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Abstract

This special research was conducted as an extension of the former project in which
the researcher had translated the manual of a dot-matrix computer printer, model LQ1500
from English to Thai. It aims at the analysis to find a method and form of translation
following the theories and practical approaches, as well as proposing the keys to solve
problems of translating a technical manual for telecommunication experimentation. Most of
the contexts are related to the principles, mathematical and scientific theories, testing
procedures, and the precautions such as the error protections upon human beings and the
objects throughout the experiment or test.

The concepts and theories applied to select the form of translation cover the problem
solving found during the translation. They are Discourse analysis, Speech Act Theory,
Skopos Theory, Concepts of Halliday’s Lexico-Grammar and Wordings, and the Theory of
Scenes-and-Frames.

The constructive approach to translate this special pragmatic text is to focus on the
meaning by applying one theory or another combination of various theories to deal with the
situational context and writers’ styles, as appropriate. Because of the practical environments
and existing equipment conditions, Scenes-and-Frames Semantics play an important role in
the translation process. Not only does the theory facilitate the translator to recall the joint
experience with the writer regarding what is going on in the world of technical
experimentation, but also helps to comprehend any frames of beliefs and social contexts of
the source texts after additional information is acquired. When the frames are clarified, exact
pictures are created; the translator can carefully select the Thai word or phrase to get an exact

meaning of the source language: English and vice versa.
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ANNVU: Therefore, multipliers 1 and 2 act as phase detectors which extract the
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unmila 1: ghgardhasae <2> Areeeddalaalnlvelvg

VTHAY
dyanu

nau
r'd
4

Aua1 2: Click on the available monitor points to observe the signals around

the circuit using the oscilloscope.
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ANV QPSK is an extension to simple PSK modulation in that there are
four possible phases that can be transmitted.

Each of these phases is assigned a pair of data bits (dibits) which determines
the phase to be transmitted.

Because there is only half the number of phase transitions as there are data

bits, the baud rate of QPSK is half of that for simple PSK.

This means that the bandwidth required for a given data transfer rate is half that
required for PSK.
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Auatiu: This package deals with the basic principles of analogue and digital
communications and consists of a set of hardware modules, accompanying software
and manuals
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AHNIU: The modules are connected to the computer via a special interface

which contains a very high speed analogue to digital converter...
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. [ A I o d' [ [ a o 1
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AURDU: Most diagrams within the practical environment have a number of

monitor points for the instrumentation. These are indicated by small blue squares on

the interconnection lines, as shown above.
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AUNDU: The software serves four purposes:...

Configuring the blocks within the hardware for each practical
o 4 s Jad
unuila: dngiszasaveserinsiadsznms fo...
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o 1 A A 0 q Y ¥ ' .
U5z Toausnetiaman o serve 11 1M1 199A39%118 (llocutionary act)
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YOIRIUNADINIG 1 Software 1l ua1reman1uns configure blocks Fuilumnila
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° I o 1 ci} ° Y 1T A ) @ A vAa v
mmmﬂummmwuﬂuumlﬂa ﬂTGlWﬂfl'mﬂiJ'lﬂﬁ’]'lﬁ’]Elllﬂ'lu?]i]uﬂg]ll@lﬂﬂﬂ'l
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serve 11!@]14%‘1J‘]J

Y 0 . . .
AUNVY: ...so that the signals can be examined on the computer screen in a

similar way to the screen of an oscilloscope or the display of a frequency counter.
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(Presupposition) 101 IANUHNENLNADIN TaggaInesdlszneusinansnas
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(Selectional restrictions) U ANVY1Y (Modifiers) ﬂ%@ﬂﬂﬂﬂﬁ%ﬂﬂﬂmﬁ’ﬂﬁﬂgﬁw
(Co-occurrence restrictions) 141 #11/51n9)324 (Collocators) NIARDNDY 1414

television screen, LED display, computer’s color monitor

4

V. ANUKNNEYTENIY (Propositional meaning) Y94 screen A9 NN 99

P o o a 1 =
MWL N9 V4 display AD NSUAAT 1WANE BIA 1FU NMSUAAIUUIN (the
stage’s display) 4t@ZUDI monitor A 1ATBUFINTIV 1FU 1ATBAIATIVATINNUYDY

A o A 9 . A v

in3oamiia lW1d1509 (Generator’s monitor) M3ENATINAOUNY (Alarm
monitoring)

A, ANUHNBUAAIAN1IZINANDU (Presupposed meaning) YD screen AB J1)
= S v Y Yy o 9o A A A
AvdeuiFowdi U Imgry shimihinaasnmilansenwnaou e
[ o A 4 [ <3 @
1L UIT Y UNTUTUATOINEIN0 VDI display D VVVUIADALTAURNIZA?
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@UAIANINemMans Unavz i udias 1azye9 monitor LAAIHANNIZAIBNHS
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AUNIY: This technique is called virtual instrumentation and is becoming more

popular as desktop computers become more powerful.

a c?c: 1 v Y A A o o v & Aa é}
‘]J‘ﬂ!!‘]J’(';]: mﬂuﬂmiElﬂiﬂﬂTi’Jﬂﬂ’JEl!ﬂi’f]Quﬂﬂ1aﬂﬂlla$ﬂ1a%‘ﬂu°ﬂuEJZJlHﬂGU‘L!

d' d’ A 4 {’,’, Y A Lg
(H9991NINTDIABUNANDIAI TAS VAN NNAINTDGIUY
= 4
f. myammwmaﬂ’qm%ﬁ (Evoked meaning) U941ULN03 (Mona Baker,
1T 9 o c:'da! % 4 A . . A
1992) MNANINUUIUMNEINVUNUTDIUMNTUNITTDET (Field of discourse) 1399
= o Y YA A Y o . . . v A a 4
ma TuTag M Ivgiveuaonlsa virtual instrumentation AN IFON TeanaunInDS
AUsT DY INsAuUIAY FENANEFUMAUANUA model M1NNIN virtual
o A A ay o As < 1 A A a 1 a
ADIUMTANNDOIVDIUATOIUDFUNHINUVUIAANAIUATOIUDDITI 1FU TZUUNAR
Y o o ) d' Y a cé (Y 4 ]
nszua T eonuuuldihnudiassmshauinisuioinglseasammizizu

] 9
ANIMIOAILAL T8N “UUUTIA0I” (model) VYOUATOINOUY LA virtual
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instrumentation (U352 UUIANIIADUATOINDIAN 9] VUFDUNITADUNUADS
v, Tamanuduiusszninaiaansjulvdnudsnsgum (Tenor of
discourse) MMUNBHVDULINDS (Mona Baker, 1992) 1 1¥msuilas desktop
3 ' 190 o a J 4 {
computer uilyn1 mszausuluiiindinouiunosindoui (Notebook) 1150
4 £ ' a 4 o.s/, ¢y Y
n52111%7 (Handheld computer) ¥INNI ABYN U D THIN Iag (Desktop computer) i
9 o R R 1 . o a o
wauntayrii TaeAm1iadInguAuKNIY (Semantic field) YDA ABUN UANDS
. = o 4 . I . .. .
(Superordinate) Iﬂﬂﬂﬁ;ﬂmﬁwﬂ (Lexical sets) (1)1 mainframe, mini, micro, personal,
desktop, palm, handheld, notebook, mobile, wireless... computers L desktop
d o o (] é
computer JUAMTUNIE (Hyponym) KNI
AUALU: The hardware contains examples of the blocks from which most real
systems are built.
J 4 Y @ 1 1 Aq Y 9 a2
vnuda: gr5asszneunledloa19ngu9s N ¥ IumMsas 1952 V959
daulvigy
[ = . 2 Y
wamustieun1 (Register) 112U VN (Hardware) block t)a lavane
] d' = Y a a < 1 = = 1 Y 1
AMUNLNY 1FU 1ATOINATIT AOUTU (BgUden) naesmraen nou il unulane
I 9 . . d'dyd A J 1 1
AW AUKNBLRS (Connotation meaning) TUNHABHIAN ) Ha18819 1Y
v 3 4 o o 1 ~ =
1993 Ihsaunudluarsauasvenennudin szuy dnneamil
4.1.1.3 Tymimugduuunien
4 1 = 1 9
NBS (Mona Baker, 1992) na1daymanuuanaiaaiugluuuniulu
Auntiutazunua wu msldglassa (Prefix) Tado (Suffix) az e 1A
(Affix) Tumnpsenguiuaasnnunneszaulsenal uamduieu@es1den
Tupw1ou boyish, hellish, greenish, conceivable, retrievable, drinkable, cafeteria,
journalese uazﬁ’wfj (Couplet) 1Y employee/employer, trainee/trainer, payee/payer 7%
wlal¥msnennnuissuisear vy (Paraphrase) Taal¥mininediag 1y
a3 o @ [ 1 o @ {
retrievable ulaillu aw150thndvw i 14 drinkable uiladn twizdmsuay Wie
1AUINALANT VALY
A Y a = A = Y s
slvvumwinne Iinatlyridnilszmsne anwduazinglszasavesns

] 9
Tauamz 15y —ing Tumpssngudmsuden Toelse Toa vraasaiims 1y
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veensaun mldinanndenienas lifusssundluunudadie 19aann
fofumsndon lUlds o uildanumnelndifvssussming aunh
Fredtedraaams 195 duuniiaaiulunsduntivuasatunla
AUNVU: To set the top end of the swept frequency range, press and hold down
the button on the module marked ‘Max’.
unutla: u@]ﬂ”ﬁzazmmqqqﬂmmﬁﬁammﬁmmfhu
AMNAYeIMI 193 UuLNIET “To + verb” Tuduntiufinn tierh Tasaedns
Tifluaduenesnsen press and hold down 33ud lvAelmiidluermsu
AU It is not necessary to read this section to be able to use the Plotter.
unmla: vindnn s uiludess el lumslfinieanans il
vy Iis.... Ideeludunduntiv Sulalashimmumuiinle Ty

9
=4 v

R O = Ly A 1 . = A <
NUAD UNANHT INUADNAINUITUNIN It is... HNIYDI ?ﬂi VI?WLI (34 ?5 l'Z)Z"I"I?ﬂ 19
Y
AU

AUNIY: The Sweep function is only enabled during those Practicals for which
it required.

