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INSTRUMENT HANDBOOK

MODEL bwd 525

S0MHz OSCILLOSC OPE MAIN FRAME

GENERAL

The bwd 525 main frame and 6 series plug~ins provide a performance and versatility for almost
every measurement need in the DC to 50MHz range.

The instrument is 100% silicon solid state and incorporates three plug-in compartments for
the 6 series amplifiers and time bases. As the two vertical amplifier plug-ins are quite

independent of each other, identical or different plug=ins can be used to suit the requirements
of a particular application.

The main frame contains the low voltage supplies, EHT supply, vertical and horizontal
deflection systems, CRT and signal switching circuits. All DC supplies are electronically
regulated to accommodate input voltage and load variations of plug=ins.

Long term reliability is a major feature of the design which has been subject to environmental

and vibration tests and each instrument is heat soaked, vibrated, as part of its alignment
procedure.

Plug-in amplifiers for the 525 main frame provide sensitivities from 10uV at 1MHz bandwidth
to SmV at 50MHz. Additionally an output signal from Channel 1 is available on the front panel
enabling it to be cascaded with Channel 2 to increase gain by x10 at reduced bandwidth.

Time base plug-ins sweep over an extremely wide range from 10nSec. to 10Sec/div. with very
comprehensive trigger facilities including TV line and frame lock.

Identical X-Y operation is incorporated in the main frame with a phase variation at similar
hie e o
sensitivities of less than 2" at IMHz.

Although the facilities incorporated are very comprehensive, operation is remarkably easy,
Normal operation is obtained with all push button out and only if a selected function is
needed, does a button require to be operated.

Plug~in units can be removed and interchanged whilst the oscilloscope is operating and all
amplifier inputs are fully protected against damage by overload.

Cabinet universal for bench or rack mounting, the latter with rack adaptors. For portable use
a handle is fitted to one side, making it as convenient to carry as a small suitcase.

For maximum reliability it is advisable to replace power and supply fuses every 2000 hours of
operation to guard against thermal stress failure. Additionally if the instrument is to be |eft
non~operating for long periods or is stored in a dusty atmosphere, it is wise to drop a plastic
protection cover over it to minimise dust ingress info switch wafers, etc, A storage cover
together with a full range of accessories is available (see catalogue),

525
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PERF ORMANCE

2.1

2,2

2.3

Main Frame Specification

CRT:

EHT:

Deflection:

Phosphor:

Graticule:

Z Modulation (rear panel):

Calibrator:

Vertical Deflection System

Channels:

Sensitivity:
Bandwidth:
Display Modes:

Chopping Frequency:
Delay Line:

Amplifier Output:

Horizontal Deflection System

Channel:

Horizontal Display:

Time Base Range:

80 x 100mm rectangular single gun, mesh PDA, fitted
internal graticule, type D14-121/08.

10kV stabilised.

Vertical 80mm, horizontal 100mm; with dual trace
operation both displays cover the entire screen area.

Normally supplied with P31, P7 avcilable as option.

Internal parallax free with variable illumination.
(Calibration 8 x 10 divisions with 5 subdivisions on main
axis), Fitted with light blue filter for P31 or amber for
P7. (1 div. = lcm).

+2V will blank trace at normal intensity from DC to
>10MHz, Input impedance 4.7KQ and 10pf.

Qutput, rectangular positive going from ground, TkHz
frequency.
Voltage: 40mV and 4V into 1MQ.
Current: 4mA rectangular waveshape with optional
accessory current loop connected between output socket,
Accuracy: 4V 1% 15-35°C, 2% 0-50°C.
40mV and 4mA 2% 15-35°C and 3% 0-50°C,
1kHz frequency 1% 15-30°C and 2% 0-50°C.

Two left hand compartments accommodate all 6 series
amplifiers,

Dependent on plug-in.
Dependent on plug-in. Max, bandwidth >50MHz.

Channel 1, Channel 2, Alternate, Chopped and Add.
(142 or 1-2).

Approximately 500kHz.

Permits viewing of leading edge of display waveform with
10nSec. min. visible delay at max. time base speed.

0.1V/div. of display from Channel 1. Max. cascade gain
x10, bandwidth DC to 15MHz, output impedance 18052.

One right hand compartment accommodates all 6 series
time bases.

Switches allow selection of time base waveform, identical
X-Y display from vertical amplifier plug-ins or external

horizontal input with wide bandwidth but no phase correction.

Dependent on plug-in. Max, speed 10nSec/div.



2.

PERFORMANCE. (Cont'd.)

2.3

2.4

Horizontal Deflection System (Cont'd.)

Horizontal Amplifier:

ldentical X-~Y Operation:

Time Base Magnification:

Time Base Trigger Selection:

Outputs (rear panel):

General Details

Beam Find:
Line Voltage Ranges:

Frequency:
Power:

Environmental:

Storage:

Dimensions:

Weight:
Finish:

Accessories:

Bandwidth: DC or 2Hz (AC coupled) to 4MHz-3db.
Input: 1MQ and 20pf.
Sensitivity: 500mV and 5V/div. approximately.

With two identical plug=in amplifiers fitted, phase shift
between the X & Y channels will be within 2° from DC
to 1MHz at identical amplifier sensitivities.

x1 and x10 switched.

Source: Internal from Channel 1 or 2, External with
x1 or x10 sensitivity, Coupline: AC or DC.

The displayed time base +1 to +13V, 5KQ Z out.

A time base gate waveform +0.2 to +4V approximately
470Q Z out.

B time base gate waveform +0.2 to +4V approximately

4700 Z out.

A & B gates +0.2V during sweep time.

Limits display to within the area of graticule and overides
intensity control.

90 to 135V and 190 to 265V internally selectable with

transformer links.
48 - 440Hz.
75W maximum with three plug-ins operatihg.

Operational specifications will be met with 10% line
voltage change eifger side(:3 of norma! value on transformer
tapping and from 5~ to 35°C 0-80% RH.

-20 to +70°C.

190mm high x 425mm wide x 435mm deep.

When fitted with rack adaptors cabinet extends
450mm behind panel and fits a standard 7" 177mm
high x 19" 480mm rack space.

12kg complete with 3 plug-ins.

Light grey and anodised front panels with natural
anodised surrounds and dark grey=-blue vinyl coated
aluminium covers,

Blue or grey light filter (P31) or amber with P7. BNC-
BNC patch cord, power cord, instruction and maintenance
manual .

For other probes, cameras, etc, see bwd catalogue list
of accessories,
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6-SERIES PLUG~IN SUMMARY

3.1

3.2

3.3

3.4

3.5

3.6

3.7

6A Differential Amplifier

Bandwidth: DC to 40MHz-3db from ImV to 20V/div.
Rise Time: PnSec. .
Input: Balanced differential, individual AC-DC-GND switch for

each input. 1MQ and 25pf each side.

6B 50MHz Amplifier

Bandwidth: DC to 50MHz~3db from 5mV to 20V/div.
Rise Time: /nSec. '
Input; Single ended 1MQ and 27pf,

6C High Sensitivity Differential Amplifier

Bandwidth: DC to 1MHz~3db from 100V to 20V/div.
Rise Time: 70nSec.
Input: Differential, individual AC-DC~GND switches for each input

1MQ and 35pf each side.

6D Dual Trace Amplifier (2 bwd 6D plug-~ins provide 4 trace operation)

Bandwidth: DC to 50MHz, 5mV to 20V/div. (both channels),
Rise Time: 7nSec.,
Input: Single ended, 1MQ and 28pf.

65 Wide Range Delayed Time Base

T.B. Range: 10nSec to 10Sec/div. in 23 ranges plus vernier.

Delay Range: 100nSec to 5Sec in 21 ranges and x10 multiplier.

Modes: Normal, intensified mixed, delayed trigger, delayed sweep,
Single shot, free running.

Trigger Range: DC to 70MHz.

6T Wide Range Time Base

Range: 10nSec. to 10Sec/div.
Selection: Auto, lLevel Select, TV Trigger, AC, DC, HF or LF.
Trigger Range: DC to 70MHz.

&6Z Blank Unit

Blank plug-in for custom building special equipments or as a blank when only one amplifier
is required for single beam displays.
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FUNCTION OF CONTROLS

Description is based on 525 main frame fitted with two type 6B amplifiers in left~hand
compartments and one 6S in right-hand compartment.

Application details for each 6 series plug-in'is contained in its own handbook and should be
read in conjunction with the following.

4.1 Main Frame Controls (L.H. Side under CRT)
Power On-Off/Intensity

Control in fully anticlock - switched position removes AC from instrument. Clockwise
rotation of control initially switches on AC power. Further clockwise rotation controls
intensity of both traces simultaneously from zero to maximum. Adjust control for

minimum brightness for satisfactory viewing as this produces sharpest focus and reduces
possibility of screen burns.,

Focus

Adjust the sharpness of the beam. Control should initially be set in conjunction with
astigmatism preset to obtain sharpest display over entire deflection area. Once set
astigmatism control will only require infrequent adjustment but focus control will need
resetting if intensity control is varied over wide limits.

Astigmatism
Used in conjunction with focus control as above to adjust roundness of spot.

Scale

Controls internal graticule illumination,

Trace Rotate

Adjusts entire display about the X-Y axis and permits the horizontal trace to be referenced
accurately against the CRT internal graticule.

Vertical Mode

Five position switch which selects the vertical channel used to present the display.

Sequence

(@) Channel 1 (left compartment) only.

(b) Channel 2 (centre compartment) only.

(c) Alternate with both 1 and 2 displayed on alternate sweeps, changeover being made
during the return sweep. Normally employed at time base rates above ImSec/div.

(d) Chopped

Both traces displayed but now switched at approximately 500kHz between the beams.
Transients and switching waveforms are blanked out and to minimise trigger interference
the trigger bandwidth is reduced to IMHz maximum. Chopped mode normally used

for displays below 0.5mSec/div. but is in no way limited to this rate for special
applications.

(e) Add

Both channels are again displayed but as a single beam display. If both channels are
switched to normal display the resultant trace is the addition of both inputs. If
channel 2 is switched to invert, the result will be the difference between the two

signals thus enabling differential measurements to be made when both attenuators are
at identical settings.



4. FUNCTION OF CONTROLS (Cont'd.)
Controls above Plug-in Compartments (from L to R)

Trace Find

Depressing this spring return button will reduce the X & Y gain to return deflection
within the limits of the CRT face and also turns the intensity to maximum. Although
the trace appears at a high brightness, it is well defocussed and will not damage the
phosphor if it is left on for a few seconds.

Calibrator

Two output voltage levels of 4V and 40mV are available at o 1kHz rate. Placing a
shorting link (bwd L1 option) between the outlets produces a current flow of 4mA peak
at a 1kHz rate.

Channel 1 Output

Any 6 series plug-in amplifier placed in Channel 1 will provide at the panel jock 0.1V
output per div. of vertical deflection. Source impedance is 1800 and bandwidth DC to
>5MHz into another 6 series plug-in. This output encbles Channel 1 to be cascaded into
Channel 2 to increase the sensitivity by at least a factor of x10, e.g. to 500pV/div.
using 6B amplifiers. The output may also be used to drive recorders, counters, and the
Ext. trigger input of time base B on 6S plug-in.

Ext. Input-Trigger/Horizontal Amplifier.

Input jack for external trigger signals for T.B. or for an external horizontal input when
time base is off and horizontal amplifier is in use.
Maximum input is +400V DC or p-p AC up to 1kHz.

Trigger Select Switches

x1 or x10 Enables ext. input signal to be attenuated by 10 to increase trigger range
over large signal amplitudes or to contain them within the horizontal
display when X-Y operation is employed.

1 or2 Button ‘out' Channel 1 trigger is selected as the trigger source. Button
'in' Channel 2 is selected.

Int.or Ext. Channel selected by the previous button is switched into circuit when this
button is out. When it is pressed to select Ext. the signal via the x1 or
x10 button is operative.

AC or DC A capacitor is switched in series with the signal selected by the previous
button in the 'out' position. It is bypassed, when DC is selected by
pushing the button 'in'. LF bandwidth is 10Hz-3db.

Display T.B.

The time base plug-in located in the horizontal compartment is coupled to the horizontal
amplifier and trigger selection switches when button is 'out’.

Display X-Y

In this mode it is also necessary to press the x10 button alongside. The signal selected
by the previous buttons is now presented as the horizontal display.

Mag. x1 or x10

The output from the time base plug-in in the horizontal compartment can be displayed
ot the rate calibrated on the time range switch or magnified x10 to increase the sweep
speed to a maximum of 10nSec/div.
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FUNCTION OF CONTROLS (Cont'd.)

Position Control

Coarse and fine concentric controls position the trace horizontally on the CRT.

4.2 Controls on 6B 50MHz Amplifier

4.3

Position

Moves the trace over @ minimum of 10 div. of CRT display.

Vernier

A 2.5-1 variable sensitivity control which adjusts gain between the calibrated attenuator

steps and increases input to S0V/div. Control must be turned to the CAL position {fully
clockwise) when making calibrated measurements ,

cal.

Preset that permits the vertical sensitivity to be accurately set against the calibrator
standard .

Volts/Div. (Attenuator)

Switch selects the required sensitivity to permit a wide range of signal amplitudes to be
contained within the CRT limits. Bandwidth remains constant at 50MHz for al| settings
from 5mV to 20V/div.

Normal -Invert

Chrome push-push button located co-axially with Volts/Div., switch. With switch 'out'

a positive input will be displayed upwards, when pressed 'in' a positive input will deflect
the trace downwards.

DC Bal,

With trace centred and vernier fully anticlock, balance is adjusted to eliminate vertical
movement of trace when vemier is turned to Cal position.

AC or DC

Push button ~ input to omplifier is AC coupled when button js out and DC coupled when
pushed in,

GND

Push button - when a ground reference line is required on the CRT pressing GND button
open circuits the input jack and grounds the amplifier input.

Input

BNC input jack for amplifier signals input impedance is constant at 1MQ and 27pf parallel
capacitance.

Controls on 65 Delayed Time Base

This plug~in incorporates two complete time base generators which may appear complex
but layout and operation of controls has been simplified so that familiarisation of the
facilities will only take a few minutes. The time bases are referred to as A {main) and
B (delayed). The time base providing the CRT display is selected by the DISPLAY
selector switch beneath the TIME/DIV switches.

