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FIG 1.1.1. FRONT PANEL OF SIGNAL GENERATOR
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NSN 6625-99-972-6C00 SIGNAL GENERATOR (2-250 MC/S) CT379A

SUMMARY OF DATA

PURPOSE

Simple testing of radar and
communications receivers.

BRIEF DESCRIPTION

NOTE: CT378A differs from -943-1825 CT378
in that its frequency is extended to
250 Mc/s and an additional power
supply is included for use with
pulse modulator.

This signal generator provides signals
between 25 mV and 1uV into a 75 ohms load at
any radio frequency between 2 and 250 Mc/s. An
external attenuator unit is used when working
into 50 ohm loads; signals between 12.5 mV and
1 uV are then available. The seven frequency
ranges are so chosen that common radar i.f.
amplifiers etc. can be checked for centre
frequency and bandwidth without range changing.
An internal 1 kc/s tone generator and optional
squaring stage provide a nominal 30 per cent amplitude
modulation, with either sine or square waveform
at any radio frequency within the range.
External sine wave and pulse modulation are also

possible., The modulation circuits are of novel For Service Manuals Contact
design to reduce frequency modulation to MAURITRON TECHNICAL SERVICES
1gi i 8 Cherry Tree Rd, Chinnor
negligible proportions for normal measurements. Onon OXO 4QY
The second harmonic of range G is calibrated for Tel 01844-351694 Fax:- 01844-352554.
use between 170 and 500 Mc/ S. Email:- enquines@mauritron.co.uk
PERFORMANCE
Ranges Range A 2-4.5 Mc/s
Range B 4-9 Mc/s
Range C 7.5-16 Mc/s GENERAL VIEW OF CT378A
Range D 11.24 Mc/s
Range E 22-50 Mc/s

Range F 45-100 Mc/s
Range G 85-250 Mc/s

Harmonic Range 2G 170-500 Mc/s.

o

Scale calibration accuracy + 1 per cent + 2 per cent at scale extremes.

Output Output into 75 obms, 1 pV to 25 mV continuously variable;
into 50 ohms, 1 uV to 12.5 mV using fixed attenuator.

Accuracy + 2 dB + 1 pV up to 150 Mc/s

+3dB + 2 puvV  150-250 Mc/s

Harmonic range — the level is approximately 10 per cent of
that indicated.
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CHAPTER 1

TECHNICAL D'E SCRIPTION

Introduction.

1. The Signal Generator CT378A is a general purpose Signal Generator
which has been designed to produce a 304 a.m. signal having an f.m.
content not greater than 5 ke/s. The tuning mechanism has been built to
enable the instrument to be used in conjunction with radio receivers
having a 10 kc/s passband, and both the attenuator and stray field have
been required to meet an exacting specification. This instrument incor-
porates a new form of attenuator using a printed circuit technigue, to
give negligible reaction with change of fregquency. In conjunction with a
plug-in modulator unit, pulse modulation is also available,

Panel Contfols and Frequency Coverage

I Eleven controls are prov1ded together Wlth a MAINS ‘ON-OFF’
switeh. Their respective “unctions are as follows

The RANGE Mc/s switch

S This is a seven-position switch marked:

A -4.5 -7 ’

B -9 - 4

Cc -16 -~ 7.5

D-24 - 11

E - 50 - 22

F - 100 - 40

G - 2560 - 85

The position of this control indicates the band in Me/s over which
the instrument is set to operate, the upper ard lower 1limit of each band
also being displayed on the main scale plate adjacent to each section of
the calibrated scale.

In addition, when the switch is set to G - 250 ~ 85, the harmonic
range 2G covering 500-170 ic/s may also be used. In general, it
should, however, only be used as a harmonic rsnge for frequencies above
250 Mc/s i.e. 2 x 125 Mc/s.

The TUNING CONTROL

4. This control operates the main capacitor, which is directly
coupled to the cursor, which sweeps the calibrated freguency dial.
There is, therefore, no possibility of errors being introduced due to
backlash between capacitor and cursor.

