 that there is substantial variability.

Table 5
Sources Σ(words) Σ(dots) Σ(dashes) Δ/Σ (%)

Genesis 2 49 308 181 25.97
Genesis 4 432 2773 1907 18.5
Genesis 4-9 2607 17295 11153 21.59

Telegraphese /cablese [3]
One of the students attempted to measure the imbalance in telegraphese and collected the
following copies of telegraph exchanges during the American Civil War

1. LINE BROKEN IN THREE PLACES BETWEEN HERE AND PARK HOTEL
(STOP) CANNOT DO ANYTHING HERE WITH IT HAVING NO TOOLS HERE

2. STIR UP LOUISVILLE AND GET REPLY FROM GENL ANDERSON TO SECY
SEWARD (STOP) MAY HAVE COME TO EXKERT IN CYPHER (STOP) SCOTT

3. HAVE JUST RETURNED FROM PADUCAH (STOP) FOUND SECESSION FLAGS
IN PARTS OF THE CITY IN EXPECTATION OF GREETING FROM SOUTHERN
ARMY

4. TOOK QUIET POSSESSION OF TELEGRAPH OFFICE RAILROAD DEPOT AND
MARINE HOSPITAL (STOP) FOUND LARGE QUANTITY OF RATIONS AND
LEATHER  BRIGADIER GENERAL

5. ONE UNCOVERED CABLE HERE AND THREE AT LOUISVILLE (STOP)
STEVENS SAYS YOU TOLD HIM YOU INTENDED TO HAVE ALLEN COVER
THEM

6. HE WANTS ONE HUNDRED MILES NOW (STOP) WHEN SHALL WE SEE
YOUR FACE AGAIN (STOP) EXPECTED YOU LAS WEEK BY THUNDER
DAVENPORT

7. 9PM I LEARN THAT A CONSIDERABLE NUMBER OF DESPATCHES ON THE
CALIFORNIA LINE ARE ORDERS FOR ARMS AND MUNITIONS

8. THE MANAGERS OF THE TELEGRAPH LINES ON THIS SIDE CANNOT KNOW
WHETHER ARES FOR LOYAL OR DIDLOYAL PARTIES

9. CAN YOU LET ME HAVE FOUR MEN TO REMOVE A POLE IN FRONT OF
WILLARDS (STOP) PLEASE ANS W H YOUNG

10. SORRY CANNOT ACCOMMODATE YOU MY MEN ARE ALL OUT (STOP) ONE
PARTY LEAVING WINCHESTER AND ONE LEAVING MANASSAS THIS
MORNING  ECKERT

11. I WANT TO ARRANGE AT ONCE FOR A SUFFICIENT NUMBER OF REPAIR
MEN TO START BACK OVER THE LINE

12. WILL SEND YOU AN OPERATOR AS SOON AS POSSIBLE (STOP) QUITE A
NUMBER OF THEM ARE ON SICK LIST  ECKERT

13. PERMIT NOTHING TO PASS OVER THE WIRES IN RELATION TO DRAFTING
OR VOLUNTEERING  P H WATSON ASST SECY OF WAR



The above samples, have significantly less imbalance than conventional English.  The
simple deletion of the definite article in a sentence reduces the imbalance by four dots.
Precise details are not included because it is believed that the programme that was used in
the analysis also considered full-stops, something that would not have been done
originally.  The text that is given here has replaced '.' by 'stop' which adds one dash for
every occurrence.

We can move forward to 1927 to a Christmas Greeting sent by Walter Graves* in Anzio to
Marshall Killen in the Azores.  The message shown below has Σ(+) = 50, Σ(-) = 36  i.e.
16% imbalance, which is significantly less than conventional English.

