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CAUTION
lnput voltoge protection of the Moder 504 osciiloscope is provided up to:-

2g0v RMS, goov P_P, r 400v DC

H:i H:"3L[^ilr?:' r,ov couse donnse ro rhe inpur circuirrv, which is nor covered

R; i,t":".tilT:,*tlt to hish volrose circuits, such os electric fences, isnition sysrems,

llff.I:iuvoltoses 
must be reduced to o workoble level before couplins inro rhe

Use only with o high volt'oge probe.hoving suitoble oitenuotion chorocteristics, or ocopocitonce divider network, iypicolly os .f.,.*^ ["f.*,_

lMa
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INSTRUMENT HANDBOOK

MODEL bwd 5M

I . GENERAL. Although deceprively simple
in oppeoronce ond operotion the bwd 5M is o
colibroted oscilloscope with o wide meosurement
copobility in Voltoge, Time, Frequency, phose

& Current.

When required the input terminols con be isoloted
from the power line ground by removol of o
ground link. This embles meosurements to be
mode between voltoges not ot ground potentiol up
to o limitof+400v DC. lt moy olso be used to
eliminote ground loops from low level signols.
Additionolly it prevents occidentol ionnection
of o leod from the ground terminol to o live
voltoge from shorting out equipment - o
porticulorly useful feoture in educotionol oreos.

As both verticol ond horizontol omplifiers ore
DC coupled the bwd 504 will meosure borh DC
ond AC voltoges from the milli volt ronge to
over 400V. lf olQ resistor is ploced ocross the
input terminols the current flowing through it
when connected into o circuit is disployed on
the CRT directly in milli omps or omps.

504

Time periods from less thon 0.5pr Sec to I Sec
qre reodily meosured or degrees of phose shift
over the ronge DC to 50kHz. Frequency
comporison by lissoious figures con extend from
zero frequency to beyond lMHz.

Although the specified bondwidrhs of rhe bwd 504
is 6MHz ot - 3db its omplifier response does in
foct exiend to well over 25MHz. A chori in the
operotion section shows how to moke
meosurements over this extended frequency ronge,
together with chorts for rise time ond phose
meosurements. A ronge of high impedonce ond
demodulotor probes ore ovoiloble to further
extend the meosurement obility of your bwd 504.
Check the bwd occessory list.

2. SPECIFICATION

2.1 CRT. I3cm Vpe I3BE/P3I providins o
f lot 8xlOcm disploy.
EHT. l.6KV producing o high inrensiry
well focused troce.
Phosphor: P3l nornrolly supplied p7

ovoiloble os Option M.
Groticule: 8XlOcm lines with 2mm
subdivisions. Rise Time reference lines

ot 1@/o ond 9G/o olso provided.
539
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Groticule. printed on light blue filter (omber for
PZ option).

2.2 VERTICAl /,l\ pltFlER. Sensitivity:
lOmV to S@sreps of 1,i,5,10
sequence.

Bqndwidth: DC ro 6MHz - 3db ot oll
sensitivities referred to 6 cm deflection ot 50kHz.
Typicolly - 6db qt IOMHz.

Rise Time: 55 nono seconds.
lnput lmpedonce: lMe & 30pf .

Colibroiion: Better thon 5% including
l@/o line voriotion.

Mox. Input: Fully protected to + 4OOV
from DC to 500kHz ot ony ottenuotor setting.

lsoloted lnput: Input Common con be
isoloted by removol of front ponel link from chossis
ond power line ground.

2.3 TIME BASE. Ronge: 0.5p Sec ro 0. l
sec/cm in-5E"od. .nges plr. ojditionol
0. 5p Sec ronge .

Colibrotion: 1.5Vo with vernier ot Col.
Vernier: l2:l continuous control
between eoch ronge.

2.4 TRIGGERING. AUTO lock wirh no
monuol conirok-.

Sensitivity: )lcm deflection l0Hz to
>lOMHz typicolly ro )l5MHz ot 2cm

L.F. trigger extends below 5Hz with 2cm 
4

def lection. Trigger circuit locks to-ihe meqn
volue of the disployed woveform. lt will
lock to olmost ony woveshope including sine, 

L
squore, triongle, pulse ond T.V. video
signols. When no signol is present or repetition
rote is below 5Hz the troce free runs producing
o bright bose line.

Appro".@ously uoriotle. -Bondwidth: DC to lMHz-3db referred
to 6cm deflection ot mox. goin.

lnput lmpedonce: l00KOond 20pfopprox -X - y phose Shifi: < 30 from DC ro L
50kHz.

2,6 GENERAL

Tilting Boil: Fitted wirh folding rilting
boil to roise instrument to o convenient viewing
ongle.

s04 -2 -
539



8 x lOcm GMTTCULE
WITH 2mm SUBDIVISIONS

INDICATOR

GROLJND
TERMINA L
CONNECTED
TO Cr-rASSts

TIME BASE

TCH

ll{ruT COMMON
TERMINA L

CONNECTED TO

VERNIER CONTROL
FOR TIME BASE r',ND
H ORIZONTAL A}API I i:IER

HORIZONTAL INPUT
SOCKEI

HORIZONTAL POSITION
COMROL

VERTICAL ATTENUATOR
swtTcH

VERTICAL POSITION
CONTROL

AC OR DC INPUT
COUPLING SELECTOR
SWITCH

VERTICAL INPUT
SIGI.IAL TERMINAL

533
504

I
-l
--ll

INTENSITY CONTROL
AND POt'/ER ON-OFF
swtTcH

FOCUS
CONTROL

FOLDING TILTING
BAIL

CFiASSIS VIA 0.luF CAp
& I.5MO RESISTOR

- 3-



Power': iO0 io i35V ono 200 io 265V
in two ronges. 48-440H2 l5W.

Dimensions: l82mm high x 200mm wide
x 405 mm deep overqll.

Weight: 4.5ks pocked 5kg.
Accessories Supplied: Hcndbook, xl

probe, ground prod ond protective moulded pock.

3 ' t ponel
contro cleorly
design ctre
described below.

3.I INTENSITY CON]ROLS & ON-OFF

control r*itZhes the insirument OFF. When
rototed clockwise the instrument is switched ON
ond further rototion controls the troce intensity
(brightness) from zero to mox.

