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Domestic Television transmission using ‘the Canadian
»

satellite Communications system started in Fobruary 1973.

v

Two audlo channels and one control channel aré\transmitted

Kl

in addltlon to colour televisxon progsgms 4 .

! \ ‘ X
\'I!he equlpment ,grocessnxg the audio portion is called

the Audlo Subcarrler Equipment. The latter uses’a- subcar-

rier frequency\gf 6. 8 MHz to be-modulated by the multi-

plexed audio and controlxchannels.

’

A} v

-

Shortly after the abov date, it was observed that
- certain programs in audio 2 channél interfered with audio I,
» which is the TV audio channel. The interference is of

-

intelligible and unintelligible crosstalk varieties. -

N

The pur;oge of this report is to present the vaftous
tests performed io order to deterﬁine the causes of the
crogstalk probléh. Several possible _ solutions to the Prob-
lem are‘derived frbm the test results. It 1s:shown that .
there is one solut n that\is simple ang efﬂectxve* ng.

N
removal of preempha51s and deemphasis stages that are

. "
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"7 CHAPTER 1

+ INTRODUCTION

»

1:1 General .

Y

The Ca;;EIEQ'satelliées-are a part of a multi- -
purpose edqmunipations sys;eml. The system inplpdes
trackiAg, ielemetr& and command facilixies;ea control
center‘and numerous earth stations of different types'

scattered throughout Canada.' Each satellite has twelve

high capacxty microwave channela, and eaah channel is

» capable of relaying up to 960 bnedway multlplexed voice
¢

) signals using a s1ngle carrler, or one colour tele-

‘ﬁyia%op program. : : N

‘ LT ) -
The contents of a televisioa channel are :

o

- {1) One television video 51gna1, of bandwidth
ST ! N

P B ~ \

...i“ = 4-2 MHZ.. ~“} « ‘ ' ~.
fiL) A telavis;on gudio cha el (c?lled here

_Audio 1), of bandwideh & 5.0 kuz, |

A '3

(iii) A radip program channel (called here c
\\ AudiowZ). of bandwidth = 5.0 kRz.

4

(iv) A conﬁrol cbann_l. of bandwidth = 3 1 kHz.

¢ . © -

A Y

- v._g‘ . ~"‘" . h .

1.

\ Canadian CQrpo;ation..

.

Thia aystem is owned and operatedmby Telesat Canada,




1.2

N
& - 2\'_ . ‘o

(v)‘ A continuity lot, qf\frequency o= 2;.1 kHz.

Signals (ii) to (v) inclusive are multiplexed, fre-

‘quency<modulated (FM), and combined with signal (i) to

-

. ¥ 5
form thg Transmission baseband:. The FM carrier, known

as audio subégrrier, is of frequen¢ty = 6.8 MHz. This
subcarrier is modulated by the multiplexed signal of

the following make-up.

%

(1) Audio 1 : 0 to 5.0 kHz.

(ii) Audio 2 : 7 to 12.0 kHz.
. — ' | \
(iii) Control channel : 18 to 22 kHz.

(iv) Pilot :  25.1 kHz.’

Thus, the transmission baseband contains the TV signal .

(10 Hz to 4.2 MHz), and the modulatedcaudio\gubcaxriér
N Y .
at 6.8 MHz. . ; . !

d
-

K

3 "o

History of the problem

During the first year of Gperation; it was observed
éhat there is a'noticeable - and sometimes objec&iog—
able ~ crosstalk among the oantents 'of the televisioﬁ
channelé. More specifically, .and at the'receiviﬁé end,
it was observed to be between the TV and audio.aignils.
éqd from auéio 2 to’ audio 1. Since marked b;ohatilk is
a serious Hefect in communication syatems;lits eli@lna-

tion is essential. Akthouéh the problem is multifaced, .




.
> » .
-
s =3 -
~ 5
]
A .

s mainly with augio 2—-to-audio .1 cross—

However, the extent of interference apparently varied

- . . according to the different audio 2 progrém content. In

) . some cases, and in order to\ reduce the crosstalk, opef- .
: - .
. ators at the transmitting end\,would attenuate the power |
; 9 ) .

« - ~ - of audio 2 program, bﬁt*stilly h}gh peaks would cause

interference into audio 1 (e.gii at high musical notes,
or with high human voice volumes). Then, it was de-

o cided to make an in-depth evaluation of the audio

equipment, in order to quantitatively assess the per-

, ‘ X . s
formanée of this particular design.
* (]

. L]
' B R v

..: -

-~

! ' . , - : . ' »
1.3 The author's assignment . ’

. . - The evqluation\had the followiné objectives\i-

(i) To determine by test the”limitatians.df f@e equip-"

D , ! ) . ~ .
, ; ment that processes the audio signals of audio 1

and audio 2, and to determine the causes of the .
e ‘cféssta;k from audio 2 to audio 1.
\

(11) From the test results, the method of eliminating T

-

‘e

B the c;ésstalkishould evolve. A general approach

-1

would noﬁ'exélgdeﬁthe possibility of equipment re-

"design by the manﬁfacturer_iflﬁecessary. . .

[ . ! ; - '
B © 3




2.1, Genéral-'

ol

L é.l,and 2.2 are ‘functional diagrams of the transmit and

“ CHAPTER 2

TN Y . * R
THE VARIOUS TESTS OF THE AUDINQUIPMENT

1

. N . l X
poo
N
To perform the teiys, the aﬁdio-equipment had, to be

isolated from the'serfES of other stages that form fhe

~

N

ground bommgﬂications\eqpigmeht. At.one earth station,
the author removed a“t;éngmi£ audio shelf with its
power supp1§i, audio 1, 2 and con€¥01 mulﬁiplei moduies,
and the subcarrier modulator card>. 'The latter also
contains the combining stages in front of-the modulator.

Also, a receive audio shelf was removed that.houses the
, : o .

power supply, a FM demodulator ‘unit which-also i%cludgy-

1

a predetection band pass filﬁer and splisting stages,

and audio 1, 2 énd'contrél'receiving'un s. Figures
' a 5 f

receive shelves respectively.

~ ’ -

2.

The terms "card?, "hnit” gnﬁ “modulq"wéré used ‘inter-

i.e., The AC-to-DC converter that supplies DC power to

~

all shelf modules. - . -

-
[
) [

1 - ]

changeably "in this report. . )

FORE
. .

Y

(
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B
By
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B

-5 - )
A GLOSSARY OF SYMBOLS ﬂ ’
AMPLIFIER {> HIGH PASS FILTER | 57
. ~ M )
? -
4 )

ATTENUATOR I LOW PASS FILTER | X%
' : o
\ .“ ] )
COMBINER >— 'BAND PASS FILTER ||
e * i . . X

FREQUENCY ' LEVEL
CONVERTER ) ADJUSTMENT
. b ' ) >
. / .Q\. . N
) @ ?
AM, UNBALANCED ™ CRYSTAL
DETECTOR _ : ‘
'DE-EMBMASIS \| | ‘TRansrormERr/ - -@——
- ) > '\
‘. . ‘ § ; Q\Q ‘
PRE- EMPHASIS / swrew /L
! »- a1 ~ - ‘
. ”> Il
. *
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Pl

The two shelves thus isolated were placed Sack-;o—

back (in an electrical. sense) and formed the "system
under test". This system was subjected to systematic
£ . . ’

tests that broughtvoup‘the pertinené limitatipons of its

. 3

stages.- ‘ 4

-

. The tests performed were1 :

(1) - Determlnétlon of total harmonlc dlstortlon (THD)

”

of audao 1 and aud19 z,channels. <This wag done
in several steps. Fr&stly, the receiving multi-
" plex stage alone wae tesEed; This test con-

7 figuration is depicted b* solideiﬁne& in Figure
2.3. Se;ondly, the transmlttlng and rece1v1ng
multlplex stages only were connected together and
tested. Pigure 2.4 shows this conflguratlonﬂ,_ /}
Thlrdly,\all stages of the transmitting and re-

-

ceiving shelves were placed in c1rcu1t and thus

* .t
! '

tested. This jtest confxguratlon is shown in .
Figure 2.5. Flnally, a THD test was performed on -
Eoth audio channeli with all stages in circuit

jﬁ except the preempha9152 and deemphasis §;ages.

v .
d
, . ¢

l “ 13 ?’V

SO

.ter is\fqund in the Table of Content.

