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Speed of light quiz

1. What 1s the speed of light ?

2. What was the speed of light 100 years ago ?
3. What was the speed of light 200 years ago ?
4. What was the speed of light 300 years ago ?

5. What was the speed of light 2000 years ago ?



Augustus want news
”Cursus publicus”

Network of roads
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Speed of light:

0.5 to 1.85 m/s
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”Via Romana” = The links

Net result:
~160 km/day best case

~ 50 km/day typical




QoS and all that..

Packet loss:

Bandwidth:

Cost:
Uptime:

RTT (Rome to Trier):

Unspecified, but very low.

Undocumented, but significant.

The service was later split into ”fast” and
”slow” (aka ”cursus clabularis”), with the
slow service using pack-horses and ox-carts.
(Large amounts of gold transported.)
HUGE

Still in operation 500 years later.

3 weeks



Friend You Enemy

Distance >

SWT L




But I saw optical communication in a documentary ?!




Technical specification:

Network name: Beacons of Gondor

Distance: 300-400 km

Hops: 8

E2E delay: 120 seconds (in the documentary)
Packet size: 1 bit

Packet rate: 1 packet per day (est.)

Cost: ”Call us for a quote”



RFC 1149 ”IP over Avian Carriers”

Distance: Up to 1000 km/hop

Speed: 27 m/s (one direction)

Packet size: 1500 MTU conjectured



RFC 1149 ”IP over Avian Carriers”

Distance:

Speed:

Packet size:

Packet loss:

Up to 1000 km/hop
27 m/s (one direction)
1500 MTU conjectured

55% (actual measurement)




RFC 1149 ”IP over Avian Carriers”

Distance: Up to 1000 km/hop

Speed: 27 m/s (one direction)
Packet size: 1500 MTU conjectured
Packet loss: 55% (actual measurement)

Vulnerabilities: Interference (in spring)
Man-in-the-middle




Seriously:
Carrier pigeons have played a major role in history
Probably more than 3500 years old technology
Extensively used during WW-I
Serious downsides:

Primary: Need to transfer pigeons all the time

Secondary: Loss, interception, variable delay

But a LOT faster than anything else available.



And then..



And then..

..nothing happens for almost 1800 years



Chappe’s Optical Telegraph
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Chappe’s Optical Telegraph | | crille des signaux de

| correspondance
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Chappe’s Optical Telegraph

Transmission protocol: ”Codebook” has 92 pages with 92 words

1. TX idle1
2. RX idleT
3. TX page#
4. RX page#
5. TX idle2
6
Y
8
(

. RX idle2
. TX word#
. RX word#
goto 1)




Chappe’s Optical Telegraph

1793-07-12:

26km proof-of-concept transmission

1793-07-25:

Appointed National Telegraph Engineer

1793-08-04

Paris-Lille approved for construction



Chappe’s Optical Telegraph

Payload alphabet: 92 x 92 = 8464
Half duplex

Hop-by-hop error correction

50% duty-cycle (= Daylight)
Transmission rate (E2E): 2%h =

Only for ”official correspondence”




Chappe’s Optical Telegraph

Paris-Strasbourg: 2 hours
Speed of light: 52 m/s

Courier: 3..4 days

TGV-train today: 2 hours

O

Le réseau Chappe en France

Directions (date de création)
® 1793-1800
® 1800-1815

1815-1830

Aprés 1830
Lignes (date de création)
= 1793-1800
== 1800-1815

1815-1830

Aprés 1830



Chappe’s Optical Telegraph

First cyber-crime:
1834 Insider trading using Chappe’s Telegraph

Acquitted: No law made it illegal.



The electro(-magnetic) Telegraph

Invented 1in 1753, 1774, 1804, 1809, 1820 & 1837
Had to invent the parts first:

Electrochemical battery (1800, Volta)
Electromagnetism (1820, @rsted)
Electromagnet (1828, Henry)
Modulation (1837, Morse)

From there on it was just ”product development”



The electro(-magnetic) Telegraph

1842 - demo between two rooms at Capitol Hill

1843 - $30000 for WDC-Baltimore (61km)

1844 - Jaw-dropping demo of the new line (= election result)
1850 - almost 20.000 km telegraph-lines in operation

1861 - 1st SF-WDC telegram, tx 19:40, rx 11:30, ¢ = 69 m/s
1861..5 - Telegraph instrumental in US Civil War (I)

Lincoln often waited for news in the telegraph office.






The electro(-magnetic) Telegraph
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The electro(-magnetic) Telegraph - The Danish Connection

Great Northern
1894

Granted monopoly
on telegraphy in
Russia.

(Danish export of
Zarinas)




The electro(-magnetic) Telegraph

And it’s all manual..