3.2 FOCUS. Controls rhe shorpness of the
troce. Moy reqrire slight reodiustment over the
full intensity control ronge.

9:3 - TIME/CM (TIME BASE) S\iVtTCH. When the
Time Bose Vernier control is turned clockwise to
the CAL posiiion, the six time bose speeds on
ihis control will be occurote to within 57o. The
speeds of l0 ond lmSec. ond 

.l00, I0, I ond
0.5p Sec represeni the fostest speed on eoch

sbXngu, 
onti-clockwise roiotion of the Verniet _ 4 -

continuously vorioble rote in coniunction with the
TIME/CM switch from 0. I Sec/cm to 0.5p Sey'cmi

clockwise. \
3.4 HORZ. VERNIER. Vories rhe Time Bose
speed over o l2-l ronge to provide o

When the TIME/CM switch is turned ond switched
to HORZ INPUT ir swirches off the inrernol
Time Bose, permitting on externol signol to be
fed into the HORZ INPUT socker. fh"
Horizoniol Vernier now vories the sensitivity
from 0.5V to 50V per cm opproxinntely.

3.5 HORZ. POSITION. Moves rhe
tro""ho@T.

3.7 VERTICAL POSITION . Moves rhe troce
verticolm

539



J

-l

I
-t
J

t

1

i

,l

,

d

3.8 AC-DC SWtTgH. The DC position (in)provides-Eirect?ffing to the omplifier .
the AC position (out) ploces o copocitor in
series with the input to block the DC
componen t.

3.9 TERMINALS & SOCKETS,

3.10 INPUT. Redterminol isthesignol input
connecil6n-E-the verticq I ompl ifier.
3.1I COMMON. Block rerminol shoutd be
connected to the ground side of the signol
being meosured. This terminol is not
connected to the Oscilloscope chossis ond moy
be token to + 400V from ground when the link
between it ond the Ground terminol is removed.
3.12 !PEIZONTI\L tNPUT. When rhertue7cffi"r.*ii" t"
HORZ. INPUT, signols nroy be fed into rhis

;o1k9t to produce o horizonrol disploy, input
is DC coupled. An externol copocitor must be
used if o high voltoge DC is present on the
signol to be disployed, which couses the troce
to be deflected off the screen.

4. lfilTlt! gHECKtNG. The vottose ronseforMoaffi^ri"il;"i

Iy:.r"ltoge ron-ges ore provided, from 100 torJ5V or 200 to 270V. ih"y ,oy'be chonged
over by reconnecting links on the tronsformer
os shown in the sketch. This model is fitted with
:._3. yir. AC power cord in which the GREEN/
YELLOW wire must be connected to ground.
Foilure to do so moy pose o shock hozord.
Power cord colour coding is os follows:
L119 (A.tire) BROWN. Neurrol BLUE. Ground
GREEN/YELLOW.

USA &

Line Bl-ACK. Neutrot

CANADA ONLY

WH ITE . Ground GREEN .

200 TO
265 V

100 T0
135 v

ottoched io the power coble.
, 504

a -5-
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5. FIRST TIME OPERATION

5. I lf you ore unfomilior with on oscilloscope
set the controls os below ond follow the steps
outlined until eoch feoture is understood .

lntensity Off Focus Centre
Time Bose I0mSec T. B. Vernier Col (Clock-

wise)
Horz. Cenire Vert. Position Cenfre

Posi ti on
Attenuotor 5V AC-DC DC(push in)

switch.

5.2 Plug instrument into o power line outlet.
Switch on by rototing the intensity control
obout 3/4 tvrn. A disploy will oppeor ofier o
few seconds. Adiust the horizontol ond
verticol conirols to centre the troce ond the
focus ond intensity controls for o shorp bright troce.

5.3 Plug the block ground prod into the
block Common terminol, with the eorth link in
position between the Common ond Ground
terminols. Next plug the red signol prod into
the Red input terminol.

To check the omplifier ond time bose operotion o
suitoble source of AC signol is required
504 -6

This moy be on oscillotor such os o bwd
141 or 160 etc., or the secondory of o
tronsformer providing 6.3V AC.

5.4 Connect the signol ond ground prods to the y_

6.3V source or on oscillotor set to 50Hz ond 2$/p-p
output or mox. ovoiloble. 5 Cycles of the input
woveform should oppeor ocross the screen. Switch -the Volts/cm knob to o higher sensitivity, i.e.

112s,
step down

clockwise. The woveform will increose in height
until it deflects off the screen. This is now post B
moximum useoble sensitivity. Turn the Volts/CM
switch counter clockwise to reduce the sensitivity,
thewoveformwillreduceinhei9ht.Whenitdrops
below 0.5cm deflection it will lose trigger
stobility, this is the minimum useoble sensitivity
when o triggered disploy is required. The most a
useful ronge to view o woveform is between 2 ond
8 cms ond the ottenuotor should be odiusted to
provide this when noking meosurements. I

5.5 The time bose con now be checked.
Turn the Time bose Vernier control counter a
clockwise ond note how- more woveforms oppeor
on the screen os the time bose sweeps of o slower
speed. When ihe control is fully counter clock- r
wise switch the time bose switch clockwise to I msec/

_cm, the disploy will return to the five or six wove-
forms we storted with. 53g _r
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FTRST TIME OPERATION (continued)

Turn the Vernier mntrol clockwise towords CAL.
The number of woveforms will progressively
decreose until only o line sweeping towords
the top of the screen is present.

This condition illustroies how the 504 con be used
to expond out the leoding edge of o woveform
to view it in detoil or to meosure its rise time.

5.6 The HORZ. INPUT should be checked with
on oscillotor. Connect on odditionol leod from
the oscillotor output to the yellow HOM.INPUT
socket then switch the time bose switch fully
clockwise. The time bose Vernier control now
becomes the Horizontol Sensitivity control, odiust
it until the horizontol deflection is the some os
the verticol, set it to obout 6cm. A single line
should now be present on the screen sweeping
diogonolly from top right to bottom left of the
screen. lncreose the oscillotor frequency ond note
thot when the input frequency increoses beyond
50kHz the line becomes on elipse indicoting phose
shift exists in the oscilloscope between the X & Y
inputs. This is the limit for occurote phose
m@surement but the horizontol omplifier nrcy be
used for lissoious figures etc., to beyond lMHz.