. (AN 2 i3
. Accordlng\to c.c.1.m7., Rec. J-21, Geneva 1964. Ref.
Appendix D:\\ N ¢
AN

-
o)

The actual order of tests presented later in this chap-~

[y
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v

.

(ii) Determination of audio 2-té-audio 1 crosstalk,

. and.of -audio l-to-audio Zicnosstalkl, by gxadual-
ly increasing the frequency andcleveliinto o
audio charnel, and observing the resulting in-’
’crease above basic gaise on the other audio cnan—
nel. For %his series of tests, and after‘testing

. audio l‘&fé"with all stages in circuit, certain’ ’ T

stages weré taken out and the equipment tested as

“

st ~

follows : firstly, without pre-and~deemph§§ii

" stages -and then without the receiving predetec:\\\\\\\ A

. , tion band pass filter. : J\\\

w ' / ' N
(1ii). Frequency response curves were obtained for audio -
channels 1 and 2, for»increasing input ffequency %ﬂ

~

and levé& The purpose"af these tests was to re-

corq actual variations in frequency response .,
a v ‘x-,\ﬁ:‘t .

after the removal of the pxe—and—deemphasis

stages. .
- (iv) Verification of the characteristics of the pre-
L ) //Eg;eégion band pass filter. . ) N
. . ’ : ) M v-—,
. o . B ow
l 2 - -
- ~ o ‘b: :"'3
Ve . * N » . ::b\é [
/ ’ e ;:A./' - - ‘é\‘
- Py
! H A WL
- ‘e - .,'::
| 4 ' .I ¥ -
o ] . e
-~ /I
. 1. Audio 1l-to-Audio 2 crosstalk tests were pgrformed for
comparison .only. W
L3 FET L Y &




2.2 - Test results ’ ‘ y T

In this section, an explanation is given about the
1\

>

L o conditions of every test performed, followéd by the -

results obtained. The latter are in a table form

hd R

first, then are displayéd in a graph form for an

s

easier grasp of the equipment performaﬁce.

<
.

-
- .

& 2.2.1 Total harmonic distortion; Receive audio 1, multi-

plex only. Ref. Figure:2.3. o

M =
- J *

3

ESE - Input: Demodplafbr splitter OUT |

- -}‘: o
?

. Output: Audio chann%é’ObT, a%ﬁpatcb panell.

Pt

5 ‘ ~
AR .

"’ ~ -
Re?;?VTﬁ;ﬁsection lineup: : o
: - Input = 200 v, at 1 kHz . A
Output’'=-+ 8,0 dBm ;

I -

)

+°  Test method: IThe inputjlevel‘ié varied so‘és to
/ o '~ * obtain increased channel output ~

~ . . iz ’_1evelsh~then THD is measured‘cof-

responding to éhe different chan-

) L : ' nel output levels. 'This is re-
e T peated for the frequencies 400IHE, Vo
; a 1 XHz and 2 kHz. L '

/ ’ . I

"1. A patéh panel was used to duplicate actﬁa}fcperating qpn;
v ditioni. It is also a convenient point for the audio '
.bhannel input and output, instead of screQ—type;termiq?ls
at the back of the audio shelves. : ' \

v

-

%



Test equipment: ! o

. \ ‘ o ’ hys
L. - RMS voltmeter,' model HP 400 L - . :
\ ’ RCA serial number 00115'5: \ﬁ’ .
, Ce Dlstortlon analyzgr, model HP 330‘ B - !
S ‘ .- RCA serial number L2A20 S"f
. ° ‘
' . ] Digital OScillatqr, model HP 4204 A. ’
j s . » :
i . - ' o 1 ' “ : @
} 9 ‘ - Results : E .
| . . ® .
1 oW TABLE 2.1 |
| Y \
| THD - Audio'l‘Receive Multiplex only
+ + ;’ ‘; 2
_ g | ourpur ar;?rm ' & THD % THD
“ — LEVEL : -AT - AT
< (+ dapm) £ -\.a400 Hz | f = 1 kHz-' f = 2 kHz
L ‘ i R . ' R
& \ N . 4. - -~ \
~ _ }8\ b.12 0.1 « Q.11
< ’ \\N s . ) ' & ~._*~ .
12 : 0.12 ‘ 0.11 0.08 g
a 16, - 0.22 _ | o0.16 0.17 S
‘ - 20 . " 0.35, “ 035 0.30 |
, a . « .
‘ a4} Q_ . . \ .3&
: ' T;\e ahove data is shown in Figure 2.6. - .
oy . ' @ ‘}‘\%‘
3 . e 4 g
- Y ey, ,
; ) 7 ’ ~'§ ’ " y "{;}r
T ) g h ) ) l -
Q (‘ - ’ ;}" "
. ‘ K y < . \ !
. ? % T . . ’ T * i
3 . LT ‘ . . , [ . o o
o 1. " Oscillator BHD is given in Appendix C. ~ ‘ R «
. § . \ ® L ﬁ’
' ’ ' \ ® \«u ﬁ . : °- * ' *
- \‘ : /
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& 2.2.2 Total harmonic distortion - Transmit and receive ' ’
audio channel 1, multiplex. Ref. Figure 2.4. A com-
biner and a splitter are used in place of the subcar-

. rier modulator and demodulator units.

Input: Audio channel 1 Transmit, at patch panel.

Output: Audio q?annel 1 Receive, at patch panel.

‘ ’DLineup: v !
Transmit: With the Test Tone (Té)'of 1 kBz at '
+ 8.0 dBM, the Transmit outgutgleQel
is adjusted to prbduce 200‘mv RMS
(600 ohm) at the-outpﬁt of thé 5 k?z
n Co low pass filter’(i.P.F.) Rgf; Figure.
© o 2.

.‘f .. ' | . . o

Receive : Lineup unchanged from that of test
- 2.2.1.,

s e e s

Test method: The input level is ‘varied so as to
N ' _obtain increased channel output
le§9;s, then THD is -measured corﬁ
responding tolihe different chan-
. nel output ievels: This is re; ‘
peated for the frequepcieh 400 Hz, -
1 xHz and £ XHz. |

. - .
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. \ fr ' . .,
Test equipment: /q

RMS Voléﬁ;tq;, HP 400 L - ‘ . .
RCA Ser{?i Number -Col15S;, |
Distort;on,analyzér HP'33U B -

RCA Serial‘Nﬁmber L2A20S; - | o

- Digital oscillator, modél HP 4204 A.

Regults: , ) . . ¥
TABLE 2.2 ‘ ‘

THD - Audio 1, Transmit and Receive Multiplex only «

OUTPUT * THD - L THD . %, THD.
LEVEL , AT AT . AT
(+dBm) | £'= 400 Hz | f=1.0kHz | £ = 2.0 KkHz

e

7.4 0.45 0.35 0.40

11.4 0.31 0.35 0.25

15.4 | 0.40 0.40 ~0.25
. 19.4 0.40 .| o0.40 . 0.35 |
' 21.4 ;mo 9.0 LS

- ¢

' I - 1'4 .
The above data is shown in Figure 2.7.

