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SELECTION OF STANDARD TELEVISION RECEIVER

INTERMEDIATE FREQUENCIES FOR USE IN AUSTRALTIA.

Introduction.

A circular was directed to Australian radio recelver ménufac—
turers inviting them %o indicate what were theif preferences for
standard TV receiver intérmediate fregquencies. From a consideraticn
of the replies to this circuiar, and discussions which have taken
place with various receiver manufacturer's representatives, it has
been possible to choose tentative values for the intermediate

guantitative
frequencies. In an endeavour to place Emamkilize figures on some

of the important interferences which are possible in T.V. receivers

using the Australisn standards, a theoretical investigation has been
conducted, the results of Whichcare set out below in the report
and in the Appendices. No attempt was made to determine guantitative
figures for the feed-back types of interference, which depend to a
large extent on individual designs. Their importance, however, has
been given due recognitionvin seeking the opiimum intermediate
fregquency values. L

The proposed channels are enumerated as follows, although it
is uncertain whether all the channels will be used, particularly those

in the 90-108 Mc/sec. band where it is probable that not more than

one would be necessary.

Channel No. 1 L - 51.5 MC/s8C.
2 62.5 - 7C MC/sec.
3 ) 5
g Between 90 and 108 MC/sec.
L
5

174 - 181.5 NC/sec.




Channel No. 6
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)

181.5 — 189 MC/sec.
189 - 196.5 MC/sec.

196.5 = 204 MC/sec.

208.5 = 216 MC/sec.
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1t Criteria in Selection of Intermediste Freguencies.
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is considered that desirable criteria for a selection
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of intermediete frecuencies are as follows:-
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(1) External Signel Rreak-T "requUency.

pa—

The I.F. chennel (7«5 m.C. wide) should be chosen cleer of
the freguencies of strong external signels, which sre likely to
btreask through the signel freguency tuned circuits into the I.F.
emplifier.

(2) I.F, Bermonic Feed-back.

Hermonics of the I.F. picture &end sound carrier freguencies
should not fagll within eny of the 9 chosen T.V. chennels (7.5 m.c.
wide).

(3) oOscilletor Radiastion.

Recelver local oscillators should not have freguencies which
ceuse seriocus interference with eny of the other 7.V. chennels or
with non T.V. services.

(L) Guerd Band between the I.F. Channel and Carrier Channels.

The chosen I.F. channel should be sufficiently spaced
in freguency from any cerrier channel to prevent troublesome
P. feed-back with reasongble receiver practices.

I.
(5) 1Image Interference. -

It should not be possible for T.V. channel carriers or
strong externsl signals to beat with the local oscillators of
lower frequency channels to form interfering side bands, which

fall within the I.F. channel.
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1

cocel Oscllletor Bresk Through to Second Detectlor.

(6)

t

Hermonics of the I.F. picture cerrier freguency should not
fall within 5.5 mec. 0of &eny of the 9 receiver local oscillator
freguencies.

(7) Stability of I.F. Amplifier.

The chosen I.F. channel freguency should be sufficiently low
that feed-beack and A.G.C. stebility is atitsineble with reasconable
design, and the reguired circuilt tuning arrangements snd Q values
(having adeguate production stebility) should befttainable with
regsongbly priced and available tubes.

(8) Carrier Second EHarmonic beating Local Oscillator of same Channel.

The second hermonic of & picture or sound chamnel carrier
should not beat with the local oscillator of the same channel, to
produce an I.F. side bend falling within the chosen I.F. chennel.
This criterion is really covered by the second I.F. harmonic
reqguirements of (2) above, but it is listed separately since it is
not the result of I.F. harmonic feed-back.

(9) I.F. Beats.

THE difference in frequency of eny two channel carriers of
the 9 channels should not fall within the chosen I.F. band.

(10) ¢Oscillator Second Hermonic Interference.

The second.harmonic of th¢ local oscillgtor of any channel,
should not beat with another chsnnel cerrier or strong external
signal to form an interfering side band, which falls within the
chosen I.F. band.

(11) uiscellaneous Third Order Interferences.

The second harmonic of & channel carrier should not beat with




- 5 -

the fundamental of another chennel carrier or with & local oscillstor

to form I.F. side beands falling within the chosen I.¥, band. These

sre only serious when ong or both of the carriers is very stronge




Broad Sclection of Intermediste Freguencies.

Fvlfilment of 8ll of the sbove

4]

It is obvious thet th
reguirements 1s & very formidable task, and in practice no values
can be found which satisfy all of the mcre importent of these
criteria. Generally spesking criterie (L) and (7) limit the choice
to frequencies below U0 m.c., and criterion (1) makes it desirable
to choose Treguencies gbove 30 m.c. It then becomes necessary to
choose values between 30 and LO m.c. which cause the least trouble
under criteris (1), (2), (3), (4), (5) and (6), since the enalysis
hes shown that the oversll effects of criteria (9), (10) and (11)
do not change apprecisbly with smell chenges of intermediate
freguency. The analysis will elso show that criterion (6) can be

eliminated for the I.F. velues being considered (30-L0 m.c.).