As an even more recent example we can consider Bill Burns citing "new Code Words
Vanishing" by Mike Feinsilber Associated Press Writer Wednesday 17 Sept. 1997

"Washington (AP)  It is the 1950s and in Tokyo and New York two guys in white shirts, ties
undone, are communicating by the latest technology
" ' SOS ETWIFE HEADS TOKYOWARD SMORNING SANSTOP' Nyk tells Tokyo
MUCHLY APC EYEBALL ARRIVAL. URGENTEST NEED THUMBSUCKER CUM ART'

This translates as 'Secretary of state and his wife will fly non-stop to Tokyo.  We need you to be
on hand for their arrival, but first we urgently need a news analysis and pictures to go with it.'

Tokyo replies 'ONWORKING' "

                                                  
* Walter Graves was the grandson of James Graves and was born on Valentia island.  He
was made redundant from Western Union when telex replaced manual operation and
moved to Italcable which was just starting up.  He, like many non-Italians was forced out
when Mussolini came to power.  He managed to get re-employment with Western Union
and saw out the war on the Azores.



The message to the representative in Tokyo comprises 249 Morse characters with an
imbalance of +43.  The relative imbalance (difference divided by the sum) is 17.26%
which is significantly less than might be expected in conventional English

Need for a more formal approach
There is a need to investigate imbalance in other codes and we should be grateful to John
McVey for the work that he has done in collecting these.  Our hypothesis is that even with
the later telegraph codes there may be some improvement in charge balance when
compared with conventional English of the day, as these would have been compiled with
the assistance of telegraphers who had a memory of earlier times when techniques for
maintaining charge balance (not recorded for posterity) would have been important.
However, before doing this there is clearly a need to develop a more formal approach.  It
should already be obvious that there is the broad range of variation in the letter frequency
data and it was felt that this was worth investigation.  The approach that is outlined below
is at an early stage of development and will benefit from the statistical expertise of one of
the authors (GJJ)

If we start with the subject of telegraphese, one of the authors (DdeC) recalls a discussion
with Brendan Scaife, who was professor of Electrical Engineering at Trinity College,
Dublin.  Brendan recalls that when reading the writings of Oliver Heaviside (who once
worked for the Great Northern Telegraph Co.) he was struck by the similarity of the
literary style that was used by his father, who had worked for Western Union.  It would
appear that not only did telegraph operators adopt a telegraphese style, but so did their
families.  For that reason we have taken extracts from P.J. Nahin's book [4].

On p.261 Heaviside to G.F. Fitzgerald
I am asked my opinion about negative resistance. The effects produced by the negativity of R
(and other quantities) have occupied my attention in certain papers. and are interesting and
instructive. But 1 have no faith whatever in the permanent existence of a body with negative
resistance on account of the general instability. At the same time 1 am not prepared to deny that
a substance might temporarily, under suitable circumstances, behave as a negative resistance.
Whether the arc may be conveniently regarded in this light is not for me to say. 1 do not know
enough about the arc. 1 prefer gas for personal use.

On p.262 Heaviside to G.F. Fitzgerald
satisfied for the time as if it were her own. I am in the position of the gal when I read your most
flattering remarks. I only hope that the grateful country will not want to know what it has to be
grateful about! -I expected from Perry's last that he was the worker, because he did not include
himself as such. It is remarkable that people should be so kind and friendly.
. . . .
As regards my last, I am afraid you must have thought it rather ill-conditioned.  But if I can
only get a decent sleep (I have usually to be satisfied with 4 to 5 hours; I should say
dissatisfied) there is plenty of Mark Tapley in me, and I can see the comic side of the
inconveniences of being a fish out of water.  Here are one or two comic incidents:-I am sitting
in my room engaged in writing immortal works (for a time), when in comes a man in his
shirtsleeves with a pail. He does not knock at the door. He leaves it open. He says nothing, but
goes to the window and throws it open.  What are you up to?" I say. "Going to clean the
window" all in one word, is his reply. "No you are not", I say. "You must not intrude in this
way". "Miss Eviside  says I was to clean the window". "Now you hear what I say. Leave the
room". He does not go, but stares and begins again "Miss Eviside says I was to clean the



window". I then repeat my order and get him to go at last, still going on about Miss Eviside
says.

