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THE BRITISH POST OFFICE SPEAK.ING CLOCK. MARK. II 
A. J. FORTY, B.A., A.M.I.E.E. and F. A. MILNE, A.M.l.E.E.':' 

Introduction 
Telephone Subscribers in Melbourne 

and. Sydney will shortly be able to dial 
a special code and hear time announce 
ments from a speaking clock. The 
equipment used for these two installa 
tions has been designed by the British 
Post Office Engineering Department and 
made in England by the Telephone 
Manufacturing Company. It is an im 
proved version of the original speaking 
clock apparatus which has provided a 
similar service in Great Britain since 
1936. 
Each speaking clock consists of an 

announcing machine (which produces the 
actual speech and time signals) together 
with auxiliary rack mounted apparatus 
for driving the machine at a constant 
speed, for amplifying its audio signals, 
and for correcting the time signals to 
conform with standard time as deter 
mined by an observatory. The original 
design of speaking clock was controlled 
by a pendulum, and required hourly 
correction in order to produce time 
signals accurate to within ± 0.1 second. 
This order of accuracy was insufficient 
for the requirements of the Australian 
Post Office because it was necessary to 
derive from each clock civil and marine 
time signals which would not deviate 
more than ± 20 mS from standard time. 
The requirement has been met by the 
British Speaking Clock Mark II in which 
a quartz crystal controlled oscillator is 
used for the drive, and which will give 
signals accurate to within ± 5 mS when 
corrected only once every 24 hours. 
Each installation consists of two com 

plete clocks plus common equipment and 
auxiliary power supply. Either of the 
two clocks of an installation may be 
used to supply announcements of time 
to the telephone subscribers. The second 
clock runs continuously as a standby 
(driven by the auxiliary power equip- 

,:,Mr. Forty is Senior Executive Engineer. and 
Mr. Milne is Senior Experimental Officer, 
Research Station, British Post Office. 
tFigures 2 and 3 show the prototype 

announcing machine with all covers removed. 
Illustrations of the machines supplied to the 
Australian Post Office will appear in a later 
article dealing with the manufacture of the 
clock. 

ment) and is put into service automati 
cally if a fault should occur in the first. 
Facilities are provided to enable the 
signals from the Melbourne installation 
to be used to maintain service at Sydney 
(or vice versa) in the event of a total 
breakdown of the local system. Inter 
mediate centres can be fed with signals 
as desired. 
After the initial setting-up procedure, 

the operation of an installation (includ 
ing the daily time check) is entirely 
automatic, and skilled attention is re 
quired only for routine maintenance and 
for the clearing of faults if they should 
arise. 

General Principles 
Basically each clock consists of a 

phonic motor which is driven at a con 
stant speed from the amplified output of 
a crystal oscillator. Upon the motor 
shaft are mounted discs carrying sound 
tracks from which the successive 
announcements are derived. 
Fig. 1 shows the layout of an installa 

tion. Each clock is driven from a J 00 
kc/s crystal controlled oscillator, the 
output of which is fed into a frequency 
divider which produces the 50 c/s sup 
ply required by the announcing machine 
motor. A third oscillator is also pro 
vided for reasons which are discussed 
later. The 50 c/ s supply passes first 
through a timing corrector circuit, which 
is used during the daily correction inter 
val, and then via amplifiers to the phonic 
motor of the announcing machine. 
The announcements and time signals 

produced by the announcing machine 
pass through a "Line Amplifier and 
Pilot Tone Alarm" panel (the function 
of which is described below) and are 
then fed into two local power amplifiers. 
One of these is connected to relay sets 
feeding the local telephone network, 
while the other acts as a reserve. 

Superimposed upon the speech signals 
for each announcing machine is a pilot 
tone of 3200 c/s which is used to detect 
the presence or absence of any portion 
of the announcements. The detection 
occurs in the "Line Amplifier and Pilot 
Tone Alarm" panel, and the tone is 
removed before passing on the signals to 
the local network. Announcements with 
the tone included are sent out over lines 

to a distant centre, if required, to act as 
a reserve for the distant installation. 
Similarly incoming signals from the dis 
tant centre pass through "Line Amplifier 
and Pilot Tone Alarm" panels for the 
detection and removal of the pilot tone, 
and act as a reserve for the local instal 
lation. 