‘A’ Trigger Select Buttons

With all buttons out +ve trigger slope is selected and normal coupling. When the -ve
button is depressed -ve trigger slope is obtained. .

4.3




4.

FUNCTION OF CONTROLS (Cont'd.)

4.3

'B' Vernier

'A' Trigger Select Buttons (Cont'd.)

The Slow button removes high frequencies above approximately 10kHz whilst the Fast
button removes frequencies below 10kHz from the trigger signal, When both buttons are
depressed line frequency is switched into circuit to trigger the time base.

Depressing the TV button brings in a separate sync separator stage which eliminates line
and video signals and feeds a sharp frame pulse to the trigger circuits. Line trigger is
obtained when the button is ‘out'.

Single stroke operation of the time base for one shot photography is obtained when SS
button is 'in'. Once trace is initiated and sweeps across CRT trigger will not reset until
Reset button is pressed. The Ready lamp indicates the time base is reset {armed) in
readiness to receive a trigger pulse to initiate the trace. The lamp operates in normal as
well as SS operation to indicate time base readiness to receive a trigger signal .

'A' Level Control

Sets the point on the trigger signal at which the time base will initiate. When the control
knob is pushed 'in', a bright base line will be displayed if no trigger signal is present or if
the trigger rate is >0.002% of the time base sweep speed.

When the knob is pulled out display will remain off with no trigger signal.
NOTE: Level control is adjustable for both Auto and non Auto operation,

Time/Div. Triple Concentric Control.

The large outer knob controls 'B' time base range from 100nSec. to 0.55ec/div.

The winged grey knob is the Main or 'A’ time base range and covers the entire range from
100nSec. to 2Sec/div.

The small red knob is the 'A' vernier control providing a 5-1 range overlapping each step
and extending range down to 10Sec/div.

Provides a 5-1 vernier range of the 'B' or delayed time base and extends slowest speed to
2.55ec/div.

Display Switch

Aty Normal 'A" time base operation with no delay.

Inten.: 'A' time base brightened over a selected portion as determined by 'B* time
base and the 10 turn Delay Multiplier.

Mix.: 'A' time base starts the display but 'B' takes over ai a peint determined by
'B' time base and Delay Multiplier.

B delayed by A: Only the intensified section of the trace will be displayed, covering the
fult CRT width.

B Trigger delayed

by A.: As for previous step but trace will only be initiated by triggering B time base.
B Trigger Facilities
Level: Sets the point on the delayed trigger signal at which the B time base will
initiate.
Int.~Ext.: Push button selects the trigger signal source. Ext. is via the adjacent BNC

jack. Int.signals are from the main frame as selected by the switches above
the plug-in compartments.

4.4
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FUNCTION OF CONTROLS (Cont'd.)

B. Trigger Facilities (Cont'd.)

+; Selects polarity of the trigger source.

Delay Multiplier

Multiplies the Time/Div. as selected by the 'A' time base switch (and vernier) over the
range of x1 to x10 providing a total delay time of 100nSec. to 100Sec.




5. FIRST TIME OPERATION

Check transformer primary taps are correctly wired to suit local line voltage supply.

5.1

185 - 260 Connections

OPERATING
RANGE
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TRANSFORMER CONNECTIONS

The following descriptions applicable to Model bwd 525 with 6B amplifiers in the Channel
1 and 2 cavities and 65 or 6T in the Time Base cavity.

One of the major features of the 525 main frame and 6 series plug=ins is that normal operation

is obtained when all push buttons are 'out'.

A quick scan over the panel therefore

immediately indicates any variation to normal and assists in quick familiarisation with the

instrument's operation.

For first time operation, if unfamiliar with this class of oscilloscope, set the controls as
below and follow the steps outlined until each feature is understood.

Main Frame: Intensity

Focus

Scale

Vertical Display
Horizontal Position

Push Buttons

Attenuator

Vernier

Position

|nput Buttons
Norm=Invert Button

A Time Base

A Vernier

Trigger Level

Push Buttons

Display

B Time Base, Trigger
Selectors, Level and
Delay Multiplier

5.1

6B Amelifier:

6S Time Base:

Off

Centre

Fully clockwise
1

Centre

All Qut
1V/Div,

Cal (clockwise)
Centre

Both Cut
Out

ImSec/Div.

Cal (clockwise)
Centre (knob in)
All Out

A

Any Position (not in use)



5. FIRST TIME OPERATION (Cont'd.)

5.2

Connect power lead to 50-60Hz AC supply (see previous page for tappings) and switch
instrument on. Turn intensity control to approximately 2 o'clock position, after a few
seconds trace will appear. Adjust intensity and focus then position it centrally across
screen. If trace is not horizontal, adjust the Trace Rotate preset carefully until it aligns
with the graticule line.

Turn vernier control of 6B Channel 1 anticlock, recentre trace with position control, then
rotate vernier to Cal, if trace moves recentre with DC Bal control. Repeat if necessary to
eliminate movement,

Connect a wire from the 4V calibrator socket to Channel 1 input, centre trace and adjust
preset Cal control until display is 4 div. high - make sure vernier control is turned to Cal.

The 1kHz square wave will be displayed 4 div. high and one waveform per division
horizontally. Depress the DC button on 6B amplifier - the trace will rise and the bottom

of the waveform will now correspond with the CRT centreline indicating the input signal is
a waveform positive going with respect to ground. Depress the GND button on 68, the
trace will disappear then after 0.3 sec. a bright reference base line will appear as the Auto
time base operates. The GND switch disconnects the input signal in this condition but
grounds the amplifier . Release GND push button on 6B, trace will again be standing on
the centreline.

Release DC button then rotate position conirol and note display can be moved off CRT above
and below.

Dual Trace Operation

Set Channe! 2 amptifier as for Channe!l 1 and then switch Vertical Display to 2 and depress
Trigger Selector Channel 2 button at top right of main frame.

Take a parallel signal from the 4V calibrator output to Channel 2 input (leave Channel 1
signal connected). Set Balance and Cal as for Channel 1 previously described.

Reduce attenuator settings on both amplifiers to 2V/div. then switch Vertical Display to
ALT. Two traces will appear which can be positioned sbove and below CRT centreline.

If Channel 2 is moved up and down the screen it will be noticed no interaction accurs
between the displays and trigger is uneffected by the position control.

Turn Channel 2 attenuator to 0.5V/div., the waveform is now 8 div. high, rotate position
control and note how display covers the entire display area and can be positioned over a
20 div. range vertically. Return Channel 2 attenuator to 2V/div.

With the traces positioned above each other, switch the time base range switch to slower
sweep speeds and observe how flicker between the traces increases until at 10mSec/div. the
switching between the traces is readily visible. This is the useful lower limit of the
Alternate switching mode.

Now increase the time base speed, the traces will remain locked to at least 1 uSec/div.

. before Auto takes over or right up to maximum sweep speed with the Level knob pulled out

to non-Auto. Return time base range to 1mSec/div. again and switch the main frame
Vertical Display to Chop. Trace flicker immediately stops. The slight change in intensity
is due to the blanking of about 20% of each trace during the chopping transient.

When the time Base Frequency is reduced, the two traces now appear simultaneously down
to the lowest sweep frequency.




"

h 5. FIRST TIME OPERATION (Cont'd.)

5.3

5.4

Return switch to ImSec/div. and then increase frequency. At speeds around 20pSec/div.
the waveforms will start to show the individual chopping sections indicating the useful
upper limit of this method of vertical display.

As has been seen, a wide overlap exists where both forms of dual trace display can be used
satisfactorily.

With the time base returned to 1mSec/div. and attenuators set to 2V/div. the traces will

be 2 div. high. In this condition set the Vertical Mode to ADD. A single trace will appear
with @ 4 div. display, i.e. the two traces have been added together. Now press the chrome
Invert button on Channel 2, the waveform will disappear leaving only a line. This is the
difference between the two signals or the result when one is subtraced from the other.
Applications for this form of measurement are described later. Return switches to ALT and
normal .,

Time Base Operation

Replace the input signal to Channel 1 with a 2kHz (approximately) sine wave and adjust
attenuator or input for 4 div. display. Time Base to 0.2mSec/div.

Trigger Level

With knob pushed in turn the control and observe that the trigger point moves up and down
the wavefront. When it reaches the top or bottom extreme of the waveform the trace blanks
out for a fraction of a second when trigger is lost, then the trace free runs in the Auto
condition until the level contro! is readjusted to select a trigger signal. Now push in the

* button to select -ve trigger. The waveform will now trigger on a -ve going slope.
Clockwise rotation of the level control will increase the trigger point level towards the
positive point of the waveform, anticlock rotation towards the negative point as for +slope.

Revert to 4+ve trigger selection, then pull out the Level control knob. Aute is now switched
off, turn the knob to select level and note the trace disappears when the level extends

past the waveform limits, Push knob in again and reduce amplitude of displayed signal,
with Level control carefully adjusted, signal can be reduced to less than 4mm and stable
lock is still obtained.

T.B. Vernier

Turn Vernier anticlockwise - observe approximately x5 the number of waveforms on CRT
when fully anticlockwise. Return to Cal position.

Magnification

Adjust input frequency to produce one sine wave per div, and locate the peak of each
waveform on a vertical graticule line, Press the x10 button alongside the horizonfal position
control .

The trace will expand either side of the centre and any portion of it can be viewed by
rotating the position control, fine contral for precise adjustment being made with the red
knob, Return to x1 and recentre trace horizontally.

Horizontal Amplifier

Disconnect signal from vertical channel and reconnect it into Ext Input top centre of main
frame. Depress Ext Trigger selector buttgn, X-Y button and x10 Mag. If input voltage is
1V p-p a horizonta! line will now appear 2 div. long. If the x1/x10 button is pressed the
trace length will decrease to 1/10th, decreasing sensitivity to approximately 5V/div.
When utilising the horizontal amplifier, .the x10 Mag. button must always be pressed or
insufficient drive will exist to fully scan the CRT.

5.3
f



5.

FIRST TIME OPERATION (Cont'd.}

5.5

Identical X-Y (See iliustration Below)

Connect the external signal source to Channel 1, reset int-Ext buttons to Int., leave X-Y
and x10 Mag. buttons depressed, switch Vertical Mode to 1, a line will appear diagonally
across the CRT. The input signal is being applied at identical sensitivity to X & Y systems.
Next parallel the input sine wave to Channel 2, set Vertical Display to 1, Trigger Selectors
to 2, Int. and DC, leave X-Y and x10 depressed. Channel 1 will now preset the vertical
display and Channel 2 the horizontal. To position the horizontal display leave the 6B
control centred and use the main frame fine and coarse horizontal position control to do the
positioning.

NOTE: X-Y displays should be contained within the 8 x 10 div, graticule to eliminate
distortion due to signal overdrive.

For zero phase shift between the two traces at low frequencies it is essential to use DC
coupling into amplifiers and trigger selection coupling.
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Z Modulation

Reset all push buttons to 'out', connect 1V p-p sine wave to Channel 1, switch attenuator

to 0.5V/div. Set Vertical Display to ALT. Set displays one above the other. Now parallel
1V signal into rear panel Z mod. The tops of each displayed sine wave will diminish in
intensity and the Channel 2 trace will be broken into a series of light and dark sections.

NOTE: A positive going signal decreases the trace brightness. As input is DC coupled,

it will modulate af constant sensitivity from zero frequency to over 10MHz.

High Impedance Probes

For high frequency measurements the input loading on circujts particularly capacitance

must be kept to minimum levels, The simplest way to achieve this is by use of a high
impedance probe which reduces the input signal by a factor of x10 or x100 but simultaneously
reduces the input capacitance to approximately 12pf and increases the input resistance

to 10MQ. Two types are available for this model. The bwd P22 for applications up to

40MHz (it is a 70MHz probe) and the bwd P33 200MHz probe for applications involving
the full 50MHz bandwidth.
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5. FIRST TIME OPERATION (Cont'd.)

5.5

High Impedance Probes (Cont'd.)

To align a probe, couple it to Channel 1 input jack. Set attenuator to 100mV/div. and
fime base to 0.2mSec/div. Place the point of the x10 probe tip on the 4V main frame
calibrator socket, a square wave will appear probably with the top and bottom faces tilted
in or out. With a small screwdriver adjust the screw in the side of the probe housing near
the BNC jack connector until waveform is square. 1t will remain correct at all settings.




MEASUREMENT OF VOLTAGE & TIME

The following sections describe the method making specific measurements with the 525 main frame
and 6B/65 plug-ins.

Start with controls set as follows:~
All buttons out, T.B. to ImSec., Trigger Level centred. Vertical Mode to 1.
6.1 Measurement of DC (Direct) Voltages

Depress Channel 1 AC-DC switch to DC. For an initial test take a 13V Dry Cell and set

the attenuator to 0.5V. Connect the negative end fo the Black main frame terminal, set

the trace to the centre of the graticule, touch a lead from positive end of the battery to

the Channel 1 input socket, the trace will move up 3 div., e.g. 3 x 0.5V £1.5V. Now
reverse the connections to the battery and note how the trace moves down 3 div. This
illustrates how an oscilloscope can display positive or negative voltages or both simultaneously,
i.e. when viewing a sine input or square wave.

NOTE: The 1MQ input impedance of the oscilloscope must be taken into account when
measuring high impedance points such as anode, grid or screen voltages of valves
or the gate of FET's working with high value loads.

The DC input facility may be used to measure AC waveforms swinging about a DC voltage,
as at the collector of a transistor or the anode of a valve, to check for bias settings or
anode bottoming, etc. Maximum DC input should not exceed x10 input attenuator setting
if it is required to recentre the trace to view a signal superimposed on it. if a higher input
impedance is required, use a bwd P22 x10 probe to increase input to 10MQ and Ipr for
general purpose work or a P33 for wide band (50MHz) work.