Here is another one. I take something to the shop to be repaired. Only a little job, half an hour
or so. Done by tomorrow for certain, if I will call. Call. Not done. Call again. Not done, more
excuses, more assurances. At end of a week call again, and see myself the machine in corner,
nothing done. So I desperately venture to remind of his last promise, (to say nothing of former
ones). "0h! did I?" he says, "Yes, I believe I did". Then I bring the matter to a point and enquire
if he had any special reason for not doing it. (A little irony there but he didn't see it.) He
considered for a moment, and then drawled out. "Oh, yes, I remember now. A little while after
you left, a gentleman came, who wanted something done at once, so of course I had to.  Was
that clever irony at my expense? Not a bit of it. Only a thickhead. I told him it was something to
put in Punch. He didn't see that. The real meaning of it was the tradesman versus gentry
business.

Dear FitzGerald,
I have received a document entitling me to 90 pounds, three quarters back pay. This is quite a
windfall, and puts me straight. I am sure that you will be glad to hear of the liberality of this
grateful country, stimulated by yourself. My conversion to a man of wealth will I feel sure have
a very beneficial effect on my relations with my relations.  In fact it has effectuated in this way
already. Palm oil is the best lubricant for the wheels of common life. Use no other.

We have indeed started an investigation of the imbalance in code systems.  Bentley's
Complete Phrase Code for 1921 contains samples of telegrams in plain text together with
the equivalent in their code

Bentley's sample of merchants' telegrams
(plain-text on left and transmitted code on right)

At what price can you buy? When can you ship bipogrisud

Telegraph firm offer c.i.f 30d/s shipment  by steamer
First half of September namserasor

Telegraph firm offer c.i.f.
Shipment per steamer during Sept./Oct./Nov. nahysroasd
Quote c.i.f shipment by steamer within one month silk waste opvinrujco

To meet competition
may we reduce cyowgovudz
Subject to reply within 24 hours
57/8d shaldpavoz

Best Welsh Coal  We offer firm c.i.f (by steamer) for
Reply here day after tomorrow ciarznavhy
2000
tons 22/6 urlofsuhov

Telegraph firm offer c.i.f. shipment by steamer within two months
Anthracite coal naltociack

We offer firm c.i.f shipment  by steamer for reply here tomorrow naveccliht
Shipment per steamer during Jan./Feb./March suhovriyef



Market firm with upward tendency
Telegraph best offer you can make jykifnagpo

The twelve code-words above (120 characters transmitted) replaces 115 words of the
original text comprising 588 transmitted characters.

Bentley also cites the first portion of King's speech at opening of Parliament 1906 is in
plain text.  The 27 words represent 248 transmitted characters.  The original text
comprised 58 words representing 267 transmitted characters.  The saving is not as
substantial as in the previous example.

In this section we have used a more formal metric, which we will call the 'average
imbalance'.  If we take the imbalance for each letter and multiply it by the frequency for
that letter within the text then we get figures such as those shown along the bottom line of
Table 2.  If we do this for a text sample then we can define average imbalance as:

� 

Average imbalance =

imbalance− imbalance
expected

∑
sample text

∑
⎡ 

⎣ 
⎢ 
⎢ 

⎤ 

⎦ 
⎥ 
⎥ 

imbalance
expected

∑
(the expected imbalance for the appropriate language is on the bottom row of Table 2)

There is some evidence that the letter frequencies in the merchant telegrams coded by
Bentley's system (listed above) do reduce the charge imbalance.  If we look at the average
imbalance, it is -0.37 compared with text in The first men in the moon by H.G. Wells
(which is of a similar date), where the average imbalance is  - 0.47.

