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SCHEDULE OF PARTS SUPPLIED 

1. 	 One H. F. Spectrum Analyser Type OA I094A (Series), 
cornpIete with valves, etc •• as follows :-

Valves: 	 Twelve: Type 6AM6 (EF9I), Pentodes. 
Threc: Type I2AU7 (ECC82), Double Triodes. 
Three: T ype 6]3 J 6, Pentode s. 
Two: Type 6AS6, Pentodes. 
Two: Type A2293, Triodes. 
Two: Type l2AX7 (ECC63). Double Triodes. 
Two: Type Q/U37, Half-~;raV'e Rectifiers. 
One: Type SC 1/2000. Voltage Stabilizer. 
One: Type 8SA2, Voltage Stabilizer. 
One: Type OA2 (lSOC2), Voltage Stabilizer. 
One: Type OB2 (108Cl), Voltage Stabilizcr. 
One: Type S763 (QV03-l2), Beam-Tctrode. 
ene: Type 6F33, Diode-Pentode. 
One: Type 6ALS. Double Diode. 
One: Type 6EP7, Cathode-Ray Tube. 

' ....Tr::~O """Ul ... ' " • tU'Semi­	 Eight: T ype ....~ j .. , JJ........on -,,-ec. l ..rs. 

conductors: 	 Four: Type DDOS8, Silicon Rectifiers. 

Cne: Type SX631-VIP I, Silicon Rcctifier Stack. 
ene: Type 2N156, Transistor. 
One: Type GET 114, T :'anaistor. 
Ono: Typ~G~T 1..15. Transistor.
T wo: Type Z",O, :FJo, Zener diod.es. 

Crystals: 	 One: l2-1V.lc! St Type C.OI6SSH 

On;::: IS-lic! s, Type Q016SSH. 

ene: 18 ..lvic! s, Type Q016SSN. 


Lamp: 	 One: 6.3-volt, O.IS-amp, M. C. C. (tubuIar). 

Fuses: 	 Two: 3-amp, Cartridge. 
Two: 2-amp, Cartridge. 
One: l-amp, Cartridge. 
One: 2S0-mJl., Cartridge. "Anti... surgen 

ene: l OO-ml.l., Cartridge. 

M.!. 	Ltd. 
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SCHEDULE OF PARTS SUPPLIED (continued) 

2. 	 Thrce Coaxial Free Plugs, Type BNC, for main r. f. fixed­
frequency, and local oscillator inlets. 

3. 	 One Telephone Plug, Type P38; for phones jack. 

4. 	 One Mains Lead, Type TM 4726/183. 

5. 	 One Instruction Book No. EB 1094.1\ -/i/ l. 

The following optional accessories are supplied only if specially 
ordered : ­

(a) 	 Camera Mounting Hood, Type TM 5604. 

(b) 	 Trolley, Type TM 6612. 

(c) 	 Base-Plate A ssembly, Type TM 6978 .
• 

(d) 	 R.F. Fuse Unit, Type TM 6723. 

(e) 	 L. F. Extension Unit, Type TM 6448. 

(f) 	 Fixed Frequency Changer Unit, Type TM 6467 or Type 
TM 6467/1. 

(g) 	 External Local Oscillator, Type TM 7036A. (Supplied as 
part of OA l o94A./S .) 

M. r. Ltd. 
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DATA SU:VtMARY 

Input Frequeney Range: 

Input Level: 

Arnplitudc Measurement 
Ranges: 

3e1cetivity: 

Speetrum Width: 

Sweep Duration: 

Power Supp1y: 

3 to 30 Mc/ s in nine bands:­
3 to 6 Mc/ s, 
6 to 9 Mc/ s, 
9 to 12 Mc/ SJ 

12 to 15 Mc/ s, 
15 to 18 Mc/ s, 
18 to 21 Mc/ s, 
21 to 24 Mc/ s, 
24 to 27 Mc/ B, 

27 to 30 Mc/ s. 

For full display, the input required is 

not greater than : ­
+50 dBf.LV (320 f.LV) between 3 and 6 Mc/s, 

+130 dB\J.V (10 m V) between 6 and 27 Mc/s, 

+90 dB!J.V (32mV) between 27 and 30 Mc/s. 


o to -30 dB, and -30 to -60 dB, where 
O dB represents refercnee 1evel. 

Three va1ues of 3 -dB bandwidth can be 
seleeted, viz., 6, 30, and 150 el s; 
frequencie s outside bandwidths of 120, 
600, and 3,000 e/ s respeetive1y are 
rejeeted by more than 60 dB. 

o to 3 kel s and O to 30 kel s in two ranges. 

O. l, 0.3, l, 3, lO, and 30 see. 

200 to 250 volts, or 100 to 150 volts after 
adjusting links, 40 to 100 e/ s, 185 watts. 
lii.odels supplied ready for immediate 100­
to ISO-volt use if specified at time of 
ordering. 

M. l,. Ltd. 
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D A T A S U lvi 1\.1 A R Y (continued) 

Dimensions (1..."l case): Height VJidth Dcpth 
31 in 25 in 27 in 
(79 cm) (64 cm) (69 cm) 

(TypcCiJ..I094A/R, for 19-inch rack 
;:-noUJ.lting, occupics 26 114 inchcs panel 
height inc1uding the Power Unit.) 

VI eight (in case): 278lb (126 kg). 

L. F. Extension Unit Type TM 6448 

Input F requency Rangc: 

Input Attcnuator: 

Input Level: 

Bandwidth: 

Up to 3 Ni. el s in !ive bands as follows :­

Range l: 0.8 to 3 Mcl s, 
Range 2: 0.3 to 0.8 Mcl s, 
Range 3: 0.16 to 0.3 Mcl s, 
Range 4: O to 0.16 Mcls, 
Range 5: O to 3 Mcl s. 

The practical lowcr limit of the last two 
bands is approximately 100 el s. 

o to 50 dB I switehed in 10 dB steps. 

For full display on the H. F. Spectrum 
Analyser, the input required is not 
greater than +92 dBfJoV (.lO mV). 

On the tuned ranges, the 3-dB bandwidths 
at thc centre frcquencies are approximately:· 

Range l: 500 kel s, 
Range 2: 80 kel s, 
Range 3: 50 kel s • 

.. 

M. I. Ltd. 
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DATA SUMMARY (continued) 

Fixcd Frequency Changer Unit Type TM 6467 

Input F requency: 	 300 kc/ s. 

Input Level: 	 For full display on the H. F. Spcctrum 
Analyser, the input required is not 
greatcr than + 118 dB.... V (800 mV). 

Fixcd Frequencr Changer Unit Type TM 6467/ l 

Input Frequency: 	 3. l Mc/ s. 

Input Level: 	 For full display on the H. F. Spectrum 
Analyser, the input required is not 
greatel' than+1l8 dB~~V (800 mV). 

External Local Oscillator Type TM 7036A 

Frequency Range : 	 2.3 to 5.3 :!J.cl s in eleven steps with overlap 
and continuous adjustment. 

Output Level: 	 Sufficient t':l drive the mb~el' stage of the 
3pectrum Analyse:~. Approxir~").ately 500 mV. 

Hum: 	 50 el s side bands down by at least ·45 dB. 

Drift: 	 Not more than .02% .per 10 minutes after 
10 minutes warm up•• 

M. l. Ltd. 
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l INTRODUCTION 

1.1 GENERAL 

H. F. Spectrum Analyser OA 1094A gives a panoramie present­
ation of the frequency spectra of signals in the 3- to 30-Mcl s band. 
The spectrum of the signal under test is displayed on a cathode-ray 
tube screen in the form of a series of vertical peaks whose heights 
and separations give the relative amplitudes and frequencies of the 
signal components. The Analyser comprises a triple superhet 
receiver, whose third loeal oscillator is frequency-swept by a valve 
reactor under the control of the cathode-ray tube time-base generator. 

:: 

The width of spectrum displayed is continuously variable up to 
30 kcl s, which allows the observation of the whole bandwidth of a 
broadcast transmission; at the other extreme, the display can be 
narrowed to a few cycle s to facilitate the separation of closely­
spaced components. 

Relative levels of signal amplitude can be measured over arange 
of 30 dB or, in two steps, 60 dB. A high order of selectivity ensures 
adequate discrimination between signals of widcly differing amplitudes 
but as little as 50 cl s apart; alternative lower values of selectivity 
are available, primarily to facilitate tuning and also for making rapid 
measurements on the more widcly- spaced components. 

The time taken to scan the spectrum may be vaded in steps from 
O. l to 30 see., the slower speeds ensuring absence of ringing effects 
when using high selectivity. Continuity of display is provided by the 
long-persistence cathode-ray tube. 

The nature of the display makes the Spectrum Analyser particularly 
suitable for the idcntification and quantitative assessment of inter­
modulation products or hum components in the output of single-sideband 
transmitters and drive units, for making dynalnic distortion tests 
during the transmitter setting-up procedure, or for studying the 
effective bandwidth of onloff or frequency- shiit keyed transmissions. 
With f. m. signals, it facilitate s the accurate determination of modu­
lation index by the Bessel zero or disappearing carrier method. 

M. l. Ltd. 
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1. 1 (eontinued) 

The Analyser is provided with a flat-faeed eathode-ray 
tube which improves the readability of the display. 

The OA 1094AF: is a version of the H. F. Spectrum Analyser 
that is designed for mounting in a 19-inch rack. 

1. 2 OPTlONAL ACCESSORlES 

Special care has been taken tö provide a rugged mechanical 
design and to minimize microphony. Where arduous conditions 
of vibration are encountered, microphony can be further redueed 
by bolting the OA l094A case to anti-vibration mountings; a base­
plate, with six anti-vibration mountings fitted, can be supplied if 
specially ordered. 

Thc OA 1094A case or the base-plate can be bolted either to 
a trolley, which can be supplied if specially ordered, or to a bench. 
A runner on eaeh side of the OA 1094A case enable s the instrument 
to be pulled forward, so allowing access to all units. 

When required, the AnalyserIs cathode-ray tube surround can be 
removed and replaced by a Camera Mounting Hood. The Camera 
Mounting Hood, which can be supplied to order, is intended to 
accommodatc an AC 2/25 O scillograph R0cording Camera (D. Shackman 
and Sons); a viewing aperture allows the trace to be viewed and photo­
graphcd simultaneously. 

A plug-in L. F. Extension Unit, which can be supplied as an 
aceessory, widens thc range of the Analyser to cover frequencies down 
to 100 e/ s. The front panel of the L. F. Extension Unit, when fitted, 
replaces a blank panel immediately below the AnalyserIs input 
connectors. 

A Fixed Frequency Changer can be fitted inside the Analyser 
for the benefit of users who wish to display a signal of one particular 
frequency·. It allows the Spectrum Analyser to accept a fixed-frequency 
signal at a separate inlet without the necessity of adjusting the tuning 
controis. Frequency Changers are at present available for inputs 
of 3. 1 Mcl s - to suit the standard drive-unit output for h. f. communication 
transmitters - and 300 kel s for a specifie radio-navigation aid. 

M. l. Ltd. 
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l. 2. (continued) 

To prevent the possibility of damage due to overloading of the 
AnalyserIs input attenuators, an R. F. Fusa Unit is available as an 
optional accessory. This comprises a l/16-amp fuse in a 75-ohm 
coaxial assembly, designed to be connected between the input source 
and any one of thc front-panel input connectors. 

M. r. Ltd. 
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2 OPERATION 

2. l INSTALLATION 

2.1.1 Plastic Cover 

Unpack the instrument and completely remove the protective 
plastic cover (if fitted). When supplied, this cover is for protection 
during transit and storage; the instrument should on no account be 
operated with the cover in position as serious overheating could 
result. 

2.1.2 Valves 

The imtrument is normally dispatched with all valves, inc1uding 
the cathode-ray tube, and quartz crystals in their holders. 

