
VL 4Bp d p i lot m± -bdsed tyi rtttdl laboratory on m OSCI-l loscop e Á p ert-w10 1tp has been develop ed dnd

launchedj br over 1000j i rM year tm deú radMate eng ineering 5tudent5 in the Fdctd ty qf E ng ineering at the

N ational U niversi fy qf s ing dp ore (N U Sj . R ather than siw114ldting the osci lloscop e disp ldy on the cl ien t as
is j tm done in other W tw l ldbomtoriesp the system uses real- time video cap ture qf tlw actttdl osci l loscop e

dikp ldy. I n d di tionp the use qf the mOUM to turn the control button5 dnd knobs qf the instrument has been
I-mp lemented so that d more real isticj d l qf the iru trument b p rovided. SI-nce iu ldtm cl19 VL 4B ha5 in

gefr rdl recci tyed p osi tim j k dbachj tom numerous users m d cm be accessedj tom

Ä Á : / / Í ld .ee.nu5.edu-4gN Ub-

matrix assembly Java applet . T hese virmal laboratories
provide instrument simulators, w hich can be a
powerh l auxiliary didactic tool to give students a basic
idea of the instruments, their control and operadon-

R et- rence 5 describes some laboratory exper iments
that can be run remotely via a Web interb ce- T his type
of laboratory is well suited h r distance learning, w here
students may not be physically on campus. Parameters

of the In ter net has been expanding

i t is now extensively used as a
l ret- rence tool b r com m er-

cial , personal and educational purposes. In

par ti cu lar, the Inter net provi des m any new lear ning
paradig m , inclu ding distance and group lear ning.
M ore recen tlyi the technology has even ex ten ded into
the realm of conducti ng laboratory exper im ents at any
tim e and ð om any l ocati on

th rou gh the I nter net .
A un iversi ty distance teach ing

system that provides lessons,
semi nars an d tu tor ing h as been
operating at the Poli tecni co di
M dano 12 tbr a À w years. A

v i r tual classroom 3 w hich uses

H T M L (H yper I K t M arkup
L anguage) an d H T T P (H yper-

Tex t T ransp or t Pro tocol) to

introduce the capabi11ties of
V H D L (Very large scale i nte-

grated H ardw are D escr iption
L anguage) to ols has been
constr ucted at the U niversi ty
of Erlangen- N urem berg- T he

interactive and com p utational
capab il lt ies of the Java language
have been dem onstrated in
R et- rence 4 usi ng a sim ple Fig. 1 Lab£rat£ry set -up d the £K illoscope experiment
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Fig. 2 One-user int erfaEe £f
VLABon t he Elient side

can con» ol an osci l loscope and sig 1al generator
through the Inter net to m ake red m easurem en ts ð om
a rem ote si te 24 hours a dayi

T he osci lloscope and si g 1al generator in V I A B are

conn ected to a set of PC s through th e GPIB (G eneral
Pu rpose In tertace B us) . A v i deo cam era m the

laboratory is used to d ow the rem ote users to v iew the
oscil loscope di spl ayi V LA B resides in a W orl d W ide

W eb si te m aintai ned by our research group an d the
U R L (U nitbr m R esource L ou d on) is http :/ / v lab-
ee.IIl l s-ed11.sg/ vlab. Fig. 1 show s a photograph of the
phy sical exp er im en tal set- up in the laborator y.

W e recogni se th at no sim d adon system w i ll provi de
the sam e tM as con ducting exper im ents i n an actual
laboratory. C om p ared w i th the v i r tual laborator i es
descr ibed i n R et- reIICed - 4, V LA B d ow s the student

to w ork on red instrum ents and to conduct th e
exper im ent w i th out sim ulating i nstrum ents. W e have
tbcused on developing a general m etho dology h r
m aki ng G PIB - based instr um en ts accessibl e rem otely;

To achieve the aim of creating an environm ent m
w hich students can gain the sam e o × cr ierlce as i n a
tradi ti onal laboratory, ®kn obs' and ®controls' have been

m ade as real ist i c as possible. Speciacaliyi rath er than
simuh ung th e osci l loscope display, V LA B car r i es ou t
real- Hm e v ideo capt ure of th e actual oscilloscope

displ ay and sen ds it to rem ote users.