@

If & picture I.F. value of 37.25 M.C. is chosen, criteris
(5) is eliminated and (1), (2) and (3) heve & minimum disturbing
effect as indicated below in & more detesiled discussion of

interferences.
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etailed Consideration of variocus possible I.F. Values.

o)

(&) sound carrier 30 and picture cerrier 36 m.c.

The only significant interference product erising within
the T.V. receiver is the 6th harmonic of the sound I.F. carrier
(180 mec.) besting with channel 5 picture carrier to give a L.75
MC/sec. videc interfering freguency which is not serious because
such high order harmonics are readily filtered out of the video
circults, and also because such & high velue video signal is much
less disfurbi ng than a low value near gero. The most serious
objection to these intermediaste frequencies is that 30 M.C. has been
internationally allocated for a 10 K.W. standard frequency tresns-
mission énd the discriminetion of the radio freguency circuits
of the T.V. receiver may not be gcod enough to prevent the standerd
frequency transmission from pass ng through the I.F. amplifier to
heterdyne the sound I.F. carrier.

(b) Sound carrier 31.25 m.c. and picture carrier 37.25 mc.

In this case the 30 m.c. standerd freguency interfering
rensmission fale elmost on the normel adjacent channel "vision
trep" in the I.F. amplifier end is thereby attenusted to =a point at
which it is less likely to interfere with the 31.25 m.c. freguency

modulated sound carrier.

The second harmonic of the I.F. sound carrier fells st a
point which is alﬁost on the fréquency where the sound carrier of
the adjecent lower freguency channel adjacent to channel 2 (62.5-70
NC/sec. ) would be located if used. This channel is not used for

television, but the undesired I.F. 2nd harmonic carrier which is

fed back from the video circuits to the R.F. cirecuits will be
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attenusted by ther”trap” in the I.F. amplifier, which normally
attenuates the adjacent channel sound carrier. The third harmonic
of the sound I.F. carrier fells within channel 3 (assumed 93 to
100.5) to give a - 0.5 MC/sec. beat with the picture carrier. I
channels 3 and L were located &t 90 to 97.5 and 97.5 to 105 MC/sec.
this beat with the picture carrier of channel 3 would be 2.5 MC/sece,
& much less objectioneble beat. Since odd hermonics of the I.F.
sound and picture carriers generated at the video detector have
smaller amplitudes than the even harmonics, i1t should be possible
to eliminate this interfering harmonic with the normal low pass
filter in the video circuits. If this filter is not sufficient

g 93.75 me.c. "trep" circuit could be used in the output at the video
circuits. Image interference between channgls.h end 5 is only
present when using the bend 93-108 m.c;, andnot present when the
90-105 band is used. Interference to channel lcan alsc be csused
by the secend harmonic of channel 1 local oscillator besting with
one or two of the higher freguency channel carriers, but the ratio
of unwanted to wanted carriers in'the aerial must be sbout 4O db
before this becomes troubleséme. The police in Victoria use a
frequency of 31 MC/sec. and in New South Weles they use 32.6 m.C.
The former is at the edge of the sound I.F. channel and the latter
is about Li m:c.'off the I.F. picture carrier. Any interference
from these sources would have to be treated with a "trap" in the
serial, but no serious trouble is enticipated. A variety of other
typés of interference which have been listed in Appendix I and in

Tables 1 - L4 can be in evidence when either the wanted or unwanted
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signsl or both exceed sbout 0.1 volts, which is high enough to
give an excellent service.

(¢c) Picture I.F. Carriers higher than 37.25 m.c.

It is considered that intermedisate carrier freguencies
higher than 31.25 mec. (sound) and 37.25 m.c. (picture) ars
impracticable for the dusl reasons that inter-channel "images"
occur and also because the gap between the upper edge of the I.F.
channel and the lower edge of channel 1 (L& m.c.) would become s0
small that it would be difficult to prevent overall oscilleticn at
intermediste frequency or 1if oscillation were prevented, the feed-
back at intermediste frequency may be great enough to seriously
distort the response curve of channel l. This would also beat
least one serious objection to placing the intermediate freguency
in the gep hetween channels 1 and 2 or in the gap between chennels
2 and 3.

(d) Sound Cerrier 21.5 and picture carrier 27.5 m.cCs

On the lower side of the above optimum values, sound
and picture carriers of 21.5 and 27.5 respectively would comfortebly
clear the amateur bend (28-29.7 m.b¢) but two zero beat image
responses between carriers are possible. One of tbese would nod
be objectionable until the intensity of the unwanted carrier in
the aeriel exceeded the wanted carrier intensity, and the other
reguires sen unwanted carrier gbout 10 times the weanted carrier
to cause trouble. Second and third I.F. harmonic interference is
likely to be a little more troublesome than in the cases outlined

above and the same applies.. to interferences caused by high level




Hh

input signals. The use of 21.5 and 27.5 10/sec. intermediate

freguencies may involve interference from high power transmitiers,
located in this band et geographicel locetions near capitsl cities,
whereas the freguency allocations on the 30 to LO WC/sec. band are

of much lower power, On the credit side, ithe freguency spacing

between this I.F. channel and the first television channel should

[y

ensure more margin of safety in the reception of this channel,
end the I.F., amplifier design should be simpler in regard to fesd-

back end auvtomatic gein control instebility.
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Quantitative Anslysis.