2.1.3 Mounting 

Fourteen 3/ 8-inch diameter hales are provided in the base of the 
OA l094A case to enable it to be secured. Six of the holes are through 
the six feet and coincidc with the six anti-vibration mountings on the 
optional Base Plate, TM 6978. The other eight hales are for use 
in mounting the case dircctly to a Trolley, TM 6612, which is fitted 
w:ith correspondil1g 5/ l6-inch BSF studs and captive nuts. The Base 
Plate has eight similarly placed hales, and can therefore be used 
between case and Trolley. Any of thc hale s in the case can be used 
when securing it to a bench. If the six feet are removed from the case, 
5/8-inch screws or balts can be used in the holes vacated. 

2.2 SWITCHING ON AND ALIGNING TRACE 

(1) 	 Be sure that the instrument is correctly adjusted for the voltage 
of the a. c. power supply. Normally dispatched ready for use 
with 240-volt supplies, the instrument can be adjusted for other 
voltage s as described in Section 5.3. 

;; 

M.!. 	Ltd. 
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2.2 (continued) 

(2) 	 Connect the mains 1ead between the a. c. supply and the MAINS 
INPUT connector on the Power Unit. 

(3) 	 Switch ON by means of the SUPPLY switch on the Power Unit. 
The pilot 1amp on the Power Unit shou1d glow. 

(4) 	 After a few seconds, turn the TIME BASE switch to 10 see, 
and adjust the BRILLIANCE and FOCUS, X SHIFT and Y SHIFT 
contro1s for a c1ear trace on the cathode-ray tube screen. 

(5) 	 When the equipment is through1y warmed up, adjust the 
y SHIFT contro1 to align the trace with the lower edge of 
the cathode-ray tube mask; then adjust the X SHIFT contro1 
to bring the right-hand end of the trace to a point about 1/8 inch 
to the right of the extreme right-hand vertica1 ca.libration line. 

2. 3 APPLYING INPUT SIGNAL 

Signals within the range 3 to 30 Mcl s are applied via the R. F. 
INPUT connector. Where an L. F. Extension Unit, type TM 6448, has 
been supplied as an optiona1 accessory and is in uce for -;:~.1e presentation 
of signals in the 0- to 3-Mcl s range, the input signal is applied via the 
INPUT connector on the front panel of thc L. F. Extension Unit; in 
this case, the L. F. Extension Unit OUTPUT connector is connected 
to the R. F. INPUT connector of the main instrument by means of the 
Coaxial Cable Link TM 4726/164. Where a Fixed Frequency Changer 
Unit - type TM 6467 (300 kel s) or type TM 6467/1 (3. l Mcl s) - has 
been supplied as an optional acce ssory and is in use for the present­
ation of signals at the particular fixed frequency, the input signal is 
applied via the FIXED INPUT connector. 

The R. F. INPUT and FIXED INPUT connectors on the main 
instrument, and the INPUT connector on the L. F. Extension Unit, 
are 75-ohm BNC type coaxia1 sockets which mate with 75-ohm BNC 
type free coaxial p1ugs a s supplied with the instrument. Uniradio 70 
is a suitab1e type of coaxia1 cable for use with these p1ugs. The 
input impedance at each of the three signal in1ets is nominally 75 ohms. 

M.!. 	Ltd. 
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2.3 (continued) 

The minimum signal levc1 necessary for a full display, having 
a 60-dB signal-to-noise ratio (with the SELECT FILTER switch set 
to 30 cl s), varies with frequency and is as shown in Data Summary. 

The maximum signal leve! permissible at the R. F. INPUT or 
FIXED INPUT connectors on the Analyser, or at the INPUT connector 
on the L. F. Extension Unit, is 4. 5 volts. An R. F. Fuse Unit type 
TM 6723, which can be supplied as an optional accessory, can be 
plugged in series with de input to the Analyser or L. F. Extension 
Unit to protect the input attenuators from damage through accidental 
application of high r. f. or h. t. voltages. 

2. <..1 TUNING 

The following tuning-in procedure is applicable when the L. F. 
Extension Unit and Fixed Frequency Changer Units are not in use; 
for the tuning-in procedure when these optional Accessories are 
connected to the Analyser, see Sections 2.7. l and 2.7.2 respectively. 
Where environmental conditions of vibration dictate the use of an 
external local oscillator, a special tt.ming-in procedure is required 
as detailed in Section 2.8. 

(l) 	 Connect a pair of headphones into the PHONES jack, using the 
2-pole telephone plug supplied. 

(2) 	 Set the LOCAL OSC. switch to INT. 

(3) 	 Set the RANGE switch to the position appropriate to the frequency 
of the signal under examination. If the signal is within 15 kcl s 
of 6 Mcl s, use Range A and not Range B; if the signal is within 
15 kcl s of 18 Mcl s, use Range F and not Range E. See 
Section 2.5.4. 

(4) 	 Set the R. F. TUNE controi approximately to the frequency of the 
signal under examination; with the SOUND switch held at ON, 
rotate the MAIN TUNE controi for zero beat in the headphones. 
Then, with the SOUND switch released, rotate the R. F. TUNE 
controi for maximum signal amplitude on the cathode-ray tube 
screen. During theae tuning adjustments, adjust the overall 

M. r. 	 Ltd. 
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2. 4 (continued) 

gai:q. as required by means of the R. F,. ATTENUATOR and 
SET GAIN controls (clockwise for maximum sensitivity) . 
When the signal frequency is unknown, set the R. F. TUNE 
controi to the middle of the probable band, the R. F. 
l:..TTENUATOR and SET GAIN controls fully clockwise, and 
adjust the MAIN TUNE controi for an audio response. 

(5) 	 Set the SWEEP WIDTH RANGE switch to xl. O and the 
SWEEP WIDTH controi to 30 kcl s. 

(6) 	 Set the SELECT FILTER switch to 150 cl s • O dB and the 
TIME BASE switch to O. l sec or 0.3 sec. 

(7) 	 Set the FINE TRIM controi to O. 

(8) 	 There should now be on the screen a response or group of 
responses which may be centred by means of the MArN TUNE.. 
control. Do not use the FINE TRIM controi for centring at 
this stage; this must only be used at the smaller sweep widths, 
otherwise sideband clipping may occur. 

(9) 	 Vith the R. F. TUNE controi adjusted for maximum amplitude 
of display, use the R. F. ATTENUATOR, SET GAIN, and!. F. 
ATTENUATOR controls to bring the peak of the major response 
(normally the carrier) against the O-dB calibration line on the 
screen. 
To avoid the ris~:: of overloadingthe r. f. stages, it is advisable 
to keep the r. F. ATTENUATOR and SE T GAIN controls towards 
their maximum clockwise limits. The most likely condition 
for overloading occurs when measuring signals whose peak 
envelope level is considerably greater than the level of the major 
component: deep amplitude modulation, or two-tone testing on 
suppressed-carrier systems, for example, produce this effect. 
Freedom from overloading can readily be proved by reducing the 
signal input by 10 dB with the R. F. ATTENUATOR and checking 
that all component peaks on the c. r. t. display drop by a full 10 dB . 

• 

M. I. Ltd. 
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2.5 MAKING A MEASUREMENT 

2.5. l Choke of Sweep Width, Filter, and Time-Base Speed 
- A voidance of Ringing 

The choke of sweep width, filter and time-base speed for any 
particular n.1.easurement depends primarilyan the width of the spectrwn 
unde r obse rvation and the frequency separation of components. 

The SWEEP WIDTH controls should preferably be adjusted so that 
the part of the spectrum under inve stigation occupies about two-thirds 
of the width of the gratieule. The sweep width between the outer 
graticule line s is given by the reading on the SWEEP WIDTH dial multiplie 
by the factor indicated by the setting of the SWEEP WIDTH R.t\NGE switch. 

The ISO-el s position of the SELECT FILTER switch allows the use 
of the fastest time -base speeds and is primarily intended for searching 
and tuning-in; it may also be used for rapid analysis of a wide spectrum 
where high resolution is not essential. It is not satisfactory with sweep 
widths less than about 5 kel s. 

The 30-cl s filter is suitable for the majority of measurements; its 
= resolution is adequate with sweep widths down to about l. 5 kel s, but its 

use is limited to the slower time -base speeds (see Table l). 

The b-el s filter is recommended for measurements at sweep 
widths below 2 kel s, or when the highest resolution is necessary. The 
30-sec time base is normally required for this filter, except at the low­
est swoep widths, when the lO-see time base may be used (see Table l). 

The maximum permissible time...,base speed is strictly limited in 
accordance with the sweep width and filter in use, a slow speed being 
essential for a wide sweep and/or a narrow filter bandwidth. The use 
of too fast a time base gives rise to 'ringing t of the selective circuits; 
this cffect shows itself by distortion of a displayed response in the 
following respects :­

(a) A reduction in peak amplitude, 
(b) An increase in width of response, 
(c) Displacement to the right, 
(d) The appearance of a damped oscillation on the trailing edge. 

Fig. 6 on the Typkal Oscillosgrams diagram,at the end of this 
handbook (Vol I), illustrate s thesc effects by depicting two responses 

M.!. Ltd. 
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2.5. l (continued) 

to the same signal, the one on the left having been obtained at a slow 
time - base speed, and the other using too fast a speed. 

The extent of the distortion due to ringing can be e stimated 
from the value of the sweep bandwidth factor, F, which is defined 
in terms of the sweep width, filter bandwidth, and time -base duration 
by the expre ssion 

2
F = w/tB 	 (l)<I • • • .. • • 	 • • • • • • • • .. • • • • • •••••• 

where 	 'vi = swcep width in el s 
t = time-base duration in sceonds 
B = 3-dB bandwidth of filter in el s 

Distortion is negligible when F is le ss than O. 5, and can be 
considered tolerable for most applications up to a value of F = 2, 
which represents a rate of swcep (w/t) of 72 el si see when using the 6-cl ~ 
filter. At F == 2 the most obvious effect of ringing is a decrease of 
some 2.5 dB in response amplitude, togethcr with a slight increase in 
response width. 

As F is increased beyond a value of 2, the distortion becomes 
rapidly worse; the ringing response on thc diagram referred to above 
illustrates typical distortion at F = 7.4. 

Table l relates sweep width, time-base duration and filter band­
width for F == 0.5 and F' = 2 in accordance with expression (l). 
The first column shows the filter 3-dB bandwidth; the second column 
lists the time -base durations that are practical for each filter; the 
third column indicates the maximum sweep width that may be used if 
distortion is to be negligible, (F == 0.5); the fourth column shows the 
increascd sweep width that may be used if a small amount of distortion 
is tolerable, (F == 2). 

= 

M. l. Ltd. 
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2.5. l (eontinued) 

TABLE l 

MAX. PERMISSIBLE SWEEP WIDTH 
FILTER TIME BASE Negligiblc Distortion Moderate Distortion 

(F :::: 0.5) (F = 2) 

3 see >30 kel s )30 kel s 
l see Il. 25 kel s :>30 kel s: 150 el s 

0.3 see 13. 5 kel s 
O. l see 4.5 kel s 

30 see 13. 5 kel s >30 kel s 

30 el s 
10 

3 
see 
see 

4. 5 kel s 18 kel s 
5.4 kel S 

l see l. e kel s 

.. 30 see 540 el s 2.16ke/s
6 el s 

10 see 720 el s 

'-' implies that the maximum permissible sweep width is less than the 
useful minimum as imposed by the width of the .filter skirt; the 60-dB 
handwidth of eaeh filter is approximately 20 times its 3-dB bandwidth. 

Example : - To investigate an a.m. speetrum as shown in 
Fig. l of the TypicalOscillograms diagram, 

and in whieh the modulation frequeney, . f , is l kel s. 
m 

A eonvenient width of display is obtained with a sweep width 
of about 3 kel s, and adequate re solution is given by the 30-el s 
filter. 

It ean be scen from eolumn 3 of Table l, that, if negligible dis­
tortion is required, a time-base duration of 10 see is sufficient, 
sinee this allows a m.aximum sweepwi.dth of 4.5 kel s; if slight 
distortion is permissible (eolumn 4), the 3-see time base ean be 
used. 