The King's speech transmission is interesting in that the average imbalance is -0.29 which
is significantly different to plain text.  The standard deviation at 1.77 is very close to that
in the merchant telegrams at 1.79

In more modern times there are apocryphal telegrams such as the exchange between Shaw
and Churchill

GBS -> WSC AM SENDING TWO TICKETS FOR FIRST NIGHT STOP BRING FRIEND
IF YOU HAVE ONE

WSC -> GBS REGRET CANNOT COME TO FIRST NIGHT STOP WILL COME TO
SECOND NIGHT IF YOU HAVE ONE

This could be analysed, but the sample size is small.  On the other hand Evelyn Waugh's
"Scoop" is famous for the exchange of cablegrams between the hapless hero and his
employers.  If we assume that Waugh retained a similar literary style throughout the work,



then the extracts which we have listed below represent a reasonable sample for our
purposes.



PRESS COLLECT BEAST LONDON
NOTHING MUCH HAS HAPPENED EXCEPT TO THE PRESIDENT WHO HAS BEEN
IMPRISONED IN HIS OWN PALACE BY REVOLUTIONARY JUNTA HEADED BY
SUPERIOR BLACK CALLED BENITO AND RUSSIAN JEW WHO BANNISTER SAYS
IS UP TO NO GOOD THEY SAY HE IS DRUNK WHEN HIS CHILDREN TRY TO SEE
HIM BUT GOVERNESS SAYS MOST UNUSUAL LOVELY SPRING WEATHER
BUBONIC PLAGUE RAGING.

NO NEWS AT PRESENT THANKS WARNING ABOUT CABLING PRICES BUT IVE
PLENTY MONEY LEFT AND ANYWAY WHEN I OFFERED TO PAY WIRELESS
MAN SAID IT WAS ALL RIGHT PAID OTHER END RAINING HARD HOPE ALL
WELL ENGLAND WILL CABLE AGAIN IF ANY NEWS.

UNPROCEED LAKUWARD STOP AGENCIES COVERING
PATRIOTIC FRONT STOP REMAIN CONTACTING CUMREDS STOP NEWS EXYOU
UNRECEIVED STOP DAILY HARD NEWS ESSENTIALLEST STOP REMEMBER
RATES SERVICE CABLES ONE ETSIX PER WORD BEAST.

YOUR CONTRACT TERMINATED STOP ACCEPT THIS STIPULATED MONTHS
NOTICE AND ACKNOWLEDGE STOP BEAST.

SACK RECEIVED SAFELY THOUGHT 1 MIGHT AS WELL SEND THIS ALL THE
SAME.

PERSONALLY GRATIFIED YOUR SAFE RE-
TURN COPPER.
BEAST REPRESENTATIVE WILL MEET YOU
VICTORIA STOP PLEASE REPORT HERE IM-
MEDIATELY YOU RETURN STOP TALK BUSINESS
NO ONE SALTER.
WILL YOU ACCEPT FIVE YEAR CONTRACT
FIVE THOUSAND YEAR ROVING CORRESPONDENT EDITOR BRUTE.
PLEASE WIRE AUTHORITY NEGOTIATE BOOK SERIAL CINEMA RIGHTS
AUTOBIOGRAPHY PAULS LITERARY AGENCY.

In addition to the above, we have revisited the King James Bible and have used a large
sample.  Results of letter frequency analysis for this (KJall), for H.G. Wells The first men
in the moon (Wells) are given in Table 6 along with Bentley's King's message (BKing) and
Bentley's Merchants' messages (BMerch).  These samples were tested using the average
imbalance definition which we have given above. We have also included letter frequency
data from Becker and Piper [5], shown as (B+P) in the table which can be used to indicate
the extent of shift over time (when compared with Table I)



Table 6
letter f(B+P) f(Wells) f(KJall) f(Bmerch) f(BKing)