. N ¢
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2.2.3 Total harmonic distor}ion - Audioléhénnel 1 ttansmit
kS sectioq{\in¢1uding preemphasis, FM'modu gtor channel 1 5
. receive éection,‘wiéh 6.8" MHz B.P.F., demodulator and
.- deemphasis. Ref. Figure 2.5. T
’ . ' « ' ’
. . v . BT .
s -  Input: Audio channel 1l Trapsmit, at patch panel.

Output: Audio channel 1 Receive, at patch panel.

"y
f

;{') Lineup: . . '
(1) 1 kHz Tést Tone level: 200 mV RMS at com- .
biner-in and splitter out.

~e®

T - “ ot

(ii). With 4 kHz at -17.7 dBm, a Bessel Zero is
obtained for 50 kHz RMS deviatidn. .

(1ii) wWith +'8 aBm input at 1 kHz ité receive ..

~C T

' N channel output is adjusted to obtain

i3 s
+

+ 8 dBm at the patch panel. '

pe Test Method: The iqput:levgl is vagged_so as to
obtain inéreaseduchaﬁnei‘oﬁtput‘
) - levels, then THD ig measured cor-
st N - responding: to the diffeYent chap-
[ B nel output levels. This is re—‘
éeated for the frequencies 400 Hz,

1.kHz ahd 2 kHz. R

°

Test equipment: Panoramic spectrum analyzer
Model SPA-3, RCA serial number 163U211° , .

RMS Voltmeter, HP 400 L -




K

" «

. ' N _RCA serial number Coll15S;

: : Diséortion analyzer HP 330 B - .
¢ | \ .' " RCA sérial- nunber. L2A20S; |
° Frequericy counter HP 52:4 c -
¥ . RCA serial number R4LO3E; *
| Digital oscillator, model bHP' 4204 °A.
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2.2.X\\ $Q§?1 harmonic distartion - Audic ¢hannel 1, trans- -

+

mit and receive with all stages exgpbt pre-and-deem-
. ‘ ghQQis. ’ -
* v ® * Coe . !

Tnput: Audio channel 1 Transmit-in, at patch
. » ' @
, 0 o) panel-

-

W4

a «

Output: Audio channel 1 Receive-odut, at patch

panel
5 }‘» ' - . ri

o "

: Eqﬁipment.lineup: e

(i) With 4 kHz Test Tone level -17.7 é%h, the
traﬁsndt‘output level is adjustéd for Bes~
sel Zero at Transmit Shelf OUT. Therefore,
the same deviétion is maintained as with

preemphasis (50 kHz RMS).

-~

- (ii) With 1 kHz Test Tone level at + B‘QEh at
' input, the;c?annel output, is adjuséed_to

? . d%tain + 8 dBm at the receiye patch panel. »

Testlmgthod: The inp@ﬁ ievél is varied so as to

b oo ‘ : obtain inqreaéed channel outpuék//
- ‘ ¢ * levels, then “THD is\ measured cor-

. responding to the different chan-

nel output levels. This is re-~ 3
' 3

o ped&ﬁﬁ-for the frequencies 400 Hz,
"1 kHz, é kHz, 3 kHz and 4.5 kHz.

.
. - - ‘ L] a2
. e . * N
b . . [} ¢
. . . J
Pad
© . '
[ o B
o
~
.
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A : . '
Test equipment: A ) \
> 1
' + Pangoramic spectrum analyzer model SPA-3 -
- “ * 4 ‘l’ - ‘
b . ; ‘RCA seYial number ,169y211;
WO ....- ‘'RMS Voltmeter, HP 400 L - -
~‘ RCA serial number Coll5S; ) E‘{
et 8757 . N ; -

, ' . Distortion analyzér HP 330 B -
b \ ' . ¥
. . RCA serial number L2A20S;

s -
S,
-

‘ fx Frequency counter HP 524 C

. RCA.serial number R4LO3E; ° . S

v

pigitfal oscillator, model HP 4204 A. ~ ]
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- 2.2.5  Audio 2 to Audio 1 crosstalk;<Measuremeht of audio )

-

‘channel 1 output program weighted noise with ihcreas-

ing single tone interference from channel 2. This
equipment includes pre-and-deemphasis, and subcarrier
7
modulator and demodulator, and postdetection band pass
- . e

filter stages.

¢
b r

Input to channel 2: '600 ohm - single tones at

. ‘ - . patch .panel.
S ’ -, . .
F , Output of channel 1: Patch panel into the Noise ’ )
e | Measuring Set. v
17 a ] . ‘ ' )
}.,’ o .
o _, Equipment lineup: Continuity is checked with ° -
1 kHz Test Tone -at +8 dBm on _
s both channels 1 and 2, in
tﬁrn,‘and>it is ensyred that
' nominal channel receive outJj;>4
\ . . SN
: puts are obtained. 1 oo
) ‘ -
Test method: |
- (1) Basic noise on channel 1, Program Weighted
- - N t : q ' -
\\ , is measuredl.
(ii) The output weighted~n01se on channel 1 is
' - .
) ’ measured 1ncrea81ng freqpencyvand level 1nto
J . ' “ channel 2., L - '} : "

fod 1

Sl

4 v

. : 1 |
k. Noise readings were im dBrn (Program Weighted) - they ) |

have been .converted to noise in dBm using the conversion:
, N\ 'dBp'= -90 + dBrn reading. o o
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T\\\‘ L N ‘
. ‘ d’;"}\;{is{: equipment: _ \\\\ .
: M s A Y N LRI,

S = ;0 TRMS voltmeter, HP 400 L - Xy
RCA 'serial number Collss; , -

. ‘w\ké »., -

o~ b hat
O 3A Noise Measuring Set - . ~ B
* Western Electric RCA M3BoiT, with , .
- , ~qat . ' “ i
- - . . - » - ¥ . . . ° .
. . . program weighting: N.E., serigl number 497 B:
o g K ' Digital oscillator, model HP 4'2‘ A,
i ~ ~ "“ / M ' . L]
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- ' single tone

nel 1 output program'wéightéd noise wfth increasing

interference from channel 2. The equipment

} 2.2.6 : Audio 2 Audio 1 crbsgfalk; Measurement of audio chan- _
|
|

) includes subcarrier modulator and demodulator, and post-

| . ‘\‘dgtectﬁon band pass filter stages. The<prevand-heemr

- -phasis stages are removed.

.~

¥ o . -
| - Input
] o .
o
|
N (11)
\
e (114)
/
) P
e (iv)

™

to channel 2: 600 ohm - single tones at

patch panél.

Output of channel 1: From patch panel into the

: Noise Measuring Set.

’

N Equipment lineup
(1) The transmlt shelf is adjusted for 50 kHz

RMS deviatiQn, given a 4 kHz, -17.7 dBm

‘input te channel 1.

TheTeceive output level is adjusted on‘

the receive shelf to obtain +8 dBm at ch%n-
nel 1 out, patch panel, for 1 kH2 Test ‘
Tone at +8 dBm input to ohannel 1 Transmit-.

in, at patch pane}{

The deviation on channel 2 (80 kHz RMS) is
adjusted with 1 kHz input at -7.4 dbm.

The output level on channel 2 is adjusted =~

. to obtain +8 dBm into channel 2 Transmit-

[§ ' N
in, at patch panel. - .
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/ “) Test method:
: ) . (i) The Basic noise is méasured on channel 1,

Program Weighted.