The following proeedure provides a quiek eheek to determine 
whether ringing is present: 

Deerease the SWEEP WIDTH and, if ringing is present, there will 
be an inerease in signal amplitude as depieted by the cathode-ray 
tube display; to eliminate the ringing, if present, either deerease 
the SWEEP WIDTH setting or reduee the TIME BASE speed. 

M.1. Ltd. 
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2.5.2 Itemized Procedure 
.. 1 

The sequence of steps in making a measurement is as follows : ­

(1) 	 Set the SWEEP WIDTH RANGE. SWEEP WIDTH. SELECT FILTER 
(O-dB positions only) and TIME BASE controls for a suitable 
display, in accordance with the recommendations discusscd in 
Sect. 2.5. 1. 

(2) 	 C entralize the display by means of the MAIN TUNE control. 
For final centring, or with small sweep widths, the FINE TlUM 
controi may be used. 

It is advisable at this stage to recheck the gain and shiit controi 
settings as follows : ­

(3) 	 Remove the r. f. input plug and check the setting of the X SHIFT 
and Y SHlFT controls as detailed in Section 2. 2(5). The 
X SHIFT setting may vary slightly with time-base speed. 

Il 

(4) 	 Turn the SELECT FILTER switch to its associated +30 dB 
position and adjust either the SET G\IN controi or the I. F. 
ATTENUATOR so that the 'grass' due to noise is below the 
bottom red calibration line. 

(5) 	 Restore the SELECT FILTER switch to its original O dB 
setting and reconnect the input. Bring the reference 
component to within 5 dB of the O dB graticule line by means 
of the R. F. ATTENUATOR. then to within 0.5 dB by means 
of the l. F. ATTENUATOR, and exactly to the line by means 
of the SET GAIN control. Recentralize, if nccessary, with 
the FINE TRIM control. 

Relative amplitudes of components in the displayed spectrum 
can now be measured against the red calibration lines. At the O dB 
positions of the SELECT FILTER switch, measurement can be made 
in a range of O to -30 dB relative to the carrier or other reference 
component. The I. F. ATTENUATOR may be used to interpolate 
between the graticule lines but must be restored to Hs original setting 
after being used in this way. 

M.1. 	Ltd. 
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( c ontinued) 

R::lative frequencies can be determined by reference to the 
vertical graticule line s and the value of sweep width in use. The 
indicated sweep width refers to the number of kcl s swept while the 
spot travels betwcen the outer graticule lines. The full inter-line 
spacing, as used between each of the fivc inner lims, represents one­
fifth of the total indicated sweep width; the half-spacing between the 
outer pairs of lines represcnts one-tenth. 

Reliance should not be placed on responses appearint5 on the 
part of the trace outside the left-hand t5raticule line; during this 
part of the trace the equipment is recovering from the muting effect 
which takes place during the c. r. t. flyback period. 

To examine components whose level is lower than -30 dB 
relative to the reference component, turn the SELECT FILTER 
switch tö the associated +30 dB position. The horizontal graticule 
lines, reading from top to bottom, now indicate -30, -40, -50 and -60 
dB respectively; the peaks of tre components previously shown on the 
0- to 30-dB display are now compressed near the top of the screen. 

2.5.3 Direction of Frequency Increase 

The direction of frequency increase on the screen may be from 
left to right or vice-versa, depending on the settint5 of the RANGE 
switch - see TABLE 2. This information is also shown on the dial 
of the MAIN TUNE control. 

TABLE 2 

DIRECTION OF
RANGE 

FREQUENCYINCREASE 

3 - 6 Mcl s right to leftlA 
j--------------....--------------------r-
IB 6 9 Mcl s 
Ic 9-12Mc/s left to right 
ID 12 - 15 Mcl s 

I--------------------------+---------------------------------~ 
lE 15 18 iV1cl s , 
iF 18 21 Mcl s right to left i 
I !
IG 21 24 Mcl s i 

II 
i 
t

jH 24 - 27 Mcls left to right I 

I
I---------------------------------~--------------------------------------i ; 
I J 27 - 30 Mcl s right to left 

I 
j 

l + 

M. r. Ltd. 
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2.5.4 

2.6 

2.6.1 

Spurious Re spo~ 

The combination of high stability and high resolution in the 
Spectrum Analyscr has been accomplished by the use of a crystal­
controlled first local oscillator and i. f. crystal filters in a triple 
superhet circuit. This type of receiver inevitably gives rise to 
the possibility of spurious responses appearin!j at various frequencies. 
While most of these have been eliminated by the design of the r. f. and 
i. f. stages, spurious responses may still be present under certain 
circurnstances at the following frequencies : ­

(a) 	 6 Mcl s on Range B. Due to the fact that the first frequency­
changer will have a 6-Mcl s output at this point, input signal 
breakthrough can cause a spurious response. This can be 
avoided by using Rangc A and not Range B for measurements 
at 6 Mcl s. 

(b) 	 18 Mcl s on Range E. A spurious response may occur at this 
point as a result of interaction betwcen the applied signal and 
thc second harmonic of the fir st local oscillator. This can 
be avoided by using Ran/je F and not Range E for measurements 
at 18 Mcl s. 

(c) 	 30 Mcl s. Allowance should be made for the fact that aspurious 
response may occur at 30 Mcl s by interaction between the applied 
signal and the third harmonie (36 Mcl s) of the firat local 
oscillator. 

INTERPRETATION OF DISPLAY 

The following sections are inc1uded to assist in interpreting the 
spectral display obtained with various types of modulation. To illus­
trate the examples quoted, a selection of typical displays is given on 
Drawing No. TLC 27991, at the end of this handbook (Vol I). 

~plitude Modulation 

A pure sine-wave a. m. si/jnal has a spectrum of the form shown 
in Fig. 1; this consists of a central carrier component (f ) with an 
upper and a lower side-frequency component separated fr~m the carder 
by spacing equal to the modulation frequency. 

M.!. 	Ltd. 
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2.6. l ( c ontinued) 

The depth of modulation can be calculated from the relative arnpli ­
tudeG of carrier and side-frequency components, as follows :-

HavinG aliGned the carrier peak with the O-dB line. read off 
the decibel leve l, -n 	dB, of one of the side -frequency 
components. Convert -n dB to a voltaGe ratio, v.by refer­
rinG to the Decible Conversion Table (columns l and 3) at the 
end of this volume of the handbook. The percentaGe modulation 
m. 	is Diven by 

m = 2v x 100% 

Distortion in the modulating waveform Give s rise to further 
side-frequencies, since each frequency component in the modulating 
waveform, as shown by Fourier analysis, contributes a pair of eide 
frequencies, one on each side of the carrier and separated from it by 
spacinn cqual to the frequency of the distortion component. 

2.6.2 Frequency Modulation 

The spectrum of an f. m. siGnal consists of a central carrie r 
c.omponent and a series af side-frequency components separated by 
spacing equal to thc modulating frequency. 

FiG. 2 illustrates the spcctrum of an f. m. signal with a 
modulation frequency, f • of 5 kcl s and a deviation, Of, of 4 kcl s; 
the modulation index (Bål' ) is, therefore, 0.8. InFiG. 3, Sf has 
been increased to 12 kcl s:U t}iving a modulation index of 2.4. 

Thc absence of the carrier component is a funJamontal feature 
of an f. m. siGnal at a mod. index of 2.4; carrie r disappearance aIDa 
occurs at certain other values of mod. index, and each pair of side 
frequencies exhibits a similar effect. The values of mod. index at 
which these disappearances take place are Given in Table 3. 

M. I. Ltd. 
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2.6.2 (continued) 

. TABLE 3 

I 
i 

Mcuulatiol1 Index
Oruer of i 

I 
I 

disappcarance I Side Frequoncies
I Cal'rior l st pair 2n<1 ;:,air 2rd pair 

1 I 2.405 3.832 5.136 6.380 
2 5.520 7.016 ~~. 417 9.761 
3 8.654 10.173 11. 620 13.015 
t;, '11.792 13. 32 Ll 14.'796 16.223 
!:j 14.931 16,-171 17.960 19.409 

Advantar:e can be taken of this knowicdue of modulation index to 
n'1easure deviation by the Bossel zero r.··lCthod., as follows :-

If the deviation is kept constant and the modulation frequency slowly 
increased from zero, the successive disappearances can be dearly scen. 
Since the mod. index is acc..urately known at each disappearance, and 
assu~inG L'1e modulatinc frequency (f ) iG also lmown, the deviation (åt) 
can casEy be calculatcd from the exp~osion 

of = mod. index x f 
ro 

The prescnce of a.:m. on f. m. is shown by an asymmetrical spect­
rur.:1 in which the upper sideband contains a creater range of sicnificant 
componenta. This cffect can be scen in FiC. 3. 

2.6.3 On-Off and Frequency Shiit Keyinr; 

On-off keyinc is, in effect, a particular form of amplitude modu­
lation employinr: a complcx modulating waveform. The spectrurn 
consists of a central carrier co::.nponent with a lJerics of side-frequency 
components spread over a band whose width incrcascs with keyinG speed 
and with the squareness of the keying wavcform; spacinu betwecr.. the 
components is equal to the funC:amcntal kcyinr: frcquency. This display 
can be used to asses s the sicnificant bandwidth ,of a keycd signal. 

M. L Ltd. 
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2.6.3 

2.6.4 

(continued) 

In the examplc illustrated in Fi8. <=, a markl space ratio of Z: l 
was tlseG., resultin8 in the attenuation of evcry third cOlnponent. 

Frequcncy shiit keying is a form of frequency modulation and 
produce s a shnibr spectrum. The spectram width depends on keyin8 
opecd, :::hift, and keying wavcform; spacin8 bctwcen components, as 
with on-off l~cyinB, is equal to the fundamental keying frequency. 
The display shows the significant bandwidth of the kcyed signal; the 
amount of shift can be mcasured by emp10yine the Bcsad zero 
tcchnique described under Frcquency Modulation. 

Single Sideband Modulation 

The Spectrum Analyser is particubr1y suitable for the measure­
ment of distortion or hum in suppressed-carricr or pilot-carrier 
systems, climinating r.1.any of the difficu1ties of making such measure­
ments by other methods. 

Fig. 5 shows the spectrum of an s. s. b. two-tone-tcst drive signal 
having a pilot carrier frcquency of 3.1 Mcl s. The two modulation 
components have frequencies of 1,100 c/s (f) and 1,775 c/s (fZ) above 
that of the carrie r , and 3rd-order intermoduIIation products can be seen 
at ·1Z5 cl s (Zf -f

7 
) and Z, ·150 cl s (2!..) -fl) above the carrier. 5th-order 

products and Aum components wou1d~probab1y be revealed by switching 
to the high- sensitivity position of the filter switch. 

Intermodu1ation distortion, normally cxpressed as the amplitude 
ratio between onc 3rd-order product and one of the two fundamental 
tones, can be read off against the graticu1e lines. 

Other features of s. s. b. transmissions that can be assessed with 
the Spectrum Analyser include pilot carrier compression and cross-talk. 
Carrier compression, which is apt to take place in the presence of a 
strong sidebane sinnal, can be observed as a change in amplitude of the 
carrier componcnt as the sideband signal is applied. Cross-talk from 
one sideband to the other can b0 assessed from the relative amplitudes 
of the wanted signals in one sideband to the unwanted signals which 
appeal' as an attenuated mirror image on the other side of the carrier. 

1'-.1. I. Ltd. 
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2.6.5 Miscellaneous Applications 

Adjustment of Balanced Modulators. The modulator can be set up by 
tuning the Spectrum Analyser to the carrier frequency and adjusting 
the modulator ba1ance contro1s for minimum amplitude of carrier 
response. 

Frequency Comparison. The Spectrum Analyser can be used as an 
accurate indicator, for examp1e when tuning an r. f. oscillator to the 
frequency of a standard reference oscillator. Each oscillator shou1d 
becoupled to the R. F. INPUT plug via a pad to avoid interaction. It is 
merc1y necessary to adjust the variable oscillator und1 its response on 
the c. r. t. screen coincides with that of the reference oscillator. 