can be set on th e W eb, and a soðw are in terf ace conver ts
these param eters to a b r m that is accep ted by the local
com pu ter r unning the eEê cr im ent . A m l and M ol ly5
develop ed the soð w are h f Second best to being there,,

a distance- l ear n ing appl ication that allow s a rem otely

located user to con duct exper im ents i n the C ontro l

Engineer ing L aboratory at O regon State U niversi ty.
T his per m i ts the exper im ents to be run vi a the W W W
(W orld W ide W eb) . A ccess requi res on ly a basi c W eb
brow ser that r uns Java and is possible ð om m ost

com puter plattbr m s- A robot exp er im en t w as
developed b r th e dem onstranon . T he B y tronic
Process C ontrol uni t6, ret- r red to as the process r i g in

the Process C on trol and A utom aUon L aboratory at

C ase W ester n R eserve U n iversi ty, can be accessed
rem otely v ia the I nter net . U si ng a W Kb brow seE the

user can log on and post the param eters tkom a rem ote
cl ien t to a L abV IEWr (L aboratory V ir tual Instrum ent

Engineer ing W ork bench , a p rogram ð om N adonal
Insm Im end s) W eb sew er that is connected to a

process r ig v ia a PL C (program m able logi c con trol)
m odule. T he m age is generated by a program an d
rek sh ed using sew er push technol ogy.

In th is p aper, w e present an approach to controll in g
red instrum en ts rem otely and descr ibe a rem ote
osci l loscope ex per i m en tadon sy stem , V L A B , devel -

oped using th is approach . L abV IEW as w el l as w w w
techn iques such as C G I (C om m on G atew ay Interb ce) ,

JavaScr ipt an d H T M L w ere used . U sers only need
a graph ical brow ser w hich suppor t3 JavaScr ipt to
condu ct and m on i tor the exper im ent rem otely. U ser-

ð ieIIdly in ter× ces have b een bui lt and a v ideo server is
bei ng used to broadcast l ive w h at happens in th e real
laboratory. V LA B mow as launch ed in M arch 1999, and

is par t of a com pulsory exp er im en tati on course h r the

m ore than 1000 6rst year undergraduate engineer ing
students in the Facul ty of E ngineer ing at the N adonal
U niversi ty of Singapore (N U S) . I t real ises arl in teracdve
lear ni ng envi ronm ent in w hich engineer i ng students

The user interface

A rem ote laboratory tbr an oscil loscop e o × er im ent
should have a real isUc and user -ð i endly in terfk e

th rou gh w hich users can control th e red instrum en ts.
O ne im p or tan t consi derad on is that if th e user sees a
non- reali st ic i n terb ce, an im pressi on w i lI be created

that th e exper im ent is not easy to con duct and this w ill
h ave a nep bve eEect on using the vi r tu al l aboratory as
a teachin g tool .

T h e graph ic in terface of V L A B on the cl ient side i s
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- A n Od ine operating m anual on o × er im enu l

procedure has been developed, as show n at the
bottom of Fig. 2. T his enables studen· to grasp
quick ly key concepts an d know ledge i n a ®learn by
seei ng an d doing, m anner.

¤ A clo ck at the top r igh t of the user interb ce keeps

the user intbr m ed of the dm e rem ain in g beh re
V LA B l op the user out of th e system . Each user is

al located 30 m inu tes að er p mm g access.
¤ T he im por tan t W eb pages that control the red

instrum ents are protected by V L A B and only
au thor ised users can access these pages.

im plem en ted using JavaScr ipt11 and H T M L 12. Fig . 2

sh ow s the ð on t panels of the osci l loscop e and sip al

generator, th e tw o m ain instrum en ts in the lab orator y.
In the case i llustated, the W o instrum ents are used to
m ake m easurem en ts on an R C ci rcui t . T he exper i -
m ent is set up by ®dragging ' var ious l eads and cables to

connect relevan t p oints of the ci rcui t to the W O

instr um ents. T his i s don e SO as to create a real isdc
im pressi on of the co nnecUons th at have to be m ade in
an actual exp er im en t .

T he m ain h nctions and tkatures of the user interb ce
are sum m ar ised below :

A typical session

T his secti on descr ibes br iedy a typ i cal sessi on b r
conducUrlg the rem ote oscil loscope eE× er im ent using
the inter face descr ibed in the last seCHon - T h e V LA B
exper im ent com pr ises b u r par ts: ®Basic h ncdOIls
and con trols,, ®M easurem en t of phase,, ®Frequency
response of LP Oow pass) alter ,, an d ®R esponse of ser ies
R C ci rcui t to square- w ave input ,.