(ii) The output weighted noise i meaéured on
- . chaﬁngi 1l with.increasing frequency and |
level into channel- 2. .. Sy
e e— Jr, ; '
Test equipment: . .
Panoramicgppectrﬁﬁjgﬁ%iyzer,ygodél SPA-3 -
- " RCA serial number 169U211; VR
'RMS voltmeter, HP 400 L -
BCA'sé¥ia1 pumber Collss; o
! 3A Noise Measuring Sétk— ~ 1
’_ ; Western Electric RCA M3BoiT, .
| a - with program weighting:
‘ 'N.E., serial number 497B;
Digital oscillator, model HP- 4204 A.
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- 2.2.7 Audio 2 to Audio 1 crosstalk Measurement of audio
channel l ~output program welghted noise thh/;ncreas-
. ing single tone interference from channel 2. The

equipment includes pre-and-deemphasis, and subcarrier

modulator and demodulator. The 6.8 ﬁHz‘Epstdetection

" band pass filter is removed.

Input to channel 2: 600 ohm - single tones at

! ’ patch panel.
"Output to channel 1: Patch panel into the Roise

' Measuring Set.

. a

EquipmeSt lineup: .
(i) The¢ insertion loss of B.P.F. 'is simu-
. ‘ lated with 22 dB Attenu tor, .75 ohm iuped-

ence.

T - (i1) Continuity is.checked with 1 XHz Test Tone
at +8 dBm on both channels 1 and 2, in turn,
and it is ensured that nominal channel” re-

.-

. ceive outputs aie obtained.

- Test method:

(i) Basic noise on channel 1, is méaspred Pro-

gram Weighted.

(1i) The output'weighted naise on channel 1l is

’ : ‘ measured increasing frequency and level into
Q -

channel 2. . e
\\ ,
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, %
Test equipment:
RMS voltmeter, HP 400 L -~ \

L}

N.E., serial n

Digital oscillator, model HP 4204 A.

v . [ g
N\
b
- % .
]
l ,,.r' ~
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2.2.8 Total harmonic -distortion; Receive Audié\z, muléi-

plex only. Ref. Figure 2.3, — o

¢

‘;', IngPt: Demodulator splitter-OUT.
Ouﬁput: Audio channel-OUT, at patch panel. "’

s \ ) . A\
Receiving section lineup:
. ' Input = 320 mv, at 8 kHz
Output = +7.0 dBm, 1 kHz translated éone.

LY

" Test method: The input level is varied so as to

obtain ingr%ased'éhannel output
'levels, then THD is measured cor-
reéponding to the different chan-
nel output le;els. This is re-
peated.for the frequencies 400 Hz,
\ » ‘l‘kRz\gnd 2 kHz. ¥

\ A

' = \\\*\ Test equipment: g '
- Nt
\

. RMS ‘Wpltmeter, model HP 400 L -
\ RCA serial.number Coll5S; .,

\\~,/5fstort$on analyzer, HP 330 B -~
:ﬂ RCA serial number L2A20S;

‘ R ) . RN
! Di;iggl oscillator, model.HP 4204 A. »
I 4 ~ ) o \
o a
5‘! N /‘\ ¢ ¥
N
‘} // \\\ .




, £

Raesults:

THD ¢- Au41o 2, Repelve %u

(//\

TABLE 2.8

ltlplex only rd \

. ;‘.I
J 1 I
T 1 T
OUTPUT % THD \ % THD § % THD
LEVEL AT AT VY - ar.
(+ dBm) _ £ = 400 Hz f\= 1 kHz f = 2 kHz
. . 5\ R /.'
" " 7
7 0.22 . 0.22 0.4
11 “0.14 '0.14 o;‘ho
-15 5 0-11 0.10 6,40 .~
19 0.22 0.17 0,90
21 ) 8.0 10.0 8.0
The above data is shown in Figure 2.13.
' S '1
¢ |
' t
.S
x\ ' “. "
) * A
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. ’ 2.2.9 Total harmonic distortion - Transmit and receive

audio’ chann€l 2, miltiplex’ Ref. Figure 2.4. A comy

N

. biner and a,splitter are used in.place of the subcar-g

. N . . 1 < - .
< i rier modulator and demodulator units.

Input-oAudlo channel .2 ansmit, at patch panel.
s Q'
v
- 3 .Output: Audio channel 2 Recelve, at Datch panel.

: ¢

L

a

o Lineup: -

.

Transmit: With Test Tehe, the transmiﬁ‘oqfﬁut

level islédjustéﬁ to produce 32 mV
RMS (600 ohm) at the output of the
AN . :“ channel 5 kHz B.P.F.
\ * . . { A, .
*\RQ\F1VE‘. Lmneup unchanged from that of test
. 2,2.8:

N L]
. 3
? ~ e

-
[

Test method: “The input 1eve1 is vatied such as

\
<

to increase the channel output
, o level .then THD is mecsured corres—
. pdnding to the different channel

output level. This is rcpéated

for~the frequencies 400 Hf? 1 kHzL
' . :, and 2 ‘kHz. l S
' ' ' N ‘ . on
Test equipment: o .
o  RUS voltmetér, HP " 400 L-
: ' kCA-serial number CollSS; R “ Jﬁ .

DY

' Distortion ana1§zer, HP 330 B - L]

) -~
v - n o )




\\: RCA serial numb

Y

' 4

-
.
o

Results:

g%k;,

eI LZAZOS;‘

-

« TABLE 2.9

Digitaroscillator, model HP 4204 A,

-t THD - Audio 2, Transmit and Receive, multiplex o
\ N
—~ ”i- &
. 1 -
= | ourpur % THD % THD £ =2 kiiz
— LEVEL AT AT OUTPUT
. “ (+ dBm) -] £ = 400 Hz f = 1 kHz | .LEVEL ¢ THD
“—/"‘;\"‘/ s (+ dBm)
N
: 6.6 .40 40 ) 0 .45
\ 10.6 o .35 s .31 11.1 /.42
- ' vy v 4
14}6:?\ .35 - 31 15.1 .56
. It . L )
) o6’ .40 .31 17.1 6.4
Ny 18.6 ; , 64
' A - 20.6 9.0 10.0 )
vk ' L & : ' !
\ 7 ’\ . = .\ .- - N i -
: ', The above data is shown in'Figure 2.14.
X “ ~ N ) ’W . o
Pl ,;
) ).
.
/oo
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2.2.10 Total harmonic distortioﬁ; Audio channel 2 transmit

section, including preemphasis, FM modulator, channel

- L] .
2 receive section,lwith‘s.a B.P.F., demodulator and

N C deemphasis, Ref. Figure 2.5. »

A}

" . .
L ' Input: Audio channel 2 Transmit, at patch panel.
Output: Audio channel 2 Receive, at patch panel.
, '.:‘\"su , . -
- Lineup: , . ‘
. ' e (1)48 kHz TT-level: 320 mV RMS at cégginer-én
o and spljtter-out. ) =S '

) (ii) 1 kHz at -7.4 dBm, Bessel Zero is obtained

. . . ) -3
, : for 80 kHz RMS deviation.

(iii) +8 d4Bm input at 1 'kHz, the receive channel
S ’ ™\ output is adjusted to obtain +8 dBm at

patch panel. ' ' N

L

Test method: The input level is increased,  and

THD is measured corresponding out-

o : L - puts. This is repeated for the
: . . frequencies 400 'Hz, 1 kHa, 2 kHz, ©
” : 3 kHz, 4 kHz and 5 kHz. : N
X e S , LR o

-, S -, Test equipment: . \\5\\\
' \1 'l . - a N ) . '
‘ . . Panoramic spectrum analyzer, model SPA-3 -

RCA serial number 169U211; L

~

B " _RMS voltmeter, HP 400 L - L=

3

RCA segiai number Coll5S;

)
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/

Dis‘tortion’ analyzer, HP 330 B -
RCA serial nunber L2A20S; s
o~ £

- . .

' Frequeéncy counter, HP 524 C -
RCA serial number R4LO3E; ¢

Digital oscillator, model HP 4204 A
; gy

' 2
b *
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\ .
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= .
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2.2.11 Total Karmonic distortion; Audio channel 2 transmit

and receive sections'with all stages except pre-and-

deemphasis. - - A

Input: Audio channel 2 Transmit-in, at patch

panel.