3
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Bis The complete frequency range of the 1nstrument is 2 - 500 Mc/s
covered in eight bands as follows:—

A - 4,5 Me/s - 2 Mc/S vouuuu.. Calibrated sub-divisions at mid-
: scale are marked at intervals of

50 kc/s. ,
B-9Me/s -4 ¥e,/Ss vveeennee. Calibrated sub-divisions at mid-

scale are marked at intervals of
100 ke/s.

C - 16 Me/s - 7.5 Me/s .vveve. Calibrated sub- d1v151ons at mid-
_ scale are marked st 1ntervals of

100 ke¢/s.
D - 24 Me/s - 11 Me/s ........ Calibrated sub—divisions at mid-
scale are marked at intervals of
200 kc/s.
E - 50 Me/s - 22 Me/S vevnnnnn Calibrated sub-divisions at mid-
scale are marked at intervals of
. 0.5 Mc/s. .
F - 100 Mc/s - 40 Mc/s ....... Calibrated sub-divisions at mid-
. scale are marked at intervals of
: 1 Mc/s. :
G - 250 Mc/s - 85 Mc/s ....... Calibrated sub-divisions at mid-

scale are marked at intervals of
1 Me/s. :

Harmonic range 2G - 500 - 170 Me/s ... Calibrated sub-divisions at mid-
scale are marked at intervals of
2 Mc/s.

The ENGAGE FINE CONTROL and FINE CONTROL

S ——

G The TUNING CONTROL is fitted with a knurled rlng labelled ENGAGE
FINE CONTROL which when tightened down in a clockwise direction enables
movement of the FINE CONTROL to be transmitted by a vernier drive ‘o the
main cepacitor via the TUNING CONTROL. The FINE CONTROL operates an
interpolation dial, which can be observed through a window adjacent to
the TUNING CONTROL. If the knurled clamping ring on the TUNING CONTROL
ig turned in a counter-clockwise direction, the FINE control and dial

are disengaged. The fregquency range can then be scanned at high speed by
means of the TUNING CONTROL. '

The SHIFT SCALE and LOCK SCALE Controls

7. Despite the extremely wide frequency coverage cf the instrumsent,
the accuracy of the calibrated frequency scale is, at mid-scale, within

+ 1%. This degree of accuracy is not however sufficient to enable the
scale to be set to within a small fractiocn of a megacycle at 200 Mc/s, or
within 10 kc/s at 5 Mc/s. The instrument has therefore been fitted with a
device which enables the scale to be moved with respect to the cursor,
enabling the calibration at any point to be precisely set, by beating the
output of the signal generator against a signal of & known freguency.

This precise scale setting can then be locked and subsequent frequency

settings made in the region‘around the set point to a very high degreeo of
accuracy.

4
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8. The scale can be freed by turning the LOCX SCALE knobd in & 1
counter-clockwise direction and then moved with respect to the Cursor byl
turning the SHIFT SCALE control to give the frequency setting reguired.
The scele is then 1ocLed by turning the LOCK SCALE kncb in & clockwise
airection.

S When it is desired to return the instrument to its original cali-
bration setting, the scale can be freed by means c¢f the LGCK SCALE knob,
‘and the scele moved by means of the SHIFT SCALE control until the reset
mark on the scale plate is located in the centre of the small viewing
aperture provided. The scale is then locked by turning the LOCK SCALE
knob in a clockwise direction. ;

" The FUNCTION arnd MOD SWITCHES

10. The FUNCTION SWITCH is a four-position switch marked:-

(1) A.F. (C.W. off) eses The r.f. oscillator is gquiescent and the
: - internal tcne oscillator (1000 c/s) is
used to produce 4-5V r.m.s. from the
source impedance of about 10,000 ohms
across the ‘A.F. OUT’ and ‘4’ terminals.