504

5.7 The use of the AC/DC switch ond the
ground link ore described in Section 6 which outlines
methods of meosuring woveforms.

6. The following section exploins the
operotion of Model bwd 504 when used to nroke
specific meosurements of VOLTAGE, TIME,
FREQUENCY, PHASE, & CURRENT.

6.I MEASUREAAENT ff DIRECT VOLTAGES.
Set the
operotion except the ottenuotor which should be
set to 0.5Y/cn. Use o l.5V dry cell for the test ond
connect the block ground prod to the negotive end
ond the red prod to the positive end of the bottery.

The CRT troce will move gp 3cm from the centre
line indicoting the voltoge is positive ond 3 x 0.5V=
I .5V. Now reverse the leods, the troce will move
down 3cm indicoting the voltoge is negotive ond
ogoin3cmx0.5V=.l.5V.

The obility of on oscilloscope to meosure both
positive ond negotive DC voltoges is porticulorly
useful when meosuring power supply roils ond AC
voltoges swinging between them ond ground. To
enoble the nroximum signol omplitude to be
disployed when DC coupled, the troce nuy be set
ot the bottom of the groticule for positive voltoge
meosurements ond the top of the groticule for

- 7 - negoiive voltoge meosurements. 539
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lf the signol def lects the troce off the screen
reduce sensitivity until def lection is within the
groticule limits.

6.2 NOTE: The IMQ input resistonce of the

oscilloscope must be token into occount when

meosuring high impedonce points such os the gote

of o FET or similor circuits. A l0:1 probe such

os the bwd P32/4mm duo heod probe will increose
the input impedonce to IOMQ ond so ,"dr* tl',"
shunt effect of the oscilloscope input by o foctor
of l0 olthough sensitivity is reduced by the some

o mount.

MEASUREMENT OF AC (ALTERNATING)

7.1 Set the Attenuotor to 5O/ (if the input
voltoge is unknown). Connect o leod from the
COMMON (Block) inpui terminol to the ground
(eorth) side of the signol source. (Model bwd ll28,
l4l or 160 Oscillotors ore ideol for initiol
experiments in this test).

lncreose the Veriicol sensitivity by the VOLTS/CM
switch until o disploy between 2 ond 8 cm exists.
Now odiust the Time Bose switch ond Vernier to
enoble the woveform io be reodily seen. To

meosure the volioge of the disployed woveform
meosure its overoll height in centimetres by the
colibroted groticule, then multiply this by the
Attenuotor setting ond the result is in Volts p-p,
e.g. if the disploy is 6cm high ond the Attenuotor
is set to 0.5V then the omplitude is 6 x 0.5 = 3V
peok to peok, to convert to RMS voltoge for sine
woves - divide the 3V by 2.83r e.9.

3--2:6- = l-(xvRMs

It is importont to remember thot oscilloscopes
indicote peok to peqk voltoges NOT rms os on
AC meter does. To obtoin RMS voltoges it is

necessory to convert the p-p os shown obove.

7.

504 -8- s39



I 7 ,2 The frequency of the woveform con be
J found by turning the Time Bose VERNIER to CAL

(clockwise), then switch the TIME/CM switch
to o ronge where the signol con be cleorly seen,

- e.g. if o woveform is 2cm long ond the switch is

on l00p Sec, then the durotion of the woveform
is 2 x l00p Sec. The frequency of the disployed

- woveform con be found by dividing I second,
which equols 1r000,000p Sec by the woveform

I durotion t e.g
3 1,000,000H Sec 

= 5000H2
200p Sec

5uI

8. AC-DC INPUT SWITCH. All meosurements
described under Sections 6 &7 hove been rnode with
the input selector pushed in for DC.lf however it
is necessory to meosure the omplitude of o low level
AC woveform which is superimposed on o high DC
voltoge the DC component must be removed. By
setting the input selector to AC (out position) o
0..lpF copocitor is ploced in series with the input
sigml ond effectively removes the DC voltoge
ond very low frequencies. The omplifier response
is now - 3db down (0.707 omplitude compored with
lkHz) ot l.6Hz opprox. This will produce notice-
oble tilt on ony sqLsre wove below l00Hz. To
view low frequencies other thon sine woves it is
necessory therefore to use DC coupling if the
woveshope is not to be distorted.

The low frequency response when AC coupled con
be extended down by onother decode by using o

l0:l high impedonce divider probe (bwd P32/4mm or
P40 4mm) on the input. The - 3db point is then
0. l6Hz negligib.le tilt.
9. ISOLATED MEASUREMENTS AC OR DC.
When the ground link is removed from the Common
ond Ground terminols the input circuit is isoloted
from ground enobling meosurements to be mode
between ony two points of o circuit, even if neither
is ot ground potentiol. $g-9-

E-atxr oscrLLoscq a



9, ISOLATED MEASUREMENTS AC OR DC.
(conti nued)

The COMMON terminol hos on impedonce to
ground of I .5MQ ond is shunted by o 0.lpF
copocitor - this must be token into occount if
connecting the COMMON to o point of high
impedonce. Moximum voltoge thot moy be opplied
io the COMMON terminol is * or - 400V DC.'

10.
Anothe
obility to meosure the voltoge drop ocross o known
resistor, ond by use of Ohms Low, this moy be
converted to current. With o lQ resistor ocross
the verticol input terminols, the ottenuotor reods
in mA ond AMPS directly.
504

I0. I lf this resistor is ploced in series betweeno source ond lood, the Oscilloscope will ,;;
the current flowing, both AC & DC in nrA or
AMPS, e.g. 0. lV on the Attenuotor = 0. lA,
0.2V = 0.A, etc., ond unlike o meter will show
the ociuol current woveform - o procticol
opplicotion is the chorging current in o filter
copocitor of o power supply or the current through
o rectifier, etc.

a_

Three exomples of resistor
plocenents uscd lo mcosuro
currenl.
'| , Totol rectifier current.
2, Copocitor chorging current,
3, Tronsislor emiller currcnl.

m..xhr o$(torcq a :-;iffi"t o-
o
c:

*.Iir orrlloscq a

:ror

t0 - 539



ll. MEASUREMENTS WITH AN EXTERNA LHORIZONIAL INPUI1

A
l0
9

I
?