6.2  Measurement of an AC (Alternating) Voltage

Set the amplifier AC-DC switch to AC and the attenuator to 20V (if the input voltage is
unknown). Connect a lead from ground to the ground side of the signal to be measured,
then connect a lead from the input socket to the signal scurce. (Models bwd 1128, 14]
or 603A oscitlators are suitable for initial experiments in this test),

Increase the vertical sensitivity by the Volts/Div., switch until a display between 3
divisions and 8 div. exists. Now adjust the Time Base switch and Vernier to enable the
waveform to be readily seen. To measure the amplitude of a displayed waveform, measure
its overall height in divisions against the calibrated graticule, then multiply this by the
attenuator setting and the result is in Volts p-p, e g. if the display is 6 div. high and

the attenuator is set at 0.5V, then the amplitude is 6 x 0.5 =3V peak to peak; to convert
to RMS voltage for sine wave, divide the 3V by 2.84, e.g. %_g_g =1.06V rms.

The frequency of @ waveform can be found by checking that the Time Base Vernier is turned
to Cal {clockwise) then switch the Time/div. switch to a range where the signal can be
clearly seen, e.g. if a waveform is 5 div. long and the switch is at 100uSec., then the
duration of the waveform is 5 x 100uSec. = 500uSec. The frequency can be determined by
dividing 1 Sec., i.e. 1,000,000uSec. by the duration of the waveform - 1,000,000
2,00Hz or 2kHz. 500

6.3 Inverted Displays

Where it is required to display a waveform inverted on the CRT, push the chrome invert
switch button in (6B and D) or feed the signal into the -ve socket (6A and C). All
information relating to display and measurement of inverted signals is identical to the



6.  MEASUREMENT OF VOLTAGE & TIME (Cont'd.)
6:3 Inverted Displays (Cont'd.)

normal input details. The calibration and accuracy are as detailed in the specification
for the particular plug-in.

6.4 Balanced or Differential Measurements,

AC Measurements

NOTE: Very high Common Mode Reejection is provided in plug-ins 6A and 6C,
however, with 6B and 6D plug~ins using the '‘Add’ facility between two
channels, the following limitations must be considered.

Max, AC or DC Common Mode signal is x20 attenuator setting, if a larger DC signal
exists, it should be eliminated by using AC coupling into the amplifiers,

To measure a signal appearing between two points in a circuit, neither of which is at

earth (ground) potential, e.g. across a push-pull primary of an output transformer, between
cathode and grid of a valve or emitter to collector of a transistor circuit and at the same
time supress any signal common to both points such as HT ripple or AC power line frequency
as much as possible, the following method is used.

Connect a probe from Channel 1 input socket to one side of the component across which
the waveform is developed and another probe from Channel 2 input socket to the other
side. The invert button on Channel 2 is depressed to INVERT and the main frame Vertical
Display is switched to ADD. Atenuators are adjusted to identical settings to present a
suitable display. The resultant CRT trace is then a true indication of the waveform being
developed between the points to which the leads are coupled. Measurement of voltage
and time may be made as described previously as the calibration remains constant
irrespective of the input facility employed.,

The differential input coupling is almost essential when making low level measurements
in the millivolt region even when one side of the signal source is grounded. This is
because signals generate hum and noise in ground loops and can completely mask the
signal to be observed and a probe from the Channel 2 or -ve socket to the nearest ground

or common point to the signal on the equipment under test, Hum and noise will be greatly
attenuated by this means,

Y
\B
|
]

6.5 Differential DC Measurements

When low frequencies or signals with both AC and DC components are to be measured
differentially, the mode of operation is almost identical to AC measurements.

When 6B plug-ins are used, the following limits should be observed:-

Differential rejection will only operate if the Common Mode signal to be rejected is less
than x20 the attenuator setting, e.g. with the attenuator set at 1V/div. the Common
Mode signal must not be greater than 20V AC p-p or +20V DC, or the input amplifier
will be overloaded and the signal will be distorted.

The accuracy of the input attenuator resistors also controls the rejection ratio and the
other than 5mV settings may reduce the rejection to only 20-1 which means, in the case
of a 100V p~p AC signal, a 5V p-p signal could still appear with the required signal
superimposed on it,

Provided the limits and methods of connection indicated above are observed when making
measurements with a differential amplifier, far more information can be extracted from a
circuit than with single ended amplifier operation, with only one signal lead and one
side grounded.
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MEASUREMENT OF VOLTAGE & TIME (Cont'd.)

6.6

6.7

6.8

Current Measurements AC or DC

A differential input may be used to measure the voltage drop across a known resistor

and by use of Ohms Law, this may be converted to current, At low currents a 1Q

resistor connected across the vertical input terminal of the amplifier will enable the
oscilloscope to read directly in mA or Amps in liev of mV and Volts. Current through

the 19 resistor will develop a mV for every mA flowing and provides the direct conversion
for currents. This configuration will read both AC or DC current and unlike an ammeter
will show the actual current waveform. Practical applications are the charging currents
in a filter capacitor of a power supply or the current through a rectifier, or high speed
displays of pulse currents through memory cores, etc. in computors.

Identical X-Y Operation

Start with all buttons out. Then set following controls:

Display mode ~ Channel 1. Depress Trigger Selector Channel 2, DC X~Y and x10 Mag.
on main frame.

Signals for vertical display can be fed into Channel 1 and for horizontal display to
Channel 2. |f phase measurements are to be made on frequencies below 100Hz., the
two amplifiers must be DC coupled to minimise variations in the input circuit time constants.

If zero phase shift exists the line will be almost straight up to TMHz. Phase between the
two signals can be determined from the chart on the next page.

NOTE: x10 probes will produce additional phase shift and they must be checked and
matched from a common signal source over the range to be measured if it is
essential to use them,

Cascaded Amplifier Operation

When the sensitivity of the vertical amplifier requires to be higher than the direct
calibration allows, single channel operation with a sensitivity increase of x10 is available.
A patching cable is included with the 525 main frame accessories. This should be
connected between the Channel 1 Output socket and Channel 2 input.




6.  MEASUREMENT OF VOLTAGE & TIME (Coni'd.)
6.8 Cascaded Amplifier Operation (Cont'd.)
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6.  MEASUREMENT OF VOLTAGE & TIME (Cont'd.)
6.8 Cascaded Amplifier Operation (Cont'd.)

lrrespective of the input attenuator setting an output of 100mV p-p is present at the
Channel 1 output socket for every 1 div. deflection on the CRT, therefore if Channel
2 is set to 10mV/div. a gain of x10 will exist between Channel 1 input and the CRT
display from Channel 2. If less gain than x10 is required, reduce the sensitivity of
Channel 2 = this will increase the DC stability of the display.

Bandwidth is approximately DC to 18MHz (15MHz-3db specified). For sensitivities below
ImV/div. it is recommended AC coupling be used for Channel 2 input to minimise trace
movement. Select the fime base trigger from Channel 2.

6.9 Delayed Time Base Operation

Three types of display are available to view a waveform delayed in time by 65 time base;

these are MIXED, DELAYED SWEEP and DELAYED TRIGGER.

In the firsi mode a combined trace displays the 'A' or main time base on the left, then
at the point selected by the Delay Multiplier dial the delayed or 'B' time base completes
the trace at a faster speed, thus presenting a non-magnified and magnified waveform
simultaneously.

With the Delayed Sweep mode no display is presented during the delaying period, but
immediately following this period the B time base is displayed. If very long delay periods
are involved jitter of the waveform and the inherent jitter of the 6S plug-in may produce
an unstable display in this mode. Complete stability of the delayed waveform is available,
however, when Delayed Trigger is employed.

In this mode again no display is presented during the delaying period, but immediately after
the B time base is armed in readiness to receive a trigger signal. When this is received,
B time base will fire and present a stable display even with delay periods of >20,000-1.

A single rotary switch on 65 marked DISPLAY selects the three modes together with ‘A
time base only and intensified in the following manner:-

With all push buttons 'out' feed in a 10kHz signal to Channel 1 amplifier, set to
approximately 4 div. amplitude and set A time base to 0.5mSec/div. Five waveforms
will appear per div. Align the start of the trace with the first graticule mark., Now set
the B time base to 50uSec/div. (vernier to Cal) and the 10 turn Delay Multiplier to 50.

Turn the DISPLAY switch to Int., a section one div. long starting at the 5th div. (CRT
centre) will be brightened. Turn the Delay Multiplier down to zero and then up to 100
and note how the intensified portion tracks accurately with the dial calibration between
10 and 100, return dial to 50, now turn the B time base range switch and note how the
segment becomes shorter at higher sweep speeds and vice versa.

2 22 & 5 3 B N K N OF OE § O E NP

"

With the aid of both controls any section of the main display can be selected for delayed
presentation. With the B time base returned to 50uSec. rotate the Display switch to
MIX. The first 5 div. of trace will remain as before, but the remaining 5 divisions will
be displayed at 50uSec/div. Turn the Delay Multiplier and note how the waveforms
appear to 'peel off' the main display. Changing the B time base speed will change the
magnification of the waveforms on the right.

s

NQTE: The point at which the transition from time base A to B occurs in the MIX display
is slightly delayed to the start of the intensified section. This is shown in the
illustration on next page.

L
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MEASUREMENT OF VOLTAGE & TIME (Cont'd}

6.9

Delayed Time Base Operation (Cont'd.)

OO — — = — = — — — — ———
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To display only the delayed or B time base, move the Display switch to B delayed by A.
The start point of the delayed trace is now accurately controlled by the Delay Multiplier
dial. If for example a pulse is brought in line with the first graticule mark using the

B delayed by A mode, the A time base speed is 0. 5mSec/div. and the Delay Multi. dial
reads 50, then the pulse is 0.5 x 5mSec = 2,.5mSec from the pulse which initially triggered
the A time base. The pulse width etc., can be read off directly from the CRT screen -
remember the displayed sweep speed is set by B time base.

If in the previous example the trace is jittering due to an unstable signal or noise etc.,
then the Display switch is turned to its final step B trigger delayed by A. The B time
base will not commence immediately after the delay period, instead the B time base
will be set ready to receive a trigger pulse to initiate the trace to ensure a stable trace
which may be from internal or external sources,

T.V. Line and Frame

With a positive going video displayed the sync pulses will be negative going, therefore
the -ve trigger selection button is depressed together with the TV button on the T.B.

plug -in. Set the time base to 2mSec/div. and adjust the trigger level control for a
stable lock,

To select a particular line from the video signal switch Display to Intensified. With B
time base at 10uSec. turn the Delay Mult. 10 turn control until the desired line is
intensified, turn display switch to B and the selected line will be presented. If the
line is unstable select B trigger delayed by A and with ~ve internal trigger selected,
adjustment of B level control will present the line with complete stability.

NOTE: As the gating pulse is available at the rear panel the selected line may be
distinguished on a Video monitor by mixing the 'B' gate pulse with the video
to bright up the monitor CRT during the line presentation.




CIRCUIT DESCRIPTION

This section contains a detailed explanation of circuit employed in the main frame only. For

Circuit Diagram at the rear of the book
The main frame consists of the following:

7.2 Distribution Board.

plug-in description refer to separate handbooks.
should be referred to when reading this section.

7.1 Llow Voltage Power Supplies.

7.4 Z Modulation, CRT and Controls.

7.3 High Voltage (EHT) Supplies,

7.7 Trigger Selection Circuit.

7.5 Vertical Output Amplifier, Beam Switch and Delay Line.

7.6 Horizontal Qutput Amplifier.

7.8 Calibrator.

SNOILIOINNOIYILNI ANY SHO0Td

100 ONIMOHS WYYOVIA 200714 3WVEd NIVW 464 M8

LONN - e isvg 3INWIL
2ze Imu HOLIMS Wy3d OL ! oLnY : 19
QZZO| vy e g0
T S 1NJLRO ONDINVIENN 51— A
. . : - 90 13A31 !
o[ 7 u3dwy  zdoH ssve
}I, HO = . 2 ! an-rina 914l
1-21 FERNITY]
3N | [ pi—| O10 _ } €1 MEH
il .
e 1L —o i+ <K Lo zol
.l! ! E—-10— 1% p 3LV “vna
QO+ | HIAIL ]
Emoa | .raﬂham Pl zZaneaa l_.._._m_\.,__qu_ww TNV
»as _UQIHNIL G 4] L SNIHDLvY Sial
“ T
ALISNILN vO [y
¥39914l : : =
Lngn S NI-9n1d _ m
LnaNi
o A dNv 89§ | ZHOH
30D L
| | ua
|u i~
L} 1 —No -
>zL — 2 T
23A1HQ ozZ0
_ 1Nding T . I.\le@

. . . : NHON .
goro. 1L HOLIMS A Tawy | IIROoTIed  AnaN
aav* _\._ wvagl. | _—

O0E ! | . _l_.:ap:o .
ONDINYIG —1T _|| L=
_ oor-1HH oot} \V _
HO minmiE 7 NI=9N1d e
mumm‘mﬂ”z_ LIV 31BYLS 1T &mMM__\MM (o) dNY 99 _.L NYHD
—— 14 — ]
O : ANi l
P el ! 0z0 :
A8 + =L w.dmwi [ . WHON j S— 1NN &
189 NOI1037430 L43A | wvag | ndeno Tany a5unos. &




7.  CIRCUIT DESCRIPTION (Cont'd.)

7.1

7.2

7.3

Low Voltage Power Supplies {Drg. No.950)

Input AC power to transformer T1 can be applied to one of six alternative input tappings,
enabling voltages from 90-135 and 195 to 265 to be accommodated as shown in Section
5.1.

Three rectified outputs are taken from the secondary +135 422 and -22. Each is filtered
before being regulated to provide +100 +15 and -15. The +100V rail regulator consists
of Q1 series pass transistor, Q2 emitter follower driver and Q2 feedback amplifier which
senses the difference between ground and the voltage on divider R5, RV2 and Ré. This
is referred to -15V and any tendency from the output o vary is detected by Q3 which
produces an amplified and inverted signal at its collector. This in turn controls Q1 via
Q2 to return the output to its original voltage. An additional +113V rail for the
horizontal amplifier is obtained from Q4 emitter follower referencing back to the +100V g
rail by D5 zener diode. ‘ 1

The + and =15V rails are controlled by 1C~1, a dual voltage regulator with very high
stobility to load, input and temperature changes. To carry the additional current required ‘
by the £15V rails, series pass transistors Q10 and Q11 are mounted on o heat sink attached |
to the rear panel. Precise sefting of =15V is accomplished by RV4 and RV3 sets the +15V
rail. Both rails are short circuit proof with maximum current of 1Amp. each. The +100
and 113V rails are protected by current overload circuit @5, R5 and R? which turns

Q1, 2 and 3 off under short circuit conditions.

