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OVERLOADING, SEI “CTIVLTY‘ AND SPURIOUS’RESPONSES IN MEDIUM
FREQUENCY BROADCAST RECEIVERS. ‘

~

L. Introéuction“ ‘ . ' !

This 1nvest1gat10n'was undertaken in order to provide some inform=
ation on the adequacy cof blanketlng standards of field strength.used.by‘the
Board.

The Board's: present Standards of Good Eng;neerlng Practice speclfy
& populat¢on in the 250 mV/m. contour not exceeding .. : 1% of that within 50
miles of the transmitter excluding the pcpulatlon of‘any town or city not
intended to be served by the station and in the frimary service area of- another
station.

The: 7,C.C,. have recently altered their standards for medlum‘wave~
broadoas+1ng=to the effect that the blanket area will be based on a field.
intensity of one volt per metre in lieu of the old criterion of 0.25 volts per
metre. It should be noted, however, that the laboratory tests represent only
a part of the general problem since many of the worst'types of interference in
practice are the result of external cross modulation in spurious rectifiers in
the house wiring and construction, and means for simulating theseeffects in
laboratcery tests are not very ccmglete at the present time.

2, Mbthodsrof Measurement,

Threefdiétinct'ffpes of measurement were made on each of the.
commercial tested receivers as follows; - X

(a) Overload with large inputs.

As: the input voltage of the wanted signal is raised, a point is
reached at which the output is intolerably distorted. Of the four
receivers tested, two became inoperative with wanted input signals
greater than Oaz.volts. while the remaining two would take wanted ~input
signals in excess of* one volt,

(b) Two signal generator cross modulation tests.

These are true selectivity tests. Selectivity tests are not
normally mede in this way because of the extra equipment requireds The
signal generators are comnected in parallel at the dummy antenna output
terminals, the impedances of each dummy antenna having double impedances,
and consequently doubled output voltages are required from each signal
generatar. Only one of the ‘signal generators available was capable of

~one- volt input to the receiver, so that the tests were slightly res-
tricted. These restrictions can be removed by approximate exterpolation
from the measurements made. The criterion of tolerable interference was
that suggested by the Institution of Radio Engineers (U,S.A,) of =30 db.
cross modulation factor, This results when an unwanted signal modulated
30% at 400 c/s& is of sufficient amplitude to cause a spurious LOO c/%.

- modulation of 1% depth to an unmodulated wanted carrier., These were
made on each receiver for three values of 1nput voltage of the wanted
signal at each of three freguencies (600, 1,000 gnd 1,400.ko/s.). The

. frequency of the urwanted signal was made higher and lower than the
wanted signal in 10 kc/s. 1ncrements and its amplitude adjusted for the




! 02‘-?
degree of" interference quoted above. The results are tabulated in the
first part of Appendices 1, 2, 3 and 4 for each of the four receivers
tested, and corresponding curves are given in the attached drawing
Noe. GC=3 sheets, 1 to 10. Appendix 5 gives figures for an average
receiver based on median figures of the four receivers and corresponding
curves are given on sheets 1l and 12 of the above drawing, They show
that the true selectivity is, as. expected, markedly better at the low
carrier frequencies. Also, as expected, it does not vary greatly with
the strength of the wanted signal, except for very large signals. The
large variation of the figures: for 10 ko/s. cerrier separations results
from the fact that in this case the predominant interference was a 10 '

kc/s, heterodyne beat rather than a 400 ¢/s. modulation, :

An;atteipt'was;made tb correlate these figures fﬁf-%he average

. receiver with the F,C.C,'s proposed figures (1946) for the relative

(e)

field intensities of wanted and unwanted carriers spaced by 10 and by

20 ke/s. The F.C.C, ratios are respectively 1:2 and 1:30., The measure-
ments show ratios for the 10 ko/s. spacing of about 1.7:1 at 600 kc/s.
and 5:1 at 1,400 ke/s. and in both cases, the ratios are greater than
that stipulated by the F,C.C. This does not necessarily mean that the
F.C.C,. figures: would result in objectionable interference with Austra-
lian receivers, since the ear is less sensitive to energy at 10 ke/se
than it is to 400 ¢/s. energy and in addition the loudspeaker is less
efficient, For 20 ke/s. spacing between ocarriers at 600 kc/s. the
measurements give ratios of 1;60 and 1l:40 for 0.5 and 5 millivolts wanted
input signals. The corresponding figures for 1400 ko/s. are 1:30 and
1:20, the latter being slightly poorer than the ¥,C.,C, figure of 1:30.

Heterodyne: whistle tests..