Skipping a LOT of interesting stuff here..
Material Technology
Electromagnetics
Polymer Chemistry
Transmission-Line theory
Longitudes & Timezones

Geophysics

Trains

..and how one constructs a telegraph line across Siberia
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T AND NOW FOR SOMETHING
COMPLETELY DIFFERENT.




There’s this thing called ”Governments”..

* Cursus Publicus - Strictly for Government Business
* Chappes Telegraph - Official business only

* All countries censored cross-border mails and goods
* All countries spied on each other

*x Diplomatic Correspondence encrypted (& broken)

* In many countries: Encryption banned by law.



How governments work

"International Telecommunication Union” in 1865
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Telegraphy as a Threat To National Security

Domestic telegraphy: Go for 1t! Century of the fruitbat &c.
Cross-border traffic: Some Terms & Conditions apply
Typically two rules for international telegraphy:

* All telegrams must be recorded

* No secret codes allowed




Non-secret codes ?

Telegrams were priced ”per word”

Spot the loophole(s) ?



Non-secret codes ?

Telegrams were priced ”per word”
Spot the loophole(s) ?

Use UNICODE !



UNIVERSAL TELEGRAPHIC PHRASE-BOOK. 1

Bank rate has been reduced — .
4 per cent.
4 per cent.
——— § per cent.
1 per cent.

Bankruptcy petition has been filed by —. .
Bankruptcy proceedings have been taken
against — . . . .
Bills. (Refer to ACCEPTANCE.)
Bills of Lading are not yet made out
Bilis of Lading are sent by this mail .
Bills of Lading have not been endorsed
Biils of Lading will be sent by next mail .
Have you sent Bills of Lading .
How are Bills of Lading forwarded
How are Bills of Lading made out
Send Biils of Lading immediately

Amellus
Amentia
Amerina
Amicitia
Amiculum

Amissio

Ammium

Ammonis
Amnicola
Amolior
Amomis
Ampelos
Amphors
Amplio
Amplius

(Births)—Confined this morning, Boy, both—

doing well . .

Confined this morning, Boy, dea.d Mother
well . .

"Confined this morning, Gzrl both domg
well .

Confined ‘this morning, G’zrl dewd Mother
well .

Confined to-day, Baby dea.d Mother fau'ly
well .

Confined to-day, Baby dea,d Mother weak

Confined to-day, Baby dead, Mother very
weak . .

Confined to-day, Baby dea.d Mother fa.u'ly
well, will telegraph again . ..

Ampulla
Amputo
Amuletum
Amusium

Amussis
Amygdala

Amylon

. Amystis

12 “ UNIOODE” :

Confined to-day, Baby dead, Mother weak,
will telegraph again .

Confined to-day, Baby dead, Mother very
weak, will telegraph again

Confined to-day, Twins, both doys, all well

__——Confined to-day, Twins, both girls, all well .
Confined to-day, Twins, boy and giri,all well
Confined to-day, Twins, one alive, a boy,

Mother well.
Confined to-day, ZTwins, one ahve, a boy,
Mother weak . .

Confined to-day, Tmm, one ahve, a boy,

Mother not expected to live .
~Confined to-day, Twins, one alive, a ysrl

Mother well .

Confined to-day, Zwens, one a.hve, a yzrl
Mother weak

Confined to-day, Zwins, one ahve, a yzrl
Mother not expected to live .

Confined to-day, Twins,both dead, Mother well

Confined to-day, Zwins, both dead, Mother
weak . .

Confined to-day, Twm.r, both dead, Mother
not expected to live . .

Confined yesterday, Boy, both domg we]l

Confined yesterday, Boy, dead, Mother well.

Confined yesterday, Boy, dead, Mother
fairly well . . .

Confined yesterday, GirZ, both domg well

Confined yesterday, Gir/, dead, Mother
well .

Confined yesterday, Gzrl dead Mother fau'ly
well

Confined yesterday, Twms, both boya, a.ll well

Confined yesterday, Twms, both giris, all
well .. . . . .

Anatinus
Anceps
Ancilium
Ancilla
Ancon
Andabata
Andron
Anellus
Anemone

Anethum
Angina,
Anguifer
Anguinus
Anguipes
Anguis
Angulus

Angustia,
Anhelo

Anicetum

Aniciana
Anilis

UNIVERSAL TELEGRAPHIC PHRASE-BOOK. 13

Confined yesterday, Twzm, boy and yzrl all
well

Confined yes’wrday, Tmns, one a.hve, a bay,
Mother well. .

Confined yesterday, Twma, one a.hve, a bqy,
Mother weak

Confined yesterday, Twme one ahve, a boy,
Mother not expected to live .

Confined yesterday, Zwens, one alive, a yzrl
Mother well .

Confined yesterday, Twms, one ahve, a yzrl
Mother weak

Confined yesterday, Twma, one allve, a gtrl
Mother not expected to live .

Confined yesterday, Twins, both dead, Mother
well . . . . . .