Distribution {Drg. No,.951)

Low voltage supplies together with switching signals, trigger output and a 6.3V AC rail
are distributed to the three plug-in compartments by a PC board grounded to the main
chassis, which acts as a grounding plane for all supplies and signals.

EHT Supplies and CRT Controls (Drg. No.953)

The CRT requires 1450V cathode potential and 48.6kV on the PDA electrode, providing
approximately 10kV operating potential. The CRT grid is directly coupled and also
requires its own - 1500V rail to which modulation signals are applied.

All EHT supplies are developed by an oscillator operating at approximately 22kHz.
Q303 oscillator developes a 40V p-p sinusoidal waveform across its collector winding
on T300. Positive feedback is applied to Q302 base to maintain oscillation. Two
secondary windings provide the necessary voltages o operate the CRT.

The main secondary is grounded and supplies two outputs. Tapping 6 is rectified by
D302, filtered by C312 and C313 and C57 and supplies the CRT cathode with -1450V.
Two dividers are taken from this voltage, one is via R76 to RV53 front panel FOCUS
control. The other divider is R68-70 RV50 and R50, which is referenced to the +100V
rail.

The junction of RV50 and Ré8 is taken to Q300 emitter follower. Any voltage variation
at base of Q300 will change the current drawn by Q300 through R305 and thus control
the base current of Q301. If the -1450V rail should increase, Q300 base will be taken .
negatively, its emitter will take less current away from Q301 so it will increase conduction !
causing its collector to fall. This fall will be transmitted via D300 zener diode, the base
feedback winding diode D301 and L301 to reduce the available base current to drive Q302
oscillator. |
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CIRCUIT DESCRIPTION (Cont'd.)

7.3

7.4

7.5

EHT Supplies and CRT Controls (Drg. No. 953) (Cont'd.)

In turn, its collector output will fall so reducing the output voltage until the voltage
at Q300 base reaches a quiscent condition again. An extension of the cathode winding
is rectified by a Cockeroft-Walton four stage multiplier to produce +8.6kV for the PDA
electrode.

The CRT grid winding 8 and 9 is isolated from the main winding and separately rectified
by D303 filtered by C314 and C315.

To maintain a negative voltage on the CRT grid, the winding supplies -1530V, this is
adjusted by a high impedance divider RV51 and R72-4 for the required intensity range.
Protection for Q302 is by Fuse F3 mounted on the lower edge of the main centre chassis.

Z Modulation Amplifier

All signals that affect the CRT intensity are applied through an amplifier to modulate
the grid winding.

Q50 is a common base amplifier with a very low input impedance. This enables signals
to be mixed at the emitter without interaction from one source to another being fed back
via the coupling resistors.

Intensity is controlled by the current through R56, external Z modulation is applied via
R55, unblanking from the time base plug-in is through R54, chopped blanking via R53 and
via R51-2 to $104A to adjust intensity level when the time base is switched off for X-Y
operation. C60, R180 is a hum cancelling input.

The combined emitter currents in Q50 produce a voltage in R60 proportional to them.
This voltage is taken to Q51 emitter follower via D50 limiting diode. Q53 output
amplifier is driven via R62 and will switch between the limits of 477 and zero. Shunt
feedback is applied around Q51 and Q53 through Ré5 to control the gain linearise the
amplifier and reduce the output impedance. To speed up the amplifier rise time Q52
PNP transistor acts at low frequencies as a constant current load for Q53 but as the
frequency increases negative going inputs couple through C54 to Q52 base bausing it
to draw a higher current and pull up the output voltage more rapidly.

The high frequency component of the output signal from Q52 and Q53 is AC coupled via
C58 to the CRT grid. The DC component is fed through R71 and R303 filter resistor to
the grid winding of T300 and thence via D303, RV51 and R75 to the CRT grid.

Vertical Output Amplifier and Beam Switch (Drg. No. 954)

To view the entire amplifier and switching circuit it is necessary to also include the
output stage of a 6 series amplifier in this description. This stage is identical in all
plug-in amplifiers and consists of a high current PNP series compensated transistor pair.
The collector loads are a combination of by-passed DC level setting resistors within the
plug-in and R140-1 delay line terminating resistor in the 525 main frame. R140 and R141
are paralleled by R142 and R143 producing a 758 termination for the defay line.

The beam switching diodes D140 to 143 and D146 to 149 are located before the 75Q
terminating resistor so that a common termination is provided for both plug-in amplifiers.

The main frame amplifier following the delay line is a shunt feedback pair G170 and

Q171 followed by emitter follower Q172 and Q173 which drive the cascade CRT
deflection plate amplifiers Q174 to 177.

The Vertical display switch 5200A-G selects the channel(s) to be coupled through to the
output stage. All switching is performed by IC-100 a TTL quad nand gate.
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7.5 Vertical Output Amplifier and Beam Switch (Drg. No. 954)

The first two gates are cross coupled as an edge triggered bistable switch. The remaining
gates are coupled by S200F and F either as a free running multivibrator in the chopped ‘
mode or as a pulse shaper in the alternate mode. 7

When vertical display is set to Channel 1, gate A has pin 5 grounded by S200E, its ‘ !
output goes high reverse biasing diodes D141 and D142 thus permitting channel 1 to
conduct through D140 and 143 across R1 40 and 141 loads.

When Channel 2 is selected, gate B input is grounded by S200E and the switching action
is reversed.

Alternate operation is as follows. A positive going alternative trigger pulse from the y T
6 series time base is switched by S200G to gate D input via R150 and C144. S200E

grounds R153 but leaves the second input open. The increasing +ve pulse drives gate

4 input high, its output falls to low, pulling gate C input low. In turn, its output

rises for approximately 2jSec. determined by C143 and R157. When gate C output

falls after 2uSec. it couples through C140 and C141 to trigger the bistable and change ]
over the channel selected for display.

The 2uSec. delay is sufficient to allow the switching fo take place after the time base
has blanked out the display during time base flyback,

When chopped mode is selected, R152 is grounded by S200E completing a symmetrical

bistable circuit of gates C & D. The free running frequency is approximately 500kHz H
which triggers gates A & B, the bistable switch, this in turn switches the Channels 1 ,
and 2 via the diodes. The switching signal to gates A & B is also taken through Ri49, ;
C145, R154 limiter-differentiator circuit, then D150 to Q140 PNP chop blanking amplifier.
Negative going excursions drive Q140 into conduction during the switching transition

and the resultant positive going pulses are applied via R156 and R53 in series to the Z
modulation amplifier,

Also switched in circuit in the chopped mode is capacitor C232 which shunts high
frequencies in the trigger signals and also eliminates switching transients from the
chopping signals being superimposed on the trigger signal. ' B

Diodes on the input to Q140 are to isolate the chop blanking signals from 6D beam
switched amplifiers which contain the same switching circuits. $200B and C also select "3
the necessary gating signals from the 4D beam switch to ensure correct sequential
operation when 3 or 4 traces are being displayed.

The final display selection is ADD. In this condition both channels conduct into the i
load as both A & B gates have their inputs grounded by S200E and F, therefore both
outputs are high and both channels conduct, To correct the change in DC level across =
the load that occurs when current from both amplifiers is applied to R140 and R141, the ‘.
paralleling resistors R142 and R143 are taken via a common resistor R144 to -14.5, so

returning the quiscent DC condition back to the single channel operating levels.
The delay line is termingted at the output end by R170 and R171 with R172 in parallel. k
As Q170 and Q171 are shunt feedback stages, their input impedance is almost zero, so o
the resistor forms the entire termination. ‘ r &
To obtain the maximum output swing from Q170 and Q171, the feedback resistors R179 )
and R180 are fed from Q172 and Q173 emitter follower to eliminate the additional voltage N Bt
drop across R177 and R178 collector loads, that would be caused by the current through ' 4
them. The feedback resistors also provide the emitter loads from Q172 and Q173, =
minimising circuit current drain and transistor dissipation. . “T
7.4
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7.

CIRCUIT DESCRIPTION (Cont'd.)

7.5 Vertical Qutput Amplifier and Beam Switch (Drg. No. 954)

7.6

The lower pair of transistors in the cascade CRT deflection amplifier are driven by the
emitter followers. The cascode emitter loads consist of R188 and R189, R181 and R182
and RV100, which are in operation when diodes D170 and D171 are conducting. When
the input to Q174 and Q175 is asymmetrical, one stage will conduct more heavily than
the other, however, R182 will endeavour to maintain the cathodes of diodes D170 and
D171 at the same potential. The result is that when one stage becomes negatively biased,
its series diode ceases to conduct and the conducting transistor now sees a high impedance
in its emitter. This degenerates the amplifier gain and prevents either side going into
saturation when overdriven by high amplitude signals. Diodes D144 and D145 across

the delay line also serve to clamp the signal to prevent excessive overdrive.

The current driven upper stage of the output amplifier Q176 and Q177 have low resistance
collector loads and small shunt peaking coils to maintain the wide overall bandwidth.
Amplifier response is adjusted by C173 and RV172, C172 and RV171 across the emitter
circuit of Q174 and Q175.

The Trace Find button S20A offects the vertical circuit by introducing R202 in Series
with R201 which reduces the collector voltages and limits the available display to bring
it onto the CRT screen.

When S20A opens, R202 drops the voltage so that less than a 30V p-p signal is available
at the deflection plates,

Horizontal Amplifier (Drg. No. 952)

The three stage balanced amplifier consists of a series~shunt circuit with an emitter
follower drive between them,

Several signals are mixed and applied to Q20. These are the time base output via R20,
the horizontal position voltages via R10] and R102, preset entering voltages from R103
and R104 and when 5104 is switched to X-Y operation, the trigger output or external
inputs are applied via R105 and preceeding drive circuit.

The horizontal drive for the CRT requires 156V p~p for @ 100mm deflection. This represents
a 78V p-p signal from each side.

To obtain this voltage swing and to accommodate the voltage drop across the collector
loads caused by the shunt feedback components R38 and R39, the loads are taken to +113,
This allows the collectors a 20% overswing, necessary for good display linearity.

Output from the series stage is limited by diodes D20 and D21 to prevent overdrive and
then passes via D22 and D23 to Q22 and Q23 emitter followers. D22 and D23 turn off
the input drive when Q24 and Q25 drop to a low voltage and prevent them from going
info saturation. x10 magnification is obtained by decreasing the degeneration across
(320 and Q21 emitters by paralleling RV21 and R24 by S105A across RV20 and R23
which set the x1 magnification.

Additionally R100 which is switched in circuit in x1 magnification to reduce the input
signal is removed for x10 magnification.

The trace find button S20Aintroduces R42 in series with the emitter resistor R35, so
reducing the available current through the circuit and thus limiting the output swing
to within the confines of the CRT.




7.  CIRCUIT DESCRIPTION (Cont'd.)

7.7

7.8

Trigger Selection Circuit (Drg. No. 952)

Selection of trigger source, its amplification and output to the time base on horizontal
amplifier is accomplished as follows:

Internal Channel 1 or 2 trigger source is selected by turning off the non required signal
by the appropriate diode gate (Drg. 951). S101 Channel 1 or 2 selector button applies
via R124 a negative voltage to the turn off diode. The remaining signal from the selected
channel couples via a co-ax cable to Q104 shunt feedback stage. To obtain a zero volts
output level, an emitter follower and zener diode are incorporated in the feedback loop
with R121 and L100. Adjustment of output voltage level! is set by RV103.

Signals from the trigger amplifier Q103 and Q104 or external signals are selected by
S102A. External signals pass through S100 A & B, x1 or x10 divider before connecting
to ST02A. 51028 connects the phase correcting components C100 and C101 to ground
when internal signals are selected,

After selection by 5102A the signal passes to S103A and B which places C111 in series
with it, when AC coupling is-selected or directly coupled it when pushed in for DC.

The driver stage consists of Q102 FET follower driving Q100 and Q101 complementary
emitter follower output,

Diodes D102 and D103 protect the input from excessive overdrive by external signals
RV102 adjusts the output DC level to zero. Two outputs are taken from Q100 and Q101,
one directly via o co~ox cable to the time base plug-in, the second via R106 and R105
to the horizontal amplifier input. When normal time base operation is in use, S1048
shorts the junction of R105 and R106 to ground so no signal passes however, when X-Y
operation is selected, S104B changes over to inhibit the time base and lifts the junction
of R105 and R106 from ground.

If identical X-Y operation is selected with one channel as the X deflection, then C100
and C101 will be grounded. These components correct the phase of the signal so that
the same delay exists in the horizontal amplifier as is produced in the vertical output
circuit by the delay line. RVI01 sets the gain for identical X-Y sensitivity.

If the horizontal display is supplied by an external signal via the panel jack, then C100
and C101 are isolated from ground, phase is not corrected but the horizontal bandwidth
is increased from 2MHz to >4MHz-3db.

Calibrator

Q220 and Q22] comprise a free running emitter coupled multivibrator operating at 1kHz.
RV220 sets the frequency of operation. The output voltage across R225 is limited in a
positive direction (when Q22] cuts off) by the divider action of D220, R226 and RV221,
the output calibration control. In a negative direction Q221 pulls the collector below
ground, but emitter follower Q222 has its load taken to ground, so cuts off and the output
signal swings between ground and +8V as set by RV221,

The emitter load of Q222 is selected so that 4mA will flow through a shorting link placed
between the 4V and 40mV output sockets for calibration of a current probe. D220
compensates for change in value of @222 with te mperature change.

| -

§8888

|-



ALIGNMENT & MAINTENANCE
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8. ALIGNMENT & MAINTENANCE (Cont'd.)
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COMPONENT ABBREVIATIONS (Cont'd)

PL Plug SPDT Single Pole Double Throw

PS Socket SPST Single Pole Single Throw
Preset  Internal Preset - S.Shaft  Slotted Shaft

PYE Polyester Si Silicon

pot Potentiometer Ta Tantalum .

prec Precision tol Tolerance

PC Printed circuit trim Trimmer

PIV Peak Inverse Voltage \ Volt(s)

PYS Polystyrene var - Variable

p-p Peak to Peak vdew Volts Direct Current Working
P.Shaft Plain Shaft w Watt(s)

Q Transistor ww Wire Wound

R Resistor Z Zener

rot Rotary * Factory Selected value, nominal
R log Reverse Logarithmic Taper value may be shown

rms Root Mean Squared * % Special component, no part no.
SM Silver Mica assigned.