L& ' S ¥ ' Ay
vnuda: Wensumsnneuezlalsmnzsenanensnaaeanaeanis
v
IMUU
% J . . 2 3
ANUKTZAUYIE WY (Propositional meaning) FUUUANUHLIIAT
. o o o < o '
(Detonation) Y84 enable Ao ¥ IHaw1sn Mo s limdu 118 virlddedn
a J X o J o w
ANUMINBLEAITA1IZINANOU (Presupposed meaning) ¥9dalluilsziandinans
1H0NATT W30TINANMIINATIV (Selectional restriction) Ao (DA 19 Fa1/51n AN
Y 1

Us251uv091/52 ToARo the Sweep function (WINFUMTNIIAELIN)

AUNYU: Tt is ideal, although not necessary, to work through the assignments in

numerical order...

unuda: nAnyIIINAatNLUURNYe tatuZIIIAITNAaDILAAY

nuvinaisseniuaau
wlaTasneannuizeuisvelse Toalvs (Paraphrasing) uaziasu Inseass

Usz Tomlfrandlualse Toavenian

54



Auntiu: The frequency is instead modulated over a preset range by a further,
low-frequency, oscillator.
Ay QJ‘]_I!!‘ijfﬂ‘ ﬂ’NﬂJaﬁT%Wﬂ’N%i!!ﬂ’N’E]ﬂ@’lﬁu\iwﬁi\lUl‘ﬂ‘i.ll!ﬂ’ﬂilﬂﬁ\ﬁ]’ﬂ\i’l\ﬁ]i

Auuada 1@1_111811414@1@13%1’3@14141
o ] ) Y o a
n. A1 preset Ysznounuegassn (Prefix) pre- HKTAINToN set ilalag
A A o R T v
paanNNiTeuis o Iniilu 649138294177 (to be set beforehand)
V. 00ANNITIVISEY (Paraphrase) Use Toalvi lasaauanvuadsesiu
= a 3 a
waznisu 1WasunIeInNTINNIN (Passive voice) 1IUNTHINTTAIIN (Active voice)
sazuaInvenenvaduz 1§

4 U . . .
AUNVY: Instructions are available on how to use the menu and dialogue boxes

as part of the introduction to each assignment.

o o v ! 9 o < : 9 3 )
vnuda: ludnhvewuiitlniaudazde axlisdans o el 3uieesune

as 9 1 Y
53 IBuYLazyed lane
uilaTasaaudiruadvetsnsen use 1 13nise Ton nazilss Toanth

9 9 9 [
geu 1 39anas

AURDY: Look at monitor point 2 with the large oscilloscope display. The

yellow trace is the carrier and the green trace is the modulated output.

Data Word

odulator

unuila: aﬁ@mﬁmnﬂ <2> meooadalaalalvelvg dudivdesie

9
(% o w

L4 Y a A A o A
AUUIVN IS UTVYIAD AU IUDDNNDNNATT YUY

g o [ I U U o

ad 9
ITAUDYA

2
NATHAY
QUL
8

nau
L4
W
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AuALIL: The simplest method is to store two bits, read off the combination and

generate the required carrier phase shift and then store the next two bits, etc.

A data QPSi( Generator
[MS bit] > X
N QPSK output
Two-Bit Carrier Phase | Two carrier signals
Store —>—  Shift in quadrature
Binary input
B data R R
7
[Ls bit] &

anArl A A g 119) A 1 1 ) A
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[Tmivgeqa] R *’ Yoyanaieen

Miedn
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f. WJ’E)EJNLLEW]\UH‘WWi’f]iJﬂTé)ﬁ‘]ﬂEllmUliJiJmﬁlm’EJN’fN Tlﬂmﬁ“ffll,’mﬂumi

(%

v Y v v v
Jwnmgnumeduie Tuiiliden1una1Idi to store two bits 3981909 block AN

A A 1 < a (=1 4 a
GluﬂTWVILGIJfJu'JW Two-Bit Store (!ﬂllll'ijﬁﬂ\ill@) TﬂﬂnINNLﬂé’E]QWiJTfJé}TQ@Q
o w { . . 4 o d
(Referencing label) NNV HAEDNNAD carrier phase shift (ﬂﬁ!a@mWﬁﬁigiﬂquWWW)
. [ J 3 . 4 < [}
81991 carrier (Fay1awIn) TunIwuazuaen phase shift (M3taowd) &9
IATOINNIBTYTUNU
) 4 o 1 1 9 a A
V. J1aALAY LLASTIVU (1976) N813731 !!“]J“]Jqﬁ;ﬂ (Pattern) VYDINTIDINDIN
= 1 1 o 9 1 4 49! [
{58111 anaphora 019uAnA AU Iudwaaiumsal jluuveIUNLTZIINYDS
o 1 4 <3 [ v A w o
ANIUN ﬂ’]ié"l\i reference u@ﬂﬂTﬂ%jﬂL%ﬂNIENﬂ?1ﬂ1ﬁlﬁﬂﬂ'ﬂﬂf’fh?‘lﬂ‘ﬁﬂﬂfﬂlfﬂu [N
o 1% 4 ] 1
aan13191MAITUFUS U (Intricate discourse) TUAIUN Wond (1986) NA1IN
' Yy = 2 o s a o 1 Y g o 9
ETJ!,!,‘U‘Uﬂ1§'ﬂﬂTJfJ'Nﬂ\TGUHﬂ‘LlLﬂﬂ!“V]T]?llﬂllﬁg"]fuﬂ"llﬂ\‘lﬂflﬂﬂ YU fJ'NL‘]Ju@YJLﬂ"Uﬂ’I
[ v J 1% Y o 1 ) [y} 1% v J o w g}J Y
ﬂamﬁilwu‘ﬁﬁauulmﬁﬂm DNANMHUITIHIUANUAUNUIATUATIAUVU LT3

[ [ d 1

] Y
ﬁlﬁﬂﬁﬂlﬁﬂﬂml"h’um%@\Tﬂiﬂﬂgﬂﬁi"]f

)

o Yy a v v ¥ a . ' a3 AY =R q9
. A21UN91999919AU 195310581 to store two bits Az UABNND 19D TH31

AU two-bit store HIUBAUABINUAIVNNA1ID carrier phase shift ¥z Ngn

=) 1

819DBNTTNI carrier (MAUMOFUATIAZYNAT) 118 phase shift (D031
a4 A = v Y a 1w oA . < Y a
fmaey) msuadedesldimaiing 1971 1270 to store two bits = 1N 13d0alia

2 <3 a o .
(anuuIa) 1az two-bit store = MINVEBIUS (LUAAUINNEN) 1AL carrier phase

o 4

shift = Mo ad 1w (LL‘]Jﬂﬁ1‘L!13JWﬁ3J) LL@%LLN‘NﬂWWGl%}ﬁul’i/‘ili\ulﬂﬂﬁ1

v v

@ 1 o J 1 o 4
29NIINNU YU “TUVIUNIN” INWHIWIIN “ﬂmﬁau!,Wﬁ”

g

phases without the VCO changing frequency or phase. To achieve this the circuitry

associated with multipliers 3 and 4 is required.
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unla: gwdesaoneganoavau: Ndgyaraudradundeuszninalansail
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D.

A 2 A A Y v W = o Y
Wi'ﬂW\lﬁ U jqfﬂiﬂlﬂﬂ?"uﬂﬂﬂﬂﬁ')ﬂm 308 4 iNi]$u']3J']GlG]5
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. o < Y
must remain, must be able to miﬁ'gﬂuﬁﬂmﬂummﬂa ﬁllﬂﬁ!!ﬂﬂigﬂﬂﬂﬂﬂl"ffj
o a a 4 1 a ]
ANITYNUAYD “DYNDDA” Tun1suda must remain uaﬂ%’mmma “@1150” UM
g}J o I 1 Q'J 1
111 must be able to NIADIA 1T U [llocutionary act uﬁmm@um%mmmnum
o I a 49! kY ) o A 3 Y3 A ~a o ¥
WﬂﬁWﬁ‘V]GﬂNiﬂi}%Lﬂﬂ“Uullﬂ@Wll‘V]Qwvﬂﬂ1ﬂﬂ’3\1ﬂiﬂ¢lﬂlﬂ1ll’3 NABLUBUNITNIZNIVN
' a X A 3A A Y v o =2 o 4
TOIDYNUNAVUY WANANNINAD WNITMNYIVONNUAIND 3 U 4 292111 1%

AUATY: Expanding these terms, using the identity: Term 1 = Term 2, we

obtain Term 3 = Term 4, which simplifies to Tern 4 = Term 5.

P v A v o P 7 P v
unuda: verenaimartieonn 1 Iasldendnyal wa 1 =waul 2 F9az 'l

¢ ¢ Aoqu 1 X g ¢ ¢
NIU 3 =NIU 4 ‘mnﬂwammjmﬂu NIU 4 =NIU S

% 21191 9] [}

a 4
f. mmmﬂﬂﬂqyﬁmmuam (1989) Gl’J‘IJﬂﬂﬂ@ﬂﬂﬂﬂ!tﬁ%ﬂﬂﬂ!!ﬂﬁﬁ%ﬁﬂu

o o L4 Y ~

a 4 4 @ 4
uuaams Iaoumsalinsdeans TagododudnyaIMIIMUTITUIAZIAT03310

(] v Y v v v
Tdlumsaoas luitiAegasuazaunisi 1, 2 uaz 3 Taefigswaumlanodn
v Y o A ~ T oA A a Y A =<
Aod4Ms learunudamemsGoumsaousd sz ansnn vinvein1sulads

d' Y a (Y

< A v o 9 dyﬁ I o o
Wumstomsundaiausssntatema guilalunivailugnandiunuilaaiudids
vy
LNEARRRITITS o
A A & 1 9y 91 Y =
v, eANNFeasdlumsulaninedvianuuila geiuauuila nazdiey
9 [y} 9 = [ [y o 4 g’/ o
Auntiy duiladensinidydnyaivesgasuazaumsniain 3 ludrunuila Tag
T ~ [ A I3 A 1 1o @ t4
Ti'ldtnsdSunlasuniendsaunla sndudiussoren lilsdadnyainig
a s =R ' 4 A g’/ A
Adlaeaas 391510908 1unal 1-5 U350 Terms 1-5 TINNAUATOINNIY “=" (equal to)
4 1 1 1 4 ) 1
A. ueia (1989) na1aae 111 gnazuindadesiuleniiaiuglu
9 o 1 A 9 v o J . 9 dﬂl ~ 9
MPAURTUNOU ADFUUVBNUNUA (Passive) @110V 10tHBAIN WO 1
a Y Y o oA Yy o Yy oA
pazInTIzHAIUNAURTUANeItesnumsulald Sneidarenisediaiisans

v
(%

v o d . [} Yy ¥ A a o o vy 5
HUUNUNUA (Active) f’mn'iﬂumﬂ%”lﬂ INDHAAAIUNATUATTINI NN LSl