2.7 OPERATION WITH OPTIONAL FREQUENCY-CHANGING UNITS 

The procedure for switching on and aligning the trace, detailed 
in Section 2. 2, shou1d be carried out before commencing to operate the 
instrument under the conditions of Sections 2.7.1 or 2.7.2. 

2.7. l L. F. Extension Unit, Type TM 6448 

Normally, when an H. F. Spectrum Analyser and L. F. Extension 
Unit are supplied together, the Extension Unit is installed before 
dispatch. To install a TM 6448 Extension U nit that has not been 
supplied with the Spectrum Analyser, first check that the Analyser 
has been disconnected from the mains supply, then 

(a) 	 remove, by slackening the two Dzus fasteners, the 
Blank Panel Unit (TM 6659) immcdiatcly be10w the 
Ana1yser's input connectors, 

(b) 	 carefully insert the F. Extension Unit in place of 
the Blank Panel Unit, ensuring that the 8-way McMurdo 
plug mates correctly with the corresponding socket 
in the Analyser, 

(c) 	 tighten the two Dzus fasteners in the L. F. Extension 
Unit. 

M. L Ltd. 
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2.7. l (continued) 

The following tuning instructions, for signals in the range 
O to 3 Mcl s, are intended to be read in conjunction with Section 2.4:­

(l) 	 Set the H. F. Spectrum Analyser' s RANGE switch to A. 

(2) 	 Connect the OUTPUT socket on the Extension Unit to the 
R. F. INPUT socket on the Spectrum Analyser by means 
of the Coaxial Cable Link, Type TM 4726/164, supplied 
with the Extension Unit. 

(3) 	 Apply the signal under test to the INPUT socket on the 
Extension Unit using a BNC -type plug as supplied with the 
Spectrum Analyser. The input impedance of the Extension 
Unit is 75 ohms. 

(4) 	 To avoid overioading the L. F. Extension Unit, initially 
set the Analyser's R.F. ATTENUATOR and LF. ATTEN­
UATOR switches to O dB, set the LF. Extension Unit's 
R. F. ATTENUATOR to 50 dB, and turn the SET GAIN 
controi fully clockwise; the initial adjustments to input 
signal level should then be made by means of the L. F. 
Extension Unit's R. F. ATTENUATOR. 

(5) 	 Set the H. T. switch to the ON position. 

(6) 	 Set the Extension Unit's RANGE switch to l, 2, 3, or 4, 
according to the input signal frequcncy. 

N ote: 	When the frequency of thc signa.l input to the L. F. Extension 
Unit is not known, set the Extension Unit ' s RANGE switch 
initially to 5, set the R. F. TUNE control to bctwccn 3 and 
6 Mcl s, and adjust the MAIN TUNE control for an audio 
beat in headphoncs plugged into the PHONES jack with the 
SOUND switch held at ON. The input frequency is then 
found by means of the tuning-in procedurc detailcd in (6), 
(7), (8), and (9) . 

• 

M. L Ltd. 
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2.7. l ( c ontinued) 

(7) 	 When the Extension Unit is switched to RANGE l t 2, or 3, 
set the TUNE INPUT controi approximately to the input 
signal frequency. The bandwidth of each input filter is 
large compared with the maximum spectrum width (30 kcl s) 
that can be displayed on the Analyser, so that there is no 
risk of attenuating part of the signal under test uniess the 
TUNE INPUT controi is badly mistuned. When the 
Extension Unit is switched to Rii.NGE 4 t the TUNE INPUT 
controi is inopcrative. 

(8) 	 Set the R. F. TUNE controi approximatcly to a frequency 
which is the diffcrence between 6 Mcl s and the frequency 
of the signal under test, 

e. g. t if the signal frcquency is 2.4 Mcl St set 
the R. F. TUNE controi to (6 - 2.4) Mcl St i. e. , 
3.6 Mcl s. 

The Extension Unit may be used with input signal 
frequencies down to about 100 cl s. 

(9) 	 With a pair of headphones connccted into the PHONES 
jack and with the SOUND switch held at ON, rotate the 
MAIN 'rUNE controi for zero beat in the hcadphones; 
then, with the SOUND switch released, rotate the R. F. 
TUNE controi and the TUNE INPUT controi for maximum 
signal amplitude on the cathode- ray tube screen. 

(10) 	 Adjust the Spectrum Analyser controls for a suitable 
display. setting the R. F. ATTENUATOR controi on the 
Extension Unit as required. 

The mcasurement technique detailed in 2.5. l and 2.5. 2 
should be followed when using the L. F. Extension Unit. 
care being taken to avoid ringing. 

(Il) On completion of measurements using the L. F. 
Extension Unit. turn the H. T. swit ch to the OFF position. 
This prevents the possibility of interfcrence from the 
Extension Unit when the Spectrum Analyser is used alone. 

= M. I. 	Ltd. 
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2.7. l (continued) 

Note: 

(a) 	 When using the L. F. Extension Unit, the direction of frequency 
increase on the Spectrum Analyser cathode-ray tube screen 
will be from left to right. 

(b) 	 For maximum suppression of the 6-Mcl s local oscillator signal 
in the Extension Unit, it is advisable to retain 10 or more dB 
in the Extension Unit' s R. F. ATTENUATOR. 

When 	applying an input signal whose frequency is so low that the 
i. f. output from the L. F. Extension Unit approaches 6 Mcl s, Iocal 
oscillator breakthrough from the L. F. Extension Unit may be apparent 
on the cathode-ray tube. In this condition, it is advisable to adjust 
the pre set BRlDGE BALANCE controi as follows : ­

(i) 	 Set the H. T. switch to the ON position. 

(ii) 	 Set the Extension Unit's R. F. ATTENUATOR to 10 dB or to 
a higher attenuation setting. 

(iii) 	 Turn the RANGE selector switch on the L. F. Extension Unit 
to the appropriate position for the sic;nal to be measured, 
but do not connect the input signal to the INPUT socket. 

(iv) 	 With the R. F. INPUT socket on the Spectrum Analyser con­
nected to the OUTPUT socket on the Extension Unit by means 
of the Coaxial Cable Link supplied t tune the Spectrum Analyser 
to 6 Mcl s and adjust the attenuator and gain controls to show 
a convenient response on the cathode-ray tube screen. 

(v) 	 Adjust the preset BRIDGE BALANCE control to reduce the 
response amplitude to a minimum. 

OR, as an alternative to steps (iv) and (v), 

(vi) 	 C onnect a sensitive valve voltmeter, instead of the C oaxial 
CabIe Link, to the OUTPUT socket and adjust the preset 
BRIDGE BALANCE control for minimum valve voltmeter 
reading. 

M. r. Ltd. 
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2.7.2 	 300-kcl s and 3. l-Mcl s Fixed Frequency Changer Units, TYEes 
TM 6467 and TM 64671 l 

The 3.l-Mcl s Fixad Frequency Changer is intended primarily 
to facilitate measure.ments on the output of conventionai h. f. trans­
mitter drive units. It enables measurements - of distortion, for 
examplc - to be made alternative ly on transmitter and drive unit without 
the necessity of retuning the Spcctrum Analyser. The 300-kcl s Fixed 
Frequency Changer was designed to facilitate measurements on a 
specific radio-navigation aid. 

Either the 300-kc/s Fixed Frequency Changer (Type TM 6467) or 
the 3. l-Mcl s Fixed Frequency Changer (Type TM 64671 l) may be fitted 
to the Spectrum Analyser. Normally, when a Spectrum Analyser and 
Fixed Frequency Changer Unit are supplied together, the Fixed Freq­
uency Changer Unit is installed before dispatch from the Works. To 
install a 300-kc/ s or 3. l-Mcl s Fixed Frequency Changer Unit, firat 
check that the Spectrum Analyser has been disconnected from the mains 
supply and that it is securely bolted to trolley or bench (if the Spectrum 
Analyser is the OA 1094A version). then:­

(a) 	 llemove the upper assemblYr see Section 5.5. l. (a) !,o. {e} 
(if the instrument is the rack-mounting OA 1094A/l verSlOn, 
remove the dust cover). 

(b) 	 Balt the Fixed Frequency Chancer Unit to the Spectrum AnalyserIs 
main frame in the space provided for it adjacent to 700 kel s 
Filter Unit, type TM 6493; two countersunk 4-BA c1earance 
hales are provided for this purpose in the central main frame 
member and two countersunk 2-BA clearance hales in the lower 
main frame member; the hale diameters in the frame correspond 
to the width of fixing slots in braekets attached to the Fixed 
Frequency Changer Unit. 

(c) 	 Remove the free 8-way Painton socket from its stowing sIats 
in the Scanning Unit and connect it to the corresponding Painton 
plug in thc Fixed Frequency Changer Unit. 

(d) 	 Connect the freo end of the Fixed Frequency Changcr Unit's coaxial 
input lead (TM 4726/125) to SKT Ii. on the back of the Spectrum 
Analyser' s main frame. 

: 

(e) 	 Connect the free end of the Fixed Frequency Changer Unit' scoaxial 
output lead (TM 4726/124) to SKT A on Frequency Changer il 
(TM 6447). 

M.!. 	Ltd. 
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2.7.2 ( c ontinued) 

To exarnine a 300-kc/ s signal (with Fixed Frequency Changer 
Unit TM 6467 installed) or a 3. l-Mc/ s signal (with Fixed Frequency 
Changer Unit TM 6467/1 installed), proceed as follows : ­

(1) 	 Apply the fixed frequency input signal to the front-panel 
FIXED INPUT socket, using a BNC -type plug as supplied 
with the Spectrum Analyser. The inpå impedance of 
either Fixed Frcquency Changer Unit is 75 ohms. 

(2) 	 Set the LOCAL OSC. switch to INT. 

(3) 	 Turn the RANGE switch to the FIXED INPUT position. 

The R. F. ATTENUATOR, MAIN TUNE, and R. F. TUNE 
controls have no effect when the RANGE switch is in the FIXED 
INPUT position and all gain adjustment must then be made with 
the I. F. ATTENUATOR and SET GArN controis; the display can 
be centralized only by means of the FINE TRIM control. Apart 
from these differences, the general method of making a measure­
ment is similar to that given in Section 2. 5 for r. f. inputs. 

Note that, when using the 300-kc/ s and 3. l-Mc/ s Fixed Frequency 
Changer Units, the direction of frequency increase on the Spectrum 
Analyser cathode-ray tube screen will be from left to right and from 
right to left respectively. 

2.8 OPERATION WITH EXTERNAL LOCAL OSCILLATOR 

Where arduous conditions of vibration neces sitate the use of an 
externallocal oscillator, the oscillator (having a frequency range of 
from 2.3 to 5.3 Mc/ s) should be plugged into the EXT LOCAL OSC. 
connector; this connector is a BNC -type coaxial socket which mates 
with a BNC -type free coaxial plug as supplied with the instrument 
(Uniradio 70 is a suitable type of coaxial cable for use with this plug). 
The minimum local oscillator signal input level required at the EXT 
LOCAL OSC. socket is about O. 5 volt. 

The procedure for switching on and aligning the trace, detailed 
in Scction 2.2, should be carried out before commencing to operate 
the Spectrum Analyser with an externallocal oscillator connected. 

M.!. 	Ltd. 
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2.8 (continucd) 

To opcrate the Spectrum Analyser when an externa11oca1 
oscillator is connected, proceed as follows : ­

(1) 	 With the LOCAL OSC. switch initially set to INT., follow 
the tuning-in procedure detailed in SeeHon 2.4. 

(2) 	 With the LOCAL OSC. switch set to EXT., set the externa1 
Ioca1 oscillato r frequcncy to approximate1y the frequency 
to which the MAIN TUNE contro1 is set, as indicated on its 
red EXT OSC. scale. 

(3) 	 Centre the response, or group of rcsponses, on the cathode­
ray tube screen by adjusting the extcrna11oca1 oscillator 
frequency. 