MANUFACTURERS ABBREVIATIONS

AB A.B. Electronics J ' Jabel .
AEE AEE Capacitors McH McKenzie & Holland(Westinghouse)
AC Allied Capacitors MAS Master instrument Co,Pty.Lid.
AST Astronic Imports MOR Morganite (Aust.) Pty.Lid.
AWA  Amalgamated Wiress of Aust. MSP Manufacturers Special Products(AWA)
ACM  Acme Engineering Pty.Lid. McM McMurdo(Aust.) Pty.Ltd.
AMP Aircraft Marine Products(Aust)P/L MOT Motorola
AR A.& R. Transformers NU Nu Vu Pty.Ltd,
AUS Australux Fuses NAU A.G. Naunton Pty.Ltd.
AWV  Amalgamated Wireless Valve Co. NS National Semiconductor
ACA Amplifier Co.of Aust. PA Painton
ARR Arrow PAL Paton Elect, Pty .Ltd,
BWD B.W.D. Electronics Pty.Ltd. Pl Piher Resistors(Sonar Electronics)
BL Belling & Lee Pty.Ltd. PH Philips Electrical Industries Pty.Ltd.,
BR Brentware(Vic.) Pty.Ltd. PL Plessey Pacific
BU Bulgin ' PRO Procel
CF Carr Fastener PV Peaston Vic.
CAN  Cannon Electrics Pty.Ltd. RC Radio Corporation(Electronic Inds).
CIN Cinch RCA Radio Corporation of America
DAR Darstan RHC R.H. Cunningham
DIS Distributors Corporation P/L. STC Standard Telephone &8 Cables
ELN Elha Capacitors(Sonar Elec.P/L). Si Siemens Electrical Industries
ETD Electron Tube Dist. SIM Simonson Pty. Ltd.
F. Fairchild Australia Pty.Ltd. SF Selectronic Components
GRA General Radio Agencies SON Sonar Electronics
GE General Electric (USA) TR Trimax Erricson Transformers
GEC General Electric Co.(UK) Ti Texas Instruments Py, Ltd.
GES General Electronic Services TH Thorn Atlas
HW Hurtle Webster ucC Union Carbide
HOL R.G. Holloway W Wellwyn Resistors (Cannon Elec, P/L).
H Haco Distributors(National) WH Westinghouse
HS Hawker Sidley 4 Zephyr Prod. Pty. Ltd.

o AZ
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PARTS Fi8T = MODEL bwd 895

cer
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MFR. OR

Ref. DESCRIPTION SUPPLY PART NO.
RESISTORS
R1 100KQ  1/2W 5% MF IRH
R2 12KQ 1/4W 5% MF IRH
R3 1KQ 1/4W 5% MF IRH
R4 1MQ 1/2W 5% cC PI
RS 39KQ 1/4W 5% MF IRH
R6 4K7 1/4W 5% MF IRH
R7 5K6 1/4W 5% MF IRH
RS 5600 4 W 5% MET OX IRH
R9 3.30 /2W 5% W.W IRH
RI0O | 5Ké /20 5% cC Pl
R11 100Q 1/4W 5% MF IRH
R12 100Q 1/4W 5% MF . IRH
R13 0.68Q 1/2W WW 5% BW} IRH
R14 0.48Q 1/2ZW WW 5% BW4 IRH
R15 56KQ 1/4W 5% MF IRH
R16 | 330KQ 1/4W 5% MF IRH
R17 4K7 1/4W 5% MF IRH
R18 1KQ 1/4W 5% MF IRH
R19 DELETED :
R20 2K2 1/4W 5% MF IRH
R2 1K2 1/4W 5% MF IRH
R22 1K2 1/4W 5% MF IRH
R2Z3 4700 /4W 5% MF IRH
R24 1500 /AW 5% MF IRH
R25 100Q 1/4W 5% MF IRH
R26 4700 1/4W. 5% MF IRH
R27 4700 1/4W 5% MF IRH
R28 2700 1/4W 5% MF IRH
R29 | 68K 1/4W 5% MF IRH
R30 | 68K 1/4W 5% MF IRH
R31 2.2KQ 1/4W 5% MF IRH
R32 2.2KQ 1/4W 5% MF IRH
R33 6800 1/4W 5% MF IRH
R34 6800 1/4W 5% MF IRH
R35 3900 T W 5% cC Pl
R36 100 1/4W 5% MF IRH
R37 100 1/4W 5% MF IRH
R38 33KQ 1/4W 5% MF [RH
R39 | 33KQ 1/4W 5% MF IRH
R40 | 3.3kQ 7 W WW 5% ACW7 IRH
R4 3.3KQ 7 W WW 5% ACW7 IRH
R42 | 39KQ 1/4W 5% MF IRH
R43 1000 1/4W 5% MF IRH
439 D -1
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ALIGNMENT & MAINTENANCE (Cont'd. )

The following chart suggests steps to be followed to localise a fault causing instrument

failure : -

Non Operating
Check AC Power Mains
Check Fuse Rear Panel
CheckITronsformer &
Outpu%l Voltages

1
Operating
No Trace or Spot
Presi Trace Find
Stilf No Display

[
Remove Plug-Ins

Spot Appears

Replace T.B. Plug-in

T.B. Appears
Replace Chan.1 Amp.
No Trace

Turn Vernier Anti-Clock
Adjust 'BAL'

Trace Remove
and Repair

If no
Ampl.

Check Chan, 2

Turn Vernier Anti-Clock
Adjust 'BAL'

If no Trace Remove
Ampl, and Repair

[
No Spot

Turn Up Intensity Move Horz.Pos.

Check -15V
]
Incorrect. Check
-15V regulator.
OK
No Spot Check +15V ,
T.B. Faulty . Incorregt. Check
Remove & Repair ]
. OK 5V regulator
Check +100V
Incorrec]t. Check Fuse
F1. If OK check
OK +100V circuit.
Check -1500v
Incorrect. Check
EHT Fuse F3. If OK
OK remove EHT & repair.

I
Spot appears with horz.
movement - no vertical.

Check Vert.Defl. Plate, Voltage,
Should be between +40 & +60V
Output O.K. No Movement

Check Delay
Line for O/C

}
No Spot. Check +113
aux, rail & horizon-
tal ampllifier.

No Spot

“Check Blanking Qutput.

Q@53 should be adjustable
between +1 & 475V appr.
by Intensity Control.

OK. Check CRT Heater.

OK. Check (IZRT Voltages.
PDA Voltage in EHT box
will draw 5mm arc to a
well grounded screwdriver
when operating correctly.



ALIGNMENT & MAINTENANCE (Cont'd.)

The following alignment procedure assumes the instrument has been operating and has had o
component replacement or is being recalibrated,

Before making any measurements or setting controls, check that primary connections of the
power transformer are correctly connected for the line voltage applied. Line voltage should
be slowly applied via a variable voltage transformer if changes have been made to the power
supply circuit or EHT supply to check correct operation as volatge is increased.

NOTE: Throughout this instrument the following wire colour codes are adopted:

=15V Violet

+15V Yellow

+100V _ Orange

Ground Black

AC Line Brown/White and Blue/White after Power Switch.
Brown and Blue before Power Switch.

6.3V AC Brown and Black/White Twisted Pair

All DC measurements should be made with a DVM or 20.000Q/V meter. Oscilloscope waveforms
were obtained using a x10 high impedance probe. Power supply lines can be checked using a
x1 probe, but in each case a ground lead must be used to minimise noise and interference effects

8.1 Covers

To remove top cover remove screws holding handle and two in top and two at side.
Bottom cover is removed by unscrewing feet,

8.2 DC Voltage Settings
=15V (Violet Wire)

A convenient connection to the rail is near the front panel on the trigger selector board
where three violet wires meet ot a solder tag. Set voltage to =15 £ 0.2V by RV4 located
on the power supply board.

+15V (Yellow Wire)

Connection available on trigger selector board solder tag. Set voltage to +15V £0.2V
by RV3 on power supply board.

+100V (Orange Wire)

Measuring point available on positive end of C6, 50uF capacitor. Adjust RV2 for
+100V 0.5V,

-1450V EHT (Heavy Blue Wire)

Connection at R.H. side rear of power su;‘::ply board. Adjust RV50 for -1450V 25V,
-1530 for CRT grid and +8600 PDA voltages are automatically set when -1450V rail is
correctly adjusted.

8.3 Intensity Adjust

RV51 located at rear R.H. of top PC board adjusts intensity range. With 'A* time base
operating in AUTO at ImSec., horizontal display to intensified (if 65 time base is
fitted), time base 'B' to 0.1mSec. and intensity contro! turned to minimum, adjust RV51
until trace is fully blanked out. Now turn control fully clockwise. Trace will bloom
at maximum intensity. '

This level will not be used in continuous displays, but fast, low repetition rate pulses
require high intensity levels to produce a visible display.
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8.  ALIGNMENT & MAINTENANCE (Cont'd.)
8.4 CRT Geometry

With an amplifier and time base plug-ins fitted, first align the trace with no input signal
and free running in Auto to the centre graticule line with the Trace Rotate preset. Then
feed in a 10kHz sine wave and adjust for 8 div. vertical deflection. Set time base to
ImSec/div. With trace centred vertically and horizontally, first adjust intensity focus
and astigmatism for a normal intensity sharp trace.

RV52 on the vertical amplifier board is adjusted to obtain the squarest image against the
graticule lines.

8.5  Vertical Amplifier.

The design of the output stage is such that slight variations in DC levels of the plug-in
amplifiers have little effect on its DC levels. However, before resetting RV170, check
the plug-in amplifier is correctly set according to its handbook recommendations.

With Channel 1 selected and the trace centred, adjust RV170 for +52V at the collector
of Q176 and Q177.

Vertical response should only be adjusted if the CRT has been changed or if it is desired
to optimise a particular plug~in in one of the cavities. A InSec. rise time pulse generator
is required.

If a 6B plug-in is fitted to Channel 1, set attenuator to 50mV and vernier to CAL, Centre
trace and adjust input pulse amplitude to 6 div,

NOTE: Cable must be correctly terminated by a 50Q load at the amplifier input.

The pulse leading edge is adjusted for maximum sharpness with minimum overshoot by
R172 and C173 on the vertical board and RV26 and C29 in the 6B amplifier.

RV184 and C172 set the overall flatness of the waveform behind the [eading edge.
These are the only adjustments needed to align the vertical amplifier. |

8.6 Horizontal Amplifier

This section requires lining up with a precision time mark generator with a 67 or 65
time base plug-in fitted.

Set time base to 1mSec/div., vernier to CAL, Feed time mark generator into Channel }
and set Vertical Display to ALT. Check calibration of Channel 2 with x10 probe fitted
{or another oscilloscope). Lock display to time pulses. Set Channel 2 trace to 1 div.

up from bottom of graticule and attenuator to 100mV/div. (1V/div. with probe). Apply
tip of probe to pin 25 (bottom pin) of time base interconnecting plug at back of PC board.

Channe! 2 trace will slope up to right and start of trace should move up 1 div. (1V),
if it does not, re-adjust RV60 on 65 or RV5 on &T until start of Channel 2 moves up 1 div.
(1V). Now move trace to left until end of trace is on the screen.

Switch Channel 2 attenuator to 200mV/div. (2V/div. with probe). With no input adjust
trace to 1 div. up from bottom of CRT as before and again place probe on pin 25, End
of trace should be half a division down from top line of graticule, i.e. +13V from ground.

Trace length in time base plug~in is now set. Centre trace on CRT, set RV20 for o trace
(opproximately) 4mm longer than the 10 div. graticule (2mm each end). Reposition
trace with 1st time mark pulse in line with Ist graticule. [f necessary adjust RV66 on
6S and RV4 on 6T time base to align pulses with graticule marks. Remove amplifier in
centre compartment for access or use bwd 160/170 extension board.
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8.

ALIGNMENT & MAINTENANCE (Cont'd,)

8.6

8.7

8.8

Horizontal Amplifier (Cont'd.)

Now press x10 magnification button and note position of pulse on graticule centre line.
The expanded pulse should not move sideways. If it does, centre the leading edge of
the pulse on the graticule centre line, then reset x10 button back to x1, adjust RvV22
to make centre pulse line up with graticule centre line. Repeat and check. Increase
input to 100uSec. pulses, press x10 mag. Adjust RV21 for 1 pulse per div.

[ncrease time base and time mark frequency checking calibration as detailed in 65 or

6T handbook.

The set DC control RV23 is adjusted to set the nominal voltage on Q24 and Q25 output
transistor collectors to +52V.

Press x10 magnification and X-Y display button, centre spot on CRT. Measure DC at
collector of Q24 and Q25 and adjust RV23 for +52V. Horizontal position may require
minor adjustment to equalise both collectors. Release X~Y button, apply 50MHz signal
to Channel 1, set time base to 0.1uSec. {maximum speed) and shift trace across screen
to check linearity. C20 trimmer will adjust linearity between start of trace and remainder
of display and should be adjusted for the best overall trace linearity.

Blanking Amplifier.

Only one adjustment is incorporated, C53 which sets the sharpness of the turn on
unblanking pulse. With time base to 0.1pSec./Div. and a 1MHz square wave of 4 div.
amplitude displayed. Adjust C53 for even intensity of display with brightest leading edge

Trigger Selector

Three controls and two trimmers are provided in this board. RV103 adjusts the output DC
level of the trigger amplifier. With an amplifier plug-in fitted to Channel 1, position

the trace on the graticule centre line. Measure with a meter or DC coupled oscilloscope
(e.g. Channel 2 of this oscilloscope) the voltage on the L.H. end of C111 (0.22,F) soldere
to the switch contacts protruding through the switch top. Adjust RV103 for zero volts.,

Now transfer the meter to the co-ax cable located between RV101 and RV102 at the back
of the board. Adjust RV102 this time for zero volts, Before aligning RV101 and C100,
the output level of the plug=in amplifier must be checked. Feed in a 1kHz sine and
adjust for precisely 6 div. deflection. Measure with a calibrated scope Channel 1

output at the front panel BNC jack. Adjust RV27 on 6B amplifier or output level contre
of other amplifier plug-ins as described in their respective handbooks until output is
600mV p-p.