Y

anuausolumsdiunlasuisnisais q lumsuda Sanuiaiuaie 9 ed
= A 9 o 9 =3 Y 9 @ A Yy 9 3
Meanarive lsiinnui latagannuaiunduativ asaduauvoyan1ilu
1 ~ 1 I
28199 azousumsuasenauiluseuy
a S A 9 ° Y Y1 YA o
9. Mnnguuesueiainannlude a. s ldaglldndnzudadun

Ayyvy = vy A R ) o o A
ﬂizmwu"lﬂmwmmgmumymmGlmﬁmmiu@unummm‘umrﬂa (‘].Iﬂ@]?J‘JJ
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[ 4 d‘ 9}3’/ g).l [ Y] ~ 9 ]

dydnyaluazinesrue lgnaua 1989ngy 1530 nagnin msizguilasy T
J <
utla n x 4”9 =lani (@) + aod M) x unu @) - ¥ o 1WuAY : V1 u1009 Square
= o w d' 9 a 4 A 9 Y] zé d' 9 [
root 138 51INMAINT89) 11 latazIATIEHANNMIHITBFATAURTUBUNEIVDINY
Y 1 Yy A a I~ o Y Y

nuualdednnei moszesuiailunuintuulaldedngndesaiuisn
) 9 [ A o 1 1 v Y
1y vazdlSunlasunagninisuilasdienynain 5y AatonNNUITEY
pondetedmsugasuazaumsin lanufeguda wioaSumuAuilonuaen

A A ya

a ¥ 9 Yy A Y 9 =
1N ’e‘JﬂmﬁmJammmmgmﬂwqymzUuuawmmmmuﬂUumummmmﬂu
MY 1= Y Ay v Ay Y =
Tul@nane gamenejuasduaudoyanviamelil
1. dynd a1 (2542, 24) nanNAFoNNLAAIANNFNRUT T2
J
Uszniniedoanuiitinanelss Toa (Discourse unit) ven1#3 sz Teanse
1 o & °
nquAndudandsznouvesdnis: Teanilansenguamila dresraunula “vers
4 ] dg/ 9 o o 4 4 < 1 A A 1 1
wosimaniioon 1y Tae 1dendnyal wal 1 = wail 22 Wunquanuaai lvain
sz Toa waginendoanuilse Teaawunie “daoe 16 worl 3 = wail ¢ i ligdte
< o ¢ <
Yuitly warl 4 = wail 5
AUNU: There are four possible ways of pairing binary 1 and 0. These are 00,

01, 10, 11.

ll

v Y
vnmla: TIFmssugavgiuaes 1 uag o iluly1d 4 35 Bmarii1dun

00, 01, 10, 11

f. Longman Grammar of Spoken and Written English (1999, 154) Na17

' A2 Yy 9 . < o
sz TongoeNVUAUAIY there is, there are, there be 1IUNTUAAINITAITIAY
oA a . A ' 2
9Y1179N13U08 (Existence) mi‘ﬂﬂﬂ;]mﬂﬁi’e)gﬂiﬁ (Appearance) ¥i30N13
nae 1119 (Motion) Taediaa15e 51UNA NN (Anticipatory subject) HTn 11
doyalmilugdvesunid limzag
R ¢ YY1 A Ao A a A oA .
9. There are 1141/]141J§Jﬂ1ﬁ§31hﬁﬂﬂﬂ1§ﬂﬂgﬁi@!ﬂﬂﬂlu fA® four possible

¥ v 9
ways W30MITIAAOU 112 ways of pairing Tunil ways of pairing binary 1 and 0 Ao

9
1T A ax o

Uszsrmiaiwn Mdoya1dsliitmartiog uazisainaniess 15 uaaidoe

U

152 Tonnou (these are...)

d' Y o = 0o w o A Y )
fl. Lllf]@lf]\iﬂ']i!!ﬂﬁﬂigiﬂﬂiﬂElﬁﬂ‘]si'lﬂ'l'ilifl\?ﬁ?ﬂﬂﬂ'llﬂﬂﬂuﬁuﬂﬂﬂ
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sufludeciudisz Toadrednier <0 Taghideadusz st Fen1uIne
awnsala

3. ﬁmﬂaiumm‘lwﬂ‘ﬁmn1zﬁuﬁ1w§mmugﬂgmumm there are ¥1'laon
35 Ao Wasugdngu there are ifun3en <5 wSe “h 18> udninlsesnan’iiu
UszTon 151 “IBIUGAVFIUTD 1 1A 0 fidlu18%14 /5 4 5% A0 00, 01, 10,
117

AUaTY: Click on the available monitor points to observe the signals around
the circuit using the oscilloscope.

unuila: ﬂz‘%ymmﬁﬁigmﬁﬁqmmﬂmq q ifegiledunadya unaoniees
Taoldooasaladini

n. gilszlendnlnadududromnsefidumdanied izt u Look

at, reconnect, switch in, ensure that, change, let, turn, record, reset, go to, monitor,

] Y
examine, compare, lock, unlock, repeat, observe, complete, use HaToU d ANMaINn

v
% o w

1 Y a oA = Yo Y 1a oua g}/ 1
Usngedludrunmalia Wndnyiez lasumasldUgianmsmwauaouais o
1INUY

9 o Jd A Jd . . 1 1
v, Wauazunsiies (Katharina Reip / Hans J. Vermeer, 1984) N91331019
) @ ) A X o
uilalsznevualenanisyneuriilszmslunisula As MM IMALIHOWIAILN
] 4 4 (Y o [ @
dunily g01un1sel n1yaziileivesuula Yausssuarunduntiuln
uana N Iausssunundalussdunilaassaszeznaivie mazmalulay
QU =\ QU %} d 1 1 1
Yszma lnednauaunassemaosnguiluscos v aneaunls ¥9931909ANY
9 [ o d' d' d' Y] ) 3 Lg [ =
amaatagtivanauiieannmsdeaisnnuaNetaz ;1AL UYszneunuiinany
o a v A o d' a (Y] (%
HaAMTE N INedeldnea mwoNIzauUNe lUSUMIpUTULAZANAIDY
AN IAUSTTUIINNTIRoUADY UTZINABINgY

=

¥ ¢ s o . .
a. nouRalnlnavesl3duazuSilies (Katharina Reip / Hans J. Vermeer,

o 4

o " v ¥ A Y A A2 v !
1984) ?jﬂﬁaﬂﬁWﬂiysllﬂ\‘]ﬂqjllﬂa'J']ﬂﬁﬂwu1ﬂllﬂa WuWﬂiuVluﬂﬁﬂﬁ’]ﬁHﬂ

[ Y Yo

J o (% J a Jd A 9 J 9
giszaaalvigiuarsiinunuglnselaouinnes Asnislgmad il

1993 Tl ngadias29 (Monitor points) Funadaa s luaees uazldinsesiiodn

1 ) 2 94 o < ) Yy o 9 ) o
PYIWYNAD ‘VN‘L!‘VT‘L!'Wlell'0\1151'3‘]_]1/]!!ﬂﬁﬂﬂ%@ﬂﬂﬁﬂﬂﬂaﬂﬂﬂﬂﬂuﬂﬂﬂ Ql!ﬂﬁ!!ﬂaﬂ‘ﬂ
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Y
Cl 5

v Jdo . 2 o 1 4 { o [
ANNAT Click (AAN) LNUAIIT “AA” LNOHANABIAIFINY “press” VMULIATINUVINY

o 3

A o 4 [ ) a Qy (3 9 ' 9
ﬂ'J13JTﬂfJLW3Jﬂ1 “UIF” HANAINTIIAAN (GlﬁJWﬂﬂﬁWﬂﬂlsUﬂ\iﬁTﬂIWﬁ‘U@ 4 319138

D)

A 9y 1 9) v W
\1TIJLL‘]JZ’I“VI%8@]6\161‘14!,‘1]11%114@’3111!!,@\3)

A 4 7 U Y : With Frequency Modulation, the instantaneous frequency of the

carrier signal is varying with time.