(4) 	 Measurements may now be made in accordancc with the 
procedure recommended in Section 2.5; instead, however, 
of centralizing the display by me ans of the MAIN TUNE 
contro1 where recommended in Sectian 2.5.2(2), the display 
shou1d be centralized by adjusting the externa11oca1 oscillator 
frequcncy. 

A specially designed externa11oca1 oscillator, Type TM 7036A, 
is supplied with the Services version of the Spectrum Analyser, Type 
OA 1094A/S. 

M. I. Ltd. 
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3 
 OPERATION SUMMARY 

When you are familiar with the principles and techniques of 
operation as detailed in Section 2, the following abridged instructions 
may be found a convenient guide for quick reference. 

ALIGNING TRACE (See Sect. 2.2 for details) 

Adjust Y SHIFT to align trace with lower edge of c. r. t. mask. 
Adjust X SHIFT to bring rieht-hand end of trace to a point about 

1/8 inch to the right of extreme right-hand vertical calibration line. 

TUNING (See Sect. 2.4 for details) 

Switch to required range and adjust MAIN TUNE for zero beat 
in headphones; adjust R. F. TUNE for maximum response on c. r. t. 

Set SWEEP WIDTH controls to 30 kc/ s - xl, SELECT FILTER 
to 150 kc/ s - O dB, and TIME BASE to O. l sec or 0.3 sec. Set 
FINE TRIM to O. 

Adjust R. F. TUNE for maximum display amplitude. Adjust 
R. F. ATTENUATOR, r. F. ATTENUATOR, and SET GAIN for O dB 
display. Centralize by adjusting MAIN TUNE. 

MAKING A MEASUREMENT (See Sect. 2. 5 for details) 

Set SWEEP WIDTH controls, SELECT FILTE? (O dB positions 
only), and TIME BASE for suitable display. Re-centralize by MAIN 
TUNE and FINE TRIM. 

Disconnect input, re-check X SHIFT and Y SHIFT settings, 
and adjust SET GAIN or I. F. ATTENUATOR for low 'grass' level 
with SELECT FILTER at +30 dB. 

Reconnect input, return SELECT FILTER to' O dB, and adjust 
R. F. ATTENUATOR, r. F. ATTENUATOR, and SET GAIN for O dB 
display. 

Measure relative amplitudes from O to -30 dB against horiz­
ontal graticule lines with SELECT FILTER in O dB position, and 
from -30 to -60 in + 30 dB position. 

Measurc relative frequencies against verticallines. Setting 
of SWEEP WIDTH controls indicate s frequency sweep between outer 
lines. 

M. r. Ltd. 
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4 TECHNICAL DESCRIPTION 

4.1 CIRCUIT ARRi\.NGEMENT 

The main units included in the H. F. Spectrum Analyser are 
shown enclosed by dotted line s in Circuit Interconnection Diagram 
XD 33948 at the end of Vol. II of the handbook; this diagram also 
shows the intcr-unit signal leads and conncctors. Block Schematic 
Diagram TLC 38195, at the end of this volurne of the handbook, shows 
in schematic form the portions of the circuit to which the front-panel 
controls are connected. Drawing XD 33949, in Vol. II of the hand­
book shows h. t. and 1. t. connections from the Power Supply Unit 
(TM 6580) to the other units of the Spcctrum Analyser. It should be 
noted that each one of the three inter-unit diagrams referred to here 
contains the optional L. F. Extension Unit (TM 6448) and also an 
optional Fixed Frequency Changer Unit (TM 6467 or TM 6467/1). 
Reference to the Circuit Interconnection and Block Diagrams will 
assist in an understanding of the circuit summary that follows. 

When an L. F. Extension Unit is fitted to the Spectrurn Analyser, 
input signals in the range 100 cl s to 3 Mcl s are applied to the INPUT 
socket on the Extension Unit; the Extension Unit produces an i. f. 
signal in the range 3 to 6 Mcl s. 

Input signals in the range 3 to 30 Mcl s, including the 3 to 6 Mcl s 
output from the L. F. Extension Unit, are applied via the front-panel 
R. F. INPUT socket, SKT A, to Frequency Changer L Frequency' 
Char.ger I, which has a crystal-controlled local oscillator, produces 
an i. f. in thc range 3 to 6 Mcl s. However, when the RA.NGE switch 
on the Analyser is in the 3 - 6 Mcl s position, Frequency Changer I 
serves as an amplifier to input signal frequencies in this range. 

Frequency Changer II, which has a variable-frequency local 
oscillator, produce s a 700-kcl s i. f. signal from the 3- to 6-Mcl s 
input to the unit. When one of the optional Fixed Frequency Changer 
Units is fitted to the Spectrum Analyser, its 700-kcl s i. f. output is 
fed to the cathode-follower following the mL"Cer stage in Frequency 
Changer II. The EXT. LOCAL OSC. socket provides for connecting 
an externallocal oscillatol' to FrequencyChanger II when severe 
vibration is cncountered, the internallocal oscillator in Frequency 
Changer II then being switched off. 

M.!. Ltd. 
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4. 1 (continued) 

The 'JOO-kel S signal is fed from Frequency Changer II via the 
SET GAIN controi to a 700-kcl s band-pass filter and thence to a 
ladder attenuator which can be switched by the front-panel I. F. 
ATTENUATOR contral. A second signal path from the 700-kcl s 
Filter gae s to the Sound Channel where the signal is amplified and 
mixed with the output -of a 700-kcl s local oscillator; any difference 
betwecn the two frequencies is audible in headphones plugged into 
the front-panel PHONES jack, and the :3pectrum Analyser can be tuned 
for zero beat in the phones - a visual signal should then be apparent 
on the cathode-ray tube screen. 

From the I. F. Attenuator, the ?OO-kcl s signal is fed to the 
Scanning Unit where it is mixed with a nominal 760-kcl s local­
oscillator signal to produce a 60-kcl s i. f. The local-oscillator 
frequency is swept by the sawtooth generator that drives the c. r. t. 
X-plates. One controi (TIME BASE - SECONDS) thus serves to set 
both time base speed and local oscillator sweep rate; the sweep 
width i s variable between a few cl s and ± 15 kcl s. 

The 60-kcl s i. f. signal is applied to one of three band-pass 
filter confieurations chosen by means of the SELECT FILTER switch; 
pairs of positions of the [)ELECT FILTER switch enable each filter 
confiGuration to be terminated by a 30-dB attenuator pad or not, as 
required. The filter configurations are such that the bandwidth 
of the signal viewed at any instant is either 6 cl s, 30 el s or 150 cl s. 

After being passed by one of the three filter configurations, the 
signal returns to the Scanning Unit where it is amplified and detected 
before driving the c. r. t. Y -plates. 

As a result of the c. r, t. X-plates being driven by the same 
sawtooth generator as that which sweeps the 760-kcl s local oscillator 
the clisplayed frequency of the input to the H. F. Spectrum Analyser 
is synchronized with the c. r. t. time base. 

4.2 CIRCUIT DESCRIPTIONS 

The following circuit dc scriptions of the units in the Spectrum 
Analyser are intended to be read in conjunction with the as sodated 
circuit diagrams given beside the headings :­

M. I. Ltd. 
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4.2. 1 Freg,uency Changer I Circuit Diagram: XD 33961 

The incoming å[(nal enters via socket SKT A and passe s through 
a 1adder,.'type attenuator J which give s an attenuation of up to 50 dB in 
five equal steps. Some prcselection of the signal is provided by 
tuning the input circuit with the R. F. TUNE contro1, C 10; this give s 
30-dB image rejection at all but the highest frequencies and reduces 
the risk of overIoading the frequency-changer stage, V2, by stray 
unwanted signals. 

The full frequency range is covered in nine steps by the RANGE 
switch, SA, which selects (i) the tuned r. f. input transformer and 
(ii) the appropriate crystal in the localooQscillator etage, VI. 

The signal frequency is changed to the band 3 to 6 Mc/ s; if, 
however, the signal frequency itself is in the band 3 to 6 Mc/ s, 
Frequency Changer I acts merely as an r. f. amplifier. By operating 
the local oscillator above or bclow the signal frequency, and by 
seleeting the second harmonie of the oscillator on the two highest 
frcquency ran/Jes, it is possib1e to obtain a full coverage without 
serious spurious re sponse s using on1y three crystals. The range 
of the tuned r. f. input transformer and the 10ca1-oscillator frequency 
appropriate to each setting of the RANGE switch are shown in Table 3. 

TABLE 3 

RANGE R. F. TUNE 
(Mc/ sl Range (M el s) Frequenc 

A 3-6 3-6 

B 6-9 ) 12
6-12

C 9-12 ) 15 

D 12--15) 18 
E 15-18) 12-21 12 
F 18-21) 15 

I 
I 
lG 21-24) 13 

• IH 24-27) 21-30 30 (2nd harmonie)

IJ 27-30) 24 (2nd harmonie) I 
I 

M. I. Ltd. 
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4.2. l (continued) 

On ran[$es B, e, and D, trap circuits are included in series 
with the primaries of input transformers T 2 and T 3. These circuits 
are tuned to reject the 2nd harmonic of input frcquencies of 8, lO, 
and 12 Mcl s rcspcctively, which might othcrwise cause aspurious 
ima[$e-frequency response. 

The 3- to 6-Mc/s i.f. output from V2 is fed to the cathode­
follower V3 and thellce via a coaxial lead to Frequency Changer II. 

4.2.2 Frcquency Changer II Circuit Dia[$ram: XD 33849 

The 3- to 6-Mcl s 
to SKT B. 

input from Frequency Chaneer I is applied 

• 

The MAIN TUNE controi operates the ganged capacitors CS, 
C9 and C19. CS and C9 tune a band-pass filter, Tl to T2, over the 
ranee 3 to 6 Mcl s; C19 controls the local oscillator, V2, and tunes 
it over the range 2.3 to 5.3 Mcl s. 

The 700-kc/s Lf. output from the mixer, VI, passes through 
cathode-follower V3 and is taken via the front-panel SET GArN 
control, RV2, to output socket SKT C. RV2 has a range of about 20 dB 
and enables the sensitivity of the Analyser to be set so that noise 
generated in the frequency-changer does not cause an excessive display 
of 'grasslon the cathode-ray tube. 

At the 10th position, FIXED INPUT, of t.l}e R1i..NGE switch, the 
local oscillator, one haH of double triode V 2, is switched off. On 
this range, a fixed-frequency input from a 300-kcl s or 3.1-Mcl s 
Fixed Frcqucncy Changer Unit - if one of these units has been 8upplied 
as an optional accessory - is fed into Frequency Changer II via socket 
SKT A. 

.. 

When conditions dictate the use of an external Iocal oscillator, 
the external local oscillator signal is applied to Frequency Changer Il 
via SKT D; turnin!j the LOCAL OSC. switch to EXT. switches h. t • 
from pin l to pin 6 of V2 so that the other haIfof V2 serves as an 
amplifier to thc external local oscillator input. 

M.!. Ltd. 
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4.2.3 r. F. Units Circuit Diagram: XC 33953, XC 33957 

The signal passes from the front-panel SET GAIN controi to the 
700 kel s Filter Unit via SKT C and PL A on the rear of the Analyser' s 
main frame. The Filter Unit has a bandpass characteristic with 
peak attenuatian frequcncies of 640, 760, and 820 kel s (see Drawing 
No. TLC 26183, at the end of this volume of the handbook, for character­
istic curves); by this means, spuriuus 60-kcl s components are 
prevented from appearing in the output of the third frequency ehanger. 

The signal then passes to the r. F. Attenuator Unit, whieh has 11 
steps of l dB. It thus bridges the steps in the r. f. attenuator, and may 
also be used to assist interpolation between the lO-dB ealibration lines 
on the tube screen. 