Four sources of signals are thus avail 
able for distribution to the local sub 
scribers. If a fault should occur, switch 
ing from one source to the next reserve 
is controlled by the Pilot Tone Alarm 
circuits and by other alarm circuits of 
the installation. 
The above is a brief outline of the 

fundamental units of which a clock 
installation is composed. In the suc 
ceeding paragraphs these units are des 
cribed in greater detail. 

The Stable 50 c/s Supply 
Three 100 kc/ s bridge-stabilised 

crystal-controlled oscillators are provided 
for each installation. Two of these are 
normally Jinked to the clocks via a 
patching panel: the third is supplied to 
assist in fault detection, since by inter 
comparison the identification of a faulty 
oscillator can readily be made. An 
alarm is given whenever the frequency 
deviation between oscillators becomes 
excessive. In addition, meters are pro 
vided to show the difference in rate of 
the oscillators, and a log of the readings 
of these will provide an indication of 
long term drift. 
The oscillators are connected to indivi 

dual frequency dividers which give out 
puts of 50 c/s for driving the clock 
motors. 

The Announcing Machine 
Fig. 2'i' shows the Announcing 

Machine, the fundamental mechanism of 
a clock. Its main function is to produce, 
at ten second intervals, announcements 
of the type "At the third stroke it will 
be ten, twenty four, and forty seconds", 
followed by three pulses of 1000 c/s 
tone (called "pips") each 100 mS long 
and spaced at 1 second intervals. The 
commencement of the third pulse of 
tone marks the time stated in the pre 
ceding announcement. Normally the 12 
hour system of denoting time is used 
(e.g. l o'clock in the afternoon is called 
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"one" and not "thirteen" hours) but the 
clock mechanism is so designed that it 
may easily be adapted for a 24 hour 
system if required. 

Referring now to Fig 3 t, the syn 
chronous motor (4) drives at the constant 
speed of 30 r.p.m. a shaft upon which 
are mounted three glass discs (I, 2, 3). 
The announcements and the time signals 
are derived from variable-area circular 
sound tracks which have been recorded 
photographically upon these discs in the 
following manner:- 
Disc 1: The minutes tracks "one" to 

"59" and "O'clock". 
Disc 2: The words "At the third 

stroke . . . ." (called the 
"Phrase") and the hours 
tracks ("It will be one ... ", 
"It will be two . . . " etc.). 

Disc 3: A synchronising signal, the 
seconds tracks (". . . and ten 
seconds", " ... and twenty 
seconds", etc., and "pre 
cisely"), and a series of thir 
teen "pips" tracks. 

Limitations of size restrict the number 
of complete tracks which can be accom 
modated on a disc to between 30 and 
40. This number is adequate for disc 2 

(13 tracks) and disc 3 (20 tracks), but 
not for disc 1 which requires 60 tracks. 
Fortunately, however, the "minutes" 
portion of the announcement is the 
shortest component (there are no addi 
tional words like "and . . . seconds" or 
"it will be'.' included) and so each min 
ute track may be recorded on a half 
sector of the disc. Disc 1, therefore, 
has recorded upon it two sets of 30 
half-length tracks, one half of the disc 
bearing the "odd" and the other the 
"even" minute numerals. 
For each set of tracks there is pro 

vided a lamp and photocell unit, which 
is fixed for the phrase, the synchronis 
ing signal and the pips, and is moved 
on a carriage for selection of the hours, 
minutes, and seconds. 
Disc 1 therefore has two moving 

photocell units (5, 6), disc 2 has one 
fixed and one moving (7, 8) and disc 3 
has two fixed and one moving (9, 10, 11). 
The photocell outputs are connected to 
cathode followers (12) and thence to 
springsets (13) which are operated by 
cams on a 6 r.p.m. shaft of the main 
motor gearbox. This timing shaft rot 
ates once in 10 seconds (the period of an 
announcement) and at the appropriate 
moments the successive parts of the 
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1 CLOCK A FREQUENCY 
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announcement are switched in so that 
the complete sentence is built up. Thus 
the switching sequence is in the order: 
Phrase: Disc 2 (fixed photocell). 
Hours: Disc 2 (moving photocell). 
Minutes: Disc 1 (moving photocell). 
Seconds: Disc 3 (moving photocell). 
Pips: Disc 3 (fixed photocell). 
The announcement must of course be 

changed every ten seconds in order to 
state the correct time. This is achieved 
by moving the carriages carrying the 
photocells across the face of each disc 
in such a manner that the correct tracks 
are selected. The motive power for this 
operation (which obviously must take 
place between announcements) is de 
rived from an auxiliary motor (14) via 
a subsidiary shaft which runs past the 
carriages and carries clutch operated 
pawls (15, 16, 17) which engage with 
ratchet wheels on small cam shafts asso 
ciated with each moving carriage. 