(2) C.W. «s«es Unmodulated r.f. carrier.
(3) THT. A.M. ee+s R.F. carrier modulated at a nominal depth
of 304 by the internal 1000 c/s tone
) generator. '
(4) EXT. A-M- ceus R, n(\rricr can he nmn'l_}_inﬂp moduilated

to a dep h not exceeding 504, by applying
a modulation voltage to the terminals
‘EXT. A.M. IN® and ‘.'. The input
impedance is about 1 M ohm in parallel
with 20 pF. A nominal modulation depth of
304 is given by a sine wave of about 6V .
r.m.s. at any frequency between 100 c/s
and 10 kc/s.

- . NOTE: In positions 3 and 4 the modulation signsl is available between
the ‘A.F. OUT’ and ‘U0’ terminals and can thus be conveniently
used to lock an oscillograph time base, but the circuit must not
be heavily loaded. When so used, the load employed should not
drop below 50 k. ohms, for otherwise the modulation depth of the
r.f. signal may be altered and/or spurious f.m. introduced on to
the carrier. .
The MOD switch either selects the sine wave oscillator for
driving the modulator or else introduces a simple squaring
circuit between the oscillator and modulator.

The R.F, ATTENUATOR controls

11. The attenuator is divided into scctions, COARSE and FINE, the
setting of each control being visible through a centre window, the diels
working in juxtaposition.

12.. The COARSE dial is marked ‘FORCE, X1mV. X0.1 mV, X 10 pV, and X

1uV. The FINE dial is marked ‘FORCE, 25, 20, 15, 10, 7.5, 5, 4, 3, 2, 1.’
A minor calibration point is put in at 3. 16 equlvalent to 10dB

on the 1" point.

5
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|
13. © To obtain FORCE output from the signal generator, the force
calibration points on both dials, must te placed adiacent to one another.
When the COARSE dial is set to its remaining positions, then any setting
of the FINE dial between 25 and 1 when multipliecd by tihe COARSE dial
setting, gives the output from the r.f. cable (when terminated by 75
ohms) after adjustment of the SET LEVEL control. When a 50 ohm source
impedarnce is required a 5905-99-972-63%57 attenuator, fixed, containing a
75 ohm load and a 12.5 ohm series resistor shculd be used. See operating
instructions.

The SET LEVEL control

14, Vhen using the signal generator on the ranges *C.W.’ “INT. A.M.'
or ‘EXT. A.M.’, the output level required should be set on the R.F.
ATTERUATOR controls and the SET LEVEL control turned until the set level
meter needle is set at the datum mark on the scale plate. The output from
the r.f. cable, when terminated with a load of 75 ohms, will then be as
indicated on the R. F. ATTENUATOR control. When used with 5905-99-972_
6357 ATTENUATOR, FIXED, for 50 ohm lcads, the indicated voltage should be .
.divided by a factor ?f two.

CIRCUIT DESCRIPTION

The R.F. Oscillator Circuit

1b6. This is a modified Colpitt’s circuit employing a high-slope
vriode valve V3, delivering approximately 200 mV at the junction of
R19, R15 and MRl into a novel form of constant impedance modulator and
attenuator system. ‘

16. The amplitude of the r.f. signal delivered into the modulation
system, can . be adjusted by the panel control RV3 which limits the anode
voltage fed to V3. The amplitude of the r.f. signal is adjusted to 400
mV by placinrg a high impedance valve voltmeter across R36 and Ll6a, when
the range control is set to A - 4.5 - 2 Mc/s. The resistor R36, plays no
part in the function of the r.f. circuit, but is inserted to enable the
SET COMPENSATION Control to be adjusted. When RV3 has been correctly
adjusted, the valve voltmeter circuit, €21, MR3, R31, C26, R33, C27, and
R32, is so adjusted that the irndicater needle of M1l reads on the
graduation on the scale, by selecting the value of R.32.-

17, Resistor R37 is inserted when SAa is set to its A.F. ‘C.W.