- o |
Output: Audio channel 2 Receive-out, at\;;;a\

panel. ‘ ° , </%
¥.. Equipment lineup: :
‘ (i) With 1 kHz Test Tone level -7.4 dBm, the
transmit outpuq.level is adjusted for Bes-
(sél Zero at Transmit Shelf OUT. Therefore,'
the same deviation is maintained as .with
o \ > ) :
) preemphasis. (80 kHz RMS). ) -
(ii) with 1 kHz Test Tone level +8 dBm at input,
the channel 1 output is adjusted to obtain

+8 dBm at the receive patch panel.

Test method: The input level is varied so as to - °

obtaip“increaséd channel output l

levels. THD is measureﬂ correspond-

~rae,

] ) “\\”\\ ing to different input levels. This

4

is repeated ‘For the ¥requencies
400°Hz, 1 kHz, 2 kHz, 3 kHz and

/ ) ‘3}!-;,. 4.5 knz- ‘: '

)




Test equipment: - 2
: e
' Panoramic spectrum analyzer, model SPA-3 - et
RCA serial number 169U211; .
Lo L
- RMS voltmeter, HP 400 L - . VRN
! . o,
RCA serial number Coll5S;
[ ] \ . “ J
Distortion analyzer, HP 330 B - '
‘ RCA serial number L2A20S;
. - Frequency counter, HP 524 C -
RCA serial number R4LO3E;
Digital\t:ogcillator, model HP 4204 A.
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2.2.12 Audio 1 to Audio 2 crosstalk; Measurement of channel
2 outbut program weighted npise with iqpreésing single
Jkone interferenée from channel 1. The eguipment in-

cludes pre-and deemphasis, and subcarrler modulator

»
3

and demodulator, and postdetection band pass filter
stages.

o
1as-F
)

. . {
Input to channel 1: 600 ohm - single tones at

'2 patch panel,
£ {

S s
> ’ i .
Output of channel 2: Patch panel into the Noise

' Measuring Set.

quuipment 1ineup The continuity with 1 kHz
‘ ‘test tone is checked +8 'dBm on
both channel 1 and 2, in turn,
and it is ensured that ﬁ;ﬁinal.

channel receive outputs are

o, - obtained. ’

Test method:
(1) The Basiic noise is measured on channel 2,

Program Weighted.

. (ii) The output weighted nbise on channel 2 is

¢

measured with 1ncreasan frequency and

. level into ch el 1.




,. ' - . T o4 -
Test equipment:
RMS voltmeter, Hlj 400 L -
RCA serial number ColiSS:
Ca ' ":;AiNoise Measuring Set - -
R o Western Electric RCA M3BoiT,
™. - with p?rogra‘m weighting: -
; N.E., serial. number 497B;
- : ;)igital os«:x}l;tbx, modewl "HP 4204‘ A.
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2.2. 13

?

s

'".pre-and-deemphasis stages are removed.

)

~ 57 -

: -l . 1
Audio l to Audio 2 crosstalk' Measurement of audio

channel 2 output program weighted noise with 1ncreas- '

ing smgle tone 1nterf¢r¢nce from channel l. The

equipment :includes|subcarrier modulator]| and demodula-

_ tor, and postdefection band pass filter 4dtages. " The

P

-3

N oo
Input to c_:h‘armel 1: 600 ohm - single tones at
v : : S

" - . patch panel. S
Yy ‘. o

IN
“

Output: ts c?annal 2: Patch panel 1ntp the Noise

Measurlng Se'ﬁ

€«

‘ Equipment lxneup.,

\
\

C (1) Channel 1 and 2 deviation adjustment,ais

. maintai,ned, - Y

)
A

»
(ii) The continuity is checked thh 1 kHz Test

'rone at +8 4Bm,on both channel 1 and 2, in
turn. and it is ensured that nomnal chan-

nel receive outputs are obtaxned.
. S

~ . , &

-~

-

Test method: ‘ ‘ «
- B}
(i) ThexBasic noise on’channel ‘\2 is measured,
’ : ) ¢

» Program Weighted.

(S.i) The output weighted noise is measured on
- hannel 2 with i‘ncreasinq frequencx and .,

level into channel 1.

L]

»
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Test eq'uipnie{n(:; : . ‘ (

i’\

“ - ‘5‘-8‘- \

'Panora'mic spectrum analyzer, model SPA-3 -
RCA serial,number 169&1211. ‘
RMS voltmeter, HP 400 L -
RCA serial nuéer Collss;
3A Noise Measm;;ng Set -
. Western Electric - RCA M3Boir,
with prograxi: weightingg: .
N.E. saerial number 497B; Sl

" Digital oscillator, model HP1204 A.
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' 2.2.14 Audio 1 to Audio 2 crosstalk; Measurement of audio

channel 2 output program weighted noisg,with increas-

~ ing‘single tone interference from channel 1. The

» »

eqhigment includes pre-and-deemphasis and subcarrier

modulator and demodulator. The 6.8 MHz postdetection

band pass filter is removed.

o
Input to channel 1: 600 ohm - single tones at

d$patch panel.

Output to channel 2: Patch panel into the Noise

‘Meaduring Set.

<

\

s Equipment. lineup:
(1) The insertion loss of B.P.F. is gégﬁlatea

/e . with 22 4B attenua;or,775 ohm impendance.
(ii) Continuity is checked with 1 kHz Test Tone

at +8 dBm en‘bbih channels‘l.and 2, in

turn, and it is ensured that nominal chan-~

& ' nel receive outputs are obtained.
\ :

T

Test method:
(i) Basic noise on channel 2, is measured Pro-

gram Weighted.

“

(11) The output weighted noise on channel 2 is
‘ measured with increasing frequency and

level into channel 1.




Test equipment:

RMS voltmeter, HP 400 L -

RCA serial number CollSS; .
§ \ SN
. o _‘EA Noise Measuring Set - .
. . Westeyn Electric - RCA M3BoiT,
’ o with program weighting,
N.E. serial number 497B; )
' _ Digital oscillator, model HP 4204 A.
v o . )
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2.2.15 Audio channels frequency response: ' e
The frequency response for both audio channels 1 and 2
is obtained under the following conditions:

¢
(i) With all stages in circuit.

. .
. ¢
.

Co _(di) Wlth,all stageslexcept#£95~the—pre~and~deemp T S—
/ - ~ A
. stagES. - - : ‘

Figures 2.20 to 2.23 show the frequency response
_f{”’~hrves for the aboLe condltlons. _ Each Figure sumﬁar-
' izes the response of an. audlo channel to- 51ng1e tones
b injected at the channel }nppt‘ The tones vary in fre-

' ° quency and ike input level. The Erequency range is

’/// 20 Hz to 5 kHz. The input level-is varied from 0 to ‘\\

22 dBm, in steps of 2 dB. At each input level and in-
) ' Y
{ M- put frequency, the output level is measured, : 5

ﬁormglizeq‘yith respect to the ouspdf at 1 kHz. I

Y the difference in normalized output level that is.
N %ii ‘ signiffcant for our pnrpose and therefore it is this
B | .'.‘." . » . . .- : . ~\ ‘
B difference that is shownin the graph as’a point; The'

-

-, “>points are joined togethzf and all the lines of a _graph |
N —~ |
{

ind}qate the aggregate d parture from the response at

/‘

' , ‘ 1l kHz. Only nnusua; behavzour is: dentxfled with the
'g ftequencyéfnd level, e.g., for osc111at—
ing output. A ﬁfﬂ\e oh each flgu:! gives the absolute

outbug level for increa51ng input level\\in“step§ of

4 dB. -

* - -

'. ) 1‘.‘
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<?2ﬂ16,lFrequency,respbnsé of ‘the predetectipn band. pass

.