It was desired to investigate the effect of increasing receiver
input volitages on the severity of heterodyne whistles., The same set-up
was used as for section 2 above and the same wanted frequencies and in-
put signals were used. Neither signal was modulated and the procedure-
was to vary the unwanted signal frequency until a whistle was produced
and then adjust its amplitude until the heterodyne beat signal (adjusted
to approximately 40O ¢/s.) was 40 db. below 100% modulation of the wanted
carrier, or in other words a spurious modulation of 1% was produced.

The results for the four test receivers were tabulated in the second
half of" Appendices 1, 2, 3 and 4 and median figures for the four -
receivers. are tabulated in Appendix 5.

It is seen from Appendix 5 that "I,F, beats" are in general the
worst sources of whistles with large wanted carrier input signals, This
has long been recognised in Australian broadcasting and frequency
allocations are specifically made to avoid this condition. With small
wanted signal amplitude, "image" or second channel interference is seen
to be the worst cause of interference, a fact which is well known in
Australian broadcasting. A station on twice the intermediate frequency
is also a serious cause of interference and this is avoided as far as
possible, Of the other interferences some are only bad when the
receiver is tuned at a particular region of the frequency spectrum, For
instance when tuned at the low frequenocy end of $he band the whistle
caused by twice the wanted frequency and the unwanted frequency-(2W-U)
is particularly bad with large amplitudes of the.wanted signal. -ilso
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2U-Q causes a bad interference when tuned neer the middle of the band,
and three times the intermediate frequency is bad at the high f'requency
end of the band.

The tabulation of Appendix 5 can be used by interpolation or exfer=
polation to predict the frequencies and approximate intensities of the
more serious whistle interferences for any other value of the wanted
signal frequency and intensity in the medium wave band. It should be
noted that the tabulation of whistles for the condition of 0.5 milli~
volts wanted input signal in Appendices 1 to 4 is not completé, since
these were rather numerous with one or two of the receivers. - -They are
complete, however, for the two other input levels. It is believed that
those omitted for the low input level are relatively unimportant,
involving for the most part high order harmonics of the various: signals,
and in most cases these were caused by actual harmonics of the signal -
generators usede

3s Comparison with C.C.I;R. Document, L

G.T. - 45 = B. (Stockholm - 1948)

Document CT=-45-E contains replies to a questionnaire sent to -
European countries, in which their opinions are sought on the worst causes of
whistles in receivers, and whether it was practicable to fix a standard inter—
mediate frequency. An average evaluation of the replies has been made and the
following table sets out the reported causes of whistles in Europe in approxi=
mate order of importance = '

Frequency relations causing inter-
ference,
Item s , I is the intermediate freguency..
Now. Description of Interference W is the wanted frequency.
U is the unwanted frequency.
0 is the local oscillator frequency
1. |Unwanted signal has intermediate U=1I
frequency.. ,
2. |[Either the wanted or unwanted a2l orU=2T
gignal has twice the inter-
mediate frequency.
3, |Second channel or "image® inter- - U=-=0=1
ference,
ke [Either the wanted or unwanted W=2IorUs=3T
signal is half the inftermediate
frequency. o
5. ["I.F, Beat" = Two carriers differ Uy = Uy =T orUgW=1I
. . 14 72 4
by the intermediate frequency.
6. ISecond harmonic of unwanted signal 2Us 0z 1
differs from the local oscill=- :
ator frequency by the intermed- -
iate frequency. s
7« [Wanted or unwanted signal three W ogl3lorUgll. ‘
times the intermediate frequency




) Frequency relations causiﬁg inter= -
- _ ference.
Item ot a I is the intermediate frequency.
. . rf 2 * °
“No. D,escrljptlon of Interference ¥ is. the wanted frequency.
U is the unwanted frequency.
0 is the loocal oscillator frequency
8, |Local oscillator radiation, ’ .
R Intermediate frequency radiation :
' into receivers having the same .
intermediate freque neye
10. |Second harmonic of oscillator - 20= T z I
- differs from unwanted signal
by the intermediate frequency.

A comparison of the above table with the table in Appendixii is

made with the follgvging, comments of the various items -

Item X = 7 AN - o
St loaded Ly apDYOpTate frequency allocatione,

Item 2 -

Ttem 3 =
Ttem L4 =

Item 5 -

Item 6 =

Item 7 =

Thig/a potentially serious form of interference, but is

Wanted frequencies having twice the intermediate frequency are
known to be umworkable with large input signals but measurements
were not made. In this case twice the wanted signal frequency
beats with the csoillator fregquency to give the intermediate-.
frequency.- A similar interference results from second I.F.
harmonic feedback im a poorly designed receiver, Tests were
made of unwanted signals at twice the intermediate frequency,
and the interfersnce was worst for wanted frequencies close to
the dcuble intermediate frequency.

