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SINGLE SIDEBAND UNIT

SPECIFICATIONS

EXCITER UNIT:
Chassis: rack mounting . 19 in, wide by 12} in, high
Finish: grey
Input: audio 1 volt @ 10,000 ohms

ext, HFO | 3 volts @ 100 ohms
Cutput: sudio 0.5 volts @ 600 ohms

2.5 volté @ 2000 ohms
r.f, : 15 volts @ 100 ohms

Power Requirements: 115 volts, 60 cps, 135 watts

POWER SUPFLY UNIT: (Model P-1)

Chassis: rack mounting 19 in, wide by 5% in, high
Finish: - grey
Type: regulated

Power Requirements: 115 volts, 60 cps, 45 watts

CONTROLS AND THEIR FUNGTION

1, Rl0l---—Audio gain

2. R1O2-—-Vary from square law to sine wave audio output
3. R103—--Fhase modulator adjust

L, Rl04~--Square law adjust

5. R105~~-Thase modulator blas ecntrol

6, R106——Balance pot to minimize HFO component

7. ClO0l-=-Main tuning condenser
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Frequency Range (in kilocy ~cles)

Band Output Frequeney
A 125 4o 250
B 250 to 500
C 500 to 1000
D 1000 %o 2000
B 2000 %o 4000
F 4000 to 8000

Mixer Frequemecy is 1/2 Output Frequency.

8, Cl02-—Vernier, fine tuning

9, 81
10, 82
11, S3
12, S4
13, S5

15, J2

16, TB1

-—=5ideband selector

-=-T0 obtain correct sense of envelope when using square law,
—External-Internal HFO switch

—teter Selector

—-=Range Selector

« Mixer ocutput

. Douvbler oubput

. Ouput plate tank eircult
- BRF Output

CcQuw P

r=--;=-RF output (output af 15 to 20 volts © 100 ohms jimpedance)
—fxt, HFO (required imput of 2 volts min, @ 200 ohms impedance)
~—-fudio input and output terminal strip

Catput Dats

2,5 wvoltg @ 2000 ohms
0.5 volts_@ 600 chms

DESCRIPTION

The Single Sideband Uni% equipment provides exciiation for a class C plate

modnlated transmitter enabling it to radiate single sideband plus carrier,

Switeh positions exre provided which permia Phase Modulated operahion as well

ag Amplitude Hodulated epe:fa'biom
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A block diagram of the equipment us shown in Figure 5, Thsory of Operation

is outlined in the following Seection,

The use of a fixed oseillator permits phase modulation a'l'. one frequency,
This eliminates tuning critical phése nodulator circuits in covering the
wide range of ocutput frequencies. A balanced mixer balances out the fmidaa
mental beating oscillator eompoment., This prevents the oscillator voltage'
in the mixer plate sircuit from predominating over the signal voltage.
Qhen driving a doubler, it is desirable that the component which is %o be

" doubled should predominate. The doubler stage is incorporated to minimize
feedback from the output to earlier stages. The output stage provides 15
to 20 volts rms at 100 ohms impedance for feeding a low level r-f stege in

the transmitter,

The audio ivput is amplified, 'bhé‘{l passed tnrough an audio phaéer which
has quadrature output voltages as required for phase shift single side-
band generation., Upper and lower sidebands are selected by reversing phase
of one of the outputs as shown, This phaser holds the 90.degree relation~
ship between outputs within 1,5 degrees from 100 cps to 3500 cps. Rela-
tive audio phase also should be this i:recise as measured between the phage
modulator grid snd at the amplitude modulator plate, To insure this con-
dition these points are inspected using an osellloscope and the phese is
oqualized shead of the p-m avdic amplifier as required. A square law cir-
cuit is incorporated in the a-m line to decrease distortion of the received
signal on a single sideband receiver, For minirum receiver distortion

using a linear or diode detector om the other hand, "normal® output is-
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maintained as wtlinéd below, The phase inverter'and sense switch provide

for applying the square iaw characteristic in the correct sense to the sig-
nal eanvelope. This's%vd’c;eh has no effeet when the "normal" output is used.