- * . .
0 4 *
3 -] »
-1 e ..

filter. -
_/ »

Figure'z.zg shows the frequency‘responsé of the
< A

B.P.F. at“the receiving end. This active filter serves ®

-
to limit the noise as seen by the receive demodulator.

‘ Thé, Pilter center frequency is 6.8 MHz.: The following
N> o
are the major characterlstlcs ‘specified for this™

LY

filter:

i

\ .
. (i) B.P.F. bandwidth, 3 dB points = 600 kHz.
. s . e T
(ji) B.P.F. amplitude .response $250 kHz within 1 dB.
(iii)’B.P.F. insertion 10ss, ma*imum: 20 dB. *'

-

R .In addition to §§p,g$ove characteristics; .the B.P.F.
incorporates a "trap", or notch tuned at 7.16 MHz,
which is the gscond narmonic of the colour subcarrier.

Tha spec1f1catlon for the notch attenuationsis: 20 qp

~~

LI B

"from Qomxnal 1eve1

‘

-

A The purpose of this test is to ensure that the”ﬁ v F.

used‘meets all foregoing spedifications. includlnq

those related to the notch hecause although the notcn

[

s attexuates vxdeo content, thls fe&ture is connected in’

“audioﬁgfosstalk. If/‘%q notch froquency differs from

*7.16 an, or if the attenuation at 7. 16 MHz is 1nsu£—

© frcient.‘vidéo«to*audio crosstalk re9u1t9:=The colour
ar, : i ¢
p g subcarrxer'second harmonic passea freé in the audio
. . A . ‘ ,
o oy . ¢ .
\ L - VI Al 1] ' \
. ’ ' ‘ - v
h » o \ \ ~ L] .
R IS \ : ¢ - ~.

' )
the followlnq manner to the global problem of video and 4

e

¢

o ¥

+ Y

.
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) ] S ;7[ detection F. and is demodulated down: to inter-
f ferlng tones 1n the °5 kﬂz band- of aud:.o l/and 2. X

. ) . K /'/ ) | |

. -+ 7 considering Figure 2.24, if is observed that all S

. - .
T e S . s e . :
T ‘ ' spec1f1c‘tlons are met, .
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3.1

General -

' The specification for Yotal harmonic distortion for

1

CHAPTER 3 -

DISCUSSION ) /“\\i

I

A l ’ ¥ e

ty

audio 1 and 2 is THD < 1.0%¢ for an input frequency of ’

© 40%-#z; at +8 dBm, - v

vt

?

levell

we examine the results f the preceedlng te ts, for the

. B
'followlng reasons- ' _“t’ \‘_ {‘. \\>
L y t‘ *

- (411) The evaluation of éudfo performance is mften .-

éhe

(i)fTHD-and qfoééthlk ﬁes?g are performed using N )
several .single toneés 6f~d&fferént input fre-
quencieg and levels. Thus, in~ge¢eral, the- ’ é'
. specxfied values for T and S/N are not direc- .

A

>

«tly applicable. B “
A \ ’

'aﬂce

”I\

+the e uipment .exhibits a large departure from , -~

3
. -t

“subjéctiva: The equipment is required to handle

Ll

o

~is S/N = 56/dB, with 1.0 kHz' tone af +8.0 dBm iﬁput

above sbecificationseserte only as guidelines as

oL o
(1i)."Only |{threshold points of the equipment. perform-
N h .

rtb o%-inter st. ‘That is, levéls at which

.‘nominal béh&bibur. -

i
'y

. |
t

|
4 ] ' 1
 { 3 . . ‘

The specification for aydio Signal-to-Noise R@tio_u
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5 s
» ‘a

A

» a,

4 I‘ -

. » L LN * * » -

»

-

.t L]

3

‘
v * - -
Co o Y




———— . 3y .
» ) , L J .
/ . \& ¢
- 74 - '
$- L é v 1
- N '\ t
k‘ hlgh voice peaks as well as hlgh musical notes
with equalhfldellty. It is estlmated from pre-

vious tests that the audio equipment is accept-
[ ' . ' ¢ ' ’

| : able if it can process without’ noticeable dis-

.

*

; ' ) toftion:fin'the genera; sénsei audio signals up
. A L tﬁj}OKdB above ,ghe test ‘tone of +8 dBm at 1 kHz,
i;é.; up to +18 dBm input. This 10 d&B is con-
?idered as the margin required to' accommodate’

the ‘dynamic range presented to the“audio channel

-

. » input. o
‘ £
< e i

- ¢ s

: . P ) ' .
3.2 ﬁéscussion of test results .
-4 7 : X . ;-
{

Fiqﬁré'z 6 indicates that the audio 1 receive ampli-
fier saturates: at an output level of approxlmately
r ‘;?\:. . +20 0 dBm; From Flgune 2.1, it is sbserved that ‘the
e ‘audlo 1 ampllfler ‘is the only active element in the Re-
ceive Multiplex segtion. However, for audlo 2, in ad-
. ;l . -dition to‘the émplif@er, the receive mixer! @s an active
el L q\Hlemen;‘gﬁht adds to the THD, espeéially at high input'
levels to ;hé mixer. Tﬁis is confirmed in Fiqure 2.13,
A .\ -where\thé saturatlon takes place at +19 dam Output levéi,
" %)' . for a 2 kHz tone, as opposed to +20 dBm: for 400 Hz and
jb ST \l kHz. The effect of saturation of audio 2 ‘mixers
‘ (Transmit and Receive) becomes more evident as we place

-» - »

" 1n cxrcunt thi.Transmit.multLplex section; while Figure

N
& ¢

.. . 1. .he 7 kHz local oscillator (L.O.).  .x




N CE
- ‘\ ] . ' "' 1
2,7 shows the same saturdtion point for audio’2, Figure

'
*

“ 2.14 shows a saturation at +16 dém‘(f‘kﬂz tone): The

}onlyfdifferengeqbetween the two audio chahnels is the

translation stage of audio 2 via mixers. When the sub-
) ,

carrier modulator, B.P.F., and demodulator stages are .

placed in circuit, the full extent of audio .2 distor* .

tion is exposed: In Figure 2.8 the audio 1" THD is'still’

hqrmal until aﬁout +18 aBm input, even at f='5kaz: This'
is 10 dB above Tést Tone‘ievel In contrast, Fiqure
2,15 shows that for f— 5 kHz even at 0 dBm inpug level;
\ audio 2 THD exceeds l%,,and worsens rapxdly thereafter. " e
‘ It is noted in the same figure that for f < 2 knz, in-'
‘ T——_ put levels ?p to abou® 16 dBm are allowed before qiving
'high THD: The results of Eiguré 2.15 are explained as ; .
follows: At 1 kHz, audio channel 2 deviatioh-ig 80 KkHz |
: .RMS for an' input level of +8 'dBm. When the input fre-

quency and level 1?crease. so does the deviation such-

that for 1 kHz at. fls 5 dBm 1nput, thanecelv1ng pre~

de;ection bandwidth of 600 kHz is completely filled. .¢
-}
Now, ;o £i11 the same bandwidth with f= 5 kHz, an 1nput

1evel of +7.3 dBm is requﬁiéd The difference of
a A

. oo " -9.2 dBis’ computed from the preemphasis curve, Figure>' : -+

D. Indéed we see in Figu:e 2.15 that the crash point’

« -

of gke 5 kHz line is around T~dBm 1nput. Distortion
" pccurs: when the modulated frequency is restricted by the
predetection filter. For the case of actual audio pro- , '

@fams, with several overdeviating frequencies, the

- ‘ t °®
. *

s
B

\ ’ ) N ) \ N . *

‘ . . b .