6

5

L

P}{ASE AN6LE CHART

J
1.r_ 

r1.," @oupted, the cRTorsploy con be used for X_y plotting over on

3.i,,,9 ". :r:o, phose meosurements from DC to
i,r^", ::: ^: lo 

t r* y: I ", co mpo r i so n s w i r h I i sso 
i o u sugures to beyond lMHz. Switch the Time BoseSwitch to HOM. INpUT ond 

""ntru-spot.

ing first colibrote the
feeding in 5V p_p
the HORZ. GAIN unril

, 1'l::.*,: r.to tv/cm. fi:tffii:i# il:'::T'
-. roenlcol X 

".^1 
y senritivities, or lV per cm.(Other sensitivities con be usei with equol orunequol sensitivities, os required).

I1.3 
. 
The phose shift in on omplifier or fitter

network etc., con be meosured irom DC to 50kHzusing the groph opposite.

504 _ ll _

SIN E: B/A

rl,

7

3

6
?
0

t0

l(
r8

3

2

t5

9

12

r6
a

rc

60

e

B
0'l

0r5

02

03

0(

05

0,6

07
08
09
I

l5

2

2.5

3

6

7

I
I
t0
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il. MEASUREMENTS WITH AN EXTERNAL

Apply o low distortion sine wove to the circuit
under test ond olso to the verticol input of the
oscilloscope. Now connect o leod from the outpui
of the circuit or omplifier to the HORZ. INPUT
socket. Adiust sensitivities for o disploy oboui
6 cm long. Vory the test oscillotor frequency
over the required ronge ond note the voriotion
of the disploy from o stroight line. The width
of the elipse should be meosured ond using the
groph reod off the phose ongle.

I I .4 Frequency comporison of one AC
source ogoinst onother nny be reodily nnde by
feeding one input into the Verticol Amplifier ond
one into the Horizontol lnput. The rotio of one
frequency to ihe other con be determined from
ihe exomple shown.

I I .5 NOTE: Signols should not be fed into
the HOM INPUT when the time bose is in
use os this moy couse interference with the time
bose.

11 .7 Extending the Useoble Colibrgl"d 4rplfig
Ro nge .

Although oll oscilloscope omplifiers ore specified os

hoving o bondwidth of so rnony megohertz ot - 3db
it does not meon occurote omplitude meosurements
con be mode ot the -3db limit. ln foct beyond
opprox . l/3 of the specified bondwidth the
colibrotion occurocy specificotion no longer
opplies. To enoble the bwd 504 response io be used
ot sensitivities well beyond the 1/3 limit the
chort below hos been devised. The dotted line
indicotes the typicol frequency response of the
omplifier. The solid line indicotes the ottenuotor
multiplying foctor required ot ony frequency
to 20MHz.

It must be noted the curves con only be
opproximote os ot frequencies obove lOMHz the
method of picking up the sigml ond opplying it to
the oscilloscope con effect its opporent omplitude.
With o l0:l P32 Duo Probe properly grounded by
the flying ground leod, meosuremenls con be
mode to beyond 80MHz so thot it will hove o

negligible effect over the bondwidth ronge
ovoiloble with o bwd 504 oscilloscope.

5M -12- 539



_- bwd 5M FREQUENCY RESPONSE
CHARTNOTE: Mox omplitude of signol should NOT

exceed the omplitude shown-on the response
curve e.g. ot l5MHz it should not exceed I .6
cm. Below 3MHz omplitude con be extended to
the full 8 cm deflection.

EXAMPLE: An inpur signol ot l0MHz produces
2.5 

"-, d"flection with the ottenuotor set to
51mY/cn. &!roL omplirucre of signol is
2 .5 x 50 x A-tten-l,otor Multipl ie, uo-|r". A t I OMHz
Atte.n. Multiplier volue is opprox. 2.1so the
omplitude is therefore 2.5 x 50 x 2. I = 253mV
P-P.

NOT.E: Mox. Deflection curve indicotes signol
omplitude ot IOMHz must be kept below 2cm or
omplifier overlood will occur.

AVERAGE FREQ UeN]C\, REsPoN sE

cM oF DEFLECIoN - -a.

---

--l
-3db _- --

-6db

ATTENUATOR MULTIPLIER

VALUE

\

\

\
\.
\

HI
.ll
5t
3l

.'.........il>lzl
EIoli,

f,

504

f

F

4 5 I0
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12. CIRCUtT DESCRtpTION. NOTE: As rhe
circuit is isoloted from ground, oll meosurements
must be mode with the ground link in ploce between
Ground ond Common terminols on the tront ponel.

12.1 Attenuotor_. Signols opplied to the input
terminol-EElwitched Jroighr' ihrough ro rhe
ottenuotor in the DC position of Sl or vio C2
to block the DC component in the AC position.
Switch S2A-D ottenuotes the input signol in o
112,5,10 sequence. Section S2A & B ottenuotes
the signol i_n o lrlOrl0Orl00O sequence every
3rd step. Sections S2C ond D steps the input in fhe
| ,2r5 sequence. As fhe two sect'ions ore coscoded
the result follows o 11215, l0 sequence. To rnointoin
constoni AC or DC rotio the resisior dividers ore
porolleled by copocitors, odiusted such thot the
C x R volue of the series orm is equol to the
C x R volue of the shunt orm to eoch step.

12.2 Verticol Amplifier. e I through eg. Theverticol@s o bolonced series shunt
compensoted stoge driving o coscode deflection
omplif ier stoge.

t_

504 -14- s39



IJ.

12. CIRCUIT DESCRIPIION (continued) The o-utput coscode stoge e5 to e5 incorporotes
high frequency compensotion copocitor CI9
locoted between e5 ond eO .riti"rr.
CR.l Y - plotes ore directly coupled to eZ ond egcollector loods whilst internol trigger toke off
is from the collector of e6 "io Ci6.