Brief outline designs of a typical signsl freguency and &
typicel picture I.F. emplifier were made, and the design data used

to compute the various interfering fesponsesc Quantitetive figures
have been obtained for the following interference categories, both
with the recommended intermediste freguencies and other intermediete
freguencies.

ce Interference {(Criteriz(5) above)

Fvor)

() Imse

This, when present, is in the order of L0-50 db. for eguel

jo ]

intensity wanted and unwented signals. Its effect could be

gliminated, et some cost of system flexibility by geogrephicsal
positioning of the transmitters, which give rise to the interference.

(b) Local Oscillator Break-Through to Second Detector (Criterie (6)
2bove )

For the I.F. carriers considered this interference 1s present
only with the high frequency chennels and is sufficiently small

to be completely negligible. Its effect could be more serious

if & picture I.F. were chosen, the harmonics of which interfered
with a local oscillator freguency below about 100 m.c.
(c¢) Carrier Second Harmonic beating Local Oscillator of same

Channel (Criterion (8) above)

This 1s potentially serious on the second channel for inputb
signels greater than about O.l volts. It is the result of non
linesr action in the mixer hetween channel 2 sound cerrier and the
local oscillator of this channel. With an I.F. sound carrier of

21:5 m.c. the interference occurs on cheannel 1.
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There are about & dogen different interference possibilities
among the ¢ channels, but fortunatsly they are negligible, if the
- $ & & $

input intensity of the unwsented carrier is less than abouv 0.1

(e} Oscillstor Second Harmohic Interference (Critericon (10) above)

This type of interference occurs only on channel 1 with the
30~10 m.éc I.F. values. With the chosen I.F. values 1t is not
expected to be noticable until the unwanted carrier input exceeds
the wanted carrier input by about LO db.

(f) I.FP. Beats between Carrier fundsmentel and Cerrier second
hermonic (CRiterion (11) above)

Wumerous cases of interference of this cetegory can occur

},h

with 9 chennels, but in &ll cases it is negligible with input

signals as high &s % volt.
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t is recommended that intermediate frequency velues of 31.25
H.Ce for the plcture snd 37.25 M.C. for the sound be stenderdised in
Australisa,
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TABLE I
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« CASES OF INTERFERENCE

Sound

Intermediate Frequencies - Pioture Cerrier 36 M,C,
i WO E.Oe

Chammels 3 and L = 90-105 M,C,
Input Sipnals 0,1 Volts

,mw.m@s@so% of

Ratio of Wane-

Video intere

Channel Beating Second Beating ted Picture | ference (db)
Type of Inter- Signal Signal Video inter— | Carrier to below 100%
Interference fered of this : - fering interfering modulation of
with Channel Channel Type - Signal,M.C, I.F, side the plcture
band (db) for| carrier for
0,1 volt in- | 0,1 volt in-
put sipnals put sipnals
-Cerrier 2nd harmonic \ .
beating L,0. of same - 2 Sound 2 1 0scillator = 3,75 29 50
channel Harmonic
Difference of frequency 2 Picture) 3 Sound 2,5 L8 L2
of two carriers within 3 Sound C 2 Picture) C " L7 41
or nesr the I,P, 2 Picture) A L " A 1.0 L8 42
Channel 4 w R 2 " R " 51 L5
2 Sound R g Sound R n L8 L2
hT i H ' N 14 H 1 N?m h?m
6 Ficturs) ® 9 " B 3.5 L7 L1
9 Sound R 6 Picture) R 36 5 L7 L1
5 R 9 Sound 2,0 51 L5
9 " 5 " 2.0 L7, L1
- 5 Ploture 9 Ploture " 48 42
9 ] 5 o 1 51 L5
2nd harmonic of wanted 2 Picture )C H 3 Picture) C = 0,25 76 78
carrier beating with 2 .o AA 3 Sound. A 5,75 80 86
unwented carrier 2 Sound )RR 5 Picture )R 0. 25 101 " 102. 5
N " R M 5 " R 1.75 86 80
2 1 I0 L Sound )T 1. 25 83 77
3 Pleture )E N 9 v B 3. 25 102 96
1 Sound )R I 2 E R 3.25 Th 68
G _