It was found from she measurements that image interference could.
be very serious particularly with small wanted signals,-

Tests were not made but this could undoubtedly be a serious cause
of trouble from outside services. '

Tests were made only for the case where one of the carriers was
the wanted carrier, and was found to be a serious cause of
interference with large amplitudes of wanted signal. The case
of two unwanted carriers causing an I,F, beat has in the past
heen a serious sourcze of trouble in pustralian broadcasting.

Thé tests indicated that this is a serious source of trouble for
large umwanted signals and small wanted signals particularly at
frequencies close to the double intermediate frequencye..

Tests were made only for the case where the wmwanted carrier is
fhree times the intermediate frequency, and the interference is
only sericus with large wanted signal intensities and for fre-
quencies close to three times the intermediate frequency. The
case of the wanted carrier at three times the intermediate
frequency is kmown *o be umworkable with, large input signals.
In this case the trouble is caused by the third harmonic of
the wanted signal beating with the second harmonic of the local




oscillator to form the intermediate frequency. A similar inter=-
ference results from 3rd I,F. harmonic feed-back in a poorly
designed receiver,

Ttem 8 = Local oscillator radiation should not be serious if adequate pre=
. cautions have been taken about item 5, except possibly to- ser-
vices: having frequencies: outside the medium wave band.

~ Item 9 - Receivers: of reasonable de51gn,should not be subject to thls type
oft 1nterference. :

Itemflo -~ This is relativelyinnocuous in Australia where the long wave band
is: not used for broadcasting.. -

4. Conclusionss,.

. Tests: have been made chiefly to gauge the effect of large: input
signals on representatlve medium wave receivers Wlth.tha following results -

(a) some receivers: become inoperative with input signals in excess of" 0.2
. volts while cthﬁrg will accept signals greater than one VOlte.if

(b) Cross modulation or true selectlvity'tests indicate that the cross modu=
lation factor will ircrease sharply as the unwented signal amplitude
is increased and with one volt of unwanted input signal a frequency
spacing of 300 to 400 kc/s. will be necessary between wanted and
unwanted carriers at the high frequency end of the band. Reducing the
input to 0.25 volts reduces the required spacing to something slightly
less than 100 ko/s. Appendix 5(a) and drawing GC-3 sheets 1l and 12
give the characteristics of a typical Australian receiver, averaged
from:tests;on‘four~receiverst

(¢) Tests have been conducted to 1nd1cate the severity of heterodyne whlstles
with inoreasing amplitude of input signals. Appendix 5(b) gives the
characteristics of a typical Australien receiver (averaged from tests
on four receivers). This can be used for predicting the performance
under other conditions of input and frequency. The results have been
compared with a precis of ¢.C.I.R. Document CT=45-E, which is given
on page 3. It is concluded that if care is exercised with frequency
allocations, particularly in relation to items 1 to 7, whistle pro-
duction’ should not seriously increase by increasing the wanted input
signal to one volt, but great care will be necessary to receive small
input signals in the presence of large signals.

Summing up, it is indicated that most troubles would disappear with
a small enough aerial to curb the large signals, always providing this aerial
is large enough for the weaker wanted signals, In especially difficult cases
a trap circuit in the aerial could be used to reducd the unwanted signal.
External cross modulation effects have not been considered and could reverse or
modify these conclusions.

5. Application to Australian Station pAllocations

The conclusion is reached that the lnput to a receiver should not
exceed 250 millivolts if 81gnals seperated by 100 ko/s. 2re to be received,
The separations of stations in Australian capital cities are of this order,
being as follows:= :

T o i s e e
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: Sydney ‘ 60 = 130 ko/s%
* . Melbourne 80 = 160 ko/s.
Brisbane . 100 = 330 ko/s.

Adelaide " 80 = 230 ke/s.

Perth 70 = 250 kc/s.

Hobart 80 = 260 ko/se

Newcastle 90 = 320 kc/s.