A typ ical V L A B session consists of the h llow in g
steps:

- A ctivate a Web brow seE access the VLAB home
page and click the ®Laboratory' button.

¤ An introducdon page w ill appear. Betbre conduct-
ing the actual experiment, the user can view var ious
u t b pages related to the experiment by clicking the
links provided on the leð . Fig. 3 show s a web page
on the h ncdonality of the oscilloscope. T he aim
of these Web pages is to give some preliminary
id brInation to the user on VLAB, the eE× eriment
and the various instruments involved.

- M er Á ining some familiarity with the eEê eriment,
the user can click ®Conduct Expf to conduct the

acmaI eE× eriment under VLAB. A logon page

¤ T he ðont panels of the oscilloscope and signal
generator, the circuit and the connectors are imple-
mented in a graphical manner.

- As show n at the top leð of Fig. 2, a real-dme video
w indow on the oscilloscope display has been
implemented. R ather than simulating the oscillo-

scope display on the client as is oðen done in other
virtual laboratories, real- time video capture of the
acmal oscilloscope screen is carried out.

¤ Control buttons and h obs can be turned by
dragging the mouse. T his provides a more realistic
tkel to operating the instrument. For example,
ðequency can be changed by simply positioning the
mouse inside the ®FR EQ ' h ob and dragging the

h ob in a circular manner.
¤ T he user interb ce is desig md to work logicallè

For example, in carrying out the experiment, the
students have to connect the circuit to the oscillo-
scope and to the signal generator. (As show n in
Fig. 2, this connecdon is pertbrmed by dragging the
COEdal connector to the Channel IN PU T and by
drÔ ¿ ng the clip near the sig 1al generator to the
signal generator terminal .) If the circuit is not
connected correctlyi the oscilloscope w ill not show
the desired display.

Fig. 3 A Web page £n t he
f unEt ionality £f t he £scill£sc£pe
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requesting the user to prov ide the u ser nam e and
passw ord tb r authenti cation m4 l b l low - I f the user
do es n ot have an account , they can stil l log on usi ng
the guest accou nt w i th th e user nam e ®guest ' and the
passw ord ®w elcom e' . T he guest account has the

sam e pr iv il eges as an au thor ised user account ex cept
b r the abil 1ty to log d i n teractions in the laboratory
session (th is À ature is useaIl to the studen t i f they
w ish to repeat the exp er im ent at a l ater hm e) . A f ter
the user has been authen ticated , an inter nal session

ID is granted by V LA B .
- A tter authen ticat ion , the user can select one of the

4 par ts of th e exper im ent - T he relevan t in tertace
page tb r control lin g th e red instrum en ts w i ll then
appear-

¤ T he user can now conduct the actual ex per im en t

rem otely tb llow ing the onli ne m anual on proce-
dures and obtain results through real- tim e vi deo

tkedback -
¤ T he sessi on can be ter m i nated by th e user at any

tim e or af ter a deb u lt t im e l im i t o f 30 m i nutes b r
conducting th e exper i m en t has b een reached. A
clock , at th e top r ight of th e user in ter tAcc keeps the

user inh rm ed of the t im e rem ai ning. A tter th e user
has logged oE or th e sessio n has been term i nated , aIl

connections are rel eased.

Hardw are and softw are st ruct ures

Ethernet card. T his is connected to the Internet
through the N U SN EZ II I13 network in N U S.
(N U SN EZ III is a campus-w ide network w hich
interconnects 104 departments in 90 buildings and
covers a campus area of 150 hectares. I t serves a
poPuladon of 24 000 students, and 2700 academic,
research and administrative SUE members.) T he
instrument controller receives the command str ing
h r instrument control ðom the W W W sew er
through a T CP/ IP channel . T hus, in addidon to
being used as an instrument controller, it represents
the sew er side of the communication wi th the
W WÂ f sew er (w hich represents the client side in
this scenario).

¤ The programmable instruments, namely the

osci lloscope and the sig 1al generator, are connected
to the controller PC through a GPIB card and a
GPIB cable. T he GPIB card can also be connected
to other instruments which support the SCPI
(Standard Commands b r Programmable Instru-
ments) command structures deaned in IEEE4882 14.

A mp² m m of 15 device loads can be connected to
each bus, wi th no more than two- thirds powered
on.