2nd harmonic of unwanted 3 Picture 2 Plcture )C H - 0,25 113 115
carrier beating with 3 Sourd C 2 " AA 5 15 113 +113
wanted carrier 5 Plcture) A 2 Sound )RR 0, 25 157 158.5
5 " R 4 » R M L75 17 Ul
&L Sound R 2 L ¥ Y ¢ 1.25 105 99
9 W I 3 Picture)E N 3,25 v 100 » 100
2 " E 1 Sound RI n 91 85
R C
2nd hermonic of unwanted 6 Oscillator 3 Picture )Car- § = 0,25 130 133
carrier beating with 7 w 3 Sound Jrier 4,25 130 124
wanted L,0, 9 " 4 " Hay— 0,25 135 129, 5
8 " L Picture « 0,25 ¥100 =100
L " 1 Sound )"00" 3. 75 109 103
3 " 1 Picturg *¢ 1« 0,75 108 102
2nd harmonic of L,O, 1 OmoHHHwﬁoH,Wmﬁ( 7 Sound Womp... 2,25 72:. 5 66, 5
beating unwanted carrier 1 " Jmon~ 8 Picture )rier 0. 75 72,5 66,5
ic '
I.F., hermonics 2 ﬁgﬁmwoﬁx Sound I,F., second -3 75
f — " rier harmonic _i=1.25
- _Sound I.F. third
harmonic
Oscillator rsdiation L S&EQW&? 2 ' Oscillator 1 -
~ 9 i rier 5 " C 2
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TABLE 2 «~ CASES OF INTERFERENCE

Intermediate Frequencies =« Picture Carrier 37,25 ,Eeo.

Channels 3 and 4 « 90 = 105
Input Signals 0.1 volts

Sound

i?

31.25 MG,

-

Channel Beatin Second beating Frequency of | Ration of Wan-) Video inter-
Type of Tnter- mw_,%ﬁm signal Video inter-| ted Picture ference (db)
Interference fered of this - fering Carrier to below 100%
. with Charmel Chaninel Type Signal,M.C, { interfering modulation of
I.¥, side the plcture
band for 0,1 carrier for
_ volt input 0,1 volt ine
gsignals put sipgnals
Carrier 2nd harmonic 2 Sound 2 Oscillator - 125 9 db 28 db
beating L,0, of same Carrier
channel Harmonic
Dif ference frequency 2 Picture 3 Sound 375 48 db L2 v
of two carriers within 3 Sound 2 Plcture " L7 L1 @
or near the I,P, 2 Picture )C L " C 2,25 L8 n L2
chamel L " A 2 " A " 51" L5 v
2 Sound )R L Sound )R " 48 » L2 v
h*.. i m m 117 HH i N& 11 .N?N "
6 Picture)I 9 " I 4,75 L7 v b v
9 Sound )R 6 Picture )E L L7 " 1
5 " R 9 Sound )R 3625 51 . L5 "
- w i m . "W 1 anNu 4] ~?H—n i
5 Picture 9 Picture " L8 " y2
@ ‘ 1t ' m ] ki mH. i M*W it
2nd harmonic of wanted 2 Picture)Card 3 Pictare)C 10 76 70
carrier beating with 2 Sound Jrxier 5 " A L5 \ 101 95
unwanted carrier L " 5 " R '3, 0 86 80 A
2 " Har- & Sound )R 2.5 - 83 71
3 Picture Jmon- 9 " I 45 102 96
1 Sound )ic 2 " E Le5 e 68
R




Table 2 (contd. )
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i i !
2nd harmonic of 3 | Picture)C 2 | ! Picture)c 10 113 107
unwanted carrier beating 5 " A 2 Sound )A Har- 1.5 157 151
with wanted carrier 5 » R 4 " R mon- 3,0 147 151
, L Sound )R 2 u R ic 2.5 105 99
9 " I 3 Pioture )T I ko5 v 100 7100
2 f B 1 Sound )E 4.0 91 85
R R ,
2nd harmonic of 6 omowwumﬁo#w 3 Picture) Car- « 0,25 130 133
unwanted carrier beating 7 " 3 . Sound rier 4,25 130 121,
with wanted L,O, 9 " ) L " o 0. 25 135 129
8 " ) I Picture) Har- | « 0,25 w100 » 100
IN " ) 1 Sound ) mon- 3.75 109 . 103
3 w ) 1 Picture) ic - 0,75 108 102
2nd harmonic of IL,0, 1 Oscillator 7 Sound W Car- 6(8=0) '72.5 -
beating with unwanted 1 harmonic 8 Picture) rier 4. 5 725 66.5
carrier o S ,
I.¥, Harmonlcs 2 Plicture )Car- gsound I,F, second « 1,25
: harmonic ,
3 Picture )rier sound T, F, third 2.5
. harmonic
Oscillator L Picture)Car- 2 Oscillator 2,25
radiation 9 Picture Jrier 5 Oscillator 3 25
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TABLE 3 - CASES OF INTERFERENCE

Intermediate Frequencies - Picture Carrier 37.25 M.C.
Sound "

