
A larae-scale Web-based 
virtual osci I loscope 
laboratory experiment 
by C. C. KO, Ben M. Chen, S. H. Chen, 
V. Ramakrishnan, R. Chen, S. Y Hu and 
Y Zhuang, 
V L A B ,  a pilot Web-based virtual laboratory on an oscilloscope experiment, has been developed and 
launched for over 1 OOOJirst year undevgraduate engineering students in the Faculty o f  Engineering at the 
National University of Singapore (NUS) .  Rather than simulating the oscilloscope display on the client as 
is often done in other virtual laboratories, the system uses real-time video capture Ofthe actual oscilloscope 
display. In addition, the use ofthe mouse to turn the control buttons and knobs Ofthe instrument has been 
implemented so that a more realistic feel of the instrument is provided. Since its launch, V L A B  has in 
general received positive feedback from numerous users and can be accessed fvom 
http: / /dab. ee. nus. edu .sg/vlab. 

se of the Internet has been expanding 
exponentially; it is now extensively used as a 
connectivity and reference tool for commer- 
cial, personal and educational purposes. In 

particular, the Internet provides many new learning 
paradgms, including distance and group learning. 
More recently, the technology has even extended into 
the realm of conducting laboratory experiments at any 

matrix assembly Java applet. These virtual laboratories 
provide instrument simulators, which can be a 
powerful auxlliary didactic tool to give students a basic 
idea of the instruments, their control and operation. 

Reference 5 describes some laboratory experiments 
that can be run remotely via a Web interface. This type 
oflaboratory is well suited for &stance learning, where 
students may not be physically on campus. Parameters 

time and from any location 
through the Internet. 

A university distance teachmg 
system that provides lessons, 
seminars and tutoring has been 
operating at the Politecnico di 
Milano',* for a few years. A 
virtual classroom3 w h c h  uses 
HTML (HyperText Markup 
Language) and HTTP (Hyper- 
Text Transport Protocol) to 
introduce the capabilities of 
VHDL (Very large scale inte- 
grated Hardware Description 
Language) tools has been 
constructed at the University 
of Erlangen-Nuremberg. The 
interactive and computational 
capabihties of the Java language 
have been demonstrated in 
Reference 4 using a simple Fig. 1 Laboratory set-up of the oscilloscope experiment 
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Fig. 2 One-user interface of 
VLAB on the client side 

2 7  min Lett 

J 
In this experiment, the oscilloscope (scope) is used tu monitor an internal calibration signal and the signal 
generator output (with a dc offset created by a battery). Ta rany aut the experiment, p e l f "  the foU+ 
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can be set on the Web, and a sofnvare inteifice converts 
these parameters to a form that is accepted by the local 
computer running the expel-inient. Atiil xid Molly' 
developed the soft\vare for 'Second best t o  being there', 
a distance-learning npplic;itioii thnt ,illows ;I remotely 
located user to conduct esperiiiieiits i n  the <:ontrol 
Engineering Laboratory a t  Oregon State University. 
This permits the experinientc to be run via the W W W  
(World Wide Web). Access requires only ;i basic Web 
browser that runs Java a n d  is possible fi-om most 
computer platforms. A robot esperiment was 
developed for the demonstration. The Bytronic 
Process Control unit", referred to as the process rig in 
the Process Control and Automation Laboratory at 
Case Western Reserve University, can be accessed 
remotely via the Internet. Using a Web browser, the 
user can log on and post the parameters from a reniote 
client to a LabVIEW (Laboratory Virtual Instrument 
Engineering Workbench, a program fi-om National 
Instruments'.') Web server that is connected to a 
process rig via a PLC (programinable logic control) 
module. The image is generated by a program and 
refreshed using server push technolog. 

In this paper, we present an approach to controlling 
real instrunients remotely and describe a remote 
oscilloscope experimentation system, VLAB, devel- 
oped using this approach. LabVIEW as well as WWW 
techniques such as CGI (Common Gateway Interface), 
JavaScript and HTML were used. Users only need 
a graphical browser which supports JavaScript to 
conduct and monitor the experiment reniotely. User- 
friendly interfaces have been built and a video server is 
being used to broadcast live what happens in the real 
laboratory. VLAB',"' was launched in March 1999, and 
is part of a compulsory experimentation course for the 
more than 1000 first year undergraduate engineering 
students in the Faculty of Engineering at the National 
University of Singapore (NUS). I t  realises an interactive 
learning environment in which engineering students 

can control an oscilloscope and signal generator 
thro~igli the Internet to make real nieasurements from 
;I reniote site 24 hours a day. 