With the same input signal to Channel 1 (1kHz sine wave & div. deflection exactly),
switch in the following buttons on the Trig. Select, 1 DC, X-Y and x10 mag. Set
Vertical Display to Channel 2. A horizontal line will be presented which should be
set to é div. length by RV101.

Now turn the Vertical Selectar to Channel 1, the trace will appear diagonally across
the graticule. Increase the frequency of the input sine wave oscitlator to 1MHz, the
trace should remain a straight line although it will shorten horizontally. C100 will
bring the trace to a straight |ine and maintain 1% phase shift between X & Y axis.

Ext. trigger input compensation is set by pushing in all buttons across the top of the 525
main frame (excluding trace find). Connect into the EXT input BNC socket 30-50V p-p,
1kHz square wave centre trace and adjust C112 for no overshoot. "A 1kHz (approximatel y)
sine wave applied to Channel 1 producing a 3 div. vertical deflection will assist in
determining the correct setting of C112,




8.

ALIGNME NT & MAINTENANCE (Cont'd,)
8.9 Calibrator

Calibrater is located on vertical amplifier board, Feed in a 1kHz, 1V p-p square wave
with a known amplitude accuracy (better than 0.25%) to Channel 1. Set attenuator to
0.5V/Div. and vernier to CAL, Adjust preset CAL control on amplifier for precisely 8
division deflection. Remove external reference and instead couple in 4V calibrator
signal from socket on front panel. Adjust RV221 for precisely 8 division deflection.

Disconnect input and couple in a precision time mark generator (0. 1% accuracy}, Set
time base with range switch and vernier if necessary until 1 pulse appears every graticule
division, Remove time mark generator and reconnect calibrator signal. Adjust RV220
until each pulse lines up with graticule lines. Alternatively, the frequency can be set
by feeding 4V output into a digital counter and adjust RV220 for 1kHz.

REPLACEMENT PARTS

Spares are normally available from the manufacturer, B.W, D. Electronics Pty.Ltd. When
ordering, it is necessary fo indicate the Model No. and Serial No. of the instrument. If exact
replacements are not to hand, locally available alternatives may be used, provided they possess
a specification not less than, or physical size not greater than the original components.

As the policy of B.W.D. Electronics Pty.Ltd., is one of continuing research and development,
the Company reserves the right to supply the latest equipment and make amendments to circuit
and parts without notice.

GUARANTEE

The equipment is guaranteed for a period of twelve (12) months from the date of purchase against
faulty materials and workmanship.

Please refer to Guarantee Registration Card No.:. oo vsonnn.. ... ., which accompanied
instrument for full details of warranty,



This section contains information for ordering replacement parts, it provides the following

details:~

(@)
(b)
()
(d)

Ordering - Please quote Model Type No., e.g. bwd 539C Serial No. Circuit Reference
No. and component. details as listed in parts list,

cc
c

cd
comp
CDS
cer
Com|1
DPST
DPDT
ELECTR
F

f

FET

Ge

H

H.S.
HTC

ins

KHz
KQ

B.W.D, ELECTRONICS PTY.LTD.

REPLACEABLE PARTS

Description of part (see list of abbreviations)
Typical manufacturer or supplier of the part (see |list of abbreviations).

Manufacturer's Part Number, and

Defence Stock Number, where applicable.

- COMPONENT DESIGNATORS

Assembly H Heater RV Resistor Variable

Lamp J Jack (socket) S Switch

Capacitor L Inductor T Transformer

Diode M Meter - TH Thermistor

Delay Line P Plug 1% Valve

Misc. Elect.Part Q Transistor VDR Voltage Dependent

Fuse R Resistor Resistor
ABBREVIATIONS

Ampere L Inductor

Capacitor lin Linear

Cracked Carbon Log  Logarithmic Taper

Carbon m Milli =103

Deposited Carbon MHz  Mega Hertz =10 ¢ Hz

Composition MF Metal Film

Ceramic Disc Capacitor ma Milli Ampere

ceramic MQ  Meg Ohm=1060Q

Common . mfr  Manufacturer

Double Pole Single Throw MO  Metal Oxide

Double Pole Double Throw MHT  Polyester/Poper Capacitor

Electrolytic MPC  Metalised Polyester Capacitor

Farad Ne Neon

Fuse NPO  Zero temperature co-efficient

Field Effect Transistor nsr Not separately replaceable

Germanium NC  Normally Closed

Henry(ies) NO  Normally Open

High Stability ns Nano second

High Temp Cochng ohd Order by Description

Insulated OD  Outside Diameter

Kilo Hertz = 103 Hgz p Peak ’

Kilo Ohm = 103 pf pico farad = 10 ~12F
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PARTS L1ST - MEPEL Bk 525

GET . - FR:
CET DESERI BT N MR O | paRt N,
R44 DELETED
RS0 | 470KQ  1/4W 5% ME IRH
R5] | 82K VA 5% MF IRH
R2 | 8K2 VAW 5% MF [RH
RS3 | 1K VAW 5% MF IRH
R54 | 1K VAW 5% MF {RH
Rs5 | 4K AN 5% MF IRH
R56 3K? ]/4W 5% MF IRH
R57 | 100K AW 5% MF IRH
R58 | 330 AW 5% ME IRH
RS9 | 330 1AW 5% MF IRH
ROO | 5K6 VAW 5% MF IRH
R6T | 3900 AW 5% ME IRH
R62 | 2200 VAN 5% ME IRH
R63 | 12K AW 5% ME IRH
R64 | 4700 AW 5% ME IRH
Ré5 | 27K AW 5% MF IRH
R66 | 41 AW 5% ME IRH
Re7 | 5K6 VAW 5% ME IRH
RS | 2.7MQ 12W 5% cc PH VR37
REY | 2.7MOQ 12W 5% cc PH VR37
R70 | 2.7MO 12w 5% cc PH VR37
71 | 15K AN 5% MF IRH
R72 | 1oMQ 12w 5% cc 3
73 | 1oMQ /2w 5% cc Pl
R74 | 1oMQ /2w 5% cc Pl
R75 | 1MO VeW 5% ME IRH
/76 | 1.5MQ 1/2W 5% CC Pl
R77 3.9MQ ]/ZW 5% CC PH VR37
R78 | 3.9MQ 1/2W 5% cc PH VR37
R79 | 100KQ 1AW 5% MF RH
RBO | 100KQ  1/4W 5% ME RH
Rl | DELETED |
RS2 | 180KQ  1/4W 5% ME IRH
R&3 | 1K VAN 5% ME IRH
R84 2200 I/4W 5% MF 1RH
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PARTS Li§T = MOPEL Bwd 525
eer: MFR., ©R
Rof. DESCRIPTION SUPPLY PART NO.
R100 | 330Q I/4W 5% MF IRH -
RI0] | 4K7 1/4W 5% MF IRH
R102 | 47K 1/4W 5% MF IRH
RIO3 | 6800 1/4W 5% MF IRH
R104 | 4K7 /AW 5% MF IRH
R105 | 1K8 1/4W 5% MF IRH
R106 | 2K2 1/4W 5% MF IRH
RIO7 | 10Q 1/4W 5% MF IRH
R108 | 10Q 1/8N 5% MF IRH
R109 | 10Q 1/4W 5% MF IRH
RO | 2K7 1/4W 5% MF IRH
RIVI | 470 1/8W 5% MF JRH
R112 | 10Q VAW 5% MF IRH
R113 | 220KQ 1/4W 5% MF IRH
RI14| 1M /8N %% MF IRH
RIS | 10Q 1/4W 5% MF {RH
RI16 | 1K5 1/4W 5% MF IRH
R117 | 900K 1/4W 2% MF IRH
R118 | 111K /48 2% MF IRH
R119 | 150 1/4W 5% MF IRH
R120 | 1K 1/4W 5% MF IRH
R121 | 1K5 /AW 5% MF IRH
R122 | 3K3 /AW 5% MF IRH
RI23 | 47 1/4W 5% MF IRH
R124 | 1K 1/4W 5% MF IRH
R125 | 56 1/4W 5% MF IRH
R140 | 91Q 1/4W 1% MF IRH
R141 | 91Q 1/4W 1% . MF IRH
R142 | 8200 1/4W 5% MF IRH
R143 | 820Q 1/4W 5% MF IRH
RI44 | 560 1/4W 5% MF IRH
R145 | 680Q 1/4W 5% MF IRH
R146 | 6800 1/4W 5% MF IRH
R147 | 2K2 1/4W 5% MF IRH
R148 | 2K2 1/4W 5% MF IRH
R149 | 1K 1/4W 5% MF IRH
R150
RI51 | 2K2 1/4W 5% MF IRH
R152 | 1K5 1/4W 5% MF IRH
R153 | 680Q 1/4W 5% MF IRH
439 D - 3
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. PARTS LIST

- -MODEL bwd 525,

CcCT MFR. OR
Rof. DESCRIPTION SUPPLY PART NO.
R154 | 100 1/4W 5% MF IRH
R155 1 100 1/4W 5% MF IRH
RI156 | 6K8 1/4W 5% MF IRH
R157 | &K8 1/4W 5% MF IRH
R158 | 1K 1/4W 5% MF IRH
RI59 | 4K7 1/4W 5% MF IRH
R160 | 33 1/4W 5% MF IRM
R161 180 1/4W 5% MF IRH
R162 | 3K3 1/4W 5% MF IRH
R170 | 82 1/4W 24 " MF IRH
R171 82 1/4W % MF IRH
R172 | 2k2 1/4W 5% MF IRH
R173 | 3K9 1/4W 5% MF IRH
RI74 | 3K9 1/4W 5% MF IRH
RI75 | 120Q 1/4W . 5% MF IRH
RIZ6 | 3300 1/4W 5% MF [RH
R177 | 3300 1/4W 5% MF IRH
R178 | 330Q 1/4W 5% MF IRH
RI79 | 470Q 1/4W 5% MF IRH
R180 | 470Q 1/4W 5% MF IRH
RIBY | 470Q 1w 5% CcC Pi
R182 | 4700 1T W 5% cC Pl
R183 | 100Q 1/4W 5% MF IRH
R184 | 2K2 1/4W 5% MF [RH
Ri85 | 47 1/4W 5% MF [RH
R18¢ | 47 1/4W 5% MF IRH
R187 | DELETED _ :
R188 | 1K5 1/4W 5% MF IRH
R189 | 1K5 1/4W 5% MF IRH
R190 | 2200 1 W 5% cC PI
RI9I 2200 1 W 5% CcC Pl
R192 | 33 1/4W 5% MF IRH
R193 | 33 1/4W 5% MF IRH
RI94 | &K8 1/4W 5% MF IRH
R195 | 150Q 1 W 5% CC Pl or R Ohm
R196 | 150Q 1 W 5% ccC Pl or R Ohm
R197 | 150Q T W 5% CcC Pl or R Ohm
R198 1500 1T W 5% CC Pl or R Ohm
R199 | 150Q 1 W 5% CC Pl cr R Ohm -
R200 | 150Q T W 5% CcC Pl or R Ohm
_
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PARTS LIST

- MODEL bwd 525

olet) MFR, OR
Ref. DESCRIPTION SUPPLY PART NO.
R201 | 2200 AW 5% MO W or IRH
R202 | 3900 W 5% cC Pl
R203 | 47K 1/4W 5% MF IRH
R204 | 47K 1/4W 5% MF IRH
R205 | 100 1/4W 5% MF IRH
R220 | 2K2 /AW 5% MF [RH
R221 | 8K2 1/4W 5% MF IRH
R222 | 15K 1/4W 5% MF IRH
R223 | 12K /AW 5% MF IRH
R224 | 3K9 1/4W 5% MF IRH
R225 | 4Kk7 1/4W 5% MF IRH
R226 | 5Ké 1/4W 5% MF IRH
R227 | 33 1/4W 5% MF IRH
R228 | 33 1/4W 5% MF IRH
R229 | 2K 1/4W 1% MF IRH
R230 | 820 1/4W 5% MF IRH .
R231 | 100 1/4W 5% MF IRH
R232 | 4k 1/4W 5% MF IRH
R233 | 2KQ 1/4W 1% MF IRH
RZ34 | 220K 1/4W 5% MF IRH
R235 | 200 /4W 1% MF IRH
R6 | 330 1/4W 5% MF IRH
R237 | 33Q 1/4W 5% MF IRH
R238 | 15Q /4W 5% MF IRH
R300 | 5600 1/4W 5% MF IRH
R301 | 1000 1/4W 5% MF IRH
R302 | 100K 1/4W 5% MF IRH
R303 | 5Ké 1/4W 5% MF IRH
R304 | 10K 1/4W 5% MF IRH
R305 | 100K VAW 5% MF IRH
R306 | 10K 1/4W 5% MF IRH
R307 | 220K 1/4W 5% MF IRH
R309 | 470Q 1/4W 5% MF IRH
439 D -5
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PARTS LIST

- MODEL bwd 525

Mfr. OR

CCt
Ref. DESCRIPTION SUPPLY PART NO.