‘]J‘VI!!‘IJ@: ﬂ?ﬂﬂ?ﬁNﬁNﬂéU@]ﬁJﬂ’Nua ﬂ’NiJﬁ‘]?’JGUmSGUENﬁ{ﬂJﬂJWGJW1ﬁ’§]$
Wasuuasnunm

f. Longman Grammar of Spoken and Written English (1999) 1 @ 17 7 1
prepositional phrase Wuwﬁn’ﬁﬁiJizﬂauﬁaﬂﬁmwummzﬁnﬁmﬁm (Complement)
Gluﬁ‘ﬁﬁmwwﬁa “with” HAZFUANIRUAD “Frequency modulation” 1190 54iTonT
noun phrase Y5z Tonv19a 1 1305 extension link LLGiEJWLﬁ'ZJ adverbial particle 1% 1
Below with Frequency Modulation, Appropriately with Frequency Modulation ...
i381721 “Extended prepositional phrase” ‘:]:); 3 Prepositional phrase Gluﬁﬁﬁmﬁﬁgﬂu
adverbial phrase VYIYNI Y is Gluﬂsziﬂﬂﬁmmm f® the instantaneous frequency is
... Unddsz Ten main clause ﬁmimé“q prepositional phrase ﬂzﬁuﬁ'aﬂm%wma
90019 (,)

V. DENEAINUS prepositional phrase llﬂagiwé’qﬁmm 311 The

instantaneous frequency of the carrier signal with Frequency Modulation is varying

2 a A g
with time. 101 WUTN (Prepositional phrase) wulasunthinglu postmodifier Y18
AU signal

AURDY: This circuit suffers from similar phase ambiguity problems as seen

for PSK and a recognition word is required to be transmitted to resolve them.

a

czld o A (= =2 9 J J Yo
‘].l‘ﬂ!ﬁ.lﬁ: 3\1i]'iLlﬂJﬂﬂl‘Vﬂﬂ'313Jﬂ1ﬂ33JW\|’CTLW3J'ﬂuﬂ‘]JWLﬂ?fLﬂ WABDITILITAZ

A Y 1 zéj
memﬂﬂlummmu

Y A Yo a . . v A A A 1ama
n. QHJEJ‘Lﬂ%ﬂT].JﬂﬁTﬁHgWH (Personification) suffer ﬂumﬂizﬂygﬂm 9

Audandasmuniifuazdszinnvesdrun Taelddr «Tifgyur” unu o 1d

v
= a

Y v v Yy A 49!
ﬁﬂﬂﬂﬁﬂ\‘lﬂ‘ﬂ’)"ﬂuﬂﬁill!,l,l?\]fl!!ﬁﬂflﬁ]ﬂlﬂ “U@ﬂjﬁgﬂﬁﬁflﬂ%ﬁ!ﬂﬂ"’l}u”

I o ' . 1o < o
¥, suffer 1uA11/51n9 3 (collocation) §1 problem (Humsiaonldmaim

61



A d a 1 7 A 4 .
BT In-n3uIS vesaaand (M.AK. Halliday, 1973)
412 fMymmsuladnin hitidwlaluniwlne
N3 (Mona Baker, 1992) Aa1IMAANT 1M HIAURTUDI9TUUIAAATA
v o ) 1 12 o A d' 9 g).z 1 (=
ATAUsTsuRTULda ua luliduieun e nuruens @Iy Y 15U savoury 143
o A = a A 9 Y A o o 14 A
Auneulunareniy ualuurnnuaaidila’ldiie nsed1guaAn standard A
W11eDe Und [iiam1s 19U standard range of products 19luIANUAARAUIUIN
< Y v 9 2 1 12 0o A = ) A 1 [ .
youniu lagauazinlala ua luliduneumealuny1e11sy n390819A1 landslide
L= YA 12 I = ] 1A o
Tifislndnesluvarenie ualianuvunedlu @eeaau lngnddauuin

v
o v

o d A o 1 1T 9 [ o g’/ 1
f”fW‘I/l‘]J1/]!!‘]Jﬂ’f]1%3Jﬂ1!51W13LLG]111111ﬂTVl’Jll‘]Jﬁﬂ’ii‘UUiifﬂfJW’Jslﬂll@uu q YU
v A 1A o . 1A o Hq ¥ A ) A oA
ﬂWBTiﬁLGBEJUliJNﬂHﬁJﬂ‘U’OQ facilities Lmilﬂ“!ﬂﬁﬂqﬁﬂ’ﬂilﬂiﬂﬂlﬂilﬂuﬂﬂ IAITONND
a A Ao £% A a A 1% o ] ] =
8113 UINI13 Uasgeu 9 Wﬂﬁﬁ??W!W@ﬂﬂﬂiiilﬁi@?ﬁ@1/5&‘527\7?7@8/7\7?WQUNWLN
1% U sredstva peredvizheniya 111 81175015 v W @4 naem ula 11 (Fufaw
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neobkhodimye pomeschcheniya a1 nwne1de N 9111 ¥ 1A neobkhodimoe

o [

. ' A oA
oborudovanie tilan inTevod 1Ay
1 1 A o Y 1 A o w 4 o [ 9 o Y d'
ﬂ1B1ﬁ3u1ﬁﬂJﬂgllﬂ1ﬂ’3NLmlllliJﬂ1?fW‘VlmW1$ﬁ?ﬁiﬂﬂﬂfﬂ‘ﬂﬁﬂ??‘l!!'Jﬂﬂ@iﬁ/]
1 [y o Y = 1 [ A o 1 .
LUANAINNU ‘1/1']11451']‘]511L‘]J’€13Jﬂﬂ]uﬁ'] LBU ﬂ']“]sJ'l’ENﬂQ‘]eliJﬂWﬁﬁWﬂﬁﬂ']EJGluﬂQN article
] L. . { 1% 4
1YY feature, survey, report, critique, commentary, review uaz%uq “Iﬁf) house ﬁﬁ‘W‘ﬂ
3 ) .
DY TREASIAN bungalow, cottage, croft, chalet, lodge, hut, mansion, manor, villa 8¢ hall
1 o . ] ' a . .
Gluﬂqum jump NUFUNT leap, vault, spring, bounce, dive, clear, plunge LI
an A qYo A Y 1 ' 9 ) ~ o o
plummet ’J‘ﬁllﬁﬂjﬂﬁ]i%ﬂﬁﬂﬂ’ﬂﬂﬂ’ﬂlﬁﬂu LBU G],G]f UNANY LUNU review NANNDIAY
. A . 3 9
UMY mansion Hag nslan unu leap, bounce %30 spring Huau
Y o 9y o A o a 9
S luduadivluidwlalunivwda luueusunernldnisaeaninu

=) ~

FouFealnilasdaudasnsldaina 1 wisuenuezanNunuIeveImId Uiy a1
Y

muummmwmwucﬁ’au 1% U ﬂigiﬂﬂ In the words of a Lonrho affidavit dated 2

. = = [~ 9

November 1988, the allegations ... tilatuvasannuisevisedluuiuaiunelé

[ dy o Y I~ [ o o Y o d’ 1 Aa o o d’
AU 9771/?77?Wﬂ75!ljuﬁ7ﬁlﬁﬂyﬂlaﬂ75157viﬂllﬂ7ﬁ7ﬂ7uWﬂ'\? Tﬂffﬂjy‘nﬁﬂujiﬁﬂﬂu‘n 2

WOAINIBU 1988, YONA1IN ... DNAIDE1IN I 15U They have a totally integrated

operation from the preparation of the yarn through to the weaving process. udalae
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cij [ NG~ Yy v = 9 = ~ = 1A
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MW (LSP) Hanbazmiayuazisinanumniz ludiviisinersndas
[ 4 A o A [ 4 A o o 1 ) ~ ]
Awsimataumiglanimidoud a1y ualdanunuiemwiziuana1eain
a 1 o @ a 4 %
ANUYNEUNE 191 A1 Multiplier AMvNN TN endiasmanivaneds “aargu”
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¥30 MAT0INNIERY (x)” 1A TUNINIAINTTNADAITDANNTOUNTVITHUIYDY
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@ o 1 1 o J @ 1 o . 1 o 4
Fausssuntumda ua lulisdwiun lununuld wu a1 dibit Tudsingdwlan
(J =x 9 v o d a A a o L:al} T . ]
asea lunim Ine Jsdewdalagiudwna ladn Nesed o Haouan di utlan
[} @ A d Y Jd 1 a 4 1 o
A99HI0g TN bit NTUANNRWIZVINUIIN1ABUNUADT (bit 5DIINTDIA
) .. v . . v 2
1L5NVDY binary NUMFAMBUD digit WIHaUNWIlU bitt = bit) Aviudmanuuey

A v o o

° 2 4 a A a 1
MADNUANAAUNERIUINDS (Mona Baker, 1992) HaZ051U10AMINUAN 011U
v T A = a = o & 1A 9
i la lduaudaan nafio nuui (1) “ladin? vneduavgiudeatuilugrsonss

% ' I { IR~ a ' 1w
AzaAIA 14U 01 10 11 w50 00 (Hudu nuvd (2) dula dibit 1 “dng” vzmin
o ] % o . J v o Jdo
adnmInylunwIneg Tagldwanmsudladusn di (maneds “g”) uaziudwie
N0 Ao bit (01U “Un”) Fernymsulamueisutannuusn msizdiaziy
v v o 2 s & ¢ v o oa ¢
AnvinsnuAnInIdoInen luasulaniianesa uazioannonnensn

ay

[} 4 Y 1 ° ° v 9
ud lumsudadnmamzman lusidwaluns Ine i 1édvarens lun
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4 S v A .. ) {
darenie ileanrnmsudalunszuiunisaaau’la (Decision-making process) 11
9 9 o 9 Y o ~ ~ 9 )
aoalranuaiviso lumsiianunlagualivnaziFeviseadesarluauuila
[ Y o =S 4'3 [ ) 1 o 1 ] 9
wanynsuaesneiinig Inm ludnmevihluanvazuladaednnn lu'ld
A v < Ag Yo @ ' o 2 v
vonusunlunmslsau duanuvmneilgnun ld limwizmizes auiuns e
A =< 9 9 Y = A Y A o J
wauynsumemsuassdeslsarugnungumsutameuniymisoadng
[y 4 a d' sldd' T A [ 4 Aa A d’
wanynsudnimatianlsidmande 1) dnimatiaimnssuldidhdeans
a ] [y g (Y]
Ya93rINTINAI UMY TEINA Ine w.a.2535 2) ANKiH1969ng - 1ne (English-Thai
A (Y a o v Aa o
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AU A VU : Familiar with the concept of Quadrature Phase Shift Keying as an

extension of PSK
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. f1 Phase Shift tlauuuoieides (Transcription) @INHANDUNINFUUNG

o J

9 w1 22 Taewdyyuzau ph oomdess W nazarazna se uides a (lulinmsud)

A1azna se WNToua U T oU0 1T UNAD LAz I IUNOUTIITTE aW i 12

pondeuilu o v 23 een@eandyyurdu shidlu ¥ wih 15 a5z idu 8 uay
Wi 20, 23 §azna fdu W aude g AdmIud) fa1us Phase Shift Saulaiy
Aty laguld

