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These licensed premises
[126-128 George Street] were built as a pair
of classical style houses, in c1785.They are
named after the inventor of the telephone,
who lived close by, at 9 Charlotte Square,

from 1870 until 1877

These premises were refurbished
by J.D.Wetherspoon
in May 2010.
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-standing telephone exchange made by Allmanna
efonaktiebolaget L. M. Ericsson, Stockholm c. 1920.

PMBX 2+4/6 manual telephone exchange, ¢.1930 B B A AR 2 B A L R sl
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®James Clerk MAXWELL, 1831-1909

> In 1860s~1870s, James Clerk Maxwell 2
HT4NMNER E@Ellaﬁéﬁh

Tae Basic EquaTions oF ELecTROMAGNETISM (MAXWELL's EQuaTions) *

Name Equation Describes Crucial Experiment

nd unlike charges attract, as
erse re of their separation.
1". A charge on ated conductor moves to its
outer surface.

Ga ussslaw l'or fB'(fS =0 | The magnetic field 2. It is impossible to create an isolated magnetic
nagnetis | pole.
e | i . .
Ampére’s law (as ex- _&f[i-dl The magnetic effect of a|3. T n purely
tended by Maxwell) iy changing electric field or bs.
= Moy fi‘ + pot [ u current 3 p 8 magnetic field near
¢
p ddby ‘ z 2
Faraday's law of in- §|‘,-dl = - I'he electrical effect of a 4. A bar magnet, Hll’u,\t through a closed loop of
ductmn dt

‘ changing magnetic field wire, will set up a current in the log

> 2004%E, 5EIEII§I’.‘I$=HL 11 ((%I_’ﬂ!ﬁ!)) o))
T—i&Eh: 3 %‘L_H:.'ﬂaLEEJ:Biﬁthlﬂ
’&:‘:\To gER, %ﬁ.ﬂﬁ%ﬁh&ﬁbr 35
BRI AT, s —EE. QigER
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Maxwell (1831-79) was Professor
of Natural Philosophy at King's
College London in the 1860s when he
brought magnetism, electricity and light
together in a unique and elegant system
of equations, paving the way for radio,
television, radar and mobile phones
He also demonstrated the world's first
colour photograph.
‘One scientific epoch ended and another
began with James Clerk Maxwell, wrote

Albert Einstein.
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HEINRICH HERTZ
1857 - 1894

, | DEUTSCHE BUNDESPOST |

@ Heinrich Rudolf Hertz, 1857-1894 .3

> 18884F, Heinrich Hertz#li& T — oK & RIETH
R

> iz 1894F LB A, REFEARI7S. BRE, #HuEMA
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Ocetwa hwthnhq antity

that oscillates in a light wave is

the Iectiﬂid r the magnetic

field, Hei hH rtz rtﬁ lly

prot oduc dw f differ

len gthf mth of i bl light
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Nobel Prize in Physics - 1909

WINNERS MOTIVATION FOR WINNING

Mobel Prize in Physics

"I ‘3“9"3"‘.‘“ _Marc:nm For their contributions to the development of wireless telegraphy.
A

:‘ Karl Ferdinand Braun . N .
i_ @ Nobel Prize in Physics For their contributions to the development of wireless telegraphy.
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The Communist Party of China
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ZRH (1910-1949 ) , #EMEA, =
HRER, 1930FESMAE, MBABREEL
BNEESREPRMGBERITIE, 3%,
BROIRE, 1948 FE 128 B #H. 194945
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Li Bai (1910-1949), born in Liuyang, Hunan, CPC
member. He Joined the Red Army in 1930. After the breakout
of the Anti-Japanese War, he worked in Shanghai in charge
of liaison between the local Party organization and the CPC
Central Committee. He was arrested three times but never
gave in. He was arrested again in December 1948 and
murdered in Shanghai on May 7, 1949.
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30, 1961)
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€ Edwin Armstrong (1890-1954)
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Alec ReevesFMIPCM