The oscilloscope and signal generator in VLAU are 
coiinectcd t o  a set of I C s  through the GPIU (General 
I'iirpose Intcrhce Bus). A video camera in the 
lnboratory is used to allow the remote users to view the 
oscilloscope display. VLAB resides in a World Wide 
Web site maintained by our research group and the 
UI\L (Uniform k s o u r c e  Location) is http://vlab. 
ee.nLis.edu.sg/vlab. Fig. 1 shows a photograph of the 
physical experimental set-up in the laboratory. 

We recocpise that no simulation system will provide 
the came feel as conducting experiments in an actual 
laboratory. Compared with the virtual laboratories 
described in References 1-4, VLAB allows the student 
to work on real instruments and to conduct the 
experiment without simulating instruments. We have 
focused on developing a general methodology for 
making GPIB-based instruments accessible remotely. 
To achieve the aim of creating an environment in 
which students can gain the same experience as in a 
traditional laboratory, 'knobs' and 'controls' have been 
made as realistic as possible. Specifically, rather than 
simulating the oscilloscope display, VLAB carries out 
real-time video capture of the actual oscilloscope 
display and sends it to remote users. 

,. 

(. 

The user interface 

A remote laboratory for an oscilloscope experiment 
should have a realistic and user-friendly interface 
through which users can control the real instruments. 
One  important consideration is that if the user sees a 
non-realistic interface, an impression will be created 
that the experiment is not easy to conduct and this will 
have a negative effect on using the virtual laboratory as 
a teaching tool. 

The graphic interface ofVLAB on the client side is 
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implemented using JavaScript” and HTML”. Fig. 2 
shows the front panels of the oscilloscope and signal 
generator, the two main instruments in the laboratory. 
In the case Illustated, the two instruments are used to 
make measurements on an RC circuit. The experi- 
ment is set up by ‘dragging’ various leads and cables to 
connect relevant points of the circuit to the two 
instruments. This is done so as to create a realistic 
impression of the connections that have to be made in 
an actual experiment. 

The main functions and features of the user interface 
are summarised below: 

The front panels of the oscilloscope and signal 
generator, the circuit and the connectors are imple- 
mented in a graphical manner. 
As shown at the top left of Fig. 2,  a real-time video 
window on the oscilloscope display has been 
implemented. Rather than simulating the oscillo- 
scope display on the client as is often done in other 
virtual laboratories, real-time video capture of the 
actual oscilloscope screen is carried out. 
Control buttons and knobs can be turned by 
dragging the mouse. This provides a more realistic 
feel to operating the instrument. For example, 
frequency can be changed by simply positioning the 
mouse inside the ‘FILEQ’ knob and dragging the 
knob in a circular nianner. 
The user interface is designed to work logically. 
For example, in carrying out the experiment, the 
students have to connect the circuit to the oscillo- 
scope and to the signal generator. (As shown in 
Fig. 2, this connection is pelformed by dragging the 
coaxial connector to the Channel INPUT and by 
dragging the clip near the sigma1 generator to the 
signal generator terninal.) If the circuit is not 
connected correctly, the oscilloscope will not show 
the desired display. 

An online operating manual on experimental 
procedure has been developed, as shown at the 
bottom of Fig. 2. This enables students to grasp 
quickly key concepts and knowledge in a ‘learn by 
seeing and doing’ manner. 
A clock at the top right of the user interface keeps 
the user informed of the time remaining before 
VLAB logs the user out of the system. Each user is 
allocated 30 minutes after gaining access. 
The important Web pages that control the real 
instruments are protected by VLAB and only 
authorised users can access these pages. 

A typical session 

This section describes briefly a typical session for 
conducting the remote oscilloscope experiment using 
the interface described in the last section. The VLAB 
experiment comprises four parts: ‘Basic functions 
and controls’, ‘Measurement of phase’, ‘Frequency 
response ofLP (low pass) filter’, and ‘Response ofseries 
RC circuit to square-wave input’. 

A typical VLAB session consists of the following 
steps: 

Activate a Web browser, access the VLAB home 
pas‘ and click the ‘Laboratory’ button. 
An introduction page will appear. Before conduct- 
ing the actual experiment, the user can view various 
Web pages related to the experiment by clicking the 
links provided on the left. Fig. 3 shows a web page 
on the functionality of the oscilloscope. The aim 
of these Web pages is to give some preliminary 
inforniation to the user on VLAB, the experiment 
and the various instruments involved. 
After gaining some familiarity with the experiment, 
the user can click ‘Conduct Expt’ to conduct the 
actual experiment under VLAB. A logon page 

.. 