Once every ten seconds, the closing of 
contacts on the 6 r.p.m. shaft of the 
gear-box causes the clutch (17) of the 
"seconds" carriage to operate. Its pawl 
is engaged, the ratchet and cam are 
moved and the carriage advances one 
step to select the next track required for 
this portion of the announcement. 
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Fig. I .-Schematic diagram of an installation. 
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~ 
I. IF THE WORKING CLOCK FAILS RELAY 

SW CHANGES OVER . 
2. IF BOTH CLOCKS FAIL RELAY 0G 

CHANGES OVER . 
3. IF BOTH CLOCKS AND THE WORKING 

LINE FROM THE DISTANT CENTRE 
FAIL RELAY D CHANGES OVER. 

4.IF THE WORKING SPEECH AMPLIFIER 
FAILS RELAY E CHANGES -ovtR. 
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As the carriage moves across the disc, 
alternate tracks are used for successive 
announcements until the limit of travel 
is reached. The carriage then returns 
in steps to its original position, selecting 
the remaining tracks as it goes. By 
using this interlaced system of record 
ing of the tracks it is possible to repro 
duce the announcements in sequence 
without the discontinuity of a "carriage 
return" operation. 
The seconds camshaft rotates once 

every two minutes in 12 discrete steps. 
Six of the positions correspond to "odd" 
minute announcements and the other six 
to "even" minutes. Now the "odd" and 
"even" minutes photocells must be 
switched after each "and 50 seconds" 
announcement, but the minutes carriage 
must be moved only once every two 
minutes-i.e., once per revolution of the 

minute photocell until the "odd minute - 
50 seconds" position whereupon the 
cycle recommences. After each 
announcement ending in " ... fifty-nine 
and fifty seconds" all three carriages 
move simultaneously and the hour track 
also is changed. The time taken for the 
carriage movements is not critical, pro 
vided that the operation is completed 
during the interval between announce 
ments. It is thus permissible to drive 
the auxiliary motor (14) from the mains 
supply. 
The final part of each announcement, 

the "pips", is derived from one of a 
series of 13 tracks recorded on disc 3. 
These are so disposed on the disc that 
the pips on successive tracks are dis 
placed by the angular equivalent of 
10 mS. By a suitable selection of the 
pip track, therefore, the timing of the 

Fig. 2.-Announcing machine. 

seconds camshaft. This is achieved in 
the following way. 
When the seconds carriage moves to 

the "odd minute - 50 seconds" position 
contacts associated with the seconds 
camshaft are closed and a circuit is thus 
prepared for the operation of the 
"minutes" carriage shaft. When the next 
impulse arrives from the timing shaft 
both the seconds and the minutes car 
riages move on together. As the seconds 
carriage thus moves into the "even 
minute - precisely" position an addi 
tional pair of contacts operate a relay 
which changes over the input to the 
announcement combining cams from the 
odd minute photocell to the even minute 
photocell. The six "even" minute 
announcements then follow. Then when 
the seconds carriage moves to the "odd 
minute - precisely" position the change 
over relay releases, and the announce 
ments are again taken from the odd 

pip signal can be adjusted in steps of 
10 mS. This facility is useful for com 
pensating for the delay times of the 
observatory line and the. distribution 
network: the most suitable pip track is 
chosen when the equipment is installed, 
and thereafter the pip optical · system 
remains fixed. 

Mounted on the announcing machine 
bedplate is a small chassis (12). This 
carries cathode followers and a mixer 
stage for combining the outputs of the 
various photocells. 
An associated paper by Mr. Forty, in 

this number of the Journal, deals with 
the "Photographic Technique of Sound 
Recording on Glass Discs". 