The output amplifier ‘adio provides sufficient output to feed a low imped-

ance line., This output feeds the modulation input circuit of the auxiliery
transmitter,

To obtaih a given cutput frequency from this unit, a crystal or an external
input voltage must be provided for the HFO circuit. The eorrect HFO fre-
quency is (Output Freq. /2 ) 22,5 ne, Maximum output frequency availakle
is 8 me. Hormally there will be frequency multiplying in the transmitter
to cover the higher output frequencles, For adjusting and monitoring trans-
mitter output it is desirable to have a single sideband receiver, however,
it is possible to use a commmications receiver with selective erystal fil-
ter, Initial adjustment sets amplitude modulation level to 80%, It is
necessary to usé steady tone of about 2000 eps for this adjustment. The
receiﬁeﬁ' then is tuned to the rejected sideband and the phase modilation
level control on the back of the chassis is set for minimm output from the
recelver, The Ysquare-law-normal! control should be set in 'normal" posi-
tion fcr maximm rejection. Where a single sideband receiver is available
this adjustment may be mede on program material. Adjustment of the vernier
tuning control will have some effect upon rejection of the uawanted side-

bandg as will transmitter tuning and loading adjustments,

THEORY _OF OPERATION

This system is basieally the well known arrangement of Figure 1, This is

a phase shift system method in generation of single sideband signals. The
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cresent system is shoun in basic form in Figure 2. It should be noted that
V2 in Figure 2 is not a balanced form of modulator, and that its r=-f input
consists of the carrier shifted 90 degrees plus the.modulation products
generated in V1, Thie arrangement of V1 and V2 leads to the generation of

higher order sidebands which are not present in the arrangement of Figure 1,

In practice; V1 balanced modulator and the reinserted 90 degree r-f compon-
ents are replaced by a phase modulator stage which achieves the same end-
result and at the same time eliminates two adjustments (balance control on

the modulator and the phase control).

Vectorg showing various components arising in the process of phase modu=
lation (V1) and amplitude modulation (V2) are shown in Figure 3, The sig~
nal at the input to the limiter of Figure 2 is made up of the carrier plus
upper p-m (6) and lower p-m (5) components, The resultant scalar magnitude
is greater than the value when modulation is not present, This magnitude
varies during ¥he modulation cycle, the ressult béing arplitude modulation
at twice the modulating frequency. UVhile this amplitude modulation is
chiefly second harmonié, small amounts of cther ewen harmonics also are
present, Now as this wave is passed through a limliter stoge, which removes
any amplitude modulation present, the scalar magnitude of the carrier will
remain constant, This means that additional sidebands (components 6, 7,
and some others not shown) have been created to cancel the amplitude com-
ponent. Limiting is not essential to the creation of single sideband sig-
nals and the limiter could be left out of Fipure 2, However, limiting will
occur when passing a signal through class C amplifier stages, therefore an

accurate representation of the system must incorporate the limiter,

Whem amplitude modulation is applied to a signal consisting of carrier (1)
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plus phase modulation components {4, 5, 6, 7) sidebands due to the ampli-
tude modulation process are generated on all components present., New side~
bands 2 and 3 are associated with 1 (earrier: 8 and 9 are associated with
43 10 and 11 are associated with 5; and lesser sidebands not showﬁ are as-
sociated with 6 and 7.,) Now when the amplitude modulation is at the same
frequency as the phase modulation but removed 90 degrees in phase, relation-
ships exist as shown in Figure 3. Certain of the coﬁponents are at ideﬁn
tical freguency and add or suBtraét as shown in Figure 4, ILaboratory tests
indicate that the level ofqaém'sidebands generated on components other than
the carrier is not determine& directly by the a-m modulation index, but is
reduced in the ratio of the component 1eve1 te carrier level. This factor
was used in arriving at the component levels indiecated in Figures 3 and 4.
As a result of this reduction factor, single sideband performance becomes

better at lower modulation levels,

A square law characteristic imposed on the a-m audio will cause cancella-
tion of components shown as 6 and 7 in Tigure 3, This reduces the second

order sidebsnd on the accept side, The db relationship shown in Figure 4

becones:

=& T Carrier b b
=QKC ~HKC =3KG' 0 & 3EC $OKC +CKGC
«46DB ~19DB -1.9DB 0 ~Inf, -19DB ~£,6DB

Theoretical rejection'at high modulation level as outlined sbove is 25 db
(Intermodulation in this case is 12 db), The optimm performance may be
degraded by audic distortion, phase shift of individual r-f sidebands due
to Q of tuned eircuits, and excessive andio phase shift in amplitude modu-

lator stages in the transmltter
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Detailed function of stages shown in the block diaéram is as follous:

Bleek 1. Oseillator-Vl.-6AU6, This is an oven controlled crystal oscilla-
tor which provides a stable frequency for phase medulation,

Block 2, Phase Modulator-V2.-6AC7. This stage varies the phase of the r-f
input in accordance with the audio input.