Fig. 3 
functionality of the oscilloscope 

A Web page on the 
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requesting the user to provide the username and 
password for a~ithentication will follow. If the user 
does not have an account, they can still log on using 
the guest account with the username ‘guest’ and the 
pass\\roi-d ‘n;elconie’. The p e s t  xcount  has the 
same prildeges as  an authorised user account except 
for the ability to log all interactions i n  the laboratory 
session (this ieatui-e is ~i~efii l  to the st~ideiit if they 
wish to repeat the experiment a t  a later time). After 
the user has been authenticated, a11 internal session 
ID is Si-anted by VLAU. 
Afcer nuthentication, the user can select one of the 
4 parts of the experiment. The I-elevant inteifice 
page for contiwlling the real instruments will then 
appeal-. 
The urer can no\\; conduct the actual expel-inient 
remotely follo\ving the online manual on proce- 
dures ,und obtain results through real-tinie video 
feedback . 
The cessioii cui1 be teriiiinnted by the user at any 
time or aftei- ‘1 defLiult time limit of 30 minutes for 
conducting the experiment has been I-eached. A 
clock. ,it the top I-ight ofthe user inteifkx. keeps the 
uscl- iiihriiicd ofthc tiiiic i-ciii~iiiing. Afier the user 
h,ir logged otl-oi- the jession Iinr becn termiiinted, all 

Hardware and software structures 

Hdl’dl lk7l’c .it 1.1 ( ( -1 I l l ’? ’  

Fig. 4 gives J block di:igr~iii of the iiiain Iiard\\;ai-e 
sti-uct~re and conipo~~c~i t s  in VLAU. The various 
hard\\rare subsv~tems a]-e: 

A I T  serving as the iiistr~iiiient controller and 
equipped with a GPIE inteifice card and an 

Ethernet card. This is connected to the Internet 
through the NUSNET-111” network in NUS. 
(NUSNET-I11 is a campus-wide network which 
interconnects 104 depai-tments in 90 building and 
covers a campus area of 150 hectares. It serves a 
population of 24 000 students, and 2700 acadenlic, 
reseal-ch and administrative staff ” m i - s . )  The 
insti-~iiiient controller receives the command string 
for instrument control fi-om the WWW server 
through a TCPAP channel. Thus, in addition to 
being used as an instrument controller, it represents 
the servet- side of the coiiimunication with the 
W W W  server (which represents the client side in 
this scenario). 
The pi-ogrammable instruments, namely the 
oscilloscope and the signal generator, nl-e connected 
to the controller I’C through a GI’IB card and a 
C;I’IU cable. The GPIB cnrd can also be connected 
to other iiistruinents which support the SCPI 
(Standard Commands for I+ogrammable Instru- 
ments) command str~ctiires defined in IEEE488.2“. 
A niaximum of 15 device loads can be connected to 
CY> ch h i s ,  \vi th I i o I i 1 orc tlim i two-th i rds powcrtd 

A iral-tiiiie video sei-ver en;ibles v i s i d  feedback 011 

\ \ h i t  is hnppening i n  the i r d  laboratory. A 
inonochrome cnmera coiinected to this video server 
pi-ovides the visual feedback. 
A W W W  server hosts the Web site of VLAB. 

0 1 1 .  

SC!filI’O IY, s t I’I I rt r I 19’ 

The software structure of VLAU is shown in Fig. 5. 
O n  the server side of our realisation, VLAB conti-01s 
the local insti-uments, hosts the Web site, and provides 
video feedback. Local instriini~nt contol is imple- - 
mented using LabVIEW, while the WWW server is 

\ 
client 

i 

0 
Web server 

PC for GPlB 
controlling interface 
instrument 

\ Internet \ i 

* 
video server 

client 

oscilloscope 

tJ 
camera 

Fig. 4 Hardware structure of VLAB 
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Client side 
user interface (for the experiments) 

CGI program for user 
authentication 

Internet 

Instruments 

Client side Video Server 
user interface Predefined process for 

capture of live video 
and pushing to the B 

Instruments control PC 

LabVlEW 
environment 

Program for 
oscilloscope control 

and program for 

control 

implemented using a I’C running IXed Hat Linus 5.2 
\vir11 the niSQL d n t h s e  fi-0111 Hughcs 1i.cIii~ologies 
;iiid the Apache HTTI’ Server. A video server is usecl 
to provide users with video feedback. For platform 
independence and ease of setting up the system, 
InetCAM”, which does not require any plug-ins, has 
been chosen as the video server. The live video 
captured by the camera is pushed by the InetCAM 
program to the client’s IP (Internet Protocol) address 
obtained when a client places a request with the video 
server. The client program \vi11 run optimally in the 
environment provided by Netscape Communicator 
4.0 or later versions. 