€ 1937FEEE B2 International
Standard Electric Company T{ER=E

T F2JfAlec Reeves(1902-1971)3k48 T Bk
MYRIEIRE], (PCM)BIEFI. PCMIFIES
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INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
320 PARK AVENUE
NEw YORK, N. Y. 10022

HAROLD S.GENEEN
CHAIRMAN AND PRESIDENT

July 14, 1969

Mr. Alec Reeves

Standard Telecommunication Laboratories Ltd.
STC House

190 Strand

London W.C, 2, England

Dear Mr. Reeves,

Congratulations on your receipt of the latest honor
for your pulse-code-modulation concept.

PCM is certainly revolutionizing the science of
communications and recognition of your contribution by

the CBE is well deserved,

Again, please accept my congratulations,
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€ Claude E. Shannon, 1916 — 24 February
> FERE
> ERI1L

& Z M E--A mathematical theory of
communication in 1948
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®Nyquist

> NquiSt$
& Hartley
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& \Wiener
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&®Kotelnikov

> REMFBEAT 4
€ Hammi ng
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€ Laser(Light Amplification by Stimulated Emission of Radiation) L
SLIS =AY Arthur Schawlow(May 5 1921 - Apr 28 1999)FACharles
Townes (1915- )% Ef

€ Ak, TownesFINikolai Basovld &z Aleksander Prokhorov4y= 7T 1964
FNobel¥I B3, z 5, Schawlow3£18 T 19814 Nobel4IE 3% .
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Infrared and Optical Masers

A L. ScEawrow ane C, H, Towwes*
Bell Telaphone Laboratorics, Murray Hilt, New Jersey
(Received August 26, 1958)

‘The extension of maser techniques to the infrared and optical region is considered. Xt is shown that by using
& résomant cavity of centimeter dimensions, having many resonant modes, maser oseillation at these wave-
lengths can be achieved by pumping with rezsonalle amounts of incoherant ight. For wavelengths manch
shorter than those of the ultraviclet region, maser-type amplification appears to be quite impractical.
Although use of a multimode eavity is supsested, a single mode may be selected by making only the end
walle highly reflecting, and defining a suitably smatl angular aperture. Then extremely monochromatic and
coLerent light is produced. The design principles are illustrated by reference to a system using potassinm

vapar.

INTRODUCTION

MPLITTERS and oscillators using saiomic and
molectlar processes, as do the various varieties
of masers,”™ may in principle be extended far beyond
the range of frequencies which have been penerated
electronically, and into the infrared, the optical region,
or beyond, Such techniques give the attractive promise
of coberent amplification at these high frequencies and
of generation of very monochromatic radiation. In the
infrared region in particular, the generation of reason-
ably intense and monochromatic radiation would allow
the possibility of spectroscopy. at very much higher
resolution than is now pessible. As mme attempts to
extend maser operation towards very short wavelengths,
2 number of new aspects and problems arise, which
require a quantitative reorientation of theoretical
discussions and considerable modification of the experi-
mental fechniques used, Our purpose is to discuss
theoretical aspects of maser-iike devices for wavelengths
considerably shorter than one centimeter, to cxamine
the short-wavelength limit for practical devices of this
Lype, and to outline desion considerations for an
example of & maser oscillator for producing radiaiion
in the infrared region. In the general discussion,
roughly reasonable values of design parameters will be
used, They will be justified later by more detailed
examination of one particular atomic system. :

* Permanent address: Columbia University, New Yok, New

ork.

+ Gordon, Zeiger, and Townes, Phys, Rev, 9%, 1264 (1935},

! Combrisson, Ienig, and Townes, Compt. rend. 242, 2451
{1956).

4 N.;Blnembergen, Phys. Rev. I, 329 {1956).

1E. Alais, Compt. rend. 245, 157 (1957).