!2.3 Trigger Circuit. (e40, U4O I . C secrions
F. D. &T).-lilE*l from e6 vio CI8 posses
through R40 build out resistor to e40 emitter
follower. Q40 feeds one section of U40 o Hex
lnverter low power TTL lC.

Two feedbock poths ore used oround e40 ond
inverter U40F, one vio R42 to nnintoin theo:":g: DC operoring level. The second porh is
'rt,t D40, D4l ond R4l . When ossymetricol
sigir.rls such os norrow pulses or" ,rpplied to the
trigger ci.rcuit, D40 or 4l depending on the
sigml polority will conducr. C4O iitt Uu

3hSrSed by the conducting diode ond the resultont
DC level is fed bock to e40 input vio R4l to ensure
the output signol is correctly biosed to switch thefollowing inverter stoges U40 D & C.

Q I ond Q2 FFT's ore the input series compensoted
omplifiers which provide o high impedonce for
the input signol from the ottenuotoi ond o
conshont current source for the following shunt
compensoted stoge. lnput protection for e.l is
provided by reversed bi:sed low leokoge diodes
DI ond D2. ln the event of o positive over_
voltoge being opplied to the input, Dl will
conduct into the low impedon"" of C45 on the
:.6V roil, whilsf D2 conducts inro Cl7 wirh
lorge negotive signols

The zener diode D3 in the sources of el o.id e2
chonges the omplifier goin in opposition to
chonges of line ,oltoge to nrcintoin o .onrtont
colibrotion sensitivity irrespective of line uoltogevoriotion. To further minimise line effects on tf,edisploy, Ql ond Q2 ore occurotely motched for
bo.th.goin o.nd operoting current to virtrrclly
eliminote the effects oi voriotions on the dC roils.

Amplifier colibroiion is odiusted by shunt resistor
RV2,_whilst positioning uoitogu, ore opplied
from RVI vio Rl7 ond ntA onimixed wirh rhe
input signol ot the iunction of e I ond e2 droins
ond Q3 ond Q4 boses.
504
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Cl RCUIT DESCRI PTI ON (continued)

U40 D & C ore connected os o Schmiit Trigger
by feed bock resistor R46. ln operoiion o
negotive signol to pin 9 couses o Hl ot pins
8 & 5 ond o L0 ot pin 6. This L0 is
communicoted bock to pin 9 vio R46 pulling it
more negotive resulting in o cumulotive oction
which couses the output on pin 6 to switch
ropidly either high or low with the input signol .

12.4 AUTO CIRCUIT. (Q4l U40 l.C Section
E). Another inverter section U40 E is connected
to pins 8 & 5. lts outpui ot pin l0 swings
between opprox. +4V ond +0.2V when o signol
is present, this ouiput volloge is doubled by C41,
D42, D43 ond C42 ond opplied to the bose of
Q4l clomp tronsistor which controls the
Auto operofion.

12.5 TIME BASE CIRCUIT. (U40 l.C. Sections
B & A, Q43 ond 44). This circuit consists of o
Miller lntegrotor goted by o bistoble switch
formed by the remoining two inverter gotes U40B
& 40A. Operotion is os follows.

Assume pin 3 of U40 is Hl, pins 4 & I will be
L0 qnd therefore pin 2 will be Hl.
504

Vio divider R56 &R57 D49 will conduct turnino
Q43 on ond its droin will foll, e44 emitter - I
follower will follow until the iunction of R66 & D5O _
folls below zero volts ond pulls D48 into conduction,
The negotive foll ot the droin of Q43 ond hence on 

*
the cothode of D48 will coniinue until the curreni ,-_
flowing through ihe circuit R56, D48, R66 & 67
pulls D49 negotively ond reduces the {.ye current L

through it until it equols the negotive chorging
current supplied to Q43 gote by R60 from RV40A
time bose Vernier control. The circuit will stobiliset
in this quescent stote owoiting o trigger pulse to
stort the time bose. When o trigger signol switches -pin 6 of U40C 10, the leoding edge of the pulse is
fed by C43 ond diode D44 to pin 3 of the time bose
bistoble. It is driven 10, pins 4 &l go Hl qnd 2
switches to 10. R52 communicotes this L0 bock to
the input ot 3 lqtching the circuit in this stote.
The divider R56 & 57 now cuts off D49 ond 48 leovin
only the chorging resistor R60 connected to Q43 gotef
Current through it pulls the gote negotively
cousing its droin to rise. This is followed by
Q44 ond D50 which is connected to one end of the
timing copocitors C5l to C56 thus completing o
negotive feed bock loop oround Q43 & Q44.

- t6 - 539



-t CIRCUIT DESCRIPTION (continued) The foll will continue until o negotive trigger
pulse fed vio C43 con force pin 3 L0 ond so

switch the bistoble circuit over to stort onother
troce.

If o trigger signol is not received to initiote the
sweep the chorge on C42 in the AUTO circuit folls
to zero so removing the forword bios on Q4l clomp
tronsisior. This enobles R50 to pull the iunction of
R48 & 49 negotively until D44 conducts ond lotches
the bistoble over to stort onother troce.

12.6 BLANKING CIRCUIT. (Tronsistor a44.
During t@n pin 2 of U40A is HI,
Q42 is pulled hord into conduction through D46.
Its collector folls ond this is copocitively coupled
to the CRf grid by C59. When the time bose storts
pin 2 goes L0, disconnecting D46, turning off Q42,
its collector rises until the feedbock current through
R54 stobilises the collector volioge ot opprox.
+ 45V. The rise in voltoge turns the CRT on,
diode D80 clomps the rise to prevent grid current
flowing in the CRT.

12.7 HORIZONTAL AMPLIFIER. (Tronsistors Q45,
ao a +z@ hos three inpurs
opplied to its bose.

The negotive feedbock mointoins o constont
chorging current on the timing copocitors to
produce o very lineor sweep woveform.

The lineor rising time bose woveform continues
until the iunction of R66 & 67 pulls diode D47
into conduction. This pulls pin 3 positive,
4 & I go 10, 2 goes Hl ond R52 feeds bock the
chorge to the input to lotch it in the Hl stote.
Divider R56 & 57 pulls D49 into conduction
ond Q43 gote positive, its droin folls until D48
ogoin conducts ond the circuit is in its
quiescent low stote owoiting the next rigger
signol.