,  An aerial of effective height one metre (aotusl height about
2 metres) would be tolerable in this case if the present standard of 250 mV/m.
for blanketing is adhered to. The sensitivity of a typical 5 valve broadcast
receiver is of the order of 35 microvolts. Such a set and such an aerial would
enable the reception of signals of strength 35 microvolts: per metre., This
would enable the reception in the absence of noise of a 10 kW, station at night
at 1,000 miles for 90% of the time (using curves from F.C,C. Standards of Good.
Engineering Practice) or a daylight 10 kW. station on 1,000 ke/s. over ground
of conductivity 10713 e.m.u. at a distance of 230 miles.

o Tt is concluded that the use of a blanketing standerd of 250 mV/de.
would not impose serious limitations on a typical modern receiver. A4 highexr
value is regarded as undesirable at the present time.. )




« APPENDIX I =~ TESTS ON RECEIVER "A" 5-VALVE MODEL,.

* 1, Cross Modulation Tests,
- . Column 3., | Column 4. Column 5, | Column 6,
Column. l, | Column 2. Unwanted signal character—| Unwanted signal character-
Wanted Wanted istics.. _ istics, ' ,
frequency éi gnal Frequency |Input for -30.db. Prequency | Input for -jo;db.
e i nput lkc/ S oross: mo:iula‘b:.qn, kc/s.. cross modulation
( millivolts-) above: fector below factor:
: ‘ ' e " (millivolts) Al (millivolts)
600 kc/se. 0.5 10 004 1o Oek2 -
. 20 5 20 . 280
30 70 30 125
40 370 60 800
60 670. 100 1,000
_loo 1,000 - )
400 kc/st 5 i o 10 Qoks 10 208
’ 20 60 20 200 ‘
30 300 L0 440
Lo. Loo 80 800
80 700
100 900
110 1,000
600 ke/s.. | 135- 10 32 10 200
20 L80 20 725
3Q 800 25 1,000
; - 35 1,000
1000. ke/s.. 0.5 10 0,38 10 0.8
20. 2 20 27
30 30 30 105
40 300 ' 50 225
60 . 250 (peak) 60 325
100 450 4 100 L75 -
140 575 140 725
7 200 850 200 1,000
1000 kec/s. 5 10 0.6 10 8
20 22 20 250
40 190 30 285
60 325 40 375
80 450 100 750
100 60Q 140 1,000
o 800
170 1,000
1000 ke/s.| 200 10 75 10 475 -
20 250 20 750
40 750 30 1,000
5C 1,000
1400 ke/s. 0.5 10 0,085 10 1.0
20 Lleb 20 , 20
L0 115 30 80
100 200 L0 275 ¢
200 L.00 60 215
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Appendix: 1’.

(cont'd,) * ~
- - Column 3. Column. k.. Column 5, | Column 6,
COILEmn l. | Column 2. Unwanted signal character- | Unwanted signal character-
. - / istics. . istics, 7
f;zf;zzgéy gi’gﬁ:i Frequency |Input for =30 dbe Frequency | Input for =30 db.
equ iy kc/s. cross modulation| ko/s. | cross modulation
(lni 11ivo 1ts) above factor below factor
g (millivolts). A (millivolts)
300 700 100 300 7
400 950 uo Loo © .
500 1,000 200 550
300 850
360. 1,000 -
1400 kec/ss 5 10 0.85 10 6
20 17.5 20 235
30 60 L0 250
40 85 100 475
60 . 160 140 725 - .1
100 285 200 1,000
200 625
240 1,000
1400 kc/s.| 350 10 110 10 460
20 120 20 540
Lo 250 Lo 825
60- 450 60 1,000
- - 100 1,000




2. Heterodyne Whistle Tests,.

intez:-f

wanted| fering

"Interfering signal input

(millivolts) to cause 1%

Frequency Telations|
causing the whistle

Wamnted--signal dinput >0.1 volt.