RN PN : “

, .
. . . i ]
‘ b . - A
e . S
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; py&nts should correspond to that of f= 400 Hz the eqz\%-
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distortion ‘'would be caused by intermodulation within
the 600 kHz bandwidth. The latter becomes much smaller

than thé transmission bandwidth. The preemphasis

action also affects the Transmit channel 2 mixer. Con-
sider, in Figure D, the difgﬁrence between 1 kHz and ‘

2 kHz; it is 4.6 dB. . The same' difference existsﬁgﬁ

v . -

S~
h \

ii?ure 2.15 in the crasSh point of the two frequencies!

. : . i
If the preemphasi$ is taken out, then all crash

-

ment being only limited by the audio ampllfxer. To

N

confirm in this, we have Figure 2.16, ‘which shows that
the cPash point is extended back to about +20 dBm input

when ‘the pre-and-deemphasis stages are removed.

The extension of# THD crash points is -also obseerd
i : ‘ .
in audio,channel 1 (Figure 2.9). Here too,.the sharp

AN
increase in THD occurs at the same point: +22 dBm input.

-

¢
Thé removal of~the‘pre—and-deemphasis gyeatly in-

!
proves the crosstalk from audio 2 to auﬁio 1\ one has

only to compare Fzgures 2.10 and 2.11: In Flgu}j\2 1042}

"4 )
the overdevxatlng frequencxes, ‘the saturated mixer and

transnmit ampllfier in audio channel 2, geﬁgrate high

i

noise that is carrled over the common points in the sub-

carrier system into~audio 1. Without emphasis, the de-

[y

gradation of crosstalk into audio channel 1 is "grace-

ful", and-the craéM;pointuis extendgd to +18.5'dBm
,& ! ' ' . 4 ’

) , \




A

‘iuput the-audiq,ghannel'z. The objective of +18 dBm

- . ' :input'is therefore met. Similarly, audio l-to-audio 2

crosstalk 1mproves as shown .by the results in Figures

2.17 and 2.18. '
Fiqures 2.12 and 2.19 reveal an interesting fact-
only a sPall 1mprovement is gained by just removzng the )
',6 8 MHz B.P,F.; The harm 1s already done in the trans-

t

-, mitting end; by ‘overdeviation and saturJtion.

< . . .
Va ¢ * s ; —5 il ¢ 9 i

Finally,:when we study' frequency response Figures

|
{2.20 to 2.23°we make the following observations: & ‘J

(1) Audio channel 1 meets the response specifications

_for the two cases indicated in Figures 2.20 and
- : 2.21. : . | o .

FRE 1 -

(ii) For both qsses of Figures 2\22 and 2 23, audio 2 . t‘
. , exhibits an oscillating output at low frequency
’ (20 to 50 Hz): In channel 2 transmitter, there is,
' at the in;ut, a 5 kHz L.P.F. and any variation in .
test oséillator grequency in the above range will
! \\Eﬂbnuuter an appreciabl; differTnt filter attenu-
ation. If the oscillateor variation is cﬁclid. the

% r

filher output will be cycilc. and hence the oscil-

,///' latlons. This only happens at the lower skirt of
, the S kiz L.P.F. . T 'Y
L : '\:q) .
1. Amplituda‘variations < 2 dB with respect to response at
1 kHz, in the range £rom 70 Hz to & kHz. ' g ,.\\’
! “ ¢
s . !
H . 4 . .
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(iii) Audio channel 2 does not meet the spécifications

when all stages are in circuit. Ref. Figure 2.22.

(iv) When the pre-and-deemphasis stages érexremqved,

!

the audio, 2 response, Figure 2.23, is'well within

the specification limits. *

T
o
. o @

To summarize, then, the following are the 1imitatipns

Of the audio equipment: ‘ cL N T
, ' L e

{i) Audio amplifier saturation at an absolute output

.level of apprbximately vZO dBm. - | . R
& : 7 . , '
y )
< (ii) Premature auddio 2 Transmit mixer saturation due -

LN

“ to the/presence of the preemphas1s action. .
// . . L ’ ‘
(iii) Receiving bandwidth limitation, exerted by the
x
predetection band " pass fllter.

N L}

¢

3.3 Possible solutions .

/ .
The test resuthishow that there is high distortion

- ‘1\ . i
3 1]

. and crosstalk with high™ input levels. ‘Fonsequently,

‘ Jl
. there 'are two alternatives: » “ ‘ K

~ . L Y

- Iy . '“ N ... ‘,r-,.._‘ -

!

‘(1) To p&otept thg‘equipment from high input levels.

\
s & “\
high input levels.
- : ) . L8
) Under the Tirst alternative, the soluﬁ{ons to the
a X K a ! -

-

1. 'As\seen by the spages°subsequenf to the preemphasid. T,

»

. (ii) To redesign Egé equipment in: ordéi to accommodate . ..or¢
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crosstalk and distortions arer<’

Ny

. (1) Reduce input levels before they arrlve at the
audio Transmitting shelﬁ, using attenuat013¢
This melies ampllflcatlon at the output of the

receiving shelf to maintain overall gain.

(ii) Plaééﬂax}evel limiter at the ,amdio channels in-

¥

put. There.w1ll be an inherent distortion due

to the limiter action, but only in a controll-

v

able percentage of time. The crosstalk will be
- .,

reducé@;gqgggspdnding to- the degree of. input

Q

level limitation. , p

. (iii) Remove the pre-and-deemphasis stages; the aut&Fz
. matic level enhancement would not take place

and premature crosstalk and Qistortion would

s
+

disappear. Cy

Fiad

. 4
Considering the s¢cdnd alternative, the solution is
! 1 .

to meet all restricting elements with a new design that

. a
increases:

) Al

(i) fhe dynamic range of the audio chgnnel amplifier.

(1) The capability of channel 2 mixfr to thhstand

o
Y \'.';

) hlghe% input Qiqnal levels. Lo ey

. IR
} o , 0,

- B . R RN
i A v "%

(144) Tbe'r@ceiV1n9 Predetection bandwid;ﬁ, A&“ K
v o - ) ‘ l‘ 'k
‘ ) ‘
The "guard bands ) OY the spectral Seppration

betweTK audio channeI 1 and‘z from 2 kHz to

» |

5 kHz.,  °
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3.4 Comparison of possible solutions

80 -

—

\

e

4

" band for a\}arger audio bandwidth.

The solution of equipment redesign implies shifting
¥

the audio subcéprie£ frequency of 6.8 MHz to a hfgher

-k
value, in order ®o clear the viééonpor%ion of the base-

o

In addition, audio

channel 2, (and channel 3) local oscillator frgquencies

have‘to be changed for larger channel spectral‘separé- -

i

. . - * L
tion. Further, it is important to note .that the shift
in subcarrler frequency will increase the audlo system

noxsé Flnally, as a practlcal con31derat10n while a

'new audlo ampllfler and channel 2: hlxer are not a prob- -

¥ e

lem,ka complete 1mphementatlon of the equ1pment redesign

1
R N
i k

Due to the above conslderatiOns,

1nvolves much time and effortl.

l
T .
t
’

N -

turned towa
}
When we co

s the more slmple and effectlve solutions.

re the latter solutions, we note f;;st that
' L e

the solution of placing a limiter before the audid chan-

nel input is more complicated than in the case of tele- .

.

¥

phony; here we are dealing with é_wide range of audio

p;ograms:amusic, songs, etc...-:?hereforg the amourt of
"clipping™ or limiging has to be,ﬁetérmined with actual
test program as opposed to single tone teétiné,
a ceftain amount of limitiﬁg for a given type of pro-
gfam méy b? iqa?equate for others. -

- . *
.

g

1.