A, uuIAAEAT Ia-uns IS uazMIad1eiIvetadamd (M.A K Halliday,
1973)ﬁmﬂ%’uﬁ’ﬂmmmmﬂaiuﬂiﬂaﬂﬁ TagdinsizHaNunIsduRtuaIw
WuNnsEaud 1 Aeuuana (Concept) YVOIANNTUWUFTL1319M1 Quadrature Phase
Shift Keying 11821 PSK (extension) mm%ug\’eﬁ I0e15% (Textual text N30 message)
Ao familiar with 1 uSagUssaedvesdiFeuiidesnisoindeu gniss Tenaw
AN (Semantic meaning) TH3zAUT 2 ﬁggﬂaﬁ%’nﬁvﬁuiwmmmmwmaﬁ
N3 189A U aunquinisadeivesaaaind Taoua Keying = M7
dyanauFuav uazuaiudAnia Quadrature Phase Shift 11azd1 PSK aniuada
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AURYY: The system below shows a double Costas Loop detector for the
demodulation of QPSK. Click on the available monitor points to observe the signals
around the circuit using the oscilloscope.

unmla: syvvihsaeiludsudyanuneamdang Svmiuuendyaani
fioain 1¥aan lufigaidinsedie 4 edunagdygrasen 4 1995 Taold

ooa%a laa Inil

Y a’
. ulanuanng \1ET’E]QﬂT@nil‘Vli]Hj;]ﬂ?ﬁflllﬂ?ﬂ’)ﬂﬂ1iﬂ?ﬂlﬁﬂ%!ﬁ DOAONHST

muwé’mﬂmﬁmi Uﬁ’wmmiwﬂ’m«n@ﬂﬁmuaﬂ’uwuwsﬂ%’w 1 W.A.2535

€

d’cv @ a [ [ U
Wﬁ]u1uﬂﬁllﬁ7‘|1/] yaya AT1IFU NN ﬂﬂﬂﬂy-ulﬂﬂ Ul‘ﬂfl-'ﬂ\?ﬂqy JU 1.1 Hag

wauynsuAnimaiadanssu lwiideans vesimnssuaniuuvszmealne

N.A.2535

72



e

J a o
¥, asulszgnanguuetes auyydiiy (2548) nlFlumsuiades

sl

1
9 v v W

v o A ' < < < a
UszTondedu msgldldnudndannuna 1 wu ezuiden oy wilioy ueuna
= A ¢ a @ I 9y
99 NeuUIAT AIada Huau
1 [ d a a [
A. ngunisulasiueani@esniudniiAuvesaInuuazdy (1990)
9 o [ 4 = g}.z Y} o Y 1A
ansalsnumsuadgunmmznie snninnumanIanedigoiueagnanuauly
Tunadwiuuvessadaladlnluayavesimasia lulseghmeny neamagn
waz eeada laa Ial luaijuuila
Aunllu: Because there is only half the number of phase transitions as there are
data bits, the baud rate of QPSK is half of that for simple PSK.
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AUADU: It uses a phase locked loop to produce a carrier frequency reference
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of constant phase which is then multiplied by the incoming PSK signal to produce a

demodulated data output.
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Vglluﬂ‘fll‘ll: Hotkeys are available for most functions.
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AHNIY: The main use for Monochrome is for printing pages on a printer. Any
of the colour schemes can be used with a printer but <Monochrome> mode gives the
best results with a simple dot matrix type.
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AUNIY: Can you see the 180 degree phase changes between the dibits?
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AUARDY: This circuit suffers from similar phase ambiguity problems as seen

for PSK and a recognition word is required to be transmitted to resolve them.
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maximum effect, cover the hair with a plastic cap or towel. Yadud cap W fou
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Auntlu: To set up the sweep oscillator with these values, set the Sweep switch
to ON whilst viewing the oscilloscope.

3}1 1 1 9 1 1 dy 9}3’; a 4 ~

unuda: MIATINTLANNNAIUAIEA AN THAYaInY Sweep Ul‘]J‘V] ON

vazngooadalaaln
o [ A ' Id o I
Aualdmaunizdinguiysinguuiluaiuguiunain (Label) sz iy
q 1 A @ 1d A A Y A 12 o A =

thgl"]ﬂW'ﬂ&Wf]ﬂ’JﬁJ"Uﬁ\i ANUINNHIDUNITAD Wﬁ@LW513UliJiJﬂ'lmElULﬂEJ\TﬂT]sJ'lhlﬂEJ
=Y 9o a A = A a R
Wﬁ@ﬁi"]ﬂﬂ']@ﬁ‘ﬂ1ﬂmEl‘]J!ﬂENLWZJLG]JJLLG]@ElNlli

AURTY: When the range has been set, you can start the Plotter by selecting it

from the Conditions box.

[ 9 v =K a

' ] '
unuila: iWoasndeond) WnAnyIeuIsaEuIATan W Tagns
1A9N91NNAOI Conditions
= @ Y o A Y] 1 ~ 9 1 a3 1 J o
manaReInums lgmauluaieganuad uaiuaainuunasssonnuls
Lilyuwluavguluuninaass
4.1.3 dymmsuladonnulunin

J ' 9 o A =
1UtN®5 (Mona Baker, 1992) na123121 s lEnwunudain luiainuvuie
v

= = = 4 d‘ g d' o 9 (% d' %
Metneluunuila 115z TesiiisNUNIING HATADIMTAIUNNTU ATLFULAL
A5 52Ifiu

nstinilszneuluduntiviidennundewlaneluresine wudmaen
G dy d' Yy 9 dﬂg v o A
wioanay o1aud Ly Tagvereiunninlinieiu asvuiadisnysvieudanyy
52058 naivennuitesninseurhlie liaeaw ermnvadidnysvsowla
Y ~S
venen U nweanuzl

AUNVU: A block diagram of such a system is shown below:
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AUNIU: Don’t worry if you cannot answer ALL of the questions.
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AURDY: In the receiver the VCO provides the reference signal and the outputs

from multipliers 1 and 2 will have the polarities shown below:

Phase of Signal Multiplier 1 Multiplier 2
(degrees) output | polarity | Output polarity
+45° kcos45° + ksin45° +
+135° kcos135° - Ksin135° +
-135° Kcos(-135) - ksin(-135)°
-45° kcos(-45)° + ksin(-45)°
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AUADU: It uses a phase locked loop to produce a carrier frequency reference

of constant phase which is then multiplied by the incoming PSK signal to produce a
demodulated data output.

The block diagram below shows the three multipliers (modulators) and the

VCO which form the Costas Loop.
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AUNYIU: The Costas Loop provides an alternative way of demodulating PSK
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PSK signal Detected signal

daanunean 1 ¥ o f
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fc \VCO LP Filter 3
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1nio
PSK input signal Costas Loop Detector Detected output signal
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AUNY: If the VCO is locked to the incoming carrier then:
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9
AUNMIUAIUY AIAIDYI

ANV 0.5[cos (2act + ¢) + cos ¢1 x 0.5[sin 2wt + ) —sin ¢]

=0.25 [cos (2act + §).Sin (2ct + §) — €S (2mct + $).SIN ¢
+sin (2oct + ¢).cos ¢ — cos ¢.sin ¢]

unuila: ienszanennilugasiedu Taslfiondnual
cos A . sin B = 0.5 [sin (A + B) —sin (A-B) ] 2z la

=0.25[0.5 sin 2(2cct + §) — 0.5 {sin (2ect + 2¢) — Sin 2ot}
+ 0.5 {sin (2ot + 2¢) — sin 2wt} — 0.5 sin 2]

Faoiag Mizar vxulaliiflugilidwiiu fe
=0.25 [0.5 sin 2(2cct + 2¢) — 0.5 sin 29]
= 0.125 [sin (4act + 29) — sin 2]

2}, a 4 4 [ u’zél = I
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“InANET 15U

AUNVY: You should disconnect the cable from the input to the circuit.
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REINUUU” AI91UTU

AUAUY: The multiplier outputs are the products of the two inputs to each.
Thus these outputs are: [A d(t) cos ®_t][2cos @ t] and [A d(t) cos ®t][2sin @ t].

QU d QU

vnuila: dygruvieenvesrsvsganiunaguvesdyyrmvudiaos
[ [ ?ljl [ 1 dy A
AUV AIUY TUYIUVIDDNKATU AD [A d(t) cos o t][2cos o t] Ltag [A d(t) cos

o, t][2sin o t].
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Auntlu: To set up the sweep oscillator with these values, set the Sweep switch

to ON whilst viewing the oscilloscope.
) vy .

nuda: MIAIRTUNTINNATIUAIEA Al 1 AIaInY Sweep 117 ON
vauzfigooddalaalny

I¥sua vz fusdon Tusiar Whilst

4.2.5.6 wamee i ududuluaune

Tupensaimsudamdenisludmsimaialuguatiudlududulunimala
A Y TR

AUR D U: With this phase shift there is no carrier for a PLL type detector to
lock on to and produce the reference phase needed by the receiver.
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Auavy: On average, for a sync insertion rate of n syncs per second, the

. -1
system will recover in /,n seconds
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Assignment 12 RF Band-Pass Filters

Assignment 13 Tuned Amplifier with Gain Control

Analogue Communications - Student's Workbook 53-001S
Chapter 1
General Introduction

1. General Introduction

This package deals with the basic principles of analogue and
digital communications and consists of a set of hardware modules,
accompanying software and manuals. The hardware contains

examples of the blocks from which most real systems are built,

under which the system is operating and learn how to optimise a
system for a particular application.

The software serves four purposes:

1. Describing the theory behind, and purpose of each practical.

2. Configuring the blocks within the hardware for each practical.

3. Making the measurements and displaying the results on the
computer.

4, Asking you questions about each practical so that you can
determine what progress you are making.

The modules are connected to the computer via a special interface
which contains a very high speed analogue to digital converter so
that the signals can be examined on the computer screen in a
similar way to the screen of an oscilloscope or the display of a
frequency counter. This technique is called virtual instrumentation
and is becoming more popular as desk top computers become more
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powerful.

The topics covered divide into two sections:

1. Analogue systems, comprising signal sources, amplifiers, filters,
amplitude and frequency modulation.

2. Digital systems, comprising A-to-D conversion, sampling,
formatting, keying and noise.

System Help.

Instructions are available on how to use the menu and dialogue
boxes as part of the introduction to each assignment. Please read
the instructions before you start.

To access them, press the space bar.

Moving around within a Subject Block.