4.2.4 Scanning Unit and Filter Units Circuit Diagrams: XD 33951· and 
XD 33954-5-6 

Third Frequency Changer. The 700-kel s i. f. signal enters the 
Scanning Unit via socket SKT A and passes to a frequency-ehanger 
stage; this consists of a 6-dB pad, Rl to R3, mixer V2, loeal 
oscillator VI, and bandpass filters T l and T 2. The eomponents 
of the signal are chanGed to a band centred on 60 kel s by means 
of the loeal oscillator, V l, whose frcquency is swept through a band 
centred on 760 kel s and up to 30 kel s in width by the reaetanee­
modulator valve, V3, under the controI of the time-base stage, V6. 

The width of the band swept out by the oscillator may be varied 
between O and 30 kel s by rneans of the SWEEP WIDTH-RANGE switch, 
SA, and the SWEEP WIDTH control, RV3. The controi varies the 
band symmetrically about a point near the mic1dle of the trace, so 
that a response located at this point remains substantially fixed. 
As the sweep width is reduced it become s inereasingly diffieult to 
make small adjustments to the position of the display on the traee 
with the MAIN TUNE capacitor, and the FINE TRIM control, C6, is 
then used. This has a rance of ±l O kel s and its vane s are shaped 
to Givc a very open seale near the mean position. 

a 
The signal passes out of the Scanning Unit via socket JKT B 

Group of 60-kel s crystal filters . 
to 

• 

M. I.• Ltd. 
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4.2.4 
 (continued) 

Filter Units. It is not possible to choose one final i. f. bandwidth to 
give a good performance throughout the whole ranGe of sweep width. 
A filter which is narrow enough to give good resulution at low sweep­
widths would require an excessively long tim.e base to avoid severe 
ringing at hiGh swcepwidths. If ringing is allowed to occur in the 
i. f. filter, the resolvinc power of the Analyser rapidly detcriorates 
and its sensitivity to inc1ividual signal components decreases. The 
sensitivity to a continuou5 noise spcctrum remains unchanged, however, 
so that the signall noise ratio deteriorates and the shape of complex 
transmissions will be distorted. The effect of ringing on a displayed 
response is illustrated in fiC. 6 on the Typical O scillogratns diagram, 
No. TLC 27991, at the end of this volurne of the handbook. 

A choicc of three final bandwidths and six time-base speeds is 
provided. The bandwidth is determined by combinations of the three 
crystal filters, which have nominal bandwidths of 6, 30, and ISO el s 
respectivelyat 3 dB diserimination (see Drawing No. TLD 26189 for 
characteristic curves). Theyare seleeted by the SELECT FILTER 
switch which connects them as follows : 

In the two 'ISO els' positions, the ISO-els Filter is used on its 
own, the skirts of its response curve being improved by the response 
of the i. f. amplifier stages , V -:1 and VS, in the Scanning Unit. 

In the two '30 el s' positions, the 30-el s and l50-el s Filters are 
used in easeade, with a 60-kcl s Amplifier (see Cireuit Diagram 
XC 33958) between them to prevent mismatehinG and to equalize the 
pass-band loss. The combined eharaeteristie has a considerably 
improved diserimination and steeper skirts than the eurve for the 
30-el s filter alone. 

In the two '6 els' positions, the 6-e/s and 30-e/s Filters 
are similarly easeaded with the 60-kel s Amplificr and apad. 

The SELECT FILTER switch has a 'O' and '+ 30 dB I position 
for each filter bandwidth. In the 'O' position, a 30-dB pad is 
switched in to terminate the filter configuration; in the '+ 30 dB I 

position, the 30-dB pad is not conneeted. The 30-dB pad provides 
for an aeeurate 0- or 30-dB two-position gain variation. 

M.1. Ltd. 
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4.2.4 (continued) 

I. F. Amplifier The i. f. amplifier in the Scanning Unit receives 
the signal from the filters via socket SKT C. lt consists of the 
two variable-mu valves, V4 and V5, connected in cascade. To 
prevent positive feedback, the two i. f. amplifier stages are screened 
from one anothe r. 

Detector and LOGarithrnic l'~mplifier. The signal is passed through 
the detector stage, V7, and thence to the locarithmic amplifier, VS 
and V9. VS is a variable-r.lU stage whosc characteristic can be 
variea by the potentiometer RV4. The siGnal then passes through 
the Y-deflection amplifier, VIO and V12. Y-shiit is obtained by 
means of RV5 which controls the effective d. c. level. MR2 and 
lvfR3 serve to limit 	the output to the cathode-ray tube from Vl2 and 
V 10 re spe ctive ly, the biasing of the diode s being preset by RV S 
and RV9 respective1y. 

The variable-mu stagc, VO, Dives an approximate1y 10garithmic 
characterisic over a range of 30 dB; this range can be accommodated 
on the cathode- ray tube screen and relative levels measured against 
the graticule lines, which are marked 0, -10, -20, and -30 dB. 
The discrimination of the filters, and the linearity of the r. f. and i. f. 
circuits, however, are adcquate to handle signals in a range of 60 dB; 
measuremcnts covering the full 60-dB range are made in two steps. 
In the high-gain position, the c. r. t. graticule lines indicate -30, 
-40, -50, and -60 dB; signal components, which were previously 
accommodated between O and -30 dB, are now compressed at the top 
of the screen but the lesser components are mac;nified and their levels 
may now be evaluated. 

Time Base. The 	sawtooth waveform, which provides the horizontal 
deflection on the cathodc -ray tube and also frcq;,;tency-modulate s the 
third local oscillator, is derived from the time-base generator, V6. 
The time constants 	of the Generator feedback circuits are controlled 
by the TIME BASE 	switch, SB, which provide s a choice of six 
duration s varying from O. 1 to 30 seconds. 

V6 is connected to the push-pull X-deflection amplifier, VII and 
;: 	 V13. The gain of this amplifier is adjustab1e by mcans of RV6 and 

the horizontal position of the display is controlled by the X SHIFT 
potentiometer, RV7. The time-base sawtooth passes to the X-plates 
of the c. r. t. via sockets SKT D and SKT E. 

M.1. Ltrl. 
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4.2.4 (continued) 

The use of a push-pull horizontal dcflection amplifier, and 
the linear rclationship bctween thc controi voltaGe applied to the 
reactancc modulator valve and the chanGc in oscillator frequency, 
results in a hiGh dC(:;ree of linearity in the horizontal frequency 
scalc on the c. r. t. screen. 

4. 2. 5 Sound Channel Circuit Diagram: XC 33937 

This unit converts the 700-kc/ s i. f. signal from the 700-kc/ s 
Filter Unit to an audio output for initial tuning or signal-identification 
purposes. It comprises a two-stage Lf. amplifier, VI and V2, 
followed by an oscillator/mixer, V3. The anode circuit of VI is 
shunted by semiconductor diode MRI to obtain a limiting action 
so that a gain controi is unnecessary. 

The local oscillator, which is a tuned-anode oscillator with 
transformer-coupled feedback, is pretuned to 700 kc/ s. The 
audio output is taken from the cathode of the mixer portion of V3 
via C 7 to the front-panel PHONES jack. 

H. T. is connccted to the Sound Channel only when the spring­
loaded front-panel SOUND switch is held in the ON position; the 
possibility of Sound Channcllocal-oscillator breakthrough affecting 
visual measurements is thus avoided. 

4.2.6 C. R. T. Network Circuit Diacran1. : XC 33960 

Focus and brilliance of the c. r. t. are adjusted by means of 
potentiomcters RV2 and RV3 respectivcly. RVI allows adjustment 
of the mean potentials of the c. r. t. deflection plates relative to 
that of anodes l and 3 in order to minimize astigmatism. 

The e. h. t. is divided betwecn the final anode and controi grid 
of the cathode-ray tube, +2.4 kV being applied to the final anode and 
-2.25 kV to the controi grid. A voltage stabilizcr, VI, serves to 
hold the rnain part of the negative e. h. t. supply potential steady, as 
adjustments to the BRILLIANCE controi setting are re sponsible for 
variations in the load on thi s supply. 

M. I. Ltd. 
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4.Z.7 
 Power Unit Circuit DiaGram: XD 33947 

Two lOD-watt mains transformers, T l and T Z, are employed 

in the Power Unit. 


One secondary windin[;, LT 3, on T 1 provides the heater supply 
to the cathode-ray tube, and another 1. t. winding, LT 1, provides 
heater supplies to the other units of the Spectrum Analyser. A third 
1. t. windin[';, LT Z, on T 1 foeds a full-wave silicon rectifier circuit, 
incorporatinG the rectifier stack MR l, followed by a transistorized 
series regulator which provides a stabilized 1. t. supply for certain 
valves in Frequency ChanGer I, Frequency ChanGer II, and the 
ScanninG Unit; the rcference voltage is taken from the l50-volt h. t. 
line via RVl to a d. c. amplifier, VTI, which fecds the series element, 
VT3, via an emitter-follower, VTl. 

The lZ00 V H. T. I windinG on T 1 fecds a bridGe rectifier circuit, 
MRl to MR5, which is followed by a conventionai filter circuit, LI, 
C Z, and C 6, and a neon stabilizer V 1. The stabilized 1 50-volt output 
from this circuit is added in series with the output of a Z50-volt series 
regulator supplied from the 1350 V H. T. I windinG on T Z to form a 
400-volt stabilized supply. 

The '350 V H. T. I windinc on T l feeds a bridge rectifier circuit, 
MR6 to MR9. followed by a conventionai filter circuit, LZ, C5 and C6. 
The output of the filter is applied to parallel-connected V l and V 3 which 
form the serie s element of 2. series reGulator circuit. The reference 
voltage for the reGulator circuit is supplied by the neon stabilizer, 
V5, to a cathode-coupled pair, V7; an amplifier, V4b, and cathode­
follower. V4a, complete the feedback loop. The l50-volt stabilized 
supply is taken from the cathodes of Vl and V3 to pin 5 of socket SKT B. 
The 1. t. secondary windine, on Tl, supplies the heaters of VZ, V3, 
and V4 in the Power Unit. 

The cathode -ray tube e. h. t. supply is derived from an oscil ­
lator, V 6, which works at a frequency approximating to 100 kel s ­
but sufficiently distant from 100 kel s to prevent elose harmonie 
relationship with the 700- kel s i. f. output of Frequency Changer II. 
The e. h. t. transformer , T 3, steps up the oscillatory voltaGe and 
applies it to the anode of V8 and catbode of V9. VS and V9 are 
connected as half-wave rectifiers to produce the positive and negative 
e. h.t. supplies referred to in Section 4. l. 6. Identical low-pass R-C 
filter circuits provide smoothing far the positive e. h. t. voltage at the 
cathode of VS and for the neGative e. h. t. voltage at the anode of V9; 
R36, R37, R3S, and R39 form identical bleeder networks across the 
two e. h. t. supplie s. 

M. I. Ltd. 
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4.2.8 
 L. F. Extension Unit C ircuit DiaGram: XD 33950 

The ~. F. Extension Unit (Type TM 6448), which is an optional 
accessory, oxtends the range of the Analyser to cover frequencies 
from 3 Mc/ s down to about 100 e/ s. The unit is a heterodyne device, 
employinG a crystal-controlled local oscillator and a ring bridGe 
balanced modulator. 

The input attenuator, which is variable in lO-dB steps from O dB 
to 50 dB, is used to adjust the input siGnal to a suitable level for mixing 
with the 6-Mc/ s signal derived from the local oscillator. As the output 
voltaGe from the ring bridGe is proportional to the input signal amplitude, 
the attenuator also acts as an output level control. 

The three-section, five-position, RANGE switch at the output of the 
attenuator is used to connect any one of four filter networks into the 
circuit, or, in its fifth position, to feed the signal from the attenuator 
directly to the ring bridge circuit. 

The firat three R.ANGE switch positions introduce L-C acceptor 
filters using preset inductors L2, L3, and L4; a variable capacitor, C9, 
common to each circuit, acts as a tuninG controi so that the filters on 
Ranccs 1, 2 and 3 may be tuncd to any frcquency within their range. 
These three filters jointly cover the frequency range 0.16 Mc/ s to 
3 Mc/ s. 

At the fourth switch position a low-pass filter using inductors LI, 
L5 and L6 is connected into circuit; this filter has a cut-off frequency 
of approximately 190 kc/ s and is not tunable. 