I!r/p/f/J/Cf/fdfiOI/ c ! f / O C n /  i / / S f f ’ f ~ l J l f / I f  LO/ / f f ’O /  f f 5 ‘ i l l ~ ~  

Lnb I4E I.v 
LabVIEW i.x has been chosen to implement local 

instrument control. This is a powerful instrumentation 
nnd analysis pi-ogramnlmg 
environment for PCs run- 
ning Microsoft Windows 95 
and various other operating 
systems. A graphical prog- 
ramming language called G 
enables programming in a 
block diagram manner and 
subsequent compilation into 
machine code. 

LabVIEW integrates data 
acquisition, analysis, and 
presentation in one system. 
For acquiring data and 
controlling instruments, 

GPIB, including VISA 
(Virtual Instrument Software 
Architecture) functions, as 

LabVIEW supports RS-232, 

Fig. 5 Software 
structure of 
VLAB 

well as plug-in IlAQ (Ilata Acquisition) boards. 
(:oniiii;inds for niodifyiiig settings o r  initiating 

spccific actions are sent to prograniniable instruments 
through the GI’IL3 interface. Based on the GPIB port 
number assigned to the instrunlent, the coiiimands 
are transferred through the CHI3 card and cable to 
the corresponding instrument, which interprets the 

typical coniniaiids for controlling the oscilloscope’” are 
described in Table 1 and those for controlling the signal 
generator” are described in Table 2. 

Irripkvir err ~ntior r qf r e / m  te ir ir tvurir er I t CO ntvol th ror g h  the 
Ii I t u /  let 

CGI and T C P  (Transmission Control Protocol) have 
been selected as the methods of communication 
between the client PC and the WWW server, and also 
between the WWW server and the controller PC. 

coniniands and takes appropriate actions. Some L. 

Table 1: Commands for oscilloscope 

Action Mnemonic Value delimiter 

Turns the specified channel X = the number of the channel 
display on and selects channel 
Turns the specified channel X =the number of the channel 
display off 
Sets the vertical gain of the X =the number of the channel 
specified channel <NR3> is the gain, in volts 

per division 

Sets the vertical position of the Ch<X>:Postion<NRSz X = the number of the channel 
specified channel <NR3> =the desired position 

Sets the time per division for H0Rizontal:SCALE <NR3> = the time per division 
the main time base <NR3> 

Positions the waveform H0Rizontal:Postion <NR3> = the desired position 
horizontally on the display <NR3> 

Establish AC I DC I GND ChcXxcoupling AC 
coupling on the specified Ch<X>:coupling DC AC = AC coupling 
channel Ch<X>:coupling GND DC = DC coupling 

select:ch<X> on 

select:ch<Xz off 

Ch<X>:SCALEcNR3> 

X = the number of the channel 

GND = ground 
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Table 2: Commands for signal generator 

Action 

Set frequency 

Set amplitude 

Select sine waveform 

Select square waveform 

Enable output 

Disable output 

Mnemonic 

FRQ 

AMP 

w1 

w3 

DO 
D1 

Value delimiter 

MZ = millihertz 
HZ = hertz 
KHZ = kilohertz 
MHZ = megahertz 

MV = millivolts 
v = volts 

CGI is a standard for setting up interaction between 
external applications and information servers, such as 
WWW servers. CGI programming involves designing 
and writing program that are usually invoked from 
HTML forms on Web pages. The HTML form has 
become a popular method for sending data across the 
nenvork because of the ease of setting up the user 
interface using HTML ‘form’ and ‘input’ tags. 