The sections of each software package are called subject blocks.
You are reading one now; others can be selected from the menu.
More on that later. This subject block, like many of the others, has

several pages.

You need to know how to move around the block you are in.

A double arrow like this » means that further PAGES are available.

A reverse double arrow « indicates that you are back to the
previous page.

If you have a mouse, click with the left button on the arrows to
activate them.

With the keyboard; the spacebar or Page Down selects », and Page
Up selects «.
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To go back a page, select «.

To proceed to the next page, select ».

On this page you can see how » has been replaced by >.

A single arrow like this > at the right hand end of menu bar means
that there is further text available on THIS page.

Select it to see more text.

Operating the Software System:

The Main Menu.

Whenever the menu bar is present at the top of the screen, the
menu is a title bar which tells you which assignment and subject

block you are in.

If you have a mouse:

Move the mouse to the item you want on the menu bar. Click the
left mouse button to open a menu. Move to your choice, and click
the left button to accept it. Click outside the boxes to close the
menu without making a change.

Or with the keyboard:

Press <ALT> to activate the menu.

Down arrow or <ENTER> opens the menu boxes.

Use arrow keys to highlight your choice.

<ENTER> accepts your choice.

<ESC> returns to the place you left, without any change.

Hotkeys are available for most functions.
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Monitor Points, Conditions and Dialogue Boxes.

During the practical work, <Conditions> will appear at the right
hand end of the menu bar. This means that a dialogue box is
available to change the conditions under which the practical is

operating.

If you have a mouse, move it over <Conditions> and click the left
button. Move the mouse to your choice and click it.

Alternatively use the C hotkey to open the box; select the condition
using the up/dawn arrow keys; then press <Enter>.

Most diagrams within the practical environment have a number of
monitor points for the instrumentation. These are indicated by
small blue squares on the interconnection lines, as shown above.

The instrumentation may be connected to a different point at any
time by placing the mouse over the required point and clicking the
left button. The <Conditions> box can be used if a mouse is not
available.

In some cases a secondary box is used to make the choice. If a
mouse is not available use the cursor arrow keys to make your
selection and the <Enter> key to accept it. Click outside the box or
<Esc> to close it with no change.

How To Do an Assignment.

Each assignment cavers a particular topic. The work is divided up
into practicals which highlight a particular aspect of the topic.

The main menu provides the means of moving from one part of the
assignment to another. It is ideal, although not necessary, to work
through the assignments in numerical order but, within each
assignment, practicals should be done in order.
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The menu headings are:

Theory.

This is information about the theory of the topic and deals with the
more mathematical aspects. You do NOT HAVE to read or
understand the theory to do the assignment.

Background.

The purpose and objectives of each practical are here. You MUST
read the background to a practical before attempting the practical
work.

Practicals.
Instructions for the practical work and the laboratory environment
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Questions.

Some questions associated with each practical are here. They are
not multiple choice questions and they require a written answer.
Don't worry if you cannot answer ALL of them, if you have
followed the assignment you should be able to attempt most.

Colours.

You can change the colour scheme of the software environment.
The default mode is <Normal>.

<Black Text> puts black text characters on a green background.
<Max Contrast> retains the foreground colours but against a black
background.

<Monochrome> assigns all the colours to black, grey or white.

The main use for Monochrome is for printing pages on a printer.
Any of the colour schemes can be used with a printer but
<Monochrome> mode gives the best results with a simple dot
matrix type. NOTE: as this software operates in a graphics mode,
you must run the DOS TSR called <graphics> before you start the
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software system if you intend to use a printer.

System.

This permits you to restart the current assignment, see the
assignment index, move on to a new assignment or Quit to the
operating system. Stop Practical is needed if you wish to stop the
current practical, which will continue even when you are viewing
other pages such as background.

Swept Frequency Facility and Plotting.

In testing communications equipment, we very often need to
discover the frequency response of some item. To do this an
oscillator is used to provide the test signal, the frequency of which
can be set to each of a range of different values in turn. For each
frequency the output signal is measured. Usually the results of this
are presented by plotting a graph of the response against
frequency.

Swept Frequency Facility

Much tedious work can be saved if the oscillator frequency is
varied automatically and the output response is simultaneously
measured and plotted. A facility of this kind is provided in this
equipment. A switch enables the oscillator to enter 'swept' mode
where the frequency is modulated slowly by a sweep oscillator.
The end frequencies for the sweep can be set by controls on the
board.

Using the Swept Frequency Facility

In the Practical you will be told, or you can find out
experimentally, sensible values for the start and end of the sweep.

To set up the sweep oscillator with these values, set the Sweep
switch to ON whilst viewing the oscilloscope.
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To set the bottom end of the swept frequency range:

Press and hold down the button on the module marked 'Min'. This
will force the sweep oscillator to stay at its minimum value. The
bottom frequency of the swept range can now be set using the
usual Frequency control whilst observing the value of the

frequency meter. Release the 'Min' button when this has been done.

To set the top end of the swept frequency range:

Press and hold down the button on the module marked '‘Max'. This
will force the sweep oscillator to stay at its maximum value. The
top frequency of the swept range can now be adjusted as an offset
from the minimum frequency that has just been set. To do this, use
the 'Range’' control on the module whilst observing the frequency
meter. When this has been set, release the 'Max' button.

Due to the fact that the maximum swept frequency is set as an
offset from the minimum swept frequency, it is important to set the
minimum and maximum in that order.

When the range has been set, you can start the Plotter by selecting
it from the Conditions box.

Avoiding Problems

The Sweep function is only enabled during those Practicals for
which it required. For other Practicals the Sweep switch should
always be set to OFF. Failure to do this will cause problems,
usually failure of the oscilloscope to run or to synchronise.

How the Sweep Facility Works

It is not necessary to read this section to be able to use the Plotter.

When you select the 'Plot Response' condition, the, direct action of
the 'Frequency' control of the left-hand, signal source, portion of
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the module is disabled. The frequency is instead modulated over a
preset range by a further, low-frequency, oscillator.

The plotter takes readings and plots points for values of frequency
and peak amplitude. When taking a reading, the signal frequency is
frozen and the peak amplitude of the output signal is measured and
stored to give the vertical deflection on the virtual plotter.

At the same time the modulating oscillator’s output is also stored
to give the horizontal deflection.

The plotted points will be scattered at different frequencies, so a
graph will gradually build up as more and more points are plotted.

Digital Communications — Student’s Workboard 53-002S

Assignment 26 - Costas Loop Demodulators

Learning Outcomes:

On completion of this assignment you will be:

o Familiar with the use of a Costas Loop for the demodulation of
PSK
e Able to describe its application for +/-90 degrees PSK

e Able to describe its unsuitability for phase shifts less than +/-90
degrees

o Familiar with the phase ambiguity problem associated with +/-
90 degree PSK

Method:

Competencies are achieved by carrying out the practical for this
assignment.
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Practical 1 - Costas Loop Demodulator.

Each assignment consists of three elements:- hardware, software
and workbook. Candidates demonstrate their achievement of
competence by satisfactorily completing the workbook. This

involves supplying missing keywords, completing block diagrams,
making measurements and sketching waveforms.

Competencies:
Basic Practical Skills Measurement using an Oscilloscope

Basic Measurement Skills Measurement using a Spectrum Analyser
Recognition Mathematical calculation in dB

Module Required: Modulation and Keying 53-160

Demodulation of PSK using a Costas Loop

The Costas Loop provides an alternative way of demodulating
PSK transmissions.

It uses a phase locked loop to produce a carrier frequency
reference of constant phase which is then multiplied by the
incoming PSK signal to produce a demodulated data output.

The block diagram below shows the three multipliers (modulators)
and the VCO which form the Costas Loop:

FSE zignal demodulated data signal
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®veo = ¢
only a small phase difference, ge will be present.

Let the two outputs from the VCO be:

2c0s ot in phase with the carrier and

2sin ot in quadrature.

The PSK signal input is:
s(t)=Acos(mt+g)

where g is 0 or 70 radians depending on whether the state of the
digital inputd is 1, or -1,

So, if d(t) is the state of the digital input, this signal expression can
be written:

s(t) = A d(t) cos ot

The multiplier outputs are the products of the two inputs to each.
Thus these outputs are:

[A d(t) cos oct][2 cos oct] and
[A d(t) cos cct][2 sin oct].

The reference channel output is used, i.e.:
Vout = [A d(t) cos mct][2c0s wct]
= 2A d(t) cos? ot
Now, cosx = 0.5(1 + cos 2x), so the expression for v, becomes:
Vour= 2A d(t) (0.5 + 0.5¢0s 2act)
= Ad(t) + Ad(t) cos 2et

This expression has two components: a dc component dependant
on the phase of the digital input data and a component at twice the
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carrier frequency.

This double-frequency component can be removed by a post
detection filter.

Practical 1 Costas Loop Demodulation

The carrier is being phase modulated by the data waveform. The
phase shift of the PSK is +/-90 degrees, but can also be varied. Set
all of the potentiometer controls to their mid positions. Set the MS
bits switch (7) to A and the LS bits switch (8) to A. Click on the
available monitor points to observe the signals around the circuit
using the oscilloscope.

Go to the Questions menu and answer the relevant questions. You
will need to return to the practical and make some observations in
order to answer them.