31.25 M,C.

' Channels 3and 4 - 9% -« 108
Input Signals - 0,1 volts

B
Channel Beating Second Beating - Frequency of | Ratio of Wen< Video inter-
Type of Tnterw Signal sipnal Video inter-| ted Picture ference (db)
Interference Fered of this Channel Type fering Carrier to below 100% .
: with Channel Signal, M, C. interfering podulation of
‘ I.F, side the picture
band for O, 1 carrier for
volt imput G 1 volt in=
signals put signals
Carrier 2nd hermonic .2 Sound Carrier 2 Oscillator wle 25 29 db 48
beating with L.O. harmonic
of same channel
Difference frequency 2 Picture -3 Sound 0, 75 50 db LY
of two carriers 3 Sound 2 Picture n 49 L3 ,
within or near 2 Picture )C L o c «0, 75 50 57
the I.F, channel L " A o " A Coom 52 59
2 Sound )R N Sound )R " 50 57
N ._ R 2 u R " 49 56
2 " I i Picture)I 5, 25 L9 L3 ,
4 Picture )B 2 Sound )E n 49 | L3 !
6 v g 9 n R Y. 75 L7 41
b 9 Sound 6 Pleture " L7 L1
5 w 9 Sound 3, 25 51 L5
9 : 5 z i 57 51
5 Picture ). 9 Picture " L8 L2
g % 5 ] " Bl 45
Z2nd harmonic of wanted 2 Picture )Car- 3 Picture )Car- L 78 72"
earrier bsating with 2 Sound Jrier -5 . n rier 1.5 101 95
unwanted carrier 1 " ,. 2 Sound 4.5 Th 68
2 " Hax= I Egﬁmw “ 0.5 82 87
2 " )mondicl 4 Sound 55 85 79




- Table 3 (ocontd, ) - 2w
2nd harmonic of 3 Picture) Car-| 2 | Picture)Car- L 113 107
unwanted carrier 5 " : 2 Sound )rier L5 147 141
beating with : 2 Sound rier; 1 " e 5 91 85
wanted carrier L Plcture 2 w Hayw -0, 5 115 120
4 Sound 2 " monic 56 5 115 109
2nd harmonic of % Oscillator 1| sowa )| 0,75 109 103
unwanted carrier 6 » 3 Picture WNMHM‘: 5 15 - 100 > 100
beating with L,0, 8 " 4 " . 5. 75 »100 100
of wanted channel enie
2nd havmonic of L.O, 1 Oscillator)Hare 7 Sound )Car= 6(8=0) 72. 5 -
beating with mOong 72. 5
unwanted carrier 1 Oscillator)ic | 8 Picture Jrier e 5 -
I.F, hermonics 2 Picture )Car- Sound I.F, 2nd harmonic - 1,25
‘ 3 o rier " " 3 " w 0,5
L] oS T T -
Oscillator 4 mcﬁsﬁmwmﬁf 2 w Csel .u. lator 0.75 : , ,
radjati V 9 " ri 5. UL EOR W~ _ ; y
meﬂ%m mﬁﬁm rference Iy GseIlTe %..%% I \.samw Picture caer % , 116 LO



TABLE L ~ CASES OF INTERFERENCE

Intermsdiate Frequencies - Picture Carrier 27, 50 M,C,
‘ Sound " 21,50 M.0O,

, Charmels 3 and 4 - 93108 M.C.
, , Input Signals 0,1 Volts

" . Chermel Beating Frequency of | Ratio of Wan-| Video interw
EWWWQWMH% inter-  Signal .mmomwm w%.mﬁwsm Video inter- | ted Picture |ference (db)
fered of this : fering Carrier to below 100%
with Charmel Channel Type Signal,M,C. interfering |modulation of
I.F, side | the picture
‘ band for 0,1 {carrier for
‘volt input 0,1 volt input
signels | signals
Carrier 2nd harmonic 1 Sound 1 Oscillator 2,25 . 29 db 37
beating with L,0, carrier - : , ,
of  same channel. harmonic
Difference 1 Picture)C 2 Sound g 3 41,5 ab 355
freguency of 2 2 Sound. A 1 Picture )A u 40,5 » C2 5
corriers within or 3 Picture )R 2 Sound )R # 45,5 395
near L.F, frequency. 2 Sound IR 3 Picture )R o L6 : 4O
5 Ploture)I 8 " I 5 . 395 3305
8 1] Y 5 " B 1 ~L+ um
6 " R 9 "R 1 43,5 37.5
7 " 6 " " 46,5 40, 5
~ ‘N hd m Sound .Nv m . PN. m . um. m
9 Sound 7 Picture " k1,5 35.5
5 " 8 Sound 5 o bbb 38,5
8 t 5 W " : 39 33
6 N 9 " 1 47 41
9 " & W Cow L2 wm
2nd harmonic of 1 Picture )Car- 2 Picture)C 0. 75 65 59
. wanted carrier P " rier L " A 175 79 13
beating with 2 " 3 Sound )R 0. 25 78 80
Counwanted carrier. 3 t her 9 " R 0, 75 100 , 9l
| s L mon- 5 "I 5. 25 92 ) 86
3 Sound )ic 5 Picture )B “ 2,25 92 86
N L 7 v o R 9l 28
' N " & Sound ) 0,75 93 87




' Table 4 (eontd, ) =22 - | | .