CAPACITORS
Ci 50uF 150V Electro PH 2222/040/11509
C2 50uF 150v Electro PH 2222/040/11509
C3 0.047uF 160V 10% PYE PH 2222/311/31474
C4 1pF 200v 10% Einal | Type N
C5 47uF 25V Electro PH 2222-015-16479
Cé 50uF 150V Electro PH 2222/040/11509
C7
C8
c9
Ci10 2500uF 63V Electro Elna RG
C1 4700pF 25V Electro Elna RG
C12 1uF 63V Electro PH 2222-015-18108
Ci3 4.7,F 63V Electro PH 2222-015-18478
C14 0.05uF 100V G/C Greencap
Cl15 0.05pF 100V G/C Greenca
Cls 150uF 16V Electro PH 2222-016-16101
C17 150pF 16V Electro PH 2222-016-16101
C18
C19
C20 1-5pf Trimmer PH 2222-808-60004
C21 0.14F 50v CER DISC
C22 2,2pf 500V 0.5% NPO CDS PL CDS
C50 0.1pF 500v CER DISC
C51 0.1uF 50v CER DISC
C52 0.14F 50v CER DISC
C53 1-5pf Trimmer ~ PH
C54 0.047pF 160V 10% PYE PH 2222-311-31474
C55 0.1pF 160V 10% PYE PH 2222-311-31104
C56 0.0075uF  4kV PL CDH
C57 0.01uF 2.5kV or 3kV PL CDH
C58 0.01uF 2,5kV or 3kV PL CDH
C59 0.22yF 100V 10% MET PL Elna Type N
C60 0.1pF 100V 10% MET PL Elna Type N
C61 0.1 F 160V 10% PYE PH 2222-311-31104
Cé2 0. Olp 2.5kv 10% CER DISC. PH 2222-311-31104
Cé3 0.01uF 50v 20% PYE H.S. CDS
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PARTS LIST -~ MODEL bwd 525

Mfr. or

CCT

Ref. DESCRIPTION SUPPLY PART No.
C100 | 5-60pf Trimmer PH 2222-808-01001
ciol 100pf 500V 5% N750 CER PL CDS

Cl102 | O.1yF 50v Hi K CER DISC CDS

€103 | 0.1uF 50v Hi K CER DISC

clo4 150pF 25V Electro PH 2222-016-16101
C105 | O.14F 50v Hi K CER DISC

C105 100pf 5% N750 500v CER PL CDS

C107 | 0.001uF  20% Curve YY CER PL CDS

C108 | O.1yF 50v Hi K CER DISC

cio9 150pF 25v Electro PH 2222-016-16101
Cli0 | 0.0022uF 20% 500v CER DISC PL CDS

cin 0.022yF  400v 10% PYE PH 2222-311-51101
Cl12 | 2-4pf Trimmer : Stetner | 2-6-10S

Cl13 22pf 5% N330 500V CER - PL CDS

CHl4 [ 0.001pF  20% Curve YY CER PL CDS

Cl15 | 0.0014F  20% Curve YY CER PL CDS

Ci16 | 0.1u4F 20% Curve YY CER PL CDS

ClW17 | 22pf 5% CER HC CDS

cls 10~40pf Trimmer Stetner | 10-40-105
CNe | 0.MF 63V Curve YY CER PL CDS

C140 15pf 1% NPO 500V CER Disc PL CDS

Cl41 15pf 109 NPO 500V CER Disc PL CDS

Ci42 180pf 5% 400V PYS H.S TCS

C143 180pf 5% 400v PYS H.S TCS

Cl44 180pF 5% 400v PYS H.S TCS

Cl45 33prf 5% 500v N750 CER PL CDS

Cl46 | 0.14F 50v Hi K CER DISC H.S CDS

Cl47 | 0.14F 50v Hi K CER DISC H.S CDS

Ci170 | 0.14F 50v Hi K CER DISC

Ci71 82pf 5% N750 500v CER PL CDS

C172 | 4-20 Trimmer Stetner { 10-40-10S
C173 10-40pf Trimmer Stetner | 10-40-10S
Cl174 | 0.14F 160V 10% PYE PH 2222-311-31104
C175 0.1uF CER DISC

C176 | 0.14F ooV 10 Elna

Ci77 | OJyF CER DISC

C178 22pF NPO CER DISC
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PARTS LIST -~ MODEL bwd 525

CCT

R DESCRIPTION Mfr. orl  bART No.
ef. Supply
C220 | 0.470F 200V 10% MET PL Elna | Type N
c221 | 0.1,F 100V 1% MET PL Elna | Type N
C222 | 0.14F 100V 1% MET PL Elna | Type N
C230 | 0.00220F 500V  20% CER DISC pL CDS
C231 | 0.00220F 500V  20% CER DISC pL CDS
C232 | 0.00224F 500V  20% CER DISC PL CcDS
C300 | 0.224F 100V 10% MET PL Elna | Type N
C301
C302 | 47,F AV Electro PH  |2222-016-17479
C303 | 0.0075u4F 4Ky CER DISC PL CDH
C304 | 0.0075uF 4kv CER DISC PL CDH
C305 | 0.0075.F 4kv CER DISC pL CDH
C306 | 0.0075.F 4kv CER DISC PL CDH
C307 | 0.0075.F 4kv CER DISC pL CDH
C308 | 0.0075uF 4kv CER DISC pL CDH
C309 | DELETED A
C310 | 0.0075.F 4KV CER DISC PL CDH
C311 | 0.0075,F 4kv CER DISC pL CDH
C312 | 0.01uF  2.5kV or 3kV CER DISC pL CDH
C313 | 0.01uF  2.5kV or 3kV CER DISC pL CDH
C314 | 0.014F  2.5kV or 3kV CER DISC pL CDH
C315 | 0.014F  2.5kV or 3kV CER DISC pL CDH
POTENTI OMETERS
RVl | 500 WW 2w Darstan | P12l
RV2 4K7 Preset PL MPD/PC
RV3 | 100K Preset P PT1518
RV4 | 100K Preset Pl PTI5LB
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PARTS LIST - MODEL bwd 525

CCT: Mfr. OR
Ref. DESCRIPTION SUPPLY PART No.
RV20 20002 Preset PL MPD/PC
RV21 10042 Preset PL MPD/PC
RV 22 100Q Preset Pl PT15LB
RV 23 2000 Preset Pl PT15LB
RV50 220K Preset PL MPD/PC
RV5] TMQ Preset Pl PT15LB
RV52 100K Preset Pl PT15LB
RV53 2.5MQ Lin Carbon ' IRH CT45
RV54 100K Lin Carbon Preset IRH CT45
RVAS 5K WwW 2w Darstan P121
RV56 10K Lin Carbon with DPST

Rotary Switch
RV100| 5K Lin Carbon )
A&Bl 5K Lin Carbon ) Dual Cone. iRH CT45
RVIOI| 1K Preset | PT15LB
RVIODZ| 5000 Preset Pl PT15LB
RVI03| 2K Preset Pl PT15LB
RV170| 100Q WWwW Preset Darstan P109-46
RV171] 2000 Preset Pl PT15LB
V172 1KQ Preset Pl PT15LB
Rv220! 10K Preset Pl PT15L8
RV221] 2K2 Preset PL MPD/PC
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PARTS LIST

- MODEL bwd 525

Mfr. or

ccr DESCRIPTION PART No.
Ref, Supply

SEMI CONDUCTORS
Qi MJE340 NPIN 5l MOT
Q2 MJE340 NPN Sl MOT
Q3 MJE340 NPN S| Or BF 337 MOT
G4 MJE340 NPN Sl - MOT
Q5 BC147 NPN S PH
Q6-9
Q10 MJE2955 PNP S MOT
Qll MJE3055 or 2801 NPN Y MOT
Q20 2N412] PNP Sl F
Q21 2N4121 PNP Sl F
Q22 2N412] PNP Sl F
Q23 2N4121 PNP S F
Q24 BF337 NPN Sl PH
Q25 BF337 NPN Sl PH
Q50 2N3646 ar 2N5772  NPN S F
Q5] 2N3646 or 2N5772 NPN M| F
Q52 2N4888 PNP Sl F
Q53 BF337 NPMN 51 F
QI00| AYI1119 or 2N2369A NPN Sl F
Q101 2N412] or AY1114  PNP Sl F
Q102 2N38190r MPF106 FET N Channel Tl
QI3 { AY1119 or 2N2369A NPN Si F
Q104 AY1119 or 2N236%9A NPN Sl F
Q140 2N4121 or AY1114 PNP Sl F
Q141 BC147 NPN Sl PH
Q170 BFY90 or FMT990 NPN St "PHorF
Q171 BFY90 or FMT990 NPN Sl PHor F
Q172 2N3544 or 2N5770 NPN Sl F
Q173 2N3564 or 2N5770 NPN Sl F
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PARTS FIST = KOGBEE BWA 525

ol DESERIRFI GN Mir: o PART Ne,
Ref. Supply
Q174] BFWI7 or 17A NPN Sl PH -
Q1751 BFWI17 or 17A NPN Sl PH
Q176 2N2219 NPN Sl STC
Q1777  2N221¢9 NPN Sl STC
Q220 BCl147 NPN 51 PH
Q22 BCl147 NPN S ‘PH
Q222] BCl147 NPN Sl PH
Q300 BCl147 NPN Sl PH
Q301 BC157 PNP Sl PH
Q302] TIP30A (Low HFE) PNP Sl T
IC-1 g’g;gf ))+15v Regulator Dual in Line MOT § & G
IC-14Q0 7400 TTL Quad Nand Gate F
D1 EM404 400v | Dicde STC
D2 EM404 400V Sl Diode STC
D3 EM404 400V S1 Diode STC
D4 EM404 400V Sl Diode STC
D5 BZY79 or 88/C13V Zener Diode PH
D10 EM404 400V Sl Diode STC
D11 EM404 400V Si Diode S1C
D12 'EM404 400V Si Diode STC
D13 EM404 400v Sl Diode STC
D20 ANZ206 75V N | Signal Diode F
D21 AN206 75V Sl Signal Diode F
D22 AN206 75V )| Signal Diod F
D23 AN206 75V Sl Bignal Diod F
D24 AN206 75V Sl Signal Diod F
D25 AN204 75V Si Signal Diod F

D50-51i AN206 75V SI Signal Diods F

D52-53| AN206 75V Sl Signal Diode F
D54 AN20s 75V S| Signal Diode F
D100, AN204 75V Sl Signal Diods F
D101 AN206 75V | Signal Diodg F
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PARTS LIST ~ MODEL bwd 525

b RCCT DESCRIPTION Mfr. or PART No.
A ef. Supply
"
D102 | AN206 75V S| Signa! Diode F
- D103 AN206 75V S Signal Diode F
D104 | BZY79 or 88 / C6V2 Zener Diode PH
i3
_ D140 |} AN20&  75v  SI Signal Dicde F
D141 | AN206 75V S Signal Diode F -
- D142 | AN206 75V S Signa! Diode F
DI43 | AN206 75V S Signal Diode F
i D144 | AN206 75v S Signal Diode F
b D145 ANZ206 75V S Signal Diode F
» D146 | AN206 75V Si Signal Diode F
E D147 | AN206 75V Sl Signal Diode F
& D148 ANZ206 75V S Signa! Diode F
D149 | ANZ206 75V Si Signal Diode F
. D150 | AN206 75V Si Signal Diode F
D151 BZY79 or 88 / C&V2 Zener Diode PH
D170 | AN206 75V S| . Signa! Diode F
D71 AN206 75V St Signal Diode F
D172 { BZY7% or 88/ C15 Zener Diode PH
y D220 ANZ2046 75V Sl Signal Diode F
- D230 | AN20s 75V 5! Signal Diode F
o - D231 | AN206 75v  §I Signal Dicde F
D232 | AN206 75V S} Signal Dicde F
D233 | AN206 75V Sl Signal Diode ¥
< D234 | AN20s 75V S Signal Diode F
D235 | AN206 75V Sl Signal Dicde F
D300 | BZY79 or 88/ CIOV Zener Diode PH
: D301 | AN206 75v S Signal Diode F
D302 | BY176 12ky i Diode PH
D303 | BY176 12kv S| Diode PH
D304 | BY176 12kv S Diode PH
D305 BY176 12kv 8! Diade PH
D306 BY174 12kv  S1 Diode Pr
D307 BY176 12kv  S] Diode PH
&!; T D - 12 443




PARTS LIST - MODEL bwd 525 =

<Cr DESCRIPTION Mfr. or 1 pART No.
Ref. : Supply
SUNDRIES
B 6.3V 100mA Les Lamp _
B2 6.3V 100mA  Les Lamp
B3 6.3V 100mA  Les Lamp
B4 6.3V 100mA  Les Lamp
BS 220V Neon Indicator Sato
B50 NE2 Neon
B51 NE2 Neon
Fl 0.25A QB Size 00 B&L Only reqd. §. No. Below =
21005
F2 0.5A QB Size O
E3 (0.5A SB Size 0 (190-260V) -
( 1A SB Size 0 (95-135V) i
T1 Power Transformer Secondary BWD 090/112/2
T300 | EHT Transformer BWD 090/141/1 -
CRT D14-121/08 with internal graticule PH
D14-121 without graticule -
Phosphors GH = P31, GM = 7 -
DL 100nSec. Delay Line BWD ‘
SIA/B | DPST on rear of RV56
S2A/B | 2 Pos. 2 Pole Spring Return 'lsostat’ McM 100/79/1
32208 | 5 Pos. 2 Pole 3 Deck Type 'F' AWA i
S:gg " ! 2Pole, 2 Pos. 6 Section 'lsostat’ McM 100/81/1
L301 22,H I:
L 20 | 330uH
L140 12 Turns [
L141 T2 Turns
ALL OTHER ITEMS CRDER BY
DESCRIPTION T
| .

B
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MODIFICATIONS
B8 5600 ADDED
BIr 4k y
29 33n y
as 8¢ty #”
FUSE F PEMOYVED
FRS 12k WAS 22K T
L4 M w4as Fme

Cleculr eepeamn
ISSUE L G-73

ISSUE B 1B-1-73
13 w43 [«F

ISSUE & 18-1-74
Cio 2500+ 63
C 4700 1258

108uE 7 a/'ﬂ.

REF  TO DRG. NO.
953

ISSUE B 12/%
APPLICABLE  FROM
SERIAL NO. 23000

ISSUE § 4 /75
REFER DRG. No. 954

ISSUE 10 9-76
REF. DRG.Ne. 952

{SSUE 11 10-76
APPLICABLE FROM
SERIAL Ne. 35 210

C5  SOuF~LT7uF 25V
C13  Suf —LLFEIY
C16,C17 125,716V —
150716 v
SEE ALSO ORG. Nos.
952,31 % 4.