Time Correction 
The system so far described will pro 

duce announcements of time at 10 sec 
onds intervals. It is necessary, how 
ever, to make these announcements con- 

form with standard time which is deter 
mined by the national observatory. The 
clock oscillator frequency may not be 
exact or may change with ageing of the 
crystal. Furthermore, standard time is 
subject to corrections which are applied 
by the observatory as a result of astrono 
mical observations. Consequently it is 
essential to make a periodic comparison 
of the time declared by the clock with 
time signals obtained from the observa 
tory, and to apply a correction to the 
clock if it should be required. A regular 
check is therefore made for this purpose 
once per day. 
To simplify the error detection and 

the correcting equipment, the correction 
is applied in a series of discrete steps. 
At a prearranged time, therefore, signals 
derived at one second intervals from the 
clock (from the synchronising track on 
disc 3) are compared with similar signals 
received over a line from the observa 
tory, and it is determined whether, at 
the instant of comparison of the first 
pair of pulses, the clock is fast or slow. 
If the clock is found to be fast, then it 
is retarded by an interval of 1 mS, or 
vice versa. This correction is performed 
automatically, and is completed before 
the next pair of pulses arrive for com 
parison. 
The 1 millisecond corrections con 

tinue to be applied in this manner at one 
second intervals until it is found that 
the observatory signal and the clock 
signal differ by less than ± 1.5 mS, 
when the examination ceases until the 
next correction check on the following 
day. 
Referring now to Fig. 1 it will be 

seen that the observatory line is con 
nected to a panel called the Timing 
Comparator which also receives the 
signals from the synchronising track of 
the clock. Associated with this panel 
are three others called Timing Corrector 
Nos. 1, 2 and 3. These collectively form 
a control circuit in the 50 c/s supply 
from the oscillator to the clock motor, 
and contain a phase shifting device 
which may introduce a phase shift of 
either sign and of predetermined magni 
tude. 
The sequence of operations which 

occurs when time correction is applied 
may now be described in greater detail. 
Shortly before the observatory transmits 
its time signals, a· series of cam operated 
contacts associated with the photocell 
carriages of the announcing machine pre 
pare the time correction apparatus for 
the check. When the first pulse arrives 
from the observatory, it passes through 
a circuit where its shape is modified and 
then into the Timing Comparator. At 
approximately the same time a similar 
signal is supplied by the clock. The two 
are compared, and if the clock is fast 
(or slow) by more than 1.5 mS, the 
"fast" (or "slow") relay of the Timing 
Comparator is operated and the informa 
tion is passed to the phase shifting device 
of Timing Corrector No. 1. This device 
then retards or advances the phase of 
the 50 c/s supply to the clock motor by 
an amount which corresponds to a 
change of 1 mS in the clock time. 
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Towards the end of this phase shifting 
operation a rest signal is sent to the 
Timing Comparator to prepare it for the 
arrival of the next pair of pulses. 
The whole of this detecting, correcting 

and resetting operation must of course 
take less than one second to complete. 
The process is repeated at one second 
intervals until the clock time is within 
± 1.5 mS of standard time. When 
this condition occurs both the "fast" and 
the "slow" relays of the Timing Com 
parator are operated, no phase shift 
takes place in Timing Corrector No. l 
and no reset signal is returned. The 
correction circuit is thus shut down 
until the next check is initiated. The 
amount of correction applied to the 
check is displayed on the Timing Correc 
tor No. 2 panel, and an alarm is given 
if a correction of more than 6 mS has 
been required. 
Alarm Circuits and Standby Facilities 
As described above there may be four 

sources of signals available for distribu 
tion to local telephone subscribers, i.e., 
two local clocks and two incoming lines 
from a distant installation. One of the 
local clocks is chosen as the working 
source: the other and the distant clocks 
are used as reserves. All four sources 
are linked by changeover contacts which 
will switch in a reserve source if the 
working source fails. This operation is 

,4 

controlled by the alarm circuits of the 
installation, and in particular by the pilot 
tone alarm system which will now be 
described. 
During the recording of the announc 

ing machine discs, a constant level tone 
of 3.2 kc/s has been superimposed on 
all the speech and "pip" tracks. Con 
sequently if the machine is working cor 
rectly this tone should be present con 
tinuously in the output signals. A "line 
amplifier and pilot tone alarm" panel is 
inserted in the line from each source. 
On this panel a low pass filter suppresses 
the tone and transmits the speech signals 
to the local distribution amplifiers while 
a band pass filter rejects the speech fre 
quencies and passes the tone to a detec 
tion alarm circuit. This system gives a 
complete safeguard against any fault 
which would cause the omission of part 
or all of an announcement (such as 
photocell, lamp, contact, or amplifier 
faults). 
There remains the possibility that a 