, N , ,,
 2nd harmonic unwanted 2 ~ Picture C 1 Picture )Car- 0.75 9 5 88.5
carrier beating with L ! b A 2 u rier 1.75 1175 111, 5
wanted carrier 3 Sound R 2 n 0, 25 110,85 1045
9 H R 3 L hap- 0,75 > 100 % 100
5 wooX b C " Jmon- 5,25 138, 5 132,5
5 Picture)B 3 Sound )iec . 2,25 <120 7120
7 , W - R hv o 2. Nm ) w #
6 Sound v L rw . : 0. 75 " "
2nd harmonic of 6 Oscillator 3 Picture )Car— 5 75 >120 - >120
unwented carrier 8 " : L # rier 575 . >120 >120
beating with L.O. L " 1 Sound )Hare 0. 75 >110 >100
, 8 W 3 B monic - 2,75 >120 >120
2nd harmonic of L.0e : 2 Oscillator 9 . | Picture 0. 75 72 66
beats with unwanted harmonic carrier :
carrier, _
Imege interference 1 oscillator 3. Picture)car= |6 (sound O) 39 | sound ﬁmm.._.wm»dw
1 . 3 Sound )rier 0 | 41 41 _
I, F. harmonics 1 picture carrier Sound I, F, 2nd harmonic| « 2,25
N 1 W 13 i ] WH.AW. 1w OG -Nm
Oscillator 8 " " 5 Oscillator 5 ,
radiation 9 u w 6 " 1 .

~
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COLPUTATICH OF INTERFERENCE ORIGINA TING AT THE FREQUENCY
CEANGER.

1
i)

1. Cerrier Second I armon¢c Beating wi
of same Chennel giving Beat Fre
close to the I.F.

th Local Oscilletor
guency within or
Channel

Let locel oscillator anguler freguency be Wo and corresponding
veltaege . Eo sin Wo t.

Let carrier angulsr freguency be We end corresponding voltage

(o]

=

Ec sin Wet.
Then the eguivelent constant current generator in & pentede
mixer plate circuit at (Terman's Hendbook P. L6L) anguler freguency
¥

(Wo-We) i + Bo EC ) gM  mem————— (1)
b B8

The eguivelent constent current generetor in the mixer plate

circult at angular freguency (2Wc - Wo) is £ Eo

1=l
Q
BE:
([(g
N
I
{
i
1
|
|
A
Ny
p —_

The retio of (1) to (2) is the ratio of wanted to unwented
gignels eppearing in the mixer plate circuit without regard to the
I.7. emplifier response.

icee Ratio of wanted to unwanted mixer plate currents

= L g

Ec be%//’ m
o Eg

For & typicael television pe;toae mixer circuit the ratio

S — (3)

A om .
—En 3 2 has been approximetely computed as 5 snd hence (3)

TEE S Ege

4]

tij

becomes~ratio of wanted to unwented mixer plate currents

s []e
i

|

!

§

]

i

1

|

i

|

i

I

I

i

Py
N
[\
N
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Bxample.

Sound I.F. = 31.25 W.C., picturs I.F. = 37.25 1.C. Channel 2
sound cerrier freguency is 69.75 M.C. and its second hermonic beats
with the locel oscillator of this cshnnel to give & beat frequency
of 38.5 M.C., which is right &t the edge of the T.V. I.F. channel.
If 0.1 volts exists &t the aserial, and the R.F. stege gein is 5,

Be = 0.5 /E—volts peakes

* Wanted mixer plete currents = 20 = 29 db.
) Unwented Oeh., 2

4Lctuelly the sound trap in the I.F. chennel will attenuate
this unwented side band by a further 19 db. giving 8 1.25 K.C. video
interference output which is L8 db., down on 100% modulstion of the‘
I1.F, picture cearrier.

The response of & typical I.F. amplifier taking esccount of
sound end visilon "treps', was teken from & curve published by Readio

Corporation of Americs.

2. Second Harmonic of the locel Oscilletor of & wented
chennel beatlng with an unwanted cerrier to form
end interfering I.F. sideband.

The ratio of wanted to unwanted mixer plete currents is -

2 . 2
+ Bo Ec v ogm t Eo® Ei  Ygm
s Bg : 2 Eg
= 20 Ec ] With a typical mixer

- EOEi ,
where Eo, Ec end Ei are respectively

the peak amplitudes at the mixer input of the locel oscillator fund
amentsl, the wanited television carrier and the interfering carrier,

Example,

Chennel 1 (L7.5 = 55 WM.C.) oscillator hermonic 172 M.C. beats




i
S}
A1

i

with channel 9)picture cerrier, 209.25 .C., to form & 37% W.C.
intermediete freguency side band, which zero beats the I.F. picture
cerrier at the second detector.

Assume the wented picture carrier (Ec., 48.75 M.C.) has an
intensity of O.1l volts R.M.S. 8t the aerisgl or 0.5 volts R.¥.S. at
the freguency chaenger input.

Assume thet the unwanted picture carrier (Ei, 209% M.C.) has &n
intensity of C.1 volts R.l.S. at the aerial and in passing through
the radio freguency amplifier (one R.F. stage) this unwanted carrier
is attenuzated by two single tuned circuits eech tuned to channel 1
(mid freguency 51.25 M.C.), and each having a bendwidth of 10 M.C.,
3db. down. The ettenuvation of the channel 9 picture cerrier (209%

¥.C.,) reletive to the resonant response of each tuned circuit is
D

*”2’09 209 — -1—9-6-—
Consequently ¢i &t the mixer input is 0.5 (10 32 volts R.M.S.
(196

Assume théet the oscillator voltage at the mixzxer input is 3
volts R.M.S. Then the retio of wanted to unwented currents in the

mixer plate circuit is -

20 X Oﬁ5 “ 2 2 = 1820t
3 .72 x 0.5 . 2 x (10)°

" (19

Consequently the interfering I.F¥. signal at the video

detector is 65 db down on 100% modulaetion of the picture cerrier.

b lie IR
Jd.