Bloek 3., Balanced Mixer-V3, Vi-6BE6, 6AU6. The balanced nixer combines
the phase modulated wave from V2 with the signal from the high
freguency oseillator (HFQ) to give a resultant difference fre- -

quency.

Bloek 4. Doubler-V5-6AUS. The doubler mltiplies the input frequency by
two, and amplifies it.

Block 5. Power Output~V6-6AQ5 This stage provides suffieient power to
feed a low mpedance line (3 watts at 100 ohms),

Bloek 6., High Frequency Osecillator-V7-64C7, This stage is used as a crys-
tal controlled oscillator, and as an amplifier for an external
HFO input, where that is desired,

Block 7. Audio Amplifier-5V8-12AU7. This stage emplifies the audio input
to the regquired level.

Bloek 8, Audio Phaser Unit-(4) 124U7's. The audio phaser is a subassembly
which gives a 900 phase difference between the two eathede or
plate output terminals. (Millen 900 phase shift network, Part/
Duwg, Ho. K75011),

Block 9, Audio Amplifier~3V10-124U7. This stage provides the required
amount of audic for the phase modulator.

Block 10, Phase Equalizer, This is é:ireuitry inserted to imsure correct
phase between the audio and p-m line, compensating for phase
shift in the transmitter amplifiers.

Block 11, Square Law circuit-VO-12ATU7. This circuit permils & square law
characteristic to be impo=ed upon the avdic signal vhere desired
(see Theory of Operation)

Block 12, Fhase Splitter~}V10-12407. The phase splitier has a gain of about
0,9 at both the ecathode and plate, whieh are 180° out of phase.
A suitch permits choosing the proper phase when using the square
law eircuit. This phase depends upon the input to output phase
relationship in the transmitter to be used,

Block 13. Output Amplifier-V1l, Vi2-124U7, 6AQ5, The output amplifier stages
employ negative feedback to minimize distortion and provide low

output impedance.
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PROCEDURE FOR SETTING UP SINGLE SIDEBAND UNIT

1, Connect VPower Supply Unhit to the Ixeiter Unit.
2, Connect the Single Sideband Exciter to the Transmitter. _ .
o, The r—f oupub (J1) is fed to a low level r-f stage of the transe
mitter,
b. Audio output is fed to the audio input jack of the tramsmitter.
The 600 ohm output should be used unless the transmitter inpﬁt is
high impedance.
3, Determins HFO Frequency. |
To determine the HFO frequency, divide the desired output frequency by the
number of multipl:r.ca‘bion stages used in the overall system, including the
doubler stage in the Exciter, and add 2,5 me 'bq the resultant frequency.
Example: desired output frequency is 8 me. The r-f voltage is doubled
tuice in the trensmitter. Divide 8 m§ by 4 =2me, Now2me & 2.5 me =
4.5 me which is the required HFO input required at the HFO input jack,
4, ASejt Band Selector on desired frequency.
NOTE: Band Selector frequencies are as follous:
Band . Qutput Freg.
A ' 125 to 250 ke
250 to 500 ke
500 to 1000 ke
1000 to 2000 ke

2000 to 4000 ke

H B OO o W

4000 to 8000 ke

Mixer Frequency is 4 Output Frequency,

— 5, Turn on Equipment,
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&, Tune Excitér,

Set the meter selector switch on “Outpﬁt"3 then adjﬁst the main tuning mech-
enism and vernier for maximum deflection on the meter.