- A real- time video sew er enables visual tkedback on

what is happening in the real laboratory. A
monochrome camera connected to this video sew er
provides the VISual tö dback-

- A W W W sew er host3 the Web site of VLAB.
f f drdttldrc structure

Fig. 4 gIves a block di agram of the m ain hardw are
str ucture and com ponen ts in V LA B . T he var ious

hardw are subsystem s are:

s qf }wdÓ structure
T he soð w are str uctu re of V LA B i s show n in Fig. 5.

O n the sew er si de of ou r realisation , V LA B con trols
the local instr um ents, h osts th e W eb si te, and provi des
vi deo tö dback - L ocal instrum ent contol i s im ple-

m en ted using LabV IEW , w hi le the U Â Â f sew er is
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Fig. 5 5£f tw are
st ruct ure of
VLAB

well as plug- in DAQ P au Acquisidon) boards.
Commands b r Inodií ring setdngs or inidating

speciac acbons are sent to programmable instruments
through the GPIB interb ce- Based on the GPB port
number assig md to the instrument , the commands
are transtí red through the GPIB card and cable to
the corresponding instrument, which interprets the
commands and takes appropriate actions. Some
typical commands tbr con»olling the osci lloscope16are

descr ibed in Table 1 and those b r controlling the signal
generator17are described in Table 2.

i m p l e m e n t e d u s i n g a P C r u n n i n g R e d H a t L i r 111x 5 2

w i t h t h e m S Q L d a t a b a s e ð o m H u g h e s T e c h n o l o g i e s

a n d t h e A p a c h e H T T P S e w e r . A v i d e o s e w e r i s u s e d

t o p r o v i d e u s e r s w i t h v i d e o f e e d b a c k . F o r p l a t t b r m

i n d e p e n d e n c e a n d e a s e o f s e t t i n g u p t h e s y s t e m ,

I n e t C A ú 4 15 , w h i c h d o e s n o t r e q u i r e a n y p l u g - i n s , h a s

b e e n c h o s e n a s t h e v i d e o s e w e r . T h e l i v e v i d e o

c a p t u r e d b y t h e c a m e r a i s p u s h e d b y t h e I n e t C A M

p r o g r a m t o t h e c l i e n t 's I P ( I n t e r n e t P r o t o c o l ) a d d r e s s

o b t a i n e d w h e n a c l i e n t p l a c e s a r e q u e s t w i t h t h e v i d e o

s e w e r . T h e c l i e n t p r o g r a m w i l l r u n o p d m a l l y i n t h e

e n v i r o n m e n t p r o v i d e d b y N e t s c a p e C o m m u n i c a t o r

4 . O o r l a t e r v e r s i o n s . I m p l e m e n t a t i o n q f r e m o t e i n s t r u m e n t c o n t r o l t h r o u g h t h e

I n t e r n e t

IMWm 1pÌ l eÊ m?1 Um 1 t¢dMö tÌ iØm .·ÐOØö Fn 1 q4Ñ fÌ lÛO Ø l h iÄm.)kFn15 t mö tu4 ?1eÊmn÷1 t c o n t r o l uô 5Ð 1iä. C Gq I am n d T C P (ÒT rÊ a nm1 s mm i ·¾s i OÞ In1 C OÞ rnml tÞrmO l¡ P rÕÓ t O© CÞ Odë l0) h a v e

Z AA 1 b V I E ÀW F b e e n s e l e c t e d a s t h e m e t h o d s o f c o m m u n i c a t i o n

L a b V I E W 7 ,8 h a s b e e n c h o s e n t o i m p l e m e n t l o c a l b e t w e e n t h e c l i e n t P C a n d t h e W W W s e w e r , a n d a l s o

i n s t r u m e n t c o n t r o l . T h i s i s a p o w e r h l i n s t r u m e n t a t i o n b e t w e e n t h e W W W s e w e r a n d t h e c o n t r o l l e r P C

a n d a n a l y s i s p r o g r a n u m i n g T a b l e t c £ m º YEa n d s f o r o s c i l l o s c o p e

e n v i r o n m e n t h r P C s r u n -

n i n g M i c r o s o i t W i n d o w s 9 5

a n d v a r i o u s o t h e r o p e r a t i n g

s y s t e m s - A g r a p h i c a l p r o g -

r a m m i n g l a n g u a g e c a l l e d G

e n a b l e s p r o g r a m m i n g i n a

b l o c k d i a g r a m m a n n e r a n d

s u b s e q u e n t c o m p i l a t i o n i n t o

m a c h i n e c o d e .