fre- | signal spurious modulation of the 0" and "I are
quency! fre- wanted carrier. - respectively local Remarks
A quency | ianted |Wanted |VWanted carrier | oscillator and S
| ko/s,. | Ty carrier |carrier | input (mv,) as | intermediate fre-
‘ko/se inpus |input | stated on left quencies. )
0:‘5 IV 500 v, | 8ide of column i ; :
6000 . 505 1co- 375 135 ~ | 3U-0=1 :
" 529 - 600 "o 875 2U=W = I
e 552 o 600 " - 20-30 = T
W Gl 400 675 w - 2U-0 = I/2
" 7h2 - - v 500 | 2W=U =T
" 759 60 26Q " - oY= = T
"“ 830 50 825 " - 0-U = 1T % I.F. beat
v 97 425 600 " - U-04% = T Twice the I,F.
" 1060 220 175 u W5 | U-W=I I.F. beat,
v 1200 375 500 " 1,000 O=USW = I Twice wanted
B frequencys..
" 1517 0.85 11.0 v 700 | U0 = I Image.
1000 | 5kl o | 125 200 120 W=U = T I.F. beat.
" 640 50 270 * - 3U=0 = I
" 820 375 800 " - 20=3U0 = T _
" 917.5 60 125 " 230 | U~04W = T Twice the I,
" 959 12 42,5 " 600 2U=0 = T
" 1125 300 1750 " - 3U=20 = T
v | 1229 170 390 " = | 0-Us= 4T -
w 14,57 125 120 " 115 U = T - I.FP, beat,
" 1686 675 looo " - | U-0 =3I
v 191 Ood Lo5 " 300 U0 = I Image.
woo | 917 180 335 350 600 | U-04W = Twice the I,F,
" < e 105 125 " 100 W=U=1 TI.F. Beate
" 1158 16,5 100 " - 2U=-0 = ’ ‘
" 1375 - - " 325 U=-20 ¢ 27 = T 3 times the IF.
" 1507 400 650 v - 4LU=30 = I
N 1628 70 200 " - 0~-U=4T
v 1705 500 1000 " - 0=-U = 1/3I
" 1857.5 55 100 " 9% | U =1 I.F,. beat,
" 2088 250 600 " - U=0=34T
" 2318 0.175 lc? " 130 U g 0 = I Image
3, Overload Point




>;1, Crbés Modulation Tests.

. . Column 3. | Column k. Column 5, Column 6.
cclumn 1. | Column 2. Unmwanted signal character= | Unwanted signal character=
Fanted Tanted isticse. istics,.
fre uené | si nal; Frequency | Input for =30 db.|Frequency | Input -for =30 db.
| “gm. v iﬁ b ko/s.. cross modulation | kec/s. |cross modulation.
(milgivblts) above factor . below factar
A (millivolts) TR (millivolts)
| 600 k&/se. 0.5 1o 0015 10 -0.13
20 30 20 16.5
Lo 275 30 - 120
60: 450 40. . 290
80 600 60 - 350
100 700 8o 500
0 1,000 100 800
| 600 ko/s.. 5 10 2,0 10 1,25
20 135 20 - 200
30 250. 40 260
L0 325 60 - 435
60 460 8o - 575
. 100 725 100 700
130 1,000 - .
600 kc/s.. 150 10 100 10 75
- 20 375 20 390 -
4O 900 40 775
50 1,000 60 1,000
20 1505 20 800
Lo 140 30 - 100
60 220 40 - 200
10Q. 350 100 - - 325
1,0 500 140 475
200 - 700 200 700
300 1,000 300 1,000
1000 kc/s. 5 10 1.0 10 049
20 90 20 150
40 185 60 300
100 500 100 525
140 700 0 650
200 200 200 1,000
1000 ko/s.| 200 10 50 10 50
20 190 20 -~ 200
Lo 400 30 300
100 1,000 L0 375
60 550
100 1,000
1400 ko/s. 055 10 0.1 - Jo 04065
. 20 10 20 . 7.0
40 55 40 275
60 85 100 150

 LPPENDIX 2 ~ TESTS ON RECEIVER "B" 6=~VAiLVE MODEL..




= 2 Lppendix: 2\_.
“(eont'd, ) §
k S ' Column 3, | Column . Column 5, Column 6,
"Column 1. | Column 2, Unwanted signal character— Unwanted signal character= | -
Janted |- Wanted istiose istios. =
fre quency ‘signal Frequency | Input for -jo'db;.. Frequensy | Input_ for -30; .
e inout ke/s. cross modulation ko/s. cross modulation
( mil]sji volts) above: factor -below factor
' A (millivolts) A (millivolts)
100 - 125 - 160 o250
200 250 ¢ 300 "~ 400
400 400 520 1,000
600 475 .
800: 700 -
1,000 600.
1,200 800 -
1400 ke/s. 5 10 0.65 10 0.85
, 20 25 20 ‘150
4o 60 - 40 - 160 -
60 100 60 T 220
100 200 100 340
160 320 160 - 525
200 440 200 650
v 300 1,000
1400 ko/s.| 350 10 30 10 65
20 70 20 200
L0 140 40 300
60 250 60 380
J100 450 100 575
200 800 160 1,000
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Wented signal input ¥ 1 volt,