Questions on Practical 1

1. Do the waveforms at monitor point 1 correspond with the
formats selected?

2. Do the waveforms at monitor point 2 show PSK?

parlsznouitnuiaewiiiamisaviasen ddrereasnsomaamsas o
LGTALY

msnaaesdi 1 nsueniyanadieneamd gw
ﬂﬁuwﬁﬂzgﬂwﬁnﬁtytymgwﬁﬁ'wgﬂﬂéu%ya mstaoulavesfieaaily +/-

. s .
90 93 uaeuIalasun 1@ aujusruguinmuFesiimesnntlulii

Fumianaveaiy Ysuadadimivddmgaaa (MS bits) <7> 11 A nag

A da o o o b . A 2 7 o ' Aa
AIWFUAUYITIAUAIFA (LS bits) <8> Vlﬂ‘ﬂ A ﬂﬁﬂlil'lﬁﬂi;ﬂ!ﬂ‘lﬁ%ﬂﬂﬂﬂ@nﬂ 1 NY

agitedunadyniunasniees Ineldeoadaladlal

By mlaniy

Sy
e

08

Flo i

-

s
i fros
adunni

Tdfinemsdenmouuazasumaiuineniies Wndnyonndeendu lUnns

O G EAs A TR NG A N T R SR

fowmMsnaaesi 1

4 A o o A A '
1. gundudgadhdauna <i> asenugiunuiidenvseli?

2. sunduiiyarthasy <2> naasdieamanio lio

A I S o 11} A
wengiluuudueiguazilanes “uldswvla’” eenainreswannau

component !ﬂuﬂii’ Toauene

paA1lsznall

utlafveny double-frequency T

UseToavens Allanudasum

wiladrede Ms taz Ls Wureifiy da

9

Tachangaga tag UadsdAndiga

MNa19Y (MS = Most Significant , LS =

Least Significant)

9 Y A o U
wiladeonnulunseulinennuseuas

v
Tagldmaunszsu

uila#h collocation (f11/51n39%) make

some observations Lﬂuﬁ M3 dune

1199814

wila formats 1511 31Uy a1

waynsuAwiy s miadag taz
frimatindnIns sy Yoa3AINTTUADIU
(/I

wilafwey waveforms (M1910
wave-+forms) 1111 jUaaY 191n 31 +

AdY)

106




4.

Select NRZ format and ensure that Var. Phase is not selected.

Is the required demodulated output present at monitor point 10?

Look at monitor point 31.
Is the required demodulated output present at this monitor point?

What needs to be done to provide the required output?

Go to monitor point 10 again and vary the PDF control (9).

What effect does this have on the demodulated output?

Look at the VCO control voltage at monitor point 12.
How does this vary in response to the incoming PSK?

(You can decrease the selectivity of the LP Filter by turning the
PLL filter control (6) towards minimum to see the effect
better).

Set both the MS bits switch (7) and the LS bits switch (8) to 0.
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8. Does the demodulator output correspond to the data input?
Set both of the data switches to 1.

9. Does the output correspond now?

10. What can you say about the Costas Loop demodulator
compared with the PLL demodulator as regards to NRZ
formatted data demodulation?

Change to Split Phase format and set both the MS bits switch
(7) and the LS bits switch (8) to 0.

11. Does the demodulator output correspond to the data input?

Set both of the switches to 1.

12. Does the output correspond now?

Set both of the data switches to A.

13. Does the demodulator output still correspond to the data input?
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14,

15.

16.

17.

18.

What can you say about the Costas Loop demodulator
compared with the PLL demodulator as regards +/- 90 degree
PSK with Split Phase formatted data?

Select NRZ and click on Var. Phase.
Look at monitor point 12 and adjust the Phase control (4) to

give the typical pulsed waveform seen before.
Set the PLL filter control (6) towards minimum and look at the

output on monitor point 10.

Is the demodulator output correct?

Turn the Phase control (4) to maximum to set the phase shift
of the PSK away from +/- 90 degrees and set the LS bits switch
(8) to 9.

What happens to the demodulator output?

What is happening at the VCO control input?

Look at the demodulator output again and set the LS bits
switch (8) back to A.

Does the demodulator output show the correct waveform?
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19. Does the Costas Loop stay in lock for a PSK of not equal to 19. fodmd an seSenodni e lldmsufeani 1wt +/-90 09e? Aulalduaoumsutlanyuasadinag
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When the loop is in lock, the VCO will be phase-locked by
modulators (2) and (3), causing it to produce an output from its fgo
terminal that leads the incoming signal by 90 degrees.

Since the VCO produces outputs which differ by 90 degrees, the
reference signal from the fo, output will be in phase with the
incoming PSK signal for, say, binary 1 and 180 degrees out of
phase for binary 0.

The multiplying action of modulator (1) will then produce a
positive dc level when the received and reference signals are in
phase and a negative level when they are in antiphase.

Subsequent data recovery circuits convert the bipolar output from
the Costas Loop demodulator to unipolar NRZ data.

It should be noted that when the incoming signal changes state, the
sign of both inputs to modulator (3) change simultaneously so that
its output remains constant and the VCO will be locked in at
constant phase.

If there is no information which specifies which of its phase values
is +90 degrees and which is -90 degrees with respect to the
reference, the demodulated data could be inverted (binary 1 and
binary 0 interchanged).

This is a difficulty that cannot be resolved unless we know more
about the signal than just that it is +/-90 degrees PSK.

This ambiguity can be resolved by extending the use of a sync
word pattern which is transmitted at regular intervals.

The pattern is chosen, not only to provide synchronisation
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information, but to provide a bit sequence that can be identified as
either correct, or inverted.

When an inverted bit pattern is detected the logic circuits in the
receiver reinvert the data to restore the correct sense.

Summary

The Costas Loop demodulator is an alternative form of detector for
PSK signals.

It is a more complicated circuit than the phase locked loop based
circuit seen in Assignment 25 but one which has the ability to cope
with the situation where the phase shift is +/-90 degrees.

With this phase shift there is no carrier for a PLL type detector to
lock on to and produce the reference phase needed by the receiver.

There is an ambiguity in the determination as to whether the phase
shift is + or — 90 degrees associated with this form of demodulator.

This may be resolved by transmitting a synchronizing pattern of
data to identify whether the received data needs to be inverted, or
not.

Assignment 27 - Quadrature Phase Shift Keying (QPSK)
Learning Qutcomes:

On completion of this assignment you will be:

e Familiar with the concept of Quadrature Phase Shift Keying
as an extension of PSK

e Able to describe the generation of a QPSK signal
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e Able to list the requirements for demodulating a QPSK
signal
e Able to describe the double Costas loop demodulator

e Familiar with the phase ambiguities associated with QP_K
demodulation Method:

Method:

Competencies are achieved by carrying out the practicals for this
assignment.

Practical 1 -Generation of QPSK
Practical 2 - QPSK Demopulation

Competencies:

Basic Practical Skills
Basic Measurement Skills

Recognition

Measurement using an Oscilloscope
Measurement using a Spectrum Analyser
Mathematical calculation in dB

Module Required: Modulation and Keying 53-160

QPSK
Quadrature Phase Shift Keying

Quadrature Phase Shift Keying (QPSK) is an extension of the
simple PSK method of keying investigated in Assignment 26.
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In QPSK the signal can take up one of four possible phase angles,
mutually in guadrature, each corresponding to a particular data
input condition.

Consider NRZ formatted data in which each word is divided into
bit pairs instead of individual bits.

There are four possible ways of pairing binary 1 and 0. These are:

Any data word with an even number of bits may be represented by
a combination of these bit pairs.

One of the four phase angles is assigned to each of these bit pairs.

QPSK offers twice as many data bits per carrier phase change than
Binary Phase Shift Keying (BPSK), and hence finds wide
application in high-speed carrier-modulated data transmission
systems.

For example, if the data transfer rate is 9600 bits per second the
transmission line signaling rate will have 4800 bit pairs per second
and thus will be at 4800 baud.

Typically, the four phases chosen for QPSK are +/-45 degrees and
+/-135 degrees. Each of these is assigned a bit pair (dibit).

The diagram shows a possible dibit pattern, often referred to as a
constellation because of its star shape.
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The expression for this QPSK will then be:

s(t) = cos (et + @)
where g = +T0/4, T4, +3T04, -374.

by trigonometric expansion, this can be written:
s(t) = a cos et + b sin ot

where a and b are given values corresponding to the four possible
angles.

For the angles chosen, these will be:
(2a%?, 2bY?) = (1,1), (-1,1), (-1,-1), (1,-1)

The transmitted signal is therefore the sum of two waveforms in
quadrature.

LPSK Constellation

referenice phase

1 m

In practice, the generation of the bit pairs may be done in a number
of different ways.

The simplest method is to store two bits, read off the combination
and generate the required carrier phase shift and then store the next
two bits, etc.

A block diagram of such a system is shown below
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QPSK offers twice as many data bits per carrier phase change than
Binary Phase Shift Keying (BPSK), and hence finds wide
application in high-speed carrier-modulated data transmission
systems.

For example, if the data transfer rate is 9600 bits per second the
transmission line signaling rate will have 4800 bit pairs per second
and thus will be at 4800 baud.

This means that the bandwidth required for any given data transfer
rate will be approximately halved for QPSK as compared with
BPSK.

In this assignment the data bits are set by the MS and LS bits
switches.

The bits associated with these switches are:
MS bits switch LS bits switch
bit bit, bits bits bit; bit; bits bits
The grouping of the bits into dibits is:

MSbit; LSbity
MSbits LSbits

MSbit, LShit,
MSbits LShits
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Perform Practical 1:- Generation of QPSK

The carrier is being QPSK modulated by the data waveform at the
modulator. Set all of the potentiometer controls to their mid
positions. Set the MS bits switch (7) to 0 and the LS bits switch (8)
to 0. Click on the available monitor points to observe the signals
around the circuit using the oscilloscope.

Go to the Questions menu and answer the relevant questions. You
will need to make some observations in order to answer them.

Questions to Practical 1

1. With both the MS bits and LS bits switches (7) & (8) at 0, what
are the four dibits?

Look at monitor point 2 with the large oscilloscope display.
The yellow trace is the carrier and the green trace is the
modulated output.

2. Are the two waveforms in phase?

3. What is the phase shift of the output relative to the carrier?
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Now set both the MS bits switch (7) and the LS bits switch (8)
to F.

4. What are the four dibits now?

5. Are the two waveforms in phase?

6. What is the phase shift of the output relative to the carrier?

Set the MS bits switch (7) to 0 and the LS bits switch (8) to F.

7. What are the four dibits now?

8. What is the phase shift of the output relative to the carrier?

Set the MS bits switch (7) to F and the LS bits switch (8) to 0.
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9. What are the four dibits now?

10. What is the phase shift of the output relative to the carrier?

11. Do the four possible combinations of dibits give the four phase
shifts?

Try some other switch combinations.

12. Can you see the phase shifts in the output waveform?

Demodulation of QPSK

The received QPSK signal must be demodulated to produce the
two components of the signal transmitted.

This is to combat the problems of phase ambiguity (these have
already been met in assignment 25 for BPSK).