The frcquencics covered by the five ranges are:-

Ranse ' 0.8 Mc/ s - 3 Mc/ s 
0.3 Mc/ s-O. 8 Mc/ s 

Ran3e 2 0.16 Mc/ s-O. 3 Mc/ s 
Ranse t. O - o. 16 Mc/ s 
Ran;;e 5 O 3 Mc/ s 

The electron-coupled crystal-controlled local oscillator operates 
at a frequency of 6 Mc/ s. The primary of T 1 and the preset capacitor 
C 11 fonn a tuned anode load whose resonant frequency is preset to 
obtain the required output voltage from the oscillator. 

M. l. Ltd. 
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<:.2.8 (continued) 

The secondary of T l is coupled to the ring bridge circuit via 
a T -type attenuator. This attenuator reduccs the output voltage from 
the oscillator to a suitable level for the bridGe circuit and also makes 
the output of the oscillator and the input to the rinG bridse more 
resistive. An h. t. switch, SB, renders the oscillator inope rative when 
the Extension Unit is not beine used. 

Particular attention has been Given in the design of the rip.g 
bridge modulator circuit to obtaining minimum harmonic distortion 
of the desired signal and good suppression of the local-oscillator 
carricr. Man:.:hed pairs of crystal diodes are used in each arm of the 
bridge to givc good balancc. 

It should be noted that the signal generated at the output of the 
bridge is the difference frequency of the input signal and the 6-Mcl s 
carricr fronl the 10cal oscillator, so that, as the input frequency increase 
from O to 3 Mcl s, the output frequency decreases from 6 to 3 Mcl s. 

4.2.9 Fixed Frequency Chanp,er Units 
Types TM 6467 and TM 6467/1 

Circuit Diagram: XC 33952 -Il 

Either a 300-kcl s Fixcd Frequency Changer Unit (type Tlvl 6467) 
or a 3. l-Mcl s Fixed Frequency Changer Unit (type TM 6467/1), both 
of which are optional accessories, can be fitted to the Spectrum 
Analyser. Circuit Diagram XC 33952 -Il, near the end of Vol. II 
of the handbook, shows the circuit of the 300-kcl s Fixed Frequency 
Changer Unit; R 7, T l, C 3, and XL l have different valucs in the 
3. l-Mcl s Fixcd Frcquency Changer U:J.it, as shown on Component 
List XC 33952/1. 

The local oscillator, which operates at l Mcl s in the 300-kcl s 
version of the Fixed Frcquency Changer and at 2.4 Mcl s in the 3. I-Mcl s 
version, is a modified form of Colpitts oscillator. 

:: 

.. 

The input to the Fixed Frequency Changer Unit is fed via the 
front-panel FIXED INPUT socket, a 40-dB attenuator pad (RI, R2, 
and R3), and atuned transformer (T l) to the mixer stage (V l). 
The 700-kcl s i. f. signal output of the mixer is taken via a transformer 
havinn critical coupling between its two windings , T 2, to the mixer 

M. r. Ltd. 
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4.2.9 (continued) 

output section of Frequency Changer II. With a 'Fixed Frequency 
Changer Unit in use, the front-panel RANGE switch is at FIXED 
INPUT; this position of the RANGE switch disconnects the 250-volt 
h. t. supply from the local oscillator in F requency Changer II and 
connects the supply instead to the Fixed Frequency Changer Unit. 

4~ 2.10 R. F. Fuse Unit 

The function of the R. F. Fuse Unit, which can be supplied 
as an optional accessory, is the protection öf the Analyser' s input 
attenuatots from damage due to the accidental application of high 
r. f. or h. t. voltages; the Unit can be pluggcd in serie s with the 
Analyser' fl R. F. INPUT or FIXED INPUT sockets or with the 
INPUT socket on the optional L. F. Extension Unit. 

The Unit consists essentially of a l/16-amp fuse connected 
between a BNC plug and a BNC socket in a 75-ohm coaxial assembly. 
The fuse, which is a 1/16-amp Littelfuse (Type 361 8AG), burns out 
with an input of 90 mA, i. e. 6.75 volts; ten spare fuses are supplied 
with the R. F,o Fuse Unit. 

4.2. 11 External Local Oscillator TM 7036A Circuit Diagram XD 38129/1 

This is a small box which may be fixed to the front panel of the 
power unit, from which it draws its supply voltage. It is very stable, 
non-microphonic and hum-free in operation, and provides ample power 
between 2.3 and 5.3 Mcl s to drive the mixer stage of the Spectrum 
Analyser. 

Two oscillators are used to cover the range, both transistorized, 
tuned by variable capacity diodes and fixed inductances. Reverse bias 
voltage is applied via a switched resistor ladder and potentiometer, the 
contrals for which are on the upper surface of the box. The output is 
taken to the main instrument by a short length of cable. 

M. L Ltd. 
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5 MAINTENANCE 

5.1 GENERAL 

Section 4, TECHNICAL DESCRIPTION, .of this handbook deals 
with the internal circuits of the Spectrum Analyser and is intended 
to be read in conjunction with the Block Schematic, Circuit Inter­
connection, and Circuit Diagrams; the Block Schematic is located 
at the end of this volume of the handbook and the Circuit Interconnection 
Diajjram and Circuit Diagrams are in Vol. II. It is recom mended 
t,hat, before commencing the adjustment or replacement of component 
parts of the instrument, you should be familiar with the principle s 
described in Section 4 and illustrated in the Diagrams. 

WARNING - HIGH VOLTAGES , UP TO SEVERAL KV, 
ARE EMPLOYED IN THIS INSTRUMENT. 
IT IS DANGEROUS TO OPERATE THE 
INSTRUMENT WITH PARTS CARRYING 
THESE VOLTAGES EXPOSED . 

... 
5.2 FUSES 

The circuits of the Spectrum Analyser are protected by seven 
fuses as follows :-

Two 2-amp fuses (FSl and FS2) in series with the input 
connections to the mains transformer in the Power Supply 
Unit. 

Two 3-amp fuses (FS3 and FS4) in series with the two 
ends of secondary winding LT 2 of Transformer T l in 
the Power Supply Unit. 

A 2~O-mA fuse (FS6) in series with one end of the '350 V 
H.T. 1 winding of T ransformer T 2 in the Power Supply Unit. 

A 100-mA fuse (FSS) in series with one end of the '200 V 
H. T. 1 winding of T ransformer T l in the Power Supply Unit• 

• 

M. I. Ltd. 
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5.2. (continued) 

A l-amp fuse (FSl) in series with the stabilized heater 
supply to VI, V2., and V3 in the Scanning Unit. 

All fuse-holders, cxcept that for the lamp fuse, are located 
on the front panel of the Power Unit; the l-amp fuse arid fuse-holder 
are contained within the Scanning Unit, and it is necessary to remove 
the top cover that shiel<1s VI, V2 and V3 in the Scanning Unit in order 
to replace this fuse. 

5.3 GUPPLY VOLTAGE - TRANSFORMER CONNECTIONS 

The Analyser can be adjusted to operate from any supply in 
the l"anges 100 to 150 volts and ZOO to 2.50 volts, 40 to 100 e/s. 
For this purpose, each of the two mains transformers has two 
tapped primary windings. For the higher voltage range, the two 
primary windings on cach transformer are linked in series; for 
the lower voltage range, the four main 100-volt sections of the 
two transformers are all connected in parallel. When the primaries 
are correctly linked, the supply input is connccted to taps selccted 
according to the particular voltage of the supply. 

Connections to the transformers are made at a mains tapping 
panel situated beneath a transparent cover on the front panel ci. the 
Power Unit. The mains tapping panel layout is as shown in the 
following two diagrams. The diagrams show: 

(l) tags linked for the range 100 to 150 volts, i.e. a link 
betwecn taGs marked 'O VI and 'TAP B!, and another 
link bctween tags marked 'TAP A' and '100 V/ZOO VI. 

(Z) tags linkcd for the l'ange ZOO to Z50 volts, i. e. both 
links between tags marked 'TAP A I and 'TAP B'. 

The mains input, via the SUPPLY switch and the Z-amp 
fuse s, should be applied to the tags whose voltage markings 
(reading only those appropriate to the linking of the primaries), 
whcn addcd, match the supply voltage • 

• 

M. l. Ltd. 
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5. 3 (continued) 

120 V +10 V 120 V TAPA TAP B +10 V 
6 6 

220 V 
6 6 

+ 10 V 220 V 	 +10 V 

O V,) 240 V 200 V} 
<~" 

205 V 240 V 200 V av 205 V 
6'//6 6'" 6) 6 6) 6 6 

140 V 100 V OV 105 V 140 V 100 V av 105 V 

Links for 100 to 150 volts Links for 200 to 250 volts 
on tapping pane l on taPEing Eane l 

Example: 	 If the supply is 230 volts, 'TAP A' should be 
linked to 'TAP B' and the leads from the 
SUPPLYswitch and fuses should be connected 
to tags marked '+10 V' and '120 VI 220 V'. 

Before altering the position of the leads from the SUPPLY switch 
and fuses, or the position of the links, first DISCONNECT THE SUPPLY. 

5.4 WITHDRAWING INSTRUMENT FROM CASE 

WARNING - Before withdrawing the OA 1094A H. F. SEectrum 

Analyser from its case, it is important to ensure that the case 

is securcly mounted, either on Trolley TM 6612 or on a bench. 

When the OA 1094A is in use on a bench, at least two bolts are 
nece s sarV to secure the Analyser to the bench; and, if only two bolts 
are cmployed for this purpose, they must fix the OA 1094A case via 
two hole s at the bottom rear of the case. 

When a Base Flate Assembly, Type TM 6978, has been supplied 
as an accessory and is in use, it is essentiai that the Base Plate be 
secured to the case and to either trolley or bench before withdrawing 
the OJ-... 1094A H. F. Spectrum Analyser from it scase. 

M. I. Ltd. 
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5.4 (continue<l) 

Access to the interior of the OA 1094ll. H. F. Spectrum Analyser is 
gained by removing the eight 1/4-inch BSF screws and washers from the 
two strips at the sides of the Analyser's front panel. This releases the 
internal assemblies, so that they can be pulled out on runners by 

, 	grasping two of the panel rails. Catches on the runners lock them in 
the fully extended position and must be pressed to be released. 

Do not remove the two 1{4-inch UNF hexagon-head screWs 

.s:,xposed when the strips are removed, near the top of the Power Unit 

front panelI as these two screws secure the internal assemblies to the 

cabinet r unner s. 

To remove the dust cover from the OA 1094A/R rack-mounting 
version of the H. F. Spectrum Analyser, it is only necessary to unscrew 
the four captive 2-BA screws in the rear of the dust cover. 

5.5 ACCESS TO INDIVIDUAL UNITS 

General tests or some peculiarity in the performance of the 
Spectrum Analyser may suggest the desirability of inspecting the interior 
of one of the individual units, The mechanica1 design of the Spectrum 
Analyser is such that covers can be removed from units without remov­
ing the units from the Analyser frame; individual units can therefore 
be 1argely tested in situ, As the Power Unit (TM 6580) and the optional 
L. F. Extension Unit (TM 6448) are units separate from the main assembl 
having their own front panels, these two units can be removed from the 
Analyser for servicing. In addition, the following units can be easily 
removed from the Analyser when required : ­

Sound Channe1, TM 6469 
700-kc/ s Filter, TM 6493 
60-kc/ sAmplifier, TM 6508 
6-c/ s Filter Unit, TM 6568 
30-c/ s Filter Unit, T M 6568/1 
150-c/ s Filter Unit, TM 6568/2 
Fixed Frequency Changer Unit, 

if fitted, TM 6467 or TM 6467/1
• 

M.!. Ltd. 
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5.5. l Access to OA 1094A Power Unit 

In order to gain access to the Power Unit of the OA 1094A 
H. F,. Spectrum Analyser, it is necessary either to remove the 
upper assembly, so leaving the Power Unit still bolted to the 
runners of the OA 1094A case, or to remove the complete instru­
ment from the case - it is then a comparatively simple matter to 
detach the Power Unit. 