A 8.167 9.59282264 9.62893377 8.37209302 9.27419355
B 1.492 1.72532781 1.84526605 1.86046512 1.61290323
C 2.782 2.55348516 1.5634436 4.65116279 2.82258065
D 4.253 3.58868185 4.8044018 4.65116279 3.62903226
E 12.7 11.0075914 12.4538683 6.97674419 7.66129032
F 2.228 2.24292616 2.22102932 3.25581395 3.22580645
G 2.015 2.10489993 2.19418909 4.18604651 4.43548387
H 6.094 4.65838509 8.28021204 4.65116279 4.43548387
I 6.996 8.48861284 6.58256727 6.04651163 4.83870968
J 0.153 0.03450656 0.57035496 2.3255814 1.61290323
K 0.772 0.89717046 0.61732537 2.79069767 5.64516129
L 4.025 3.3126294 3.73079246 2.79069767 4.03225806
M 2.406 2.93305728 2.75783399 1.39534884 5.24193548
N 6.749 7.34989648 7.19989264 4.65116279 2.82258065
O 7.507 6.97032436 7.13950211 8.37209302 6.85483871
P 1.929 1.89786059 1.32859156 2.79069767 2.41935484
Q 0.095 0.10351967 0.04697041 0 0
R 5.987 5.03795721 5.05267396 6.51162791 6.4516129
S 6.327 6.28019324 5.48211769 4.65116279 3.62903226
T 9.056 10.0069013 9.59538348 3.25581395 2.01612903
U 2.758 2.86404417 2.10695833 4.65116279 5.64516129
V 0.978 1.48378192 0.8387573 4.18604651 4.03225806
W 2.36 1.75983437 2.32839026 0.93023256 2.01612903
X 0.15 0.17253278 0.10736093 0.46511628 0.40322581
Y 1.974 2.93305728 1.52318325 5.58139535 5.24193548
Z 0.074 0 0 0 0

 The average imbalances and standard deviations are
Table 7

Source Mean parity Standard deviation
B+P -0.5449829 1.7706092
KJall -0.5847145 1.8207391
Wells -0.4679089 1.7383662

BMerch -0.4076433 1.7574425
BKing -0.3575419 1.7241585
Scoop -0.5945554 1.6574824

Heaviside -0.4851000 1.759188

Our analysis suggests that there has been a real language shift between Becker & Piper and
Wells.  It also confirms the conjecture that imbalance is lower in telegraph text as
compared to conventional text (although this does not appear to apply to the sample from
Scoop).  It is interesting that while BKing is significantly lower than KJall, it is not
significantly lower than Wells.  BMerch is also lower, but the difference is not quite
significant (in statistical terms).  The results from the Heaviside sample are not conclusive.



Conclusions
At the end of this work we are aware that different types of texts do have significant
differences both in terms of letter frequencies and the consequent charge imbalance.  One
of the students commented that the letter frequencies upon which Vail based the Morse
code are not disimilar to the Genesis chapters in the King James Bible.  This is perhaps not
surprising in view of the fact that any printer in Morristown, New Jersey at that time would
have probably been in the business of printing bibles.

The variation of letter frequency over time is quite surprising and must surely present
major problems for code-breakers using frequency analysis.

At the end of this paper we are no wiser about how cable operators dealt with the problem
of reading light-spot movements against a shifting base-line.  Surely there must have been
coping strategies to ensure that the spot did not go off the scale.  We can conjecture that
there was a learning process where each operator began to know how to prevent such
occurrences at the other end.  Just like mobile phone texting has influenced language
today, there is little doubt that the limitations of the cable would have affected the
language used by operators at the key.  Telegraphese was something waiting to happen and
a linguistic study of the private letters of operators and their families could be very
informative.

The variation in letter frequency as a function of language and the consequent imbalances
that they would have caused are particularly interesting: Polish having a very low
imbalance, while German has the opposite.  There was probably very little Polish language
traffic on the early cables and German traffic only became a significant factor in the period
after the Franco-Prussian war.

In terms of an educational exercise, this, their first assignment was a brilliant success and
the students on CMPS2S22 went on to perform extraordinarily well in the subsequent
pieces of work.  Their work has left the principal authors with much to follow up.
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