CHARACTERISTICS OF MASERS FOR
MICROWAVE FREQUENCIES

For comparison, we shall consider first the character-
istics of masers operating in the normal microwave
range. Here an unstable ensemble of atomic or molecular
systems is introduced into a cavity which would
normally have one resonant mode near the frequency
which corresponds to radiative transitions of these
systems. In some cases, such an ensemble may be
located in a save guide rather than in a cavity but
again there would be characteristically one or # very
few meodes of propagation allowed by the wave guids in
the frequency range of interest. The condition of
oscillalion for » atomtic systems cxcited with random
phase and located in a cavity of appropriate frequency
nsay be written (gee references I and 2)

#z hVAu/ (4ru'Qo), {1}

where # is more precisely the difference #4-#, in number
of systems in the upper and lower states, ¥ is the
volume of the cavity, Av is the halfewidth of the
atomic resonance at half-maximum intensity, assuming
a Lorentzian line shape, g is the matrix element involved
in the transition, and (), is the quality factor of the
cavity,

The energy emitted by such a maser oscillator is
ustally in an extremely monochromatic wave, since
the energy produced by stimulated emission is very
much larger than that due to spontaneous emission or
to the normal background of thermal radiation, The
frequency range over which appreciable cnergy is
distributed is given approximately by!

Sr=4mkT{Av}%/ P, £2)

Reprinted with permission from Phps. Rev., vol, 112, pp. 1940-1849, Dag, 15, 1958,
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Integrated
circuit
inventor
honored 40
years later

BY HEIDI ELLIOTT

Kilby in 1958, the year he invented the
world's first integrated circuit while
working at Texas Instruments.

*Iwas very plea
It’sarealhonor.
Mostimpre
Jack Kilby,
Nobel Prize winner for the

invention of the integrated circuit

While working at Texas Instruments,
Kilby invented the integrated circuit in
1958, and he was a co-inventor of the
electronic handheld calculator in 1967.
Heis the recipient of two of the nation's
most prestiglous honors in sclence and
engineering-the National Medal of Sci-
ence and a member of the National
Inventors Hall of Fame.

NEWS

ize in Physics for
tion of the

ly ST million, with
v of the AF. Ic
hnical Institute, St
and Herbert Krocme
ity of Ca
Calif,, who we

part in the inv
the integr

Jack Kilby Inventod the Integrated clrcult at Toxas Instruments in 1958,
transistor and other components on a slice of geérmanium, Kilby’
Inchos in 5ize, revolutionized the electronics industry. The reots of alm
device today can be traced back to Dallas more than 40 years ago.

joimed Texas Instru-
T, having

n electr
Hhinois

strated the first elect
e

ic award when a
3 him early in the

urprised

The working heart of the first miniature calculator, invented at Texas In
was an integrated semiconductor circuit array that contained all the ne
performing addition, subtraction, multiplication, and division.

no idea ho

d. “Ihave noide Tho electronic handheld calculator was invontad at Toxas Instrumonts

Merryman, and James Van Tassel. Measuring 4-1/4 X 6-1/8 x 1-3/4 inch
minicalculator to have the high degree of computational power found
considorably larger machines.

Tdon't

css works or even if 40
vears (after an invention) is all that
unusual." =
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®Robert Elliot "Bob" Kahn
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What Is the main role of the transmitter in a communications system?

Please select the correct answer.

® To translate the information to a physical waveform

O To recover the information from a physical waveform

O To provide the medium over which the physical waveform travels

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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Suppose the response of a communication channel to the training sequence discussed in the lecture video
is given by

y(n) =6 + 22u(n — 1500) — 22u(n — 2000).

The response to the training sequence is used to determine a threshold for estimating the input bit.
Suppose that we receive an output sample with value 15, what would our estimate of the corresponding

input bit be?
1
0 <

The minimum value of the response to the training sequence is 6, and the maximum was 28. We can
decide whether the input bit was 0 or 1 by comparing to a threshold of (6+28)/2=11/.