2, Heterodyne Whistle Tests.
Inter= Interfering signal input Frequency re-
ifanted | fering (millivolts) to cause 1% lations causing
fre= signal spurious modulation of the the whistle, "O ]
‘quency | fre— wanted carrier, and "I are res- Remarks:
1 quency | Wanted |Wanted | Wanted carrier | pectively local '
ko/s.. Rl carrier | carrier | input (mv.) as | oscillator and
ke/s. | input |input | stated on left | intermediate
' Q.5 mv. | 5,0 mv, | side of column frequencies,
600 503 100 350 150 - 3U=0 = I .
" 527 325 425 " 850 U= = T
" 550 150 185 w - 20~3U = I
\ 62 | 350 - " - 2U=Q = 1/2
" L5 - - " 275 29-U = T
" 757 60 . 275 " - 2U-0 = I
v - 829 1% 750 " - 0=U = I/2
" $ 911 150 200 " 450 U-0 #W=1I Twice the I.F.
" 1057 25 200 " 200 U7 = I I.F, Beat,
w 1200 325 525 " - O-U #W=1I- Twice wanted fre~
_ : ‘ quency.,
" 1510 1.0 10 v 450 U0 = I Image,
1000 e 60 100 200 130 | WU =1 I.F. Beat,.
" 637 65 300 v - 3U-0 = I
" . 820 185 - " - 20=3U = T ~ |Twice the I,P,
w 910 20 35 " 58 U=0 # 7 =1 :
" % 956 6.5 35 * 375 2U=0 = T
v 1203 100 700 " - LU=30 = T
v | *1226 | 50 1000 " - 0-U = I/2 ~
" 50 .35 80 " o U=l = I I,F, Beat..
v 1543 - - " 450
" 1605 30 550 " - U-0 = 1/31 .
" 1507 Oel bo " 275 U=-0 = I Image.,
- 1400 910 65 140 350 | 240 U-0 4 W=1 Twice the I,P,
u o7 - 100 " 130 WU =1 I.F, Beat
" 1155 20 70 " - 2U=0 = I ' o
" 1362 - - w 1000 U=-20 # 2W = I 3 times the I,P,
" 1382 - - "1 900 :
" 1505 - 400 " - LU - 30 = I
" 1625 20 450 " - 0-U = $I
v 1701 50 165 " - 0-U = 1/3T
" 1854 16 50 " 95 U=l = I I.F, Beat,
" 2008_ 275 725 n - S
" 2083 60 600 u - U=0 = I 2
" 2310 0.2 1.7 " 125 U-0 = I Image.
3, Overload Point, !




" APPENDIX 3 ~ TESTS ON RECEIVER "' 5-=VALVE WMODEL. .

B e s

1. Cross Modulation Tests.

. - ~ | Column 3. | colum . Column 5¢ | Cqumn 67
Columnr 1, [Column 2, Unwanted signal characters Unwanted s:.gnal charaatez‘-
Wanted . Wanted istigs, . istiGs. ,
frag= - gignal Frequency | Input for =30 db, | Frequency Input for =30 db,
quency input ke/se |oross modulaticn | ke/s. |orods modulation
A (millivolts) above: factor - below factor
i . (millivolts) nype {millivolts)
600 k¢/s.. 05 10 2 10 065
20 o 20. 30
Lo 500 LO 425
60 1,000 B
600 ko/s. 5 10 20 10 1.5
20 325 20 150
35 540 40 325
60 1,000 %0 550
600 kc/s.. 150 10 100 10 - 90
20 220 20 160
4Q 425 30 200
60 625 100 l OOO
90 1,000 ' 5
1400 ke/s.. 05 10 1 10 0.1
) 20 40 20 20
40 300 40 420
60 450 1lo 800
| 100 700
1 1400 ko/s.: 5 10 10 10 0.9
20 100 20 100
LO 184 25 . 200
60 - 250 35 240
1loo 400 160 - 700
160 600
1400 ko/s,. 200 10 40 lo 35
20 75 20 100
4O 150 L0 180
80 300 60 250
160 570 120 - 480
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Heterodyne Whistle Testse.
: Inter=- Interfering signal input Frequency re=
Wanted |fering (millivolts) to cause 1% lations causing
fre=— signal spurious modulation of the the whistle. "O"
quency |fre= wanted carrier. and "I" are rese Remarks.
A quency | Wanted. | Wanted | Wanted carrier | pectively local o
ke/s. | "o carrier | cerrier | input (mv,) as | oscillator and ]
kc/s. input | input | stated on left| intermediate
0.5 mv,. | 5.0 mv, | side of column| frequencies,
600 500 700 200 - 3U-0 = T
" 525 250 w 170 2U-W = I
" 540 580. w 700 30=5U = T
" 549 200 " - 20=3U = T
w 638 1000 " - 2U-0 = I/2
" 748 - w1300 W=U = T
. 752 300 " - 2U=0 = T
v 825 1ooo "' - 0-U = £T Sl
" 90k 480 " 40Q U=04W = I Twice the I.F.
T | 1052 300 " 300 U= = T IF. Beat
" 1200 "o 100 O-U4W = T Twice wanted fre=
’ qUENCY . .
" 1503 18 " 550 U=0 = I Image.
1400 902 200 250 200 180 U=Q4 = I Twice the I,F,
" x950 200 150 " 135 W=U = I I.F. Beat
" 1086 60 . 200 w - 20-3U = L
" 1151 60 200 w - 2U-0 = I
" 1356 - - * 75 U$27-20 = I 3 tires I,F.
" 1385 10 Lo w 250 3U=20 = I
Cow uws2 480 - " 250 -
" 1625 380 60 " 850 0-U = I -
" 1850 65 60 " 70 U= = I I.F, Beat
v 1900 - - v 55 3W-U=0 = T o
w 2080 100 360 " -, U=0 = %I
" 2304 0.375 5 " 130 U-0 =T Image