LabVIEW supports network conmiunication proto- 
cols, such ns TCP and UIII’ (User Datagram Protocol), 
implemeiited in the form of Virtual Instruments’ sub 
VIS. LabVIEW uqes the following VIS to communicate 
through the Internet: 

The TCP Lisreri.ui: This VI waits for an incoming 
TCP connection request. It  also returns a connec- 
tion ID when the TCP connection is created. 
The TCP Rcod.ui: This VI receives a specified niaxi- 
niuni number of bytes to read from the specified 
TCP connection. 
The TC1’ Write.ui: This VI writes the string data to 
the specified TCP connection. 
The TCP Close Connection.ui: This VI is used to 
release the TCP connection. 

In our implementation, the WWW server accepts the 
parameters fi-om the client and then passes these 
parameters to a CGI program (server.pl coded in Perl). 
The CGI program deternines whether the entered 
parameters are acceptable or not. If the parameters are 
not acceptable, the CGI program sends error messages 
back to the client. If the parameters are acceptable, 

Fig. 6 Double client-server 
structure 

the CGI program establishes a TCP connection 
with the instrument controller to conmunicate with 
a LabVIEW program (1istener.ui) and passes it the 
parameters. This LabVIEW program invokes a local 
instrument control program (coded in LabVIEW G), 
which commands the attached instruments via the 
GPIB interface. After this, the T C P  connection 
between the instrument controller and the WWW 
server is released. This is a ‘double client-server’ 
implementation. 

Such an architecture was chosen for security reasons. 
If the conlmands were sent to the instruments directly, 
more than one user could control the real instruments 
simultaneously and this would lead to a chaotic 
situation. Additionally, before the request reaches the 
controller PC, the system has to be assured that the 
request is authorised. Therefore, a method to enable 
indirect communication between the client browser 
and the instrument controller had to be developed. As 
can be seen from Figs, 4 and 5, VLAB involves CGI 
programs running on the WWW server, instruments 
attached to the instrument controller, and a CGI 
inteifnce for communication between the client 
browser and the WWW server. For indirect coiiiinii- 
nication between the browser and the instrument 
controller, VLAB includes a program developed to 
provide connectivity between the CGI program on the 
WWW server and the LabVIEW program on the 
instrument controller. 

Fig. 6 depicts the double client-server structure, 
which enables interaction between the client browser 
and the instrument controller. As shown, server.pl 
located on the WWW server acts as a server for the 
client browser and represents the first client-server 
structure, while 1isterner.vi located on the instrument . 
controller acts as a server for server.pl. This double 
clientserver structure prevents access conflict, guaran- 
tees the security of VLAB and ensures that only one 
user can control the instruments remotely at one time. 
This method of remote instrument control can be 
generalised to implement the Web-based control ofany 
GPIB-based instrument. 

, . 

Authentication in VLAB 
In order to guarantee that only one user has active 

client PC WWW server controller PC equipment 
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control of the experiment at any time 
and that only authorised users can access 
VLAl3, use; authentication has been 
implemented. The program for user 
authentication is coded in Per1 and 
consists of four basic blocks, as depicted 
in Fig. 7. The login block is concerned 
with accepting user input (from the 
client) and brealung up the input data 
into field name-value pairs. The session 
manager performs the function of 
verift-ing the user name and password 
(which are obtained from the login 
block). This block also indicates to the 
login block an access grant or denial 
by sending it appropriate data. Another 
function performed by this block is 
the setting of the internal session ID 
(by writing a record into a data file 

71 - login and 
password 

I 

check 

controller 

I session I 
a 

Fig. 7 Server side authentication 

indicating that a user has logged on). The session 
manager also logs all the client’s interactions during the 
experimental session. Logging helps in maintaining a 
record of the students’ day-to-day laboratory work. 
This feature is usefbl for reconducting the experiment. 
The controller block prevents user access conflict by 
checlung with the session manager whether a user has 
logged on. The controller block is requested by the 
program (referred to as the ‘Laboratory Manager’ in 
Fig. 7 )  implementing communication between the 
instrument controller and the wv(nxI server to return 
the amount of time the user has spent in accessing the 
laboratory. If this exceeds 30 minutes, the laboratory 
manager sends a ‘terminate access’ request to the 
session manager. The latter logs the user out and the 
session is terminated. 

Future applications 

Currently, VLAl3 can be accessed from http:// 
vlab. ee. nus. edu. sg/vlab. Based on the methodology 
developed, other virtual laboratories and similar 
applications are currently being developed. These 
include a ‘DC Motor Control’ experiment on the 
computer-based control of a DC motor, a voltage- 
controllable electromechanical system; and a ‘Flow 
and Pressure Measurement’ industrial control experi- 
ment. In the latter experiment, a ‘Flow Measurement 
Test Bed’ can be connected to a PC via the AD/DA 
card. The output of the test bed can be sampled 
by an oscilloscope and transmitted to the student 
and a camera can enable the students to view what 
is happening on-site as well as the oscilloscope 
display. 