'

. . o . felling
3. Carriersswith diffefence frequencyyW1%hin the I.F. Band

Using the sesme terms as above,suffixes C.C. and 1 representing

locel oscillator, wanted cerrier and unwanted carrier respectively,




/ .
it is eesily shown that the retio of currents a2t wanted and

unwanted engular freguencies (Wo - We and We = Wl1) is -

/ < s .
bgm  EcEo + _gm  EcEil = Eo , the ratio
L Rg o g Ei

-+

3]

being independent of the intensity of the wented carrier.
BExample.

The picture carrier frequencies of channels 2 end 3 are
regpectively 63.75 and 98.75 M.C., and these two signels best in
the freguency changer to give an I.¥F. side band of 35 M.C., which
beets the I.P., picture carrier (37.25 WM.C.) &t the second detector
to give an undesired 2.25 M.C. video signal.

If chennel 2 is the weanted signel, channel 2 radic fregquency

tuned circuits sttenuate channel 3 plcture carrier by & factor

10)° . : -

5 reletive to the resonant response of the tuned circuits.
Then with & 0.1 volt unwanted seriasl signal, the unwanted

mixer input voltage £4 = 0.5 x (10)° R.M.S.

58.)
With a local oscillator voltage of 3 as before the retio of
wented to unwanted mixer plete currents is 3 .2
0.5 ¢ 2 x (10 = 200 =

58.) L6 db.
In pessing through the I.F. emplifier, the wanted picture
carrier is attenuated 6 db. with respect to this unwented side band,
which is conseguently only 40 db down on the former et the video
detector; The uﬁwantedlvideo signal is 2.25 M.C.
When channel 3 is the wanted signel and 63.75 M.C. is the
unwanted carrier, the ratio of wanted to unwanted mixer plate

=475 = 53.5 db.

currents is 3 LAS

0.5 /2 X %%li
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For the ssme reason &s above this ratio is reduced by 6 db at the
video end giving & 2% M.C. video signal which is down L7.5 db on
100% moduletion of the picture cerrier.

Lo Second harmonic of wanted carrier besting with another
carrier tc form an I.F. side band

Retio of wented to unwanted mixer plete currents

» kg +Ec® El _E_ggz
, s Eg
= 20 %%EE_ for a typical freguency changer.

Exemple.

4n unwanted channel 2 picture carrier (63.75 M.C.) beats with
the second harmonic (97.5 M.C.) of the wanted channel 1 picture

cerrier to form & 33 2 M.C. I.F. side band which beats with the

I.F. picture cerrier in the second detector to give & 3¢ M.C.

unwented video signal.

Channel 2 picture carrier is spaced 12.5 M.C. from channel 1

mid freguency and conseglently the intensity of the unwanted carrier

¢i at the mixer input for O.1 volts in the aserial is -

0.5 x (5 )2  volts R.N.S.

1z.5

Retio of wanted to unwanted mixer plate currents is
20 x 3 .E@T - :
O R N - 572 = 1060 = 60.5 db.

=

. 5
The Interfering I.F. side baéd &t the second detector is 54.5 db

down on 100% modulation of the picture carrier.
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/
5 Wanted carrier beating with second harmonic of an
unwanted carrier to form en I.F. side band

Retio of wanted to unwanted mixer plate currents

= % ECEO Egm . 2 2
yEg gEL” Ec t_gm
wEg
= 20 Eo in a typical case.
“EIZ ’

Exaemple.

As in L above with the chennels reversed, channel 2 being

Retio of wanted to unwanted mixer plate currents is

20 x 3 .2 £
“/BJ W2 x ((1% 5)?“;2 = 25,400 = 88 db.

The interfering I.F. sideband at the second detector is 82 db

down on 100% modulation of the picture carrier.

6. ZLocsel oscillator of & wanted channel beating with the
second harmonic of an unwanted carrier

Raetio of wanted to unwanted mixer plate currents

Eg + EoEil d_gm
- b Eg
= 20 Ec in a typical case.

Example.

The second harmonic, 182.5 #.C., of channel 3 picture
cerrier beats with channel 6 locsl oscillator, 219% M.C., to form
an I.F. side band.

The intensity of the 91.25 M.C. interfering carrier at the

mixer grid when receiving chanel 6, for 0.1 volts at the aerial,is =




2

¥ o)
. <

Ges s',f:x 5

)

atio of wanted to unwanted mixer plete currents

~ - 212 6
0.5 .2 % 5 % \ = 3.5 x 10° = 131 ab.
L v 9 i

Interfering I.F. side band at the second detector is

I

it

20& Ou 5 ev"ré’

126 db down on 100% moduletion of the picture carrier.