3, Overload Point,

Wanted signal input of 0,2 voltse
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ls Zross Mcdulation Testse.

APPRNDIX & ~ TESTS ON RECEIVER "D" 5-VALVE MODEL,

) Coiumn 3. Jolumn b Celumn 54 | Column 6,
Celumn i, | Column 2, Umwanted signal characher~ Unwanted signal character=
Janted Wanted 1stios, ~istics,
fro= signal Frequ}ency Input for ~=3~O'd‘b°; Freqligncy Input for -BO_dbz.:
quency et ko/=s oross modu.lat;.on ka/ g, cross modulation
‘mgg_; { i i ivolta) above facktar belicw -factor

' \ LS LVOLTE, g (milIivelts) g (millivolts)

6C0. kc/s. 2.5 10 003 10 - 033

20 28,5 20 18
L L0 §75 Lo 325
! 6Q- 550 100 1,000
- 79 1,000 -
£00 ke/s+4 5 10 4.3 10 L.5
: 20 19¢ 20 50
Lo 350 30 115
60 475 L 180~
80 625 ) 300
100 75C 80 400 -
150 1,000 100 558
600 ko/s4 130 10 2,0 10 7.0
: . © 20 85 20 250
LQ 600 40 600
€0 - - 800 75 1,000
R L\-»O:) kc.: 28 005 l 0325 l:) 0075
s _ . 20 13 20 10
40 225 L0 90
£0 250 €0 3365
100 325 80 16
200 5C2 1c0 35
400 70 130 - -100
500 850 160 170
200 250. -
200 500
400 800
\ 450 1,000
1400 kc/s. 5 1 1.0 10 5.0
' 20 95 29 100
&0 250 40 110
60 450 €0 70
200 550 80 25
100 30
1290 " 65
200 240
3Co 500
£00 800
500 1,000
1400 ke/sf 375 10 150 19 350.
: 20 825 29 - 450
43 1,000 40 375




(cont'd,.)
. Column 3. | Column k. Column 5, |} ~Column 6.,.
Column le | Column 2. Unwanted signal character— Urwanted signal character=~|.
Wanted Wanted istics, istics,
'fr o we ol Frequency |Input for =30 db. | Frequency |Input for =30 dbe
e s's:x.gnt " ko/s. |cross modulation ko/s. oross modulation:
quenay L ivolts above: factor below factor-
w (millivolts) e (millivolts) i (millivelts)
60 250:
T 78 1o
_ 88 9Q ..
100 125 .-
120 270
140 0
200 1,000




2.. Heterodyne Whistle Testse.

-5.{

14

L - Inter= Interfering signal input ‘E'requenéy re=
janted  |fering (millivolts) to cause 1% lations: causing
frequency |signal spurious: modulation of the the: whistle, "0% |
R A fre= wanted carrier. and "I¥ are rese
ko/s.  |quency | Wented |wented | wented carrier | pectively local
g carrier | carrier | input (mv.) as | oscillator and
ko/s. | input | input | stated on left| intermediate
’ 0.5 mv, | 5.0 mv, | side of column| frequencies,
600 ko/3{ 505 200 | 130 - 30 = I
' 529 300 w - 2U=F = L
552 180 o - 20~3U = I
731 = " 70 2-U = T
759 150 "o - 2U-0' = L 7
(917 200 " - U=0%W = T Twice the I,F,
937 - w 1%0 U=Q47 = T Twice the I.F.
1060 200. " - U=¥ = I I.F, Beat.
1069 - " 200 U=#'= I I,F, Beat
1200 L50 " 125 0=UdW = I Twice wanted fres-
: quency.
1515 b LA U=Q = I Image.,
1534 200 UeQ = I Inege.

x = Note that the intermediate frequency changes 10 kc/s.

with an input
change from 5 to 130 millivolts, :

< 22
(a) 600 ko/ss

Overload Point,

(b) 1400 ko/s. (miseligned)

0.25 volts wanted signal input,
wanted signal input >1 volt,




APPENDIX 5 = AVERAGE OF RECEIVERS TESTED..