L a b V I E W i n t e g r a t e s d a u

a c q u i s i t i o n , a n a l y s i s , a n d

p r e s e n t a u o n m o n e s y s t e m -

F o r a c q u i r i n g d a u a n d

c o n t r o l l i n g i n s t r u m e n t s ,

L a b V I E W s u p p o r t s R L 2 3 2 ,

G P I B , i n c l u d i n g V I S A

( V i r t u a l I n s t r u m e n t S o ð w a r e

A r c h i t e c m r e ) h n c t i o n s , a s
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Table 2: Commands for signal generat£r

CGI is a standard b r setting up inten d on between
external applicadons and id brmadon sew ers, such as
w w w sew ers. CGI programming involves desig 121g
and w riting programs that are usually invoked ðom
H TM L tbrms on Web pages. T he H T M L b rm has
become a popular method tbr sending data across the
network because of the ease of setting up the user
interface using H T M L ®tbrm ' and ®input' u gs.

LabV IEW supports network comm micadon proto-
cols, such as T CP and U D P (U ser D atagram Protocol),
implemented in the b rm of V ir tual Instruments, sub

V Is. LabV IEW uses the tbllow ing V Is to communicate
through the Internet :

the C G I program establi shes a T C P corm ecUon
w i th th e im trum en t controller to com m u nicate w i th
a L abV IEW program (listeno :14 ) an d passes i t the
param eters. T h is L abV IEW program invokes a lo cal

i nstrum ent control program (coded m L abV IEW G) ,
w hi ch com m an ds th e at tached i nsm Im en ts v ia the
G PIB in tertace- M er this, the T C P connecti on
betw een the instrum en t COIm OIler an d the w w w
sew er is rel eased. T his is a ®doubl e cl ien t- ì ew er '

im plem entadon .
Such an archi tecture w as ch osen h r secu r i ty reasons.

I f the com m ands w ere sent to the instr um ents di rect13G

m ore than one user coul d control the red instrum ents
sim ultaneously and th is w o uld l ead to a Chaod c

si tuation . A dd uonallyi beb re the request reaches the
con trol ler PC , the system has to be assured that th e
request is au thor ised . T heretbrR a m ethod to enable
indi rect comm m i cadon betw een th e cli ent brow ser

and the instrum en t controll er had to be developed . A s
can be seen ð om Figs. 4 and 5, V LA B involves C G I
program s runn in g on the W W W sew er , instrum ents

attach ed to the instr um ent control ler , and a C G I
i nterface h r com m uni cation betw een the client
brow ser and th e W W W sew er. For i n di rect com m u-

nicati on betw een the brow ser and th e instrum ent
contro ller , V LA B includes a program developed to

prov i de connecdv i ty betw een the C G I p rogram on the
w w w sew er and the L abV IEW program on the

i nstrum en t contro ller-
Fig. 6 depi cts the double cl ien t- ì ew er structure,

w h ich enables in teraction betw een th e cli ent brow ser

and the instrum ent con trol ler. A s show n , sew er-p l
l ocated on the W W W sew er acts as a sew er for the
cl ien t brow ser and represents th e 6rst cli ent- ì ew er

str ucture, w hi le l istern er-v i located on th e instrum ent
contro ller acts as a sew er b r sew er-pl . T hi s double
cli ent- ì ew er str ucture prevents access condi et , g Iaran -

tees the secur i ty of V L A B and ensu res that only one
user can con trol the i nstr um ents rem otely at on e d m e.
T h is m ethod of rem o te instrum ent control can be
generali sed to im plem ent the W eb- based control of arly
GPIB -based i nstr um ent -

¤ T he T CP L bten.vi: T his V I wai ts b r an incoming
T CP connecdon request. It also returns a connec-

Uon ID when the T CP connecdon is created.
- T he T CP Read-Vt.: T his V I receives a specitied mEd-

mum number of bytes to read ðom the speciaed
T CP conneCHon-

¤ T he T CP Write-vi: T his V I w rites the string data to
the speciaed T CP connection.