A phase detector is a mixer, whose action is one of multiplication.

In a phase detector the two signals to be multiplied have the same
frequency, thus the output of the detector will contain sum and
difference frequency components.

Pl ] F
9. ladianaaluvazilfluesls?

@ L4

A o a o <
10. msaeuavesd mmaﬂmwﬂnﬁmmmmmﬂua:"li?

] e

. y .
1. was il ll1dvs 4 muuvedlatialdmsdeula 4 amse T

v & a <
naaeslFHaTINLULDY ] VOIAINY

1%

o = < A A & A '
12. uﬂﬂﬂy1ﬁ1w15ﬂlﬂuﬂ1§!aﬂu!wﬁﬂgﬂﬂauﬁfﬂfﬂ’]mﬂ'ﬂﬂﬂsﬂl{lu?

Ut

MsuendyanuRINvaIn

fowondaanailfiemai 1dsuioadwesdlsznovesdyanaiidians

€

Yy

Ay o A o A A aa
waudTamanuminive syuiny luuuudniah 25 Gesdifiean

3

2vsasrvuiiiuseswaimihiigaumuonila

' 1 H £
Tashdyananzguiudedyguiinnudineny auudygiuesnved

Y I3 A4 g '
299557915 neunleesnlseneuanuE N uNaVINLaE HAAS

@ o3 U
Tuszuy wenaruneemily 2 @A
y H 1] 1l
Taseardaniv dawaziindeande e
a 3 a A
1¥anuinedniuazdomions i

adududounazguendaaunsninly

{ a 3

WS Asanend (2002) TUNgUEINTT

"y ) o @
wilapdudneIA NIA UMY FANN
MW ToANUIRIIE tazd1uIu A
o o A Y] A 9
dagaoms lEmuniugu ievda
anumny M3 l5lse Temionans uas

' P '
211 1ad1e

E
2N5INVINNNTTHIuaIuNaTeVil
Sinsrzrvazutlalasrianudrlasuda
Ao o a & g A4 9 o o
AMmduRavy Yeyainervesnudium
Mynszmsdods wu Jaulfiia
illocutions ﬁmumsafwﬁﬁﬁ
o ¢ % 4a X
ansyasd wamsuel tagHainayy

9 1 4
anuruean Iaseag wu Usewad

Ao nazdfawiug dudu

9059 1N5% (1987, 475-480) 19U
wailamahldaiiuulaas sy

Y @
sunudumiunnilsens mawa
A a a Y v o
WoannmseuReseieduntiuny
afunaluanudlueslilyiGess

fMedaaelsz leanadeiionanalf

119




The sum component will be at double the carrier frequency and the
difference component will be at dc.

i.e. if the inputs to the detector are cos (wct + ¢)and cos ot the
output will be:

oS (mct + ) X cos mct = 0.5 cos [(wct + ¢) + oct] + 0.5 cos [(wct +
0) — oct] = 0.5 cos (2wt + ¢) +0.5 cos ¢
where ¢ is the transmitted data phase.

A low-pass filter is used to attenuate the second harmonic (double
frequency) term, leaving:
Vo =0.5cos ¢

¢ is the modulated phase shift (+/- /4, +/-3 TU/4) and v, is the
output dc voltage representing the appropriate dibit.

Now 0.5 cos (+/-45 degrees) = +0.35, and therefore the detector
does not know if +45 degrees, or -45 degrees was sent.

Similarly, 0.5 cos (+/-135 degrees) = -0.35, and the same
ambiguity exists.

In order to resolve these ambiguities, a second detector operating
in quadrature is required.

This can be achieved from the double Costas Loop type circuit, as
shown below:

The inputs to the second detector are cos (wct + ¢) and sin mct and
the output will be:

cos (ot + ¢) X sin oct = 0.5 sin [(wct + ¢) + ct] — 0.5 sin [(oct + )
—oct] =0.5sin (2wt + §) —0.5 sin ¢ where ¢ is the transmitted data
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phase.

Again, a low-pass filter is used to attenuate the second harmonic
(double frequency) term, leaving:

Vo=0.5sin ¢

¢ is the modulated phase shift (+/-TU/4, +/-3704) and v, is the
output dc voltage representing the appropriate dibit.

The outputs of the two modulators are multiplied together to
produce the VCO control signal, giving:

0.5[cos (2axt + ) +cos ¢p] x 0.5[sin (2t + §) - sin ¢]
=0.25 [cos (2act + ) . sin (2axct + ) — cos (2act + ) . sin
+sin (2act + ¢) . cos ¢ — cos ¢ . sin ¢]

Expanding these terms, using the identity:

cos A .sin B =0.5[sin (A + B) —sin (A — B) ], we obtain

the previous equation = 0.25 [0.5 sin 2(2act + ¢) — 0.5 {sin (2ot +
20) — sin 2oct}+ 0.5 {sin (2mct + 2¢) — sin 2wt} — 0.5 sin 2¢],

which simplifies to:
0.25 [0.5 sin 2(2act + 2¢) — 0.5 sin 2¢]
=0.125 [sin (4ot + 2¢) — sin 2]

This contains a 4w term, which will be filtered out, leaving a dc
term proportional to the phase shift which is used to control the
VCO.
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QPSK Demodulation
Reception of QPSK Signals

The received QPSK signals are demodulated in a double Costas
Loop circuit to produce the two data signals corresponding to those
originally generated at the transmitter

In normal operation the frequency of the VCO is synchronised
with that of the incoming signal and it produces two square wave
outputs, mutually in quadrature, at the carrier frequency.

When a sine wave signal is multiplied with a square wave of the
same frequency the output will contain a dc component
proportional to the phase difference between the two waveforms.

Therefore, multipliers 1 and 2 act as phase detectors which extract
the in-phase and quadrature components from the incoming signal
and produce two data waveforms corresponding to the two signals
originally generated at the transmitter.

The outputs from multipliers 1 and 2 are proportional to cosg and
sing.

From the previous practical we know that the phase angle of the
incoming signal can be +/-45 degrees, or +/-135 degrees with
respect to the carrier reference.

In the receiver the VCO provides the reference signal and the
outputs from multipliers 1 and 2 will have the polarities shown
below:
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Phase of Signal Multiplier 1 Multiplier 2

(degrees) output polarity | Output polarity
+45° kcos45° + ksin45° +
+135° kcos135° | - Ksin135° | +

-135° kcos(-135)°| - ksin(-135)° | -

-45° kcos(-45)° || + ksin(-45)° | -

It can be seen that the two outputs produce different combinations
of polarity for each phase angle.

These combinations of polarity correspond to the originating dibit
states from the transmitter.

e.g. +45 degrees to 11, +135 degrees to 01,
-135 degrees to 00 and —45 degrees to 10.

One of the outputs will give a waveform corresponding to the MS
bits pattern, the other will give the LS bits pattern.

The loop must remain in lock as the input signal changes between
these four phases.

This means that the system must be able to lock on to these four
phases without the VCO changing frequency or phase.

To achieve this the circuitry associated with multipliers 3 and 4 is
required.

It is arranged that one input to each of these multipliers is made so
large that each multiplier effectively switches the polarity of its
other input.

The combined output from multipliers 3 and 4 is applied to the
control terminal of the VCO (Voltage-Controlled Oscillator)
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It has the form shown in the diagram below:

Phase difference Iil bebween incoming
zignal and reference zignal

= AL/
VYV

Filz R 3R 2R

Remembering that the VCO is frequency synchronised to the
incoming signal and that a particular voltage is required to
maintain this synchronism, it can be seen from the diagram that
there are four phase values per complete 2TTat which the system
can lock.

This gives the circuit the ability to maintain a steady reference

phase as the input changes between its four possible phase values.

In binary PSK there was a two-fold ambiguity in defining the
reference phase. With QPSK there is a four-fold ambiguity.

To resolve this ambiguity a recognition, or sync, word is
periodically transmitted.

This word has a distinctive combination of 1s and Os and can be
used to recognise if any bits have been inverted as a result of
locking onto an ambiguous phase.

The bits in error can then be corrected.
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Perform Practical 2:- Demodulation of QPSK

The system below shows a double Costas Loop detector for the
demodulation of QPSK. Set all the potentiometer controls to their
mid positions. Set the MS bits switch (7) to 0 and the LS bits
switch (8) to 0. Observe the signals around the circuit using the

oscilloscope.

Answer the questions provided. You will need to make
some observations in order to answer them.

QPSK Demodulation
1. Set the MS bits switch (7) to 0 and the LS bits switch (8) to 5.

a.What dibit pattern does this give?
b.What QPSK output pattern do these settings give?

2. Look at monitor point 2 with the large oscilloscope display.
Can you see the 180 degree phase changes between the dibits?

3. Look at the two outputs of the double Costas Loop (monitor
pints 10 and 14).
a. Are the waveforms the same?
b. .Ignoring the small variations present on one of the outputs, do
they correspond to the originating two data bit patterns?
¢. Which output corresponds to the MS bits pattern?
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d. Which output corresponds to the LS bits pattern?

4. Monitor the output that corresponds to the LS bits pattern.
Turn the Carrier level control (5) to minimum and back to
maximum a number of times and observe the output.

a.Does the output always come up the same?
b.Does it always correspond to the LS bits pattern?

5. Turn the Carrier level control (5) up and down until the output
is in a state that does not correspond with the LS bits pattern.
Look at the other output.

a. Does this now correspond with the LS bits pattern?

b. Is there ambiguity as to which output corresponds to which bit
in each dibit?

¢. How can this be overcome in practice?

Summary

QPSK is an extension to simple PSK modulation in that there are
four possible phases that can be transmitted.

Each of these phases is assigned a pair of data bits (dibits) which
determines the phase to be transmitted.

Because there is only half the number of phase transitions as
there are data bits, the baud rate of QPSK is half of that for
simple PSK.
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This means that the bandwidth required for a given data transfer

A4 g

Fanuennunnnun e uaudidesmsdmsusasimsdedoyailf vz

rate is half that required for PSK.

To demodulate QPSK a double Costas loop type circuit is
required to regenerate the reference phase signal required.

This circuit suffers from similar phase ambiguity problems as
seen for PSK and a recognition word is required to be transmitted
to resolve them.
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