clock may be making announcements 
which are complete but incorrect. This 
may happen if through a fault condition 
the motor drive frequency changes, or 
if a photocell carriage is not stepped 
forward at the correct moment. 
It is unlikely that such faults would 

occur simultaneously on both the clocks 
of an installation and so a reliable 

13 6 7 

detection of this type of fault may be 
made by comparison of the two. 
The "disc out of step" alarm compares 

the timing _of the synchronising tracks of 
Disc 3 of the machines and so deter 
mines differences of drive frequency, 
while the "carriage out _of step" alarm 
gives an indication of differences of 
carriage position. Other alarm circuits 
are provided to give warning. of failure 
or excessive frequency drift of the oscil 
lators. 

Distribution of Announcements 
The speech and time signals of the. 

working clock are fed into two power 
amplifiers, one of which supplies the 
public network and the other acts as a 
reserve. An alarm circuit, which de 
tects change of gain, controls the 
changeover of the amplifiers if a fault 
should occur on the one connected for 
service. Since the amplifiers can be 
interchanged independently of the rest 
of the system, service can continue pro 
vided that any one amplifier and any 
one clock or distant source are func 
tioning. 
It is expected that a clock installation 

will be accommodated in an exchange 
building, but its location may be remote 
from the telephone apparatus room. To 
avoid loss of level in the junction, there 
fore, the designed load impedance of the 
power amplifier is 400 ohms, and a 

2 10 9 3 5 8 II 

15 16 
Fig. 3.-Plan view of announcing machine. 

17 
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transformer is provided, to be installed 
in the apparatus room, to step down to 
a 4 ohms load resistor across which the 
subscriber's relay sets are connected in 
parallel (the low value of 4 ohms for 
the load being employed to avoid level 
changes with varying load and to prevent 
cross . talk). 

Time Signal Generators 
Provided with each installation are 

two mechanisms (manufactured by Muir 
head & Co. Ltd., England) for produc 
ing civil and marine time signals. Each 
machine consists of a small synchronous 
motor which drives a series of cams 
through suitable gearing. Contacts are 
closed by the cams at the correct inter 
vals to control the signals transmitted. 
The machines are mounted on a single 
table between the clock announcing 
machines and are driven from the con 
trolled 50 c/s supplies which feed the 
clocks. Consequently each time-signal 
generator will continue to function in 
step with observatory time as Jong as 
its parent clock is in operation. 

Auxiliary Power Supply 
An auxiliary 200/250 V AC 50 c/s 

power supply is provided to ensure that 
service is maintained in the event of a 
mains failure. The equipment comprises 
two generators, driven by 50 V DC 
motors, and a switchboard. The work 
ing clock is normally run from the main 
supply and the standby clock from the 
first generator. The second generator is 
normally idle. If the mains should fail 
the standby clock is automatically 

brought into service and an alarm is 
given. The second generator may then 
be started up and used to supply the 
first clock (which now becomes the 
standby and which will of course require 
to be synchronised with the second 
clock before it can be used). It is 
important that the supply to the 100 kc/s 
oscillators should not be interrupted 
since this would cause a sudden and 
unpredictable change in the rating of 
the crystals. Consequently arrangements 
are made to switch the oscillator supplies 
automatically from the mains to genera 
tor and vice versa if one of these sup 
plies should be interrupted. 

Accuracy 
The ultimate accuracy of the time 

signals as received by a telephone sub 
scriber depends upon the following fac 
tors:- 

1. The precision of correction of the 
clock to conform with observatory 
time. 

2. The short term stability of the 
phonic motor. · 

3. The stability of the drive oscillator. 
4. The time delays in the distribution 

network and in the observatory line. 
Each clock is normally corrected once 

per day and immediately after the cor 
rection interval the time announced will 
be within ± 1.5 mS of standard observa 
tory time as received at the clock instal 
lation. The phonic motor driving the 
clock mechanism is subject to random 
angular variations arising from com 
pliance in both the electrical and the 
mechanical couplings. These variations 

THE INFORMATION THEORY 

*Fortune's editors invite the reader to 
a venture into an exciting area of scien 
tific thought. The accompanying article 
explains a new concept of information, 
pointing to communication systems of 
the future that will make present tele 
phone and television circuits look primi 
tive. While it is of immediate interest 
to engineers, the ·theocy has profound 
implications for all who handle informa 
tion-i.e., everyone. 