7, Determine Type of Eavelope to be Used,

“Normal" opsration shouid be used for least intermodulation distortion om

a standerd receiver, '"squore law' operation should be used for least dige
tortion on a singleasideband receiver, Adjust R102 for the.characteristic
desired, '

NOTE: To adjust the Sguare Lay Giﬁéuit9 use an oseilloscope to moni-
tor the audio output. Turn%RlOZ completely to the Square Law
and as marked on the chassis:,, and adjust R104 for best Square
Law wave characteristic. This varies with amplitude of audio
output. Input to the exeiter should be set at “he optimum level,
and that level should correspond to 100% modulation of the
tragsmitter by adjustment of the transmitter audio gain control,
When using the Square Law characteristic it is: ‘necessary to see
that the transmitted signel envelope is in the “:orrect sense as

shown, S2 may be used to obtain the correct senge,

.GorrectﬂSense Ihéégrect Sénse
8, Set Audio Gain Control for Desired Degree or Hodulatior,
Apply an eudio frequency of about 2000 cyeles to the aundio input terminal
(TBl-l)Q then with the meter selector switeh on nedulation, determine the
100% modulation point, ond reduce the level as desired, GCADTION: ones
the audio Jevel is set initially, do not use the gain contrel of the trans—
mitter. Make all andic adjustments with the exciter gain control
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9, Adjust for Single Sideband Performance,

a,

Using the input meter of a monitoring receiver, tune for the
first order sideband to be rejected (the receiver should be

in sharp crystal selectivitys keep input from transmitter
below 40 db as indieated on the receiver meter, be snré r=f
coupling is all from transmitter output and none is direct froﬁl
the Exciter Unit).

Set the sideband selector switch of the Exsiter for the desired
accept sideband,

Adjust R103 for mull,

Tune the vernier for a mill,’

Moke final adjustments using both RlOé and the vernier control
for optimm mull.

98B, Using Single Sideband Receiver for Monitorings

A single sideband receiver has at least three different aceept positions.

8.

b,

C,

vpper sideband

lower sideband

normal reception
Using the normal position, tune to the trensmitter frequency. |
Switeh to the accept sideband and adjust the gain control of
receiver for maximum sudio cutput,
Switeh to the reject sideband and adjust the Exciter for minimm,
{(a nmuil on the audio output meter of the reeelver}, KNOTE: To tuds
the Exciter for a mmll adjust R103 and the vernier the sams 48
step %e,
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ALTERNATE PROCEDURE USING A DIODE (LINEAR) MODULATOR

Since a dicde modulator approximates an almost perfect device and can be
constructed readily and inexpensively, it becomes a very useful instrus~

ment for sét‘bing up and trouble shooting the Exciter., In using the diode
modulator, the tuning of the Exciter becomes simplified since the trans-
mitter dods not have to be used in the setting up procedure., This elimi-

nates possible errors due to glight misadjustments of it,

When using a diode modulator, such as the ore shown below; follow the

same procedure as outlined for standard transmitters, replacing the trans-

mitter with the diode modulator.

GIRCUIT DIAGRAM OF DIODE MODULATCR

Ji 500 mMMF !NS ~8 SOOMMF v
O— — , 1 — TO SCOPE
.
S Q
- F E——e» TO RECEIVER -
- = q
o
g : T p—
T - —— :
AUD!O
QUT T8l -4

= F= CARRIER FREQUENCY
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¥ig. 6 $0lid graph shows signal amplibude.

Dotted graph shows signal phase,

CONFIDENTIAL

SECURITY INFORMATION

9‘_&@
~CONFIDENTIAL~

Declassified in Part - Sanitized Copy Apprbved for Release 2013/08/15 : CIA-RDP78-03424A001300010002-6



A A um an et tw TR GRS WERET Y A W

Declassified in Part - Sanitized Copy Approved for Release 2013/08/15 : CIA-RDP78-03424A001300010002-6

NS EVG AL HARN £ L& DAL hen carrie: when eacvrier
:5 in this ig in u.}l.it
regioln reglion
_Fault aM, , “ouble sideband HﬁfﬁUlt WA

w v Fault._ ~ | Uuper sideband ltaults,

Fau%t} Lower sideband A TERE S
Z of '
max imum

s T
\ YR

NI DN

50 - : _; f
\ / o /
' /
| ' 5 PPN I SO W S-SR S
' . . n\’—‘ J .

v e

40 7

30 i T

20

10 :
0 _
Frequeney € AL 2R00C ph—i
Conmditions: 1. V3, z & vﬂ’apa Vo aye components from sae, -

?“a peths
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4, AM sigral is modulated 100%. 83B is modulanted
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CIRCUIT DIAGRAM
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