The manufacturer esti.nates g year for a new-improwed
audio ‘subcarrier system! - } ‘ > *

"

|

the attention is ’

Further,

v e
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What remains, , in terms of possible solutions, 'is -
L]

<

either to place attenuators before the audio channel
input, or to remove the pre-and-deemphasis. As men-
tioned above, with .the attenuétqr solution, amplifférs

have to be placed at the audio' ¢hannel output at the

receiving §n6.¢ This i§ an expensive proposition, con-
sidering éhe numbe£ of reéeiving stations. And again,
tests with actual audio prog;ams‘héve‘to be perf?nmed
in order to arrive at the cptimum input attenua%ionl

Judging from the single-tone test results, an attenua- ‘.

.

tion of 10 to.f5 dB is required.
X L 4

Fd -
-
-

We are thergfore left with the\gltgrnaﬁive of remov- ,
&,

ing the preemphasis stage (and consequently the deem-

phasis stage) from the audio equi%ment. This golution

P " . ' \
‘teally attacks the heart of the problem of increased

'input levels, and furthermore, it is relatively simple

to impfeuént: No éxtra ehuipment is required, aﬂd only
level readjustment is ne;essary,'whiph is a straigh;-
forward procedure. The disadvantage of this solution
is that it removes the noise improvement factof,gaiqed
with deenmﬁasis, and alléws back the linear églatiékship',
betﬁeen detected noise and fpeqﬁency. Hence, one has to
ensure éhat‘afternéﬁe removalkof tﬁe pre-nn@-deemphasié

stages, the signaiwto-ﬁoise Yatio is still acceptable.

-

r‘"
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CHAPTER 4

' CONCLUSION : _ T

. - . /\ . . ' 4 o0
v ’ ‘ o i '

4.1 Final recommendation

- In the previous chapter many solutions to tgsycroés—

.
=~

’\ talk problem were exposed, based on the test results of \\\\

hépter 2. Oniy one proved to be the most effectiv%,
; had 1nexpen51ve, completely feasible and simple to'lmple- .
o o ment: The removah of gre-and deempha51s?;tages. T
' T A ‘ N ¥ . /
Therefore, this was the sqiution thag the author .
recommended to the manégehent in a report containing ‘

all test-results. . . ) _ 1\4 r

4.2 Ensuing action ,

L4 A

Y i

After discussiy the author's report, it was agreed
, ‘ iy :
to.proceed with the implementation of the recommended

solution. It was firgt ensured th%t all rece{ving
; earth stations will produce an acéeptable S/N without

pre-and—deamphasis. The author then prepare a de-

(S I !l.

- tailed proqedu:p to modify, in the field, Ege audio ) 1"

equlfment;‘the modification consists of: '’
. ‘ .

o ' (i) Removal of pte-aﬂd-deemphasis. pd P ﬁjr
. < .
(1i) Realxgﬁment of transmission 1evels. v Cowe

a ‘ﬂf The wmdiflcation procedure was submitted to. the

oo Operation Depar;ment for 1mplementation. N AR
.’ > ) > Lo T b
‘ . Ny ‘ o N _

-da ' N ¥ o Y Y T T




- APPENDIX A = ,

r < 0
i} } ’ | “, . a‘
“ LIST OF TEST EQUIPMENT USED AT ALLAN PARK Hrsl -
/\—_"‘"\é ' o . wf» '
' : BN - .
1. Transmission:§ Nojise Measuring Set HP2 35558
» ‘ . ‘ : Y .
T/c? Serial Number: 2430 _ .Y « -
° T ’. ¢ C <
o ) ~
" - 2. oscillator HP- +204D _ Ce ‘
‘ T/C Sei‘la@ Numbv_[r' 2479 S ‘ : ) )
3 ' ‘ .E % hand ,n
- ‘, ) - \
3., RMS Voltmeter; ap 3400A (75 ohm) o h B
+ [y ‘ '\
T/C Serial Mer' 2031 \ IR
s" ? "j ' »
o 4 ) . e
& " Volt - L
. AC Voltmeter HP 40fEL" (600 ohm) : 1
T/C Serlal Number: 2038 , T
e . i t A .' . j, a’. ( , ‘
5. Spectrum. Amalyzer AIL TECH 707
T/C Serial Number: 1979 , 7 :
s © B ) .
iy - £, [
‘.‘\u L

6. Frequency Counter Systron Donner Model 6057

T/C Serial Number: ,2‘353 ‘ . . o Fb\.'
. . v - .

- \ { .? .
4 3
. : N ~

7. Oscillator HP 4204n PN S
a v Lt l‘ ‘ . [y |
’ ~ A w AN ‘ . ‘
. \ - lr | ° » R . » .
: ,1 . Heavy . Route, Station -A Telesat ‘major eatt{ atation.\
2, Hewlett Packard, Lo LN e
\) Tl e , \ 7
3. . Telesat Canada : . s e : LT
N » " . . o lq . ' / '\-\,, b

YA

’ N *
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. ARPEN?;XKB

1
-

1. Panqramlc Spectrum Analyzer Model SPA-3

RCA Sexial Number- 169U211

N . -

\
\ .
‘ s
, ,
.
R [.
\
.

[
L& I

2. RMS Voltmeter,.HP 400L

- \ RCA Serial Number:® Co6115S
o T

-

N ' 3. RMS Voltmetér 400EL (Average response)

‘. ' RCA Serial Number: CoVo25s

] - Q PR “ -,
' v ° !

‘t

4. . 3A Noise Measuring.Set'- Western EIectric!
. . . ' .

¥ . .. " RCK M3BoiT, with program weighting:
. . N.E.%, serial Nuiber: 4978 .

Co ‘ ' NE - \
, ' . . . —_ , - \
¢ P \

L " 5. Distortion Analyzer HP 3308 . o
. : \\\\\ RCA Serlal‘Number° LZAZOS |

e A .
+

. .
‘ <
- ﬁ

~ T Y. .o . - -
// 6. f}equency Counter HP 524C ‘
3 . . RCA Serial Number: RALO3E

-~

_— : N
- . 1. Digital Osoillator, Model HP 4204A

-~
.

-

¢

e ' 1.: Radio‘Corpofation of America Limitéq. )
| 2, NortherneElectric Compan&‘LimlEed.
. N " - | * : '.) - \

ﬁ&§? OF TEST EQUIPMENT USED AT RCA™, MONTREAL

« !
. .
3
W\ N
-~ \
»
o
..
‘e t
—
\
B
]
°
) J
3
5‘ 1
L
~




©~  TOTAL HARMONIC DISTORTION OF HP 4204A DIGITAL OSCILLATOR.

- '

: T/C Serial Number: 2324 : .
T Fixed dqutput level = +8 dBm
Lo . . .
v - . - .
. : _ ) .
. maBLEC ' .,
- | Measured THD of HP 4204A Oscillator
£) N B e °,
"  (Hz) ' $ THD
\ " - . \. AN
K . i 460 ) ’ A R 002 .
u{f‘ o " ¢ ‘ . R ‘
.o {. -~ 809 ' ‘ 0.18 .
1,000 . 1 -  0.18 ’
.« _Qq , N -
2,000 o 0.17"
1 . o, ’
- 3,000 ' u o 0.17
v S 3 : ) \
\\‘41000 ! .0017 ,".\
K N ) " !
L% ‘ 5,000 v : 0.165
5,500 v '0.160
. oo . .
]
- ‘l Q
. \ - )
- ’ 'a . .'f \\
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APPENDIX C

. .
o0 -

)
' “ oy -

l . . T : . .
a) ‘yanufactuger specification: 0.3%, 30 Hz to 100 kHz  °

BYf,ﬁeaéuerE . (on model 333A Distortion analyzer):
r‘}_—

S . Distortion analyzer HP '333A
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