Great scientific theories, like great 
symphonies and great novels, are among 
man's proudest-and rarest-creations. 
What sets the scientific theory apart 
from and, in a sense, above the other 
creations is that it may profoundly and 
rapidly alter man's view of his world. 

In this century man's views, not to 
say his life, have already been deeply 
altered by such scientific insights as rela 
tivity theory and quantum theory. Within 
the last five years a new theory has 

,:,This paper has been reprinted from the 
December 1953 issue of "Fortune" by kind 
permission of the Editors of that Journal and 
Mr. Francis Bello. Acknowledgments are due 
a Isa to Rolf Klep for the diagrams in Figs. · 
1 to 5, and to Max Gschwind for the diagram 
Fig. 7. "Copyright TIME Inc. 1953." 

appeared that seems to bear some of the 
same hallmarks of greatness. The new 
theory, still almost unknown to the gen 
eral public, goes under either of two 
names: communication theory or in 
formation theory. Whether or not it 
will ultimately rank with the enduring 
great is a question now being resolved 
in a score of major laboratories here 
and abroad. 
The central teachings of the theory 

are directed at electrical engineers. It 
gives them, for the first time, a compre 
hensive understanding of their trade. It 
tells them how to measure the com 
modity they are called upon to transmit 
-the commodity called "information" 
and how to measure the efficiency of 
their machinery for transmitting it. Thus 
the theory applies directly to telegraph, 
telephone, radio, television, and radar 
systems; to electronic computers and to 
automatic controls for factories as well 
as for weapons. 

It may be no exaggeration to say that 
man's progress in peace, and security in 
war, depend more on fruitful applica 
tions of information theory than on 
physical demonstrations, either in bombs 
or in power plants, that Einstein's fam- 

give rise to an error which varies from 
instant to instant but does not exceed 
± 1 mS. Furthermore the drive oscil 
lator frequency is likely to drift by an 
amount not exceeding 2 mS per day. 
Consequently the accuracy of the clock 
signals is of the order of ± 2.5 mS 
immediately after correction or ± 4.5 
mS just before correction is applied. 

Added to these errors is that due to 
the time delay in the distribution net. 
work. This may amount to several mS 
per 100 miles, and is of course always 
tending to make the signals slow with 
respect to standard time. Delay in the 
line from the observatory to the clock 
has a similar effect. If the distribution 
network is considered as a whole, it 
may be desirable to minimise the average 
error in time signals by sending them 
from the clock in advance of true time. 
If, for instance, the delay to the furthest 
point of the network is 20 mS and the 
signals are sent 10 mS fast, then the 
error due to line delay at any point in 
the system will not exceed ± 10 mS. 
To make this compromise possible a 
series of "pip" tracks is provided on the 
"seconds" disc as previously described. 

Conclusion 
Throughout the design of the new 

Speaking Clock system, the first con 
sideration has been that of reliability of 
operation. It is confidently expected 
that these two installations will give the 
Australian Post Office the long and 
efficient service which their predecessors 
have rendered to Great Britain. 

FRANCIS BELLO 

ous equation works. As might be ex 
pected, military applications are coming 
first. For example: The recently dis 
closed "Distant Early Warning Line" of 
automatic radar stations, stretching from 
Alaska to Greenland, almost certainly 
incorporates more of the lessons of 
information theory than any other com 
munication system yet devised. The 
warning line was designed by the two 
organizations that should know more 
about the theory than anyone else: Mas 
sachusetts Institute of Technology (work 
ing through its Lincoln Laboratory) and 
Bell Telephone Laboratories. 

The theory has an unusual joint ori 
gin. To M.I.T.'s eminent mathematician, 
Norbert Wiener, goes the major credit 
for discovering the new continent and 
grasping its dimensions; to Claude Shan 
non of Bell Laboratories goes the credit 
for mapping the new territory in detail 
and charting some breath-taking peaks. 
Wiener's basic contribution was to re 
cognize that communication of informa 
tion is a problem in statistics, a view he 
first stated clearly in a secret World War 
II document that dealt with the problem 
of shooting down airplanes. He fol 
lowed this in 1948 with his now famous 