ISSUE 12 10-77
REF. DRG. No. 954

SWIrcHES
Sl4 €8 A4ac powee
CONTROLS
eve GEATICULE  LIGHT
e SEr +700v
£Vy  SEr —/5V
£V3 SETr v BAL, (ser o« 5V )

CVE) SEr 1KHZ CALIBLATOR
eveal & aur 7

WAVEFORAMS
/m Sec.
— A5
— — —t5S
+4

1

525/ 950

= L e | [y r—

1 " ~— | ahaatad | " Lt |

|

—






2 1| LONWES SUPPLIES
g 55 9 | Paer oF 1e0/isE
g DELaY ~d
75
Oum—o—y -
° o1
PRIMARY : 03
CONMNECTION 4

FOE 170V etc.

SEE ST HANDEOO L of
FOR OTHER VOLTAGE | i T3y, 100K
TAPDINGS. q:x _ 150
RIS

1o

: » T
A 7 . MIE2PES 4 :
« 54 . - - QIO——00 Py L)
| DELAY _ éﬁﬁ@’: @— 68a CEmbpep
1 ' [ NQISE
cre A e

o7 ’ 714
Cre

3
vr STAB SENSE

2N
/C—1 & £r3,
2 g

S6 450f VAL

im T,
N4

1l

i
1 It
lcv5 L2, %;
518 | J o err
Lg T ’59?/61!
® =
N | e i
‘ ATEZOS5 ) :
e i
500, @_
&4 oo LOWw VOLTAGE POWEEL
G+3v /00mA ' SURLLIES
cize ' ' 2228
, s e fI5 dmAd
F3n ‘Exr—mw OPTION L1
% BCrd7 i 40mV
© s | §eew ] s
2k r 2k 20
Rv22f . -
%3
A e e = 5
L. caz/ 33a
£ _PABT OF 160/159 |
NOTE 1= & OMPONENT VAL LIES APPLICABLE FROM SERIAL NOQ. 35 2r0
‘may vaey FEOM THOSE [1SGUE [ 525  |BWD ELECTRONICS PILMELB DRG.NO;
SEECIEIED 1D OBTAN T T
OPTIMUM PERFORMANCE . | |2 rencEs | ~MODEL BWD 525 951 950 |
% SELECTED ON TEST / il POWER SUPPLIES | 5 :
K 2 CALIBRATOR 954




230- 8

MODIFICATIONS

230~ 2

ISSUE 2 3{73

REF. DRG. NOS 952
953 & 954

WAV E FORMS

BSUE 3 L§73

230-5

953 g 954

REF DRG. NJ.S 952,

SSUE 4 B/73

957 & 954

REF.  DRG. NQS 950,

ISSUE 5 1/73

REF DRG. NQS 950,
952 953 & 954

SSUE 6 12 /73

REF. DRG. NO.S 950,
952 & 953

ISSUE 7 B/ 7%

REF. DRG. No. 953

ISSUE 8 12!7:.

APPLICABLE FROM
SERIAL  NO. 23000

ISSUE_ 9 4175
REFER DRG. No. 954

LSSUE 10 9-76

REF. DRG. No. 852

ISSUE 1 10-76

REF DRG.Nes.950,2,324

REF. D/No. 954

ISSUE 12 10-77

s25 /) 954
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oo O SR00F
f . ” R238  DeGc 954
O S/07 15 o510/ .
feHAn 1)
fewan ) DRG %2 CHAN f QUTAUT
R236 :t%;x_ reG R237 ! FRONT AANEL
33n ‘ Jan
CEF0 10025, b230 [)
[ pasz ,og;el 1
TE. TRIGGER . 5o% e PP =
INPUT - Npaat g2 anzos| €€ -
ANLO0&G / I
(. — !
! ) H K T2
S B INJ-;E;}OV - 3 ) 2. ya 0833 5, ZB INAIEY T SI0LE
G35 o 5, " I Fa F -3
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B.W.D. ELECTRONICS PTY. LTD.
MANUAL CHANGE INFORMATION FOR MODEL BWD 525

FROM SERIAL NO, ISSUE DATE FROM SERIAL NO 1SSUE DATE
16000 ] 9.9.72 22150 6 18.1.74
20000 2 18.4.73 22200 7 6.8.74
20900 3 12.7.73 23000 8 8.12.74
21005 4 24.8.73 25000 . 9 12.4.75
21005 5 16.11.73 35210 10 5.9.76
Issue Page Sect, Cet. AMENDMENT
2 D-3 11 752 R110 Changed from 1K8 to 2K7
2 D-7 11 P52 C100 Changed from 10-40pF to 5-60pF
2 D-7 11 952 C101 Changed from 100pF to 120pF
2 D-7 11 952 C103 0.1uF removed.
2 D-7 R 952 Cl114 .Q01pF removed.
2 D10 11 952 Q100 Changed from AY1119 to PE50308B
2 D-10 | 1t 952 Q101 Changed from AY1114 to 2N4121 or PN4121
2 D10 11 952 Q102 may be either MPF106 or 2N3819
2 D-10 11 952 Q103 & Q104 may be either AY1119 or 2N5770
2 D-2 11 253 ADD R84 220Q 1/4W 5% MF IRH
2 D-11 11 953 ADD D52,D53 & D54, AN206
2 D-3 1 954 R152 Changed from 2K2 to 1K5
2 D-4 11 954 R163 Removed,
2 D-10 1 9254 Q172 & Q173 may be either 2N5770 or 2N3564
3 D-3 11 952 R119 Changed from 47Q to 150Q
3 D-3 11 952 R123 39Q removed.
3 D-2 11 953 R61 Changed from 560Q to 3900
3 D-6 11 953 C54 Changed from 0.0033 to 0.047
3 D-10 | 11 253 Q50 and Q51 may be either PN5772 or 2N3646
or 2N5772
3 D-3 11 954 R150 470Q removed.
3 D-3 11 954 R153 Changed from 1K0 to 820Q
3 D-4 11 954 R157 Changed from 22K to 6K8
' 3 D-7 1 954 C144 Changed from 100pF to 180pF

d 4 D-1 {11 950 R2 Changed from 22K to 12K
4 D-1 11 250 R4 Changed from 3M? to TMO
4 D-1 11 950 ADD R8 560Q 4W 5% METOX IRH
4 D-1 11 950 ADD R? 3.3Q W 5% Ww IRH BW3
4 D-1 11 250 ADD R17 4K7 1/4W 5% MF IRH
4 D-13 | N 950 F1 Removed and replaced with link(was inseries with lead

' from junction of C1, C2, Rl and Q1/Q2 collector. Was

0.25A Q.B. Size 00.).
4 D-10 | N 950 ADD Q5 BCl147 N
4 D-7 11 952 C116 Changed from 0.001 to 0.1pF
4 D-7 11 952 ADD C118 10 - 40pF CER VAR STE 10-40-10S
4 D-3 11 954 R145 & R146 Changed from 100Q to 680 .
‘ F75A/648/mb . -1 -
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BoW.D, ELECTRONICS PTY, LID.

MANUAL CHANGE [NFORMATION FOR MODEL BWD 520

FROM SERIAL NO. 1SSUE DATE FROM SERIAL NO. SSUE DATE
16000 ] 9.9.72 22150 ) 18.1.74
- 20000 2 18.4.73 22200 7 6.8.74

20900 3 12.7.73 23000 8 8.12,74
21005 4 24.8.73 25000 9 12.4.75
21005 5 16.11.73 35210 10 5.9.76
lssue | Page | Sect. | Cect. CAMENDMENT

5 D-6 11 950 C13 Changed from JpF to 4.7MF or S5uF

5 D-7 11 952 ADD C117 22pF 5% CDS

5 D-5 11 253 ADD R309 470Q 1/4W 5% MF IRH

5 D-5 1 954 ADD R207 22Q 1/4W 5% MF IRH

6 D-6 1 950 C10 Changed from 2000/25 to 2200/63

6 D-6 | 11 |950 C11 Changed from 2000/25 to 4700/25

6 D-1 11 952 R43 Changed from 10Q to 10002

é D-7 11 952 C101 Chaonged from 120pF to 82pF

6 D-6 1 953 ADD C63 0.01F 50V 200 CDS

7 - - 953 Circuit re-drawn - no component change.

8 D-7 11 954 C172 Changed from 10 - 40pF to 4 - 20pF

9 D-3 1 954 R153 Changed from 820Q to 680Q

10 D-10| 1N 952 Q24 and Q25 Changed from BF337 fo BD115

F75A/648/mb




B.W.D. ELECTRONICS PTY. LTD.

MANUAL CHANGE {iNFORMATION FOR MODEL BWD 525

o

FROM SERIAL NO. I SSUE DATE FROM SERIAL NO, 1SSUE DATE
35210 11 5.10.76
38440 12 5.10.77
40200 13 13.3.79
Issue Page Sect. Cct. AMENDMENT
11 D-6 13 950 C5  Change from 50uF to 47uF
11 - - 950 C13 Change from 5pfF to 4.7uF
11 D-6 11 - C13 To be 4.7uF 63V only
11 D-6 11 250 Clé & C17 Changed from 12.5uF 16V to 150uF 16V
11 D-7 11 952 C104 & C109 Changed from 100pF 16V to 150uF 16V
11 D-2 11 253 R51 Changed from 8K2 to 82K
11 D-2 11 253 R52 Changed from 82K to 8K2
11 D-6 11 953 C56 Changed from 0.0075uF to 0.01uF 2.5KV
11 D-6 11 ?53 C57 Changed from 0,047 to 0.068
11 D-8 11 953 C302 Changed from 50uF to 47uF
I D-8 11 953 C303 Changed from 0.01/2.5kV to 0.0068/5kV
1 D-8 11 953 C304 0.01/2.5kV removed (was in series with C303 )
11 D-8 1 953 C305 Changed from 0.01/2.5kV to 0.0068/5kV
H D-8 11 953 C305 0.01/2.5kV removed {was in series with C305 )
A D-8 il 953 C307 Changed from 0.01/2,5kV to 0.0068/5kV
11 D-8 11 953 C308 0.01/2.5kV removed (was in series with C307 )
11 D-8 11 953 €310 Changed from 0.01/2.5kV to 0.0068/5kV
11 D-8 11 953 C311 0.01/2.5kV removed (was in series with C310 )
1. - 953 Voltage rating of 2,5kV added to capacitors
C312, C313, C314 and C315.
1l D-4 11 254 R187 10Q replaced with link (was in series with +15V
- supply to all parts of Drg. 954).
i1 D~7 il 954 ADD C175 0.1pF 50/ HI-K CER DISC
11 D-7 11 954 ADD C176 0.14F 100V 10%  ELNA.
11 D-7 11 ?54 ADD C177 O.1xF 50v HI-K CER DISC
11 D10 11 952 2103 & Q104 Delete AY1119 must be 2N5770
11 D13 11 953 Cct. Ref. of T2 changed to T300 and part number
changed from T113A to 090-141-1.
NOTE: Both old and new transformers are interchangeable.
T - - - Horiz. Amp. - Low voltage supply P.C. Board
Part numbering of RV8 should read RV3.
11 - - - Vert. Output amp. P.C. Board. i
' Part numbering of C176 connected to junction of
R175 and R176 should read C175.
12 D9 ? 954 RV171 100Q changed to 200Q.
12 DI 9 954 Q176 and G177 changed from 2N3118 fo 2N2219.
13 DI 9 250 R15 150kQ) changed to 56kQ
]
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B.W.D. ELECTRONICS PTY. LTD.

MANUAL CHANGE {iNFORMATION FOR MODEL BWD 525

o

FROM SERIAL NO. I SSUE DATE FROM SERIAL NO, 1SSUE DATE
35210 11 5.10.76
38440 12 5.10.77
40200 13 13.3.79
Issue Page Sect. Cct. AMENDMENT
11 D-6 13 950 C5  Change from 50uF to 47uF
11 - - 950 C13 Change from 5pfF to 4.7uF
11 D-6 11 - C13 To be 4.7uF 63V only
11 D-6 11 250 Clé & C17 Changed from 12.5uF 16V to 150uF 16V
11 D-7 11 952 C104 & C109 Changed from 100pF 16V to 150uF 16V
11 D-2 11 253 R51 Changed from 8K2 to 82K
11 D-2 11 253 R52 Changed from 82K to 8K2
11 D-6 11 953 C56 Changed from 0.0075uF to 0.01uF 2.5KV
11 D-6 11 ?53 C57 Changed from 0,047 to 0.068
11 D-8 11 953 C302 Changed from 50uF to 47uF
I D-8 11 953 C303 Changed from 0.01/2.5kV to 0.0068/5kV
1 D-8 11 953 C304 0.01/2.5kV removed (was in series with C303 )
11 D-8 1 953 C305 Changed from 0.01/2.5kV to 0.0068/5kV
H D-8 11 953 C305 0.01/2.5kV removed {was in series with C305 )
A D-8 il 953 C307 Changed from 0.01/2,5kV to 0.0068/5kV
11 D-8 11 953 C308 0.01/2.5kV removed (was in series with C307 )
11 D-8 11 953 €310 Changed from 0.01/2.5kV to 0.0068/5kV
11 D-8 11 953 C311 0.01/2.5kV removed (was in series with C310 )
1. - 953 Voltage rating of 2,5kV added to capacitors
C312, C313, C314 and C315.
1l D-4 11 254 R187 10Q replaced with link (was in series with +15V
- supply to all parts of Drg. 954).
i1 D~7 il 954 ADD C175 0.1pF 50/ HI-K CER DISC
11 D-7 11 954 ADD C176 0.14F 100V 10%  ELNA.
11 D-7 11 ?54 ADD C177 O.1xF 50v HI-K CER DISC
11 D10 11 952 2103 & Q104 Delete AY1119 must be 2N5770
11 D13 11 953 Cct. Ref. of T2 changed to T300 and part number
changed from T113A to 090-141-1.
NOTE: Both old and new transformers are interchangeable.
T - - - Horiz. Amp. - Low voltage supply P.C. Board
Part numbering of RV8 should read RV3.
11 - - - Vert. Output amp. P.C. Board. i
' Part numbering of C176 connected to junction of
R175 and R176 should read C175.
12 D9 ? 954 RV171 100Q changed to 200Q.
12 DI 9 954 Q176 and G177 changed from 2N3118 fo 2N2219.
13 DI 9 250 R15 150kQ) changed to 56kQ
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