OFF’ position. When SAa is so set, the r.f. oscillator ceases to

operate and the dummy load R37 maintains a constant load on the power
pack. This loading prevents a surge of r.f. when switching from A.F.
(C.W. OFF) to C.W. '

The Tone Generator

18, This is a simple Hartley oscillator employing V1B and remains in
operation except when SA is set to “EXT. A.M.’ This stage is supplied
with anode voltage direct from L6 which is fed to the centre-tapped choke
Ll. The a.f. output is fed via C3 to SAb and the function of this switch
should be noted in relation to SAa to which it is of course directly
ganged. The functions of the switch dre given below:—

19. A.F. (C.W. Off) - The a.f. signal is Ted to the grid of V1A

which acts as a cathcde follower delivering an a.f. output of about & to 5
volts r.m.s. via €14 to the a.f. output terminals. Note that the r.f.
oscillator is quiescent, and there is therefore no output via the
attenuator. - :
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20, "C.W. - No a.f. signal is applied tc V1A, the grid of which is
~shorted. An unmodulated r.f. signal can be cotained from the r.f{. cable.
Rl. INT. A.M. - an a.f. signal is fed into the grid of V1A from

whence two outputs are taken into the modulation system (to be described)
which produces an r.f. signal, amplitude modulated at 1200 c/s to a depth
of 304. If the MOD switch is put at square, valve Vb is introduced into

circuit giving a substantially square-wave output which is fed on to the
modulator.

22 s EXT. A.M. - The a.f. input terminal is connected to the grid of
V1A and thus an outside a.f. source can be used to mcdulate the r.f.
signal via the ancde and cathode stages of V1A which feeds into the
modulation network. The internal tone generator is muted by SAd to avoid
spurious a.f. pickup from this source. A voltage of about 6V r.m.s.
produces a nominal 304 modulation. Modulation up to about 607 is
available without appreciable distortion. The internal square-wave
generator is inoperative.

The Modulation System

3. This is a novel and ingenious form of modulation network,
designed to reduce to a minimum the variation of load imposed on the r.7%.
circuit. (Patent Applied for). o

24, Consider & simple r.f. generator coupled to a variable lo=zd,
which is imposed on the r.f. circuit in the form of an amplitude
modulated signal., Alterations inm the load will be reflected back to the
generator, which sees the load as a variable impedance, which does, of
course, mean that the frequency of the signal produced by the r.f. circuit
may tend to change. This phenomenon is of little consequence when
designing simple signal generators for aligning ordinary broadcast re-
ceivers, but it cannot be tolerated in an instrument such as this, for an
amplitude modulated r.f. signal may be produced having a frequency modu-
lation content greater than the band-width of the 10 ke/s i.f. channels
into which the instrument is designed to inject a signal. :

25. The problem has therefore been to design a circuit to give
amplitude modulation signals with a minimum of frequency modulation
content. This has been done by employing the following method, bearing in
mind that the essential task is to impose a constant load on the r.f.
circuit. OSuppose that an r.f. circuit (Fig. 1.1.2) is loaded by the
potentiometer RV, then variations .of RV will impose a variety of loads

on the coupling circuit, thus pulling the generator.

R.F. Circuit Feeding Variable ILoad

R.F. . ' RV

<
; 3 =2

(Fig. 1.1.2)
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26. Suppose however that the circuit is rearianged as in Fig. 1.1.3,.
using two identical potentiometers ganged in such a manner that movement
of the control increases the value of one by the same smount as it de—
creases the value of the other - then the value of the load will be
constant. This is the principle adopted in this instrument, but instead
of using an impracticable arrangement of potentiometers to keep the losad

(in practice an amplitude modulated output) con%tanu, germanium crystals
have been employed.

R.F. Circuit Feeding Constant Load

B SN

e
Output
o- >
(Fig. 1.1.3)
27, Consider the simplified modulatior circuit Fig. 1.1.4. The

approximately 200 mV r.f. signal is fed to the two potential dividers R1,
R2, R3, and R4. Vith no a.c. input at points A & B, but with fixed d.c.
bias applied to the crystals MRl and MR2, %these potentisl dividers,

together with thelr associated circuitry, present a comstant load to the
r.fs gcnorator.