Further research and development work is being 
carried out on the video server system in V L B .  This, 
as mentioned earlier, enables the user to view real- 
time video on the experiment through the Internet. 
Because of the high network bandwidth required, 
remote experiments developed using such a system 
may require access through a high-speed campus or 

similar network. Specifically, the possibility of mount- 
ing VLAB through SingAFEN (Singapore Advanced 
Research and Education Network)lx, a high-speed 
network with n 14 Mbit/s ATM link to vBNS (very 
High-speed Backbone Network Service) in the USA 
and to a CA*NET I1 in Canada, is being explored. 

O n  another front, the possibility of using different 
robots to control instruments which are non- 
programmable is also being investigated. 

Conclusion 

A general niethodology to create a Web-based remote 
laboratory has been presented. Based on this 
methodology and, specifically, using LabVIEW 
for implementing local instrument control and a 
double clientserver structure for remote instrument 
control, VLAl3, a Web-based virtual laboratory on an 
oscilloscope experiment for 1000 undergraduate 
engineering students, has been developed and was 
mounted in March 1999. Rather than simulate the 
oscilloscope display on the client as is often done in 
other virtual laboratories, the system uses real-time 
video capture of the actual oscilloscope display. In 
addition, the use of the mouse to turn the control 
buttons and knobs of the instrument has been 
implemented so that a more realistic feel of the 
instrument is provided. Since its launch, VLAB has in 
general received positive feedback from numerous 
users and can be accessed from http://vlab.ee.nus. 
edu.sg/vlab. 
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Properties, processing and applications of glass and 
rare earth-doped glasses for optical fibres 

Dan Hew& (Ed.) 
INSPEC, ‘The Institution ofElectrica1 Engineers 
1998, 376pp., A125 
ISBN 0 85296 952 X 

Optical fibres manufactured fiom high-purity silica-based 
glass form the basis of the global teleconmunications 
infrastructure. Although silica is the dominant glass 
material, it is less well known that there are many other 
material systems under active development for applica- 
tions in  the telecommunications and (possibly) sensor 
networks of the future. 

This publication provides a timely review of these 
various glass systems (silica, other (non-silica) oxides, 
fluorides, chalcogenides) currently under investigation 
in  government and commercial laboratories around the 
world. Each of these is addressed through a uniform series 
of topics, malung it easy to compare and contrast the 
properties and performance of the dfferent glasses. T h e  
topics covered are the optical, thermal and mechanical 
properties, rare-earth spectroscopy, optical-fibre manu- 
facture and selected applications. 

T h e  authors of each section have been chosen mainly 
&om Europe and Japan and as such the book provides a 
nice counterpoint to the sometimes US-centric view of 
both hstorical and current developments in optical fibres. 
That having been said, the coverage o f  the topics is 
excellent in both its breadth and depth and will provide 
usem information to engineers and scientists at all levels 

in the optical-fibre industry T h e  references provided with 
each section provide an excellent review of the main 
publications in each area, with a good balance between 
the ‘classic’ references (the earliest I found was fiom 1887) 
and the current ‘state of the art’. 

If I have a quibble with this admirable and carefully 
assembled series of papers, it is that the ‘applications’ 
sections are somewhat ‘thin’ and, with a couple oflimited 
exceptions, focused solely o n  the use of rare-earth-doped 
fibre in fibre lasers and amplifiers. For the next issue, an 
expansion of this area would make this volume an even 
more useful publication. 

Finally, mention must be made of the introduction, by 
Professor Alec Gambling. It is a delight, linking such 
diverse topics as the funeral draperies of Napoleon and the 
erbium-doped fibre amplifier in a concise, easily-readable 
form. It provides an exemplary ‘potted history’ of the past 
200 years of optical-fibre development which should be 
read by all neophytes-and some of us more experienced 
practitioners too! 

Overall, this volume is an excellent collection 
of articles which provides a highly readable review 
of the current status of glasses for optical fibres. I hope 
that the editor can be prevailed upon to update it 
regularly to maintain its currency in  this rapidly 
developing field. 

S I M O N  POOLE 
Technical Director 

JDS Uniphase Pty Ltd. 
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