Whilst the time bose woveform is being generoted
pin 4 of U40B l.C. is Hl, this pulls diode D45
into conduction ond the selected hold off
copocitor thot is switched into circuit by 5404
is chorged to opprox. +4V. Diode D44 reverse
bioses ond prevents the pull up by D45 from
offecting the stote of the bistoble switch.

At the completion of the sweep woveform when
diode D47 reseis the bistoble to Hl, pin 4 folls to
L0, D45 disconnects ond the hold-off copociior
storts to dischorge through R48 & 49.
5U -17- 539



CIRCUtT DESCRIPTTON (continued)

The time bose woveform vio RV42 ond R69, the

horizontol position vio R7O from RV4l position

control, ond negotive feedbock oround the

stoge vio R74 when switched in by S40C'

When the time bose is in use R74 is switched in

circuii ond Q45 hos o voltoge goin of :. l0'
ln the Horz. lnput position of S40C, R74 is

disconnected increosing Q45 goin obout 8 times

ond the horizontol input is brought into circuit'
RV40B being the goin control ond R68 the

build out resistor. Q45 drives Q46 & 47 CRT

Jef lection omplifiers which ore directly coupled

to the horizontol def lection plotes'

12.8 A 550V RMS

windin d bY D8l - 84 to

produce -l54OV. This i to the CRT

cothode vio the divider R85 ond RV82 intensity

control. A further section of the divider

supplies RVSl focus control.

+120V Roil. A bridge rectifier D86-89 supplies

+125V to C87. The roil is further filtered by

R89 ond C86. The front ponel LED indicotor D85

is o lso inc luded in this ro i I .

5M

+22V Roil D90 holf wove rectifies o 2lV AC
winding ond supplies *25 to C89. R8l & C88

provide odditionol fi ltering.

-22V Roil. D91 holf wove rectifies 2lV AC to
supply -25 io C9l . R82 & C90 provide odditionol

f il tering .

+5.1V Roil. Current through the verticol output

stoge ond Q3 & 4 ore used to supply the 5.lV roil
which is stobilised by U4l I . C. The controlling
input voltoge to pin 3 of U4l is obtoined from o

divlder R63, R64 & RV3 between +22 ond'10
which mointoins o constont +5.lVover o widely

vorying ronge of power line input voltoge'

ADJUSTMENTS AND l\AAI NIENA NCE.

WARNING

ANGEROUS VOLTAGES EXIST AT SEVERAL

potNTS THROUGHOUT THls INSTRUMENT. WHEN-i

OPERATING WITH THE COVERS REMOVED DO NOTI

OUCH EXPOSED CONNECTIONS OR

- t8 - 539
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13. I A number of preset controls ore contoined
in this instrument which moy require periodicol
odiustments to nrointoin full colibrotion.

Before removing the top cover, disconnect the
instrument from the power line. Turn the
instrument over ond remove the 4 feet ond the
two screws in the cover. Slide the bottom cover
forword to remove. Turn the instrument correct
side up, remove hondle screws ond corefully slide
the cover off verticolly.

To oid foult finding, the voltoges ond woveforms
present of vorious points ore shown on the circuit.

13.2 lf the input FET's require replocing ihey
must be reploced with o selected poir bolonced
for current ond goin to ensure correct colibrotion
ond minimum troce movement with input line
chorge.

I3.3 ALIGNMENT PROCEDURE. With
inrtrrr"@ignedto
groticule, check the following detoils prior to
olignment with Time Bose switched to lm Sec.

Check operotion of Time Bose ond Vernier on
eoch Time Bose ronge.

5M

Turn Time Bose switch to HORZ. AMp. spot
should move ot leost *5cm with Horizontol Shift.

I3.4
(o) lntensity: Complete control over intensity

ronge.
(b) Focus: Adiustment ovoiloble either side.
(") Vert.

Position: Troce should move completely
off screen obove ond below
cenf re.

I3.5 Feed o lOooHz
sine wo mplifier
ond odi ion T. B. ro
Im Sec. Vernier ot Col.

The ostignrotism preset RV8l ot the reor centre of
the P.C. Boord is odiusted in coniunction with
the focus control for the best resoiution over the
entire screen oreo with intensity odiusted to o
high brightness level

13.
Tes

Ge
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ADJU STMENTS AND MAI NTEN]ANCE
(contr nued)

Set ottenr.rotor to 0.01V, feed in 50mV p-p
(17o occurocy) quore wove. Adiust RV2 for 5cm
disploy. Verticol omplifier of oscilloscope is
now colibroted.

The following chort indicotes the odiustments
necessory to olign the ottentrctor.

Attenuotor willbe ouionoticolly oligned ot
ottenuotor positions where there is no copocitor.

13.7 VERTICAL AMPLIFIER. Tesr equipmenr
,eqrired@nerotor, les thon
30n Sec. rise time ord constont omplitude sine
wove generotor.

Attenuotor to 0..lV, input selector to AC, signol
input 0.5V p-p )MHz, T.B. ronge 0.5p Sec,
Vernier to Col. Check squore wove is o good
shope. Adiustment mode for response by moving the
wire ottoched to Q8 ouiput tronsistor.

Check bondwidth with o constont omplitude sine
wove generotor. Adiust deflection for 6cm ot
50kHz, disploy should not drop to less t|nn 4.2cm
ot 6MHz.

13.8 HORIZONTAL AMPLIFIER. Test equipment
lHz to Iffi (Model bwd l4l).':-
Switch TB to Horz. lnput ond turn Vernier conhol -
fully clockwise.

Connect oscillotor to Horizontol lnput. Adiust :
disploy for 6cm deflection ot I kHz, increose -
frequency ond note freqJency when troce drops
to 4.2cm length- it should be obove lMHz.

1_

A tte nr.ro tor
Setti ng

0.01
0.02
0.0s
0.1
0.2
0.5
I

2

5
l0
20
50

504

I nput
Voltoge

50mV
I 00mV
200mV
500mV
IV
2v
5V
t0v
20v
50v
r 00\/
I 00v

-20- 539
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SENSITIVITY: Feed in lkHz sqlnre wove
5V p:F;Fmude, troce should be opproximotely
lOcm long ot moximum goin ond less thon lmm
of minimum goin.