Simple Modulation System

A B

1,000~ P!_USa
D.C.bias

Cli c2
i——--(z,
400mVY
R.F.

?—-j%
signal MR é'MRz
R2§ §n4 >
’ R.E output
RS
3 — — Zn-

.ﬂii

(Fig. 1.1.4)
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28. Consider now the current-resistance characteristic of one of the
germanium rectifiers MRl or ME2 (Fig. 1.1.5) and, for the purpose of
explanation, assume that the two functions have a linear relaiionship (the
graph is a straight line), the resistance of the‘rectifier varying with
the current passing. If ths current rises, the resistance falls and
conversely, if the current falls, the resistance.rises. If therefore a
nominal working point is selected at about 1 mA, the resistance of the
device will be constant, but if then a sinusoidal waveform is applied
on top of the d.c. bias, then the resistance of the device will vary in
sympathy with the applied waveform. Thus the variable resistance device
shown in Fig. 1.1.2 has been produced electronically.

Graph showing change of crystal resistance with current

Sine wave

e
Lo} imA
Current
! Sine wave
(Fig. 1.1.5)
- 29, Consider once again the modulation circuit shown in Fig. 1.1.4.

With a constant d.c. bias, the load on the r.f. generator is constant,
but if now a 1000 c/s waveform is applied at points A & B, these pcints
being fed in anti-phaze, it can at once be seen that one crystal tends
to conduct more heavily, wvhilst the other cuts off to the same degrese.
Thus the device stiil maintains a constant load on the r.f. generater.

30. It must now be reslised that in the practicable circuit, the 1000
¢/s bias carries a relatively smaller r.f. waveform (Fig. 1.1.6) and the

magnitude of this signal will vary as the resistance of the crystals
varies.

s
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R.F. Ouperimposed on A.F. Waveform

Superimposed R.F

Sine wave

(Fig. 1.1.6)

31, If a suitable oscilloscope is conneéted across R6 it should be
possible to see the r.f. waveform varying in amplitude (Fig. 1.1. 7). Im
other words, the r.f. waveform is amplitude modulated.

Amplitude Modulated R.TF.

Modulation envelope

AT

S W A e il e Yo e
w @ % @ e mus e

e— R, F

‘U\ L/h

(Fig. 1.1.7)

32. Correct selection of circuit values, d.c. bias for the crystals,
magnitude of the 1000 c/s modulation signal and & constant impedance
attenuator in place of R6 (in Plg 1.1.4) 1s 81l that is now required to
meet the apecifiﬂatlon.

19
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The Modulation Circuit

—AAANA %
*" RIS
: ' %%RH !
R23 Mod. Signal 1
i ’ !
1
R36  400mV. RE to RV4 ]
A 4 3o |
.
[} ]
1 1
! i
| i
! | R.F output -
: E "
i |
E E WA §RIS : ,y Attenuator
| i
! !
: : R24
| 'SET LEVEL', | - - ) -
I CIRCUIT ! =
Ll li o 4 _
(Fig. 1.1.8)
B8, The operation of the whole modulation circuit can be better

understood from the more detailed but -still simplified circuit (Fig.
1.1.8), which can best be explained by the manner in which it is set up
to operate correctly. '

‘
[

34, The r.f. signal is fed to the two potential dividers,

R26, R27 and R19, R15, both of which feed into crystal loaded circuits.
Each crystal is d.c. biased wvia R23, R18, R11l and R13, R1l4, the magnitude
of the biasing current being controlled by RV4. Valve V1B supplies the
a.f. modulation signal which is fed in anti-phase to the circuit via
capacitors C8 and- C9. The magnitude of these signals is controlled by
RV1 and RV2. ’

Internal Preset Controls

35, Full setting-up procedure is given later, but can be explained
briefly by saying that RV4 is adjusted until a c.w. signal of 25 mV is
obtained from the atienuator; it will be noted that the sttenuator and
R24 present substantially the same loading to the crystal circuits. An
oscillograph is then plsced between points B (Fig. 1.1.8) and earth, and
RV2 adjusted until 30¢ depth modulation is obtained. The oscillograph is
then transferred across points A (Fig. 1.1.8) and earth and RV1 adjusted
until a minimum depth of modulation is observed, thus insuring that /
whilst the r.f. wavefcrm is being correctly modulated, the load on the
r.f. generator remains constant.