¤ T he T CP Close Connection-Vi: T his V I is used to
release the T CP commedon-

In our implementadon, the W W W sew er accepts the
parameters ðom the client and then passes these
parameters to a C GI program (servekpl coded in Perl).
The CGI program determines 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 D£uble client-sewer
st ructure

A tuheMication in VL 4B
In order to guarantee that only one user has active
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Set frequency FRQ MZ = millihertz
HZ = hertz
KHZ = kilohe¬Z
MHZ = megahertz

set amplitude AMP MV = millivolts
V = volts

select sine waveform W1

Se|ect square waveform W3

Enable output DO

Disable output D1



contro l of the eE× er i m en t at any dm e
and that on ly auth or ised users can access
V L A B , user aUtherIdeadon has been
im pl em ented . T he program for user

au thendcation i s coded in Perl m d
consists of b u r basi c bl ocks, as depi cted

in Fig. 7 . T h e login block is con cerned
w ith accepUng user inpu t (h m the
client) and b reak in g up th e i npu t data
in to aeld nam e- value pairs. T he sessi on

m an ager pertbr m s the am cdon of
ver i í Ö the user nam e and passw ord
(w hi ch are obtai ned ð om the l ogin

block ) . T his block also i ndicates to th e
login b1ock an access gran t or deni al
by sending i t appropr iate dau . A noth er
h rlCHon pertbr m ed by thi s block is
the setun g of the inter nal sessi on ID
(by w d ung a record in to a dau a e Hg. 7 Sew er 1

indi eadng that a user h as logged on) . T he sessi on
m anager also lop d the cl i en tk interacdons dur i ng the
exper i m en tal sessi on . L ogging helps m m aintain ing a
record of th e stu dents, day- to- day laboratory w ork .

T his t× ture is useh l tbr reCOIl ducdng th e exper im ent -
T he controller block preven ts user access conni ct by
check ing w i th the session m anager w hether a user has
logged on . T h e con» OIler block i s requested by th e
program (ret- r red to as th e ®L ab oratory M anager , in

Fig. 7) implem endng COIn Inu rncad on betw een th e
instrum ent control ler an d the W W W sew er to retur n
the am ount of dm e th e user has spen t in accessing the
laboratory. I f thi s ex ceeds 30 m inutes, the laboratory
m anager sen& a ®term i nate access, request to th e

session m anager. T he latter lop the u ser out and th e
session is t er m i nated -

Future applicat ions
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D an H ewak é d.)
IN SPE C U E I f15titiu ion qf E lectrical E nginrers

1998, 3 76pp pi C125
ISBN 0 8529 6 952 X

-es m aI111b cturcd ðom high-pur ity sil1ca-based

the basis of the d obd telecomm unications

re. A lthough sk a is the dom inant d m
is less w ell M ow n that there are m any other

stems under active developm ent h r appl ica-

e telecomm uni cations and (possibly) sensor
f the h m re.

bli cati on pmv ides a tim ely revi ew of these
SS system (sil1ca other (nOI14 11ca) oxides,
:haleogenides) cur rently under investigation
1ent and comImereial laborator ies around the
1 of these is addressed through a uniform ser ies

2 aking it easy to compare and contrast the
Ind perform ance of the di · rm t d asses- T he
!red are the optical , therm al and mechanical
rare- ear th spectroscopyi optical- abre manu-

selected applicati ons.

1ors of each secti on have been chosen m ainly
3e and j apan and as such the book provides a
2rpoint to the som etim es U S- centr i c v iew of

ical and cur rent developm ents in optical abres-

is e s t b r o p t i c a l a b r e s

in the optical-abre Industry. T he ret- rerlees provided w ith

each secti on prOVIde an excel lent rev iew of the main

publ1cati ons in each area, w i th a good balance between
the ®classic' ret- rerlees (the earliest I found w asðOII1 1887)
and the cur rent ®state of the art Ü

If I have a quibble w i th this admirable and careh lly
assembled ser ies of papers, it is that the ®appl ications'

sections are som ew hat ®thin' and, w i th a couple of l imi ted

exceptions, tbcused solely on the use of rare- earth- doped

abre in abre lasers and ampl16ers. For the next issue, an
expansi on of this area w ould m ake this volum e an even

m ore useh l publicati on.
Finallyi m enti on m ust be m ade of the introduction , by

p rot- ssor A lee Gam bling. I t is a del ight , l ink ing such
diverse topi cs as the h neral draper ies of N apoleon and the
erh um- doped abre ampl i6er in a concise, easily- readable
form . It prov ides an exemplary ®pot ted histo® ' of the past

200 years of opti cal-abre developm ent w hich should be
read by an neophy tes- and som e of us m ore exper ienced

practi tioners too!
O verall , this volum e Is an excellent collection

of ar tId es w hich prov ides a higMy readable review

of the cur rent status of d asses b r opdeal 6bres- I hope
that the editor can be prevailed upon to update i t
reg111arly to maintain i ts cur rency in this rapidly

developing aeld-
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