I3.9 X-Y PHASE MEASUREMENT. Turn
ottenwto l kHz sine
wove to both verticol ond horizontol inputs.
Adiust Horz. Vernier for o 45o line on CRT,
i. e. equol X-Y sensitivities. Now increose
frequency, line should not open in the centre of
the wove more thon 3mm below 50kHz.

l3 . I 0 TRIGGER SENSITIVITY. Feed in 5OkHz
sine wove, iime bose to l0p Sec/cm. Reduce
omplitude of input signol until troce ceoses to
lock, this should be below 0.5cm deflection.
lncreose deflection to lcm, increose frequency
to lOMHz mointoining lcm deflection Troce
should lock ot oll frequencies. lncreose frequency
to l5MHz troce con be locked with Icm defl by
use of vernier if necesory.

To check low frequency irigger use o bwd l4l
oscillotor. lcm deflection will trigger to lOHz
ond 2cm down to SHz.

l3.l I TIME BASE. Test equipment required
<l% occrro"y@erotor with lp Sec to 0.1 Sec
output in decode sieps. Set Time Bose Ronge to
Im Sec, Vernier to Col. Feed in lm Sec pulse fo
omplifier ond odiust RV42 (T. B . Co I . top front of
P/c6oord) to disploy I pulse per cm. Check the
following steps with the frequency indicoted ond if
necessory odiust RV42 for o compromise setting
to obtoin the minimum error ot eoch step.

T.B. RANGE

l 0p Sec
lm Sec
I 0m Sec

INPUT FREQUENCY

I OkHz ) ..

l5b';=i 
"Jiff?;: '"'

Now feed o lMHz pulse in with T.B. switched to
lp Sec odiust C52 for I pvlse/cm.

Next switch to 0.5p Sec. Adiustment for I pvlse/2cm
is mode by twisting C5l stonding up from the
P.C. Boord olong side the T.B. switch.

14. REPIACEMENT PARTS
.l4. 1 Spores ore normolly ovoiloble direct from
the monufocturer.

504 -21 - 539



REPLACEMENT PARTS (continued)

When ordering, it is necessory to indicote the
seriol number of the instrument. lf exoct
replocements ore not to hond, locolly
ovoiloble olternotives moy be used, provided
they possess o specificotion not less thon, or
physicol size greoter thon the originol component.

14.2 As the policy is one of continuing
reseorch ond development, the Compony
reserves the right to supply the lotest
equipment ond nroke omendments to circuits
ond ports without notice.

I5. GUARANTEE.

The equipment is guoronteed for o period of twelve
(12) months from the dote of purchose ogoinst
foulty moteriols ond workmonship.

Pleose refer to the Guorontee Registrotion
Cord which occomponied the instrument, for
full detoils of conditions of worronty.

\

t

-_l

_.1

_.1

_.1

=l
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t6. PARTS LIST - 504

Soonor
Soonor
Stet-Cun.
Soonor
A llied
Stet-Cun.
A llied
A ll ied
Soonor
Soonor
Stet-Cun.
Stet-Cun.
Stet-Cun.
Stet-Cun.
Soonor
Soonor
PHILIPS
PHILIPS
Allied
PHILIPS

SOANAR

TCS - 605

2222-016-1 4t 0l
2222-015-17228
TCS-610
2222-016-1 61 0l

COMPONENT IV,IANUFACTURER . PART NO.

Cl l00nF 630V t@/o TypE NC2 100nF 630V tP/o TypE NC3 2-6pf TRIMMER TYPE l0-S
C4 lOpf lP/o 500V NpO CDSC5 47pf 5o/o 500V N750 CDSC6 2-6pf TRIMMER ryPE l0-S
C7 l5pf 5o/o NpO 50OV CDSC8 330pf 630V s% STy
C9 3n3 l00V GREENCAP
ClO 2.2pf s00V NpO CDS
Cll 2-6pf TRIMMER TYPE l0-S
C12 4-20pf TRIMMER TYPE l0-S
Cl3 4-20pf TRIMMER ryPE l0-S
Ct4 2-6pf TRIMMER TypE l0-S
Cl5 22pf 500V Nz50 CDS
cl6 2v2 630V CDS
Ct7 l00pF lOV ELECTRO
cl8 2.2sf 40v ELECTRO
Cl9 680pf 630V STYRO
c20 I 00pF 25V ELECTRO
9?\ l-00_nF 63V CER DISC.C22 2p2 500y NPO c55-'



16. PARTS LIST - 504 (continued)

COMPONENT A/ANUFACTURER - PART NO.

c40 22PF 25V ELEC.
c4l 4.7pF 63V ELEC.
c42 4.7pF 63V ELEC.
C43 l5pf 500V NPO CDS
c44 l00nF 63V CDS
c45 l00pF 10V ELEC.
C46 4n7 l00V GREENCAP
c47 47nF 100/ GREENCAP
C48 47ONF 35V TANTALUM
C49 4.7pF 63V ELEC.
C50 22pF 25V ELEC.
Csl 2.2pf sOO/ NPO CDS
C52 4-20pf TRIMMER
C53 95pF NZ50 CDS
C54 ]NF IOOV GREENCAP
C55 lOnF I00V GREENCAP
C56 I OONF IOOV GREENCAP
C57 lOpf NPO CDS
C58 InF CDS
c59 33nF I600v
C60 2.2pF 40V ELECTRO.

PHILIPS
PHILIPS
PHILIPS
Allied
Soonor
PHILIPS
Soonor
Soonor
STC

PHILIPS
PHILIPS
Soonor
Stet-Cun.
Soonor
Soonor
Soonor
Soonor
Soonor
Soonor
PHILIPS
PHILIPS

2222-015-16229
2222-01s-l8478
2222-015-18478

2222-015-l 41 0l

TAG
2222-015-18478
2222-01 5-1 6479

4-20/tos

SELECTED

2222-015-17228
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PARTS LIST . 5M (continued)

1

I
I
I
I
l
I

=

C6l 330pf l0/o 500V CER. DtSC.
C62 2n2 630V CER. DISC.