11
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The Set Level Meter and Attenuateor System

6. The SET LEVEL meter cimplified circuit is shown in Fig. 1.1.8.

As already explained, the circuit is set in such a manner that when 400
mV r.f. appear betweez points A and earth, the built-in meter reads on the
graduation mark. his ensures that a constant magnitude of signal is fed
into the attenuater circuit, quite irrespective of frequency. When the
meter has been adjusted by means of the panel control RV3, the output from

the r.f. cable, when terminated by 75 ohms, will be as shown on the
ATTENUATOR dial setiings.

S . . The attenuator (Patent Nos. 675, 392 and 699, 684) itself is of
interest, for it employs virtually non-inductive resistors housed within
a silver-plated, copper-bronze casting which assists in reducing
radiation to a very low level.

The Power Supply (E&g 2. 211)

38. This is a conventional full-wave rectlfler system fed by
transformer Tl. The primary of the transformer is connected to the
supply by r.f. filters which prevent unwanted signals getting either into
or out of the generator by the mains lead. A conventional pi-filter
network feeds smoothed h.t. to several circuits and, in addition, a neon
staebiliser regulates the supply to the r.f. oscillator and the d.c. bias
to the modulator circuits. A negative bias line is provided by MRS,
C34, R48 and R49 to be fed to 6625-99-972-6001 MODULATGR UNIT SIGNAL
GENERATOR. R49 is adjusted in calibration (A.I.C.) to give a 10 mA
bias current. This is automatically connected when the MODULATOR UNIT

- is plugged into CT378A. The bias is picked up from an internal contact
accessible via the hole to the right of the R.F. OUTPUT plug. The

external pulse is fed into the MODULATOR UNIT via the B.N.C. socket on
the side.

i2
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Before assembling (Det.1)
paint agli cut edges with
Bakelite Varnish (Det.33)

Solder(Det.2) in a
position so that the
body of this Resister
ishousedinside
slot on top casting

47
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Stick with Bostick (Det. 35) pieces of
Bakelitz (D2t 38) toinside of top casting
to insulaie these connections.

Cut Baokzlite en cssembly.

Before assem bling {Cet's. 7-11)

dip in Silicon 1Resin {Det.32)
and ailow to dry.

Section C-C

Set detail Z8 on assy sother

the leading edges bore nerd on
2. the graduated aiols end do not
N \\/ turn post the friction dnve

Section F-F

Section E-E

Ensure that radiused zdge
of Friction Disc Washers (Det. 24)

Rivetover___ __ ecrewooren
this sidz. oy are assembled so that they
] drive Friction Discs (Dets. 26-29)
Section B-B in this manr.er,

Fig. 2.2.7 Attenustor Assembly

>

Itam

DESCRIPTION

Attenugtor

Resistor

Cendenser

Pillar Tag

Eyelet

Split Pin

Contact Spindle

Bush

Special Washer

aom\:@u\Auwag

Soecial Nyt

as req

Washer

Contact

Rivet

Socket Pillar

Co-gxiat Plug

Attenugtor Base |

Attenuater Top

Bush

Socket Grub Screw

Spindle

Circlip

Washer

Spring

Friction Wnsgher

Threaded Bush

Friction Disc

Rivet

Digt Stop

Friction Disc

30

Spectal Screw

N R e 0] Fe Bl FNY IF. I O B8 X0 VT [N D [ CT i s e e A FY Pl PV BN E P ES T O Y S

Chezse head Screw

os req'd.

Silicerz Rasin

as rea'd.

Bakelite Varnish®

[IE

34

Thrust Washer

as req'd.

Bostick

as req'd.

Bakeiitz irsulction

Metal Szgrent

I

Kesstor_
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