To remove the upper assembly from the OA 1094A case, 
proceed as follows :­

(a) Remove the eight l/4-inch BSF screws and washers from the 
sides of the OA 1094A front panel, and pull the internai assem­
blie s forward on the runners; see Section 5.4. 

(b) Disconnect from the Power Unit the two Plessey Mk. 4 plugs, 
one from each of the two chassis of the Power Unit, by reaching 
up through the gap between the two chassis. 

• 

(c) If the Spectrum Analyser is mounted on Trolley TM 661Z, grip 
the centre pair of handles on the front panel; this prevents the 
Analyser sliding backwards when the screws which hold it to 
the Power Unit are removed. 

(d) Withdraw the ten Z-BA socket-head screws which bolt the frame 
of the upper assembly to the Power Unit. 

(e) Remove the upper assembly by a forward and upward movement, 
leaving the Power Unit mounted on the runners of the OA 1094A 
case. 

To gain access to the Power Unit by removing the upper assembly 
and Power Unit together from the OA 1094A case, proceed as follows :­

(l) Remove the eight l/4-inch BSF screws and washers from the 
sides of the OA 1094A front panel, and pull the internai assemblies 
forward on the case runners; see Section 5.4. 

• 

(z) Remove the two l/4-inch UNF hexagon-head screws from the front 
panel of the Power Unit• 

M. r. Ltd. 
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5.5. l (continued) 

(3) 	 Remove the instrument from the runners and case by a 
forward and upward movement. 

(4) 	 Remove the ten 2-BA socket-head screws which bolt the upper 
assembly to the Power Unit. 

(5) 	 Lay the upper assembly on the right side, as viewed from the 
front panel, on a bench. 

(6) 	 Disconnect from the Power Unit the two Plessey Mk. 4 plugs, 
one from each of the two chassis of the Power Unit. 

Note :At least two people are needed to lift the OA 1094A H. F. 
Spectrum Analyser from its case. 

5.5.2 Access to L. F. Extension Unit 

To remove the L. F. Extension Unit, when fitted, from the H. F. 
Spectrum Analyser, turn q,nd release the two Dzus fasteners in the 

.or. front panel of the L. F. Extension Unit, and then withdraw the L. F .• 
Extension Unit. 

5.5.3 Removal of Cathode-Ray Tube 

The c. r. t. can be removed from the Analyser by carrying out 
the following procedure : ­

(l) 	 Remove the B14A valve-holder from the c. r. t. 

(2) 	 Unsolder the earthing lead from the earthing tag on the c. r. t. 
shield. 

(3) 	 Unscrew the wing nut and lift the clamp at the neck of the 
c. r. t. 

(4) 	 Slacken the clamp at the front-panel end of the c. r. t. 

(5) 	 Withdraw the c. r. t. with its shield from the Analyser; the 
c. r. t. shicld may subsequently be slid from the c. r. t. by 

sl ackening the screw through the fixing lug. 

M. L 	 Ltd. 
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S.6 WORKING VOLTAGES 

The following voltages are representative of those to be expected 
on an H. F. Spectrum Analyser if measurements are made with a meter 
havinG a d. c. sensitivity of 20,000 ohms per volt (e. g. an Avometer 8), 
except where otherwise stated. Variation in voltages on individual 
instruments must be anticipated owing to normal tolerances of valve 
and transistor performance and component values. 

S. 6. l Supply Voltage s 

The supply voltages in Table 4 are those to be expeeted in the 
Power Unit when it is connected to the rest of the instrument in the 
normal manner. 

TABLE 4 

--
Supply Measured between Voltage 

I 
/200 V H. T,. a. c. Tags on Tl 200 V a. c. 
350 V H. T. a. c. TaGS 011 T 2 3S0 V a. c. 

IL. T. 1 Tags on Tl 6.3 V a. c. 

IL. T. 2 Tags on Tl IS. 5 + IS. S V a. c. 
TagsonTI 6.3Va.c.IL. T. 3 


IL. T. Tags on T2 6.3 V a. c. 


1250 V H. T. J unction MR7j MR 9 and 400 V d. e.

l rectified chassis 


I 

1400 V H. T. JuncHan MR3j MR5 and SOO V d. c. 
I rectifiec1 chassis 

2S0 V H" T. Aeross C 19 250 V d. c.* 
regulated 

:& 

):( Set by contral RV 3 ~ • 

M.I. Ltd. 

- ..~._-----------------
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5.6.2 Valve and Transistor Electrode Voltages 

The following table shows valve and transistor electrode d. c. 
voltage s with re spect to chassis on each of the sub-units in turn. 

TABLE 5 

FreguencI Changer I 

Valve l:..node Suppressor Screen Grid ICathode 

No. Volts Volts Volts Volts : Volts 


VI 2<1:5 1.6 165 l 1.6 
V2 90 122 I 1.1 
V3 225 20 225 10 

! 

20 

FreguencI Changer II 

i
!Valve l Anade ISuppressor iScreen Grid 1 Cathode

I I Volts I Volts l Volts Volts 1I Volts 
I 

VI I 122 110 4 

No. 

IlåV2a 75 -0.4 

V2b* 95 , 2.9 

V3 195 20 195 10 I 20 


>:' For V2b measurements, set the LOCAL OSC. switch to 
EXT. For all other valve electrode voltagc measuremcnts 
in Frequency Changer II, set the LOCAL OSC. switch to 
INT. 

M. L Ltd. 
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,.. / ")
!J. o. L... ( continued) 

Scanning Unit 

Valve Screen Grid l CathodeAnode ! Suppre (; sor 
No. Volts Volts Volts Volts ! Volts 

i 
 ;I 
 I 

I
I 
 I
I
Vlb 235 	 ­ - 147 186
!I 


I 

I

) 

I 

I 

l 
l 


i 


V 2':' 
V3 

V4 
VS 
V6 

V8 
V9 
VIO~.< 

Vll* 
V12 
V13 

245 

235 


220 

220 

165 


110 

108 

275 


175 

150 

230 


I 

I 


l 

I 


i 
! 

i 


I 


I 
I 


j 


I 

I 


-2.3 

18 


-
-
-0.4 

6 

-

14 


17 

15 

15 


I 


I 

I 


I 

I 
I 


I 

I 


224 

237 


118 

118 

200 


108 

-

215 


180 

215 

180 


-1 

10 


-

-

-3 

-

-


10 


13 

12 

12 


I, 
I 


I 

I 

l 
! 

I 

I 


I 


0.85 

18 


2.4 
2.4 

-
6 


-
14 


17 

15 

15 


I 

I 

I 

I 

I 


I 


* The figure given for V 2 anade volts i s that to be expected 

at pin 5. VIO and Vll electrode voltagcs are respectively 

depcndent upon the X SHIFT and Y SHIFT setting s. 


60-kcl s Amplifier 

Valve Anade Suppressor! Screen Grid I Cathode 

No. Volts Volts 'Volts Volts Volts 


VI 220 2. l 250 	 2. l 


S ound C hanne1 


Valve Anade Suppre ssor ; Screcn Grid Cathode 
No. Volts Volts I Volts Volts~01tS I 

VI 250 	 3.2 250 3.2


III,' 

a 	 V2 250 3.0 250 3.0 

V3a 250 108
80 I 

V3b 230 	 11. 5 


! 
M. I. Ltd. 
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5.6.2 (continued) 

Power Unit 

Valve 
No. 

VI 
V2 
V3 
V1a 
V4b 
V5 
V6 
V7a 
V7b 
V8 
V9 

Anode 
Volts 

400 

365 

365 

370 

198 


85 

250 

207 

160 


-2250 

- 46 -


Screen 

Volts 


215 


-
-

EB 1094..l1. -A/l 
l - 8/62 

Transistor VT 1 collector• 
Transistor VT 1 base 
Transistor VT l cmittcr 

Transistor VT 2 collcctor 
T .t-ansistor VT 2 base 
Transistor VT 2 emittcr 

Transistor VT 3 collcctor 
Transistor VT 3 base 
Transistor VT 3 emitter 

Grid 

Volts 


232 

232 

198 

158 


-46 

80 

8·1 


-0.75 
5.9 
6. l 

-6. l 
-0.75 
-0.5 

- 6. l 
-0.5 

Cathode 

Volts 


250 

250 

250 

230 

160 


2.2 

35 

85 


2400 


volt 
volts 
volts 

I 

I
volts I


volt I

volt I 


i 

I 


volts 
I 


I
volt 

l
I 


--+ 

L.F. Extension Unit (optional accessory) 

Valve l:..node Suppressari Screen Grid Cathode 

No. Volts Volts 

i
• Volts Volts Volts 


VI 195 1.2 185 2.6>:< 1.2 


• 	 ':< This is the r. f. voltage at the grid of VI, measured -[ 
with a valve voltmeter.I___________________________________________________________~. 

M.1. Ltd. 
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5.6.2 	 (continued) 

300-kcl s Fixed Fre;l"...1.ency Changer U@ (optional accessory) 

Valve Anode 	 , Suppressor Grid I CathodeScreen
I No. Volts Volts Volts Volts I Volts 

VI I 155 125 1. 75 
V2 

-1* -
220 7.25 100 7.25-

l ! 

l
j 

>:< TIle r.f. voltage at the suppressor of VI, measured with 
I a valve voltmeter, is 7.5 volts. 

3. l-Mcl s Fixed Frequency Changer Unit (optional accessory) 

• 


r--------~--------~----------------------~~~~-----------~Valve I Anode Suppressor ,I, Screen Grid Cathode 
No. Volts Volts Volts Volts Volts 

VI 
V2 

190 
190 

I 
16 

140 l (")_. o 

210 ~. 6 

I >!< The r. f. voltace at thc suppressor V l, measured with 
~lve voltmeter, is 12.5 volts. 

External 	Local Oscillator Type TM 7036A (optional accessory) 
With an input of 250 V, and the range switch in the appropriate 
position for working conditions. 

Pin l of SA4B 12 V Point 1 92 V 
Emitter of VTl 10.7 V Point 2 124 V 
Base of VTl 10.5 V Point 4 7.9 V 
Emitter of VT2 9. i3 V Point 5 1.4V 
Base of VT2 9.7 V• 

• 

M.1. Ltd. 
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HANDBOOK CHANGE 

H.F Q SPECTRUU ~\NALYSER 

Typas O.\. 1094-A, -~VR and -lVS 

At the higher sweep speeds, full amplitude of display may not 
be raached immediately at the beginning of each sweep. This is 
due to the flyback circuit time constant determined by C10 in the 
input eircuit of V2 in the Scanning Unit. Because the time eon­
stant must be long enough to prevent ringing it delays the re-opening 
of V2 whieh is eut off during the flyback period. This effect will 
not be notieeable with sweeps of 10 or 30 seconds • 

• 

• 


M.I. Ltd. 



----------- -- ----.I 

o C LLO GRAMS 


M C 25258 JR f-l 

T C OAI094 & A DPG o TLC 27991 



Fi<;] I Amplitude Modulation 

ff i '" • <: 1m 

Fig4 011 · 01f K<?Ylng' 

Ir ~ I; IlIi ~ l, . 
.J..JlJLwwJUUlJil..J.. 

Fig 2 Frequency Modulation ~od \rldex 0.8 Fig.3 Fri'qullncy Modulotion Mod Indu 24 

o dB 

-n dB 

J~~ 
fe fe 

Fig 5 SS B Two-Tone Test F l '] 6 Effect of Ringing 

Corr eet 
AdJultme nt 

~ 
'I 
U~, 

fe fl f2 


21 1-12 2 12-11 


TYPICAL OSCILLOGRAMS 

TLC 27991 




I 

TITLE BLOCK SCHEMATIC DIAGRAM OF H F DRG No . 

SPECTRUM ANALYSER OAI094A AND OAI094A/I TLC38195 
MARCONI I NSTRUMEN TS LIM l iED SHEET OF.. .. ~HEETS I 
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