1, Cross Modulation Tests,

: Column 3, | Column L. column 5, | Column 6.
Colump 1, [Column 2. Unwanted signal charaater=~| Unwanted signal character=
danted  fWanted istics. isticge -~
Pra= ' signal Frequency | Lnput for =30 db. | Frequency Input foxf 33o_ab.
v lipout kc/s. |oross modulation | ko/se. | oross modulation
q},’;ﬂ"y lﬁ;imlﬁs) above - fagtor - below factor
{ N A (millivolts) Tty (mitlivolts)
600 ke/sd 0.5 10 Qo3 10 Q.3
i 20 30 20 30-
LQ 400 Lo - 400
60 . 670 .60 670 -
- 100 1,000 . 100 1,000
600 ke/sq 5 10 1.8 1o 1.8
- 20 195 20 195
Lo 340 - L0 340
60 - 465 60 165
100 740 100 ho -
130 1,000 s
600 ke/s4 14O 10 90 10 - 90
‘ 20 385 20 385
40 690. 40 690.
. 60 900 60 900
1400 ko/sd 05 10 0.1 10 0.l
: ' 20 15 20 15
40 200 40 200
o0 250 100 25Q.
200 L00 - 200 550
. ‘ 400 950 400 91,000
1400 ko/sd 5 10 0.9 1o .- 049
’ 20 100 20 - ~. 100
L0 170 - 40 170
100 200 100 350
200 625 200 1,000
1400 kc/sd 300 10 50 10 50
20 110 20 110
¥e] 220 L0 220
100 L50 100 500"
200 800 200 » 1,000

T o
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-2= Appendix 5,
= 2';;,, Heterodyne .Ihlstle Tests, L
Only the. maln wh:.stlea Wh:.ch are. common to the four receivers tested are-
) s included. -
- Intere | Interfering- s:n.gnal inpuk Frequency re=
Wanted | fering ( m:.lllvolts) to cause: 1% lations: causing
"*re-s signal. spurious modulation: of the the whistIe,.'O" _
iquency | fre— . | ‘ wanted cerrier, - . {and "I are res- , R;mérka
T ©quency. [ Wanted. | wWanted. ‘Wanted. | Wanted | pectively local P
| ke/se. | v _carrier | carrier | carrier | carrier | oscillator and e
| | ke/se [ dinput ' | input: | input | input | intermediate T
l{ 0.5 mv. | 5,0 mv, | 250 mv. | 1000 mv,| frequencies. .
1600 | 503 | 1loo: 3Bg | - = 3U-0 = L
bow - 527.5 | 325 3500 | 700 1000 2U=7 =T
Lo 552: | 15¢- | 3507 | = - 20~30 = T ,
b 641 hoo | 675 - = 2U-0 = I /o )
o 745 == | 200 50 WU=T1T T
P 755 .0 270 | - - 7 2U-Q = I .s
e 827.57| 200 | 825 - - 0~U = I/2 sl
™90 | 3000 | 400 | koo Loo. U=04% = T Twice  the I,T,
P 1055 | 200 2000 | 200 200 U=W = I I.F. Béat
[ e l1200 | 350 500 500-° | 500 0-USW = T |Twice 'y
" 1510 - L 10 - 700 - U=0 = Image
1000 | 545 120 120 120 120 W-U=1 I.F, Beat
i 637 57 285 ) -~ - 3U-0 =T
w - 818 375 800 - - - 20=3U = T :
" 910 20: - 35 . 58 70 U=-04W = I 6 valve receiver
. 910 60 125 230: 300 U=~04W = T 5 valve receiver
b 955 9 Lo 500: 1000 2U=0 = T - o
® 155 120 120 120 120 U= = I I.F. Beat.
w 191G Qed Le3 360 - U-0 = T Image.
woo | 910 200 200 200 200 U-0#W = L Twice the I,F,
" 945 125 125 125 125 W=U =TI I.F. Beat
" 1155 20 - 100 - 2U=-0 = T -
Lo 1365 - - 450 110 U=2042W = I 3 times I.F.
v 1855 65 65 65 65 U-W=1I I.F. Beat
w 2310 0.2 1.7 100 - LOOo U=-0 =T | Image
/
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