F I.F. HARWONIC IITERFERENCE DUE TO
OSCILLATOR BREAK THROUGH

IT the loecsl osecillator voltage gets through to the second

(video) detector, and has e velue which is within 5.5 M.C. of &

i}
H.
0

ture I.F. cerrier harmonic, then = video interference at this

beat freguency can be formed by thira order detection in the second
detector. Fo get an idea of the order of mégnitude of this interference
& specific case, which occurs With the Australian standerds was

.

invest

;.l

gated. With the broposed Lustrslian Picture I.7, of 3725 K.C.

the local oscilletor freguencies for various chennels are:

-

Chennel OQOscillator Channel Oscillatorn Channel (Oscilletor
Freguency Freguency Freguency
1 82¢5 l.cC. L; 136 1.0, 7 227.5 M.C

2 101 n 5 2lz2.5 ¢ 8 235 "

3 128.,5 v 6 220 9 2u6.5 v

The picture carrier I.R. harmonics are in order 7h. 5, 111.75,
149, 186.25 eng 223.5 H.C. It is seen that the sixth harmonic
(223;5 M.C.) will form a 3.5 M.C. beat with channel 6 loecal oscillator
end & L M.C. beat with channel 7 local oscillator.,

Ratio of I.P. picture carrier to local oscillator (220 1.C.) signals
at_the second Getecior for channel 6

To arrive-at this ratio the bhasic constants for g staggered
w1ll be made., fssume the centre frequency of the 1.7, = lifier
Quintuple I.®. amplifier/to be 35 M.C. with & bendwidth of 5,5 ¥.C.,

3 db down,
Then from Wallman's design data (Rer. Electronics, Mey,1948)

the constents for the various stages are -

o
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Zlat Top Response snd picture ceérrier 1.7, response.
The response of each tuned circuit to & frecuency of 35 L:.C.
ig next determined relstive 10 the rescnant response of cach circuit

O
1y
ot
a
M
[¢

cf the I

nitre freguency tebulated ahove.. Universsal

T 3 = - + 3 = S . R NI L e T
1f the response ratios for esch wuned circulit ere

response or gsain (relative to detum level)

O
L3
~J
@
X
(@]
-
L
)
A
O
o
N
0
A
+
L3
O
N
O
Q
o
O
L

response, the picture I.F. carrier freguency reé@onse is 0.0605 =
: : 2
relative to the detum response. ’
Destonse to locel oscilletor fregusncy (22v I, C. )
At freguencies having Sfl;tVTGSPOWS s which are sbout 6 db

opmore b

response

Where B

elow the resonant response of & tuned circuit the actusl

. N - . - = 2 m s
is given by the expression /9/{;/§9/’ relative to the
’ £ -f

is the bandwidth 3 db down (tebuleted abhove)
is the centre or resonant frequency (tabulated above)

and f%$" " freguency &t Wcicr the response 1s required.
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of the tuned circuitz

The response

to the resonant response is:

f
Q-
5

ﬁ
S
%)
RO
"
A\
1
L
&
o
o
!
o
—ion

o0 )
- 21l
Tebulating similer responses for all 5 circuits
&
Stage 1 o ; % b 5
220 .C. : ; o )
Response L.65 - hL,25 - 1.583 1,58 5.5
relative to //EZZ' ; ,/EZ:/ i !ng’5 ; 215.5 ,»zizi:
: A4 : L3 A
rescnant 2 2 | o .
response |
ultiplying these responses together, the overall response
of the ﬁ;uned circults relative to the above defined respense is

Ratio of Picture

The ratio of responses of the I.F. amplifier tuned circuits

ES

v0 the picture I.F, carrier (37.25 11.0.) and oscillator (220 1.C.)

Veltages is ?;22///' . 1“—10 ' " 3 - 107.
v ) 7 6,95 . . . -l

C
I

s

&tioc of I,7. picture carrier
—

Assume that 50 m.v. a2t the receiver input is the smallest
vricture channel carrier voltage to be recelved, and assume a gain of




The 220 ¥.0. local oscillator vel

virtuelly the full amplifier conductance of the mixer, whereas the
~icture cerrier will change frecuency, and conseguently is ampliflied

1
only by the conversion transconductaﬁce of the tube which is abou

L the amplifying conductence. Hence the retio of picture I.F.

mixer plate current to 220 K.C. oscillator mixer plate current is
250

o - 250 .
3 x 10§ ,/”/i;/x 10°

Then the ratio of I.F., picture carrier to 220 I.C. local

N

oscillator voltage at the second detector input is -

y3x 10’ = _25% , = 895
le = 10

Since it is the sixth harmonic of the picture cearrier which
is involved in the interfering beat, the demodulating efficiency

of the interfering signal will be down by & ratio of at least

6 to 1 relative to the wanted deemodulated signals. Hence the
ratio of wanited video output (100% modulated) to the unwanted
video output will be at least & x 895 = 5370 = 7.6 db.

The effects of th;s interference will be entirely negligible,
but if an intermedlate freguency is'choseh which ceauses
interférence with locel oscillator fregquencies bhelow about 100

¥.C.,, the effect assumes more serious proportions.