Confined yesterday, Twins, both dead, Mother
weak .

Confined yesterday, Twzm, both dead Mother
not expected to live . .

Book is not yet published .
Book is not published by us
Book is out of prlnt . .
The published price of the 6aok is— . .
Book will be published about —
Last edition of &ook completely sold out
New edition of dook will be ready —

Bring home or order from— .
Bring home or order from the Stores —
Bring home or send at once — . . e
Bring home with you — . . . .
Bring home with you from — . . .
Bring home with you from the Stores — .

Animaitio
Animor
Animosus
Anisum
Annalis
Annavigo
Annexue
Annifer
Annong

Annosus

Annumero
Annuntio
Anodyns
Anonium
Anormis
Ansatus
Anteago

Antecedo
Antefero
Antenna,
Antepono
Antequam
Antesto



Telecommunication in WW-I

1914: UK cuts Germany’s Cable to USA

) ted 1
as reported in GERMAN CABLE CUT

an Australian news-

paper, via telegram: *TELEGR‘P?HGALLY ISOLATED

NEW YORK, August 5, 3.35 p.m.
The German-American cable has been
| cut eastward of the Azores, presumably
by British warshi This act isolates
Germany from cable intercourse except
t&:jr:ngh channels controlled by Great Bri-




Telecommunication in WW-I

1917: UK intercepts

”The Zimmerman Telegram”. &
. g
Breaks encryption. %

”Suggest Mexico attack
USA, Germany promises [ e o
to help.” e

UK leaks to USA via CA

USA forced/dragged into WW-I on UK’s side.



(Skipping a couple of wars here)



The TelCo networks are connection-oriented

- Not optimal for load-balancing
- Exponential growth in traffic | W
- 1962: T1 digital transmission

- 1977 50mm wave-guide @ 100 GHz

- Space, not time, multiplexing




The TelCo networks are connection-oriented

- An obvious bad choice in a nuclear war

Rante Man i from the Rell Svstem Technical Journal



The TelCo solution: Underground telephone switches

No, not the bunker: Just the ventilation for the bunker
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The TelCo solution: Underground telephone switches

No, not the bunker: Just the ventilation for the bunker
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Progress in TelCo land

Phone Switch

Transmission

Analog Analog Analog
Analog Analog Digital
Analog Digital Digital

Digital Digital Digital

DN = Digital Network

IDN = Intelligent Digital Network

”: N”

”:IDN”

?=TSDN”

ISDN = Intelligent Services Digital Network

ISDN fra "fedsel" til nu

Fremtiden
Udgangen af 1993

EuroISDN 1993
2. Januar 1992 Kom-
s S,',‘;;- 1992 f merciel ISDN i Danmark

og NISDN-1iUSA | 1991
1990

1989 ISDN-MOU

1988 CCITT "Bla bager”
og ETSI etableres

1988 Kommercielle ISDN
&bnes i Europa

1986 EF's henstilling om
koordineret indferelse af
ISDN i Europa

1984 CCITT "Rede bager"
l.-serien (456 sider)

1985 ISDN-pilotnet
&bnes i Europa

1982 ISDN-forseg indledes
i Europa

1980 CCITT "Gule beger"
G.705 (1side) 1980

)

28. t;:’ver;lber 1972 ISDN
optreader ferste gang i et
officielt arbejdspapir i CCITT 1972

Junl 1971 Begrebst ISDN | 1971
nasvnes ferste gang | CCITT




ISDN: Also (planning on) doing the hard bits

[ will pay for the
rest of our call

Y

T0207140-98

Case C: Reverse charging for the entire call requested by the called party during the active
phase of the call



ISDN: Also (planning on) doing the hard bits
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Jan 15th 1990

UPI Archives
AT&T service disrupted nationwide
By CLIFFORD J. LEVY

NEW YORK -- American Telephone & Telegraph Co. long-distance
service was disrupted nationwide Monday by a computer problem
that triggered a false circuit overload signal and blocked
most customers from phoning out of their local calling areas.

Service was crippled about 2:20 p.m. EST, [..]

[..] by 7 p.m. EST, about half of all calls attempted were
going through [..]


https://www.upi.com/Archives/
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The packet-switching idea
ARPANET LOGICAL MAP, MARCH 1977
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(PLEASE NOTE THAT WHILE THIS MAP SHOWS THE HOST POPULATION OF THE NETWORK ACCORDING TO THE BEST
INFORMATION OBTAINABLE, MO CLAIM CAN BE MADE FOR (TS ACCURACT )

NAMES SHOWN ARE IMP NAMES, NOT INECESSARILY ) HOST NAMES



Northern + Western - The first Internet ?

Two independent routes from Asia to Europa

Same price
Often also same office

Same on-wire modulation

Same message format Come visit Datamuseum.dk

New exhibition: The Modem-Age.
1st sunday each month.

Groups by appointment.
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