C80 100 nF 630V GREENCAP
C8l 100 nF 630V GREENCAP
c82 8pF 450V ELEC.
c83 8pF 450v ELEC.
c84 8pF 450v ELEC.
c8s 8pF 450v ELEC.
c86 50pF lsov ELEC.
c87 50PF l50V ELEC.
C88 l000HF 35V RB ELEC
C89 I 0o0HF 35V RB EEEC
c90 l000FF 35v RB ELEC
C9l l000pF 35V RB ELEC

THI C23 THERMISTOR

CRT
x=l
x=7
x = 3l

l30BE/B (x)
for PI Phosphor
for P7 Phosphor
for P3l Phosphor

COMPONENT AAANUFACTURER - PART NO.

Soonor
Soonor
Soonor
Soonor
Soonor
Soonor
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PHILIPS
PHILIPS

PHILIPS

2222-M0-11509
2222-U0-l 1509

5M



16. PARTS LIST - 504 (continued)

RVI
RV2
RV3

RV4
RV4O
RV4I
RV42

5K LINEAR CAIIEON POT
47OQ LINEAR PRE SET POT
22K LINEAR PRESET POT.
2K LINEAR W.W. POT

l OOK + I OOK LINEAR TANDEM
IOOK LINEAR CARBON POT

IOK LINEAR PRESET POT

IOOK LINEAR PRESET POT

IM LINFAR CARBON POT

22OK LINEAR CARBON POT

WITH DPST ROTARY SWITCH

ISOSTAT SWITCH SINGLE
SECTION

ROTARY SWITCH TYPE ''F., 3
DECK

l2 POSITIONS c/w PC BOARD
LUGS AND SHIELD

ROTARY SWITCH TYPE "F'' 2

DECK
7 POSITIONS c/w rc BOARD

LUGS
TRANSFORMER TI43A

RVSO

RVSI

RV82

s40

|V'\ANUFACTURER - PART NO.COMPONENT

PI
Pi
DPR,

PTI O/
PTI OV

Pl22
ELNA

PTI O/

PTl 5V

Pi

Pi

BWD
BWD

sR80

SRI.IOA

BWD

BWD

SRI I IA

TI43A



DI
D2
D3

lN4t48
tN4l48
BZX79 C13

ZENER

D86 tN40M
D87 rN4004
D88 tN40M
D89 1N4004

F80 2504 A Deloy 3AG
117y

100^v,1A Deloy 3AG
265V

KNOB K2B-G -C-D3 2o

Q5 2Ns770 ) ,,

Q6 2N520 )
Q7 8F337 ) Mot"hudQ8 8F337 ) ZSt"

U4O 74LM
u4l 741

Q40 8C547

KNOB KIA-G-C 3off
KNOB KI-R-A 2off

Ql MPFI06 ) Alotched
Q2 MPFI06 ) Futt
Q3 2N5770) Mot"hed
Q4 2N520) 25o/o

D40 lN4t 48
D4l tN4l48
D42 lN4l48
D43 tN4t 48
D44 tN4l48
D45 tN4t48
D46 lN4l48
D47 tN4l48
D48 lN4l48
D49 tN4l48
D5O BZX79 C3V3

ZENER
D5l 1N4148

D80 tN4l48
D8l EM4l0
D82 EM4t0
D83 EM420
D84 EM4l0
D85 TIL2O9 LED

I
-t

1

1

1

:

I
I
-r s04

Ic

Q4l
Q42
Q43
Q44
Q45
Q46
Q47

LI

2N412t
8C547
MPFl03 FET ) Selected
BCs47
8C547
8F337-) Mor"h"a
8F337 ) 25/o

TRACE ROT. COIL
Pt. No . 090-167-1
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16. PARTS LIST . 504

All Resistors l/4 Wott 5% Unless otherwise
lndicoted

R2 IOM
R3 900K
R4 I IOK
R5 IM
R6 9KI
R7 IK
R8 IOM
R9 4M7
Rl 0 500K
RI I IM
Rl2 800K
Rl3 250K
RJ4 IM
Rt5 220K
R]6 680
R]7 t2K
Rl8 t2K
Rl9 220Q

P/o

?/"
%/L/O

?/"
7/o

'b/L/O

7/o
%,,L/O
'b/L/O
%/L/O

R2I IK
R22 68()
R23 8K2
R24 680
R25 I K2
R26 lKz
R27 680Q
R28 8K2
R29 680Q
R30 68Q
R3t 68r)
R32 68Q
R33 5K6 I .5W
R34 5K6 I.5W
R35 68Q
R36 68Q
R37 2K2

R38 100Q
R39 820Q
R4O IK

R4l 39K
R42 56K
R43 IK
R44 IK
R45 I K5

R46 22K
R47 I 00K
R48 IK
R49 I K8
R50 l8K
R5l 2K2
R52 3K9
R53 56K
R54 1 00K
R56 5K6
R57 56K
R56 l2K
R59 lM5
R60 1M5

22K
I OOK

39K
47K
6K8
lsK
56K
lsK
56K
t2K
15K
22K
2K2
27K IW
27K IW
390Q
4K7
IK5
5K6
r 00Q

R6I

R62

R63

R64

R66

R67

R58

R69

R70

R7l
R72
R73

R74

R75

R76

R77

R78

R79
R80

R8l

All Resistors l/ Wott 5% Unless Otherwise
lndicoted ?

R82

R83

R84

R85

R86

R87

R88

R89

R90
R9I
R92

R93

R94

I 50()
l0K
l0M
22K
390K
390K
2W
220A
39K
22K
4t<7

IOQ
5Kl

t
I

ir
l

t_l

i_l

i.l

IW

__l
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INPU I
COUPLING 2 S2A

AC
10mVS1

TO GAIE 01
+ 1269

16
68tooac2 zo

50

100

200

IV

2

5

10

20

50

Tcr
#%

2'6e
R13

250x

s2A s2B 520

ATTENUATOR }€CH ANICAL LAYOUT

I

i
)

l

INPUT ATTENUATOR 5O/.

'l00mV

@
c3

c6

@,
'v I \

s2c

cl1 R11
2-6 1M

cl

20mV

@
c12
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L ourpur luplrrrEaJ

X' ultcxeo patRs

RV/. 2K
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