Since the output has value 15, which is less than 17, we decode to a bit 0.

i B EdxM ki 78 25 IR FEA System View of Communications: From Signals o,
Packets (Part 1)
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Consider a system that uses 8-bit ASCIl codes to encode letters. How long will it take to transmit the bit
sequence encoding "Hello" (not including quotation marks) if we use a bit time of 5 samples per bit, and
transmit samples at a rate of TMHz?

sample rate Fy = 1MHz = 1 - 10%samples/second

Sample period T = {FS)_l —=1-10%second = 1ps
The bittime= SPB - T5 =5 - 1us = bus

The number of bits to encode "Hello" (5 characters)=8 - 5 = 40

The transmission time = number of bits - bittime =40 -5=200p s

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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Consider a communication system where the transmitter uses 0V to represent bit "0" and 1V to represent
bit "1". An example of a transmitted waveform is given in the following figure.

12

0.8 A

06 A

0.4 .

0 —a—a—G 9—G6—a

0o 2 4 & & 10 12 14 16
Assume that the first bit starts at sample 0 what is the largest possible bit time (in SPB) used in the
transmission?

Answer: 3

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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Consider the transmission of a binary sequence, for example "10010110" To increase the transmission data
rate, the bit time should be ?

Please select the correct answer.

® Shorter

' Longer

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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The figure below shows the transmitted and received signal levels corresponding to 20 bits transmitted over
a communication system with additive noise.
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Assume that bit decisions are made by comparing the received signal level with the threshold shown by the
green dashed line.

How many bit errors are made?

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)




EE SIS

1#/" South China University of Technology

There would be four hit errors: atindices 3, 8, 9, and 15.
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Based on the data shown in Question 1, estimate the bit error rate (BER) of the communication channel.
Express the BER as a ratio lying between 0 and 1.

There are four bit errors in the 20 samples.
4
BER = £ = 0.2

1% B Edx W ub 7E 28 B FEA System View of Communications: From Signals to
Packets (Part 1)
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\WS The figure below shows an example set of input and output bit streams from a binary channel. Use the data
in this figure to answer the four questions below.
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Estimate the bit error rate (BER) of this channel.

Out of the 20 bits, there are five bit errors. Thus, BER — % = 0.25

Estimate the probability the transmitter sends a 0 bit, P[IN = 0.

There are nine 0 bits in the input stream.

Thus, PIIN = 0] = 9/20 = 0.45

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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Estimate the probability of an error if a 0 bit is tranmitted, Peg.

Out of the nine transmitted Os, three are received as 1s.

Thus, Peg = 3/9 ~ 0.33

Estimate the probability of an error if a 1 bit is tranmitted, Py ?

QOut of the 11 transmitted 1s, two are received as 0s.

Thus, Py = 2/11 ~ 0.18

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)
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If we choose a longer bit time, which of the following statements about bit rate and bit error rate (BER) is
generally true ?

Please select the correct answer.
Bit rate increases; BER increases;
Bit rate increases; BER decreases:

Bit rate decreases; BER increases;

® Bit rate decreases; BER decreases;

Since bit rate = 1/(bit time), the longer the bit time, the lower the bit rate.

The longer the bit time, the more time the channel output has to cross the decision threshold, leading
to fewer bit errors.

1% B Edx W uh 7E 28 - FEA System View of Communications: From Signals to
Packets (Part 1)




The relationships between bit time and the bit rate/bit error rate for a hypc;éfﬁé
communication channel are shown in the graph below.

Bit rate and bit error rate of channel
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I EXPLANATION
o>~ =" The lowest bit time we can use and
Bit Tme (nicroseconds) still obtain a BER less than or equal to
If the maximum bit error rate we can 0.05% is 10 microseconds,
tolerate is 0.05%, estimate the maximum corresponding to a bit rate of
bit rate in Kbps that we can use for 100Kbps.
transmission.
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