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CAUT"E#rd
Input  vo l loge protect ion of  the Model  504 osc i l loscope is  prov ided ' .p  tc : -

.290v RMS, g00v P-P, * 400v Dc
fnput voltoges in excess, moy couse donuge to the input circvitry, whicfr is noi coverecl
under  the GUARANTEE.

Dc noi connect d1lggll l  to high volfoge circui is, such os electr ic fences, ignit ion sysfenrs,
TV l ine outpufs, efc.

These high voitoges must be reduced to q workable level before coupling into the
oscil  loscope.

Use only vri th c high voltoge probe hcving suii 'oble otfenuotion chorocterisf ics, or o
ccpocilonce di 'r ider nefwork, typicol ly cs shown below:-

saa/6a/nb

L]
A.DPROX.

1pf



INSTRUMENT HANDBOOK

MODEL bwd 504

l .  GENERAL.  A l though  cJecep t i ve l y  s imp le
in opp"oEi"" oid operoi ion fhe bwd 504 is o
col ibroted osc i l losccpe wi th  c  wide meosuremenf
copcrb i l i ty  in  Vol toge,  T ime,  Frequency,  Phose
& Currenf  .

When requi red the input  terminols  con bd iso loted
from the power l ine ground by renrovol of o
ground l ink.  This  enobles meosuremenls to  be
mode between vol toges not  o f  ground potent io l  up
to o l imit of+400v DC. l t  moy olso be used to
e l iminate ground loops f rom low level  s ignols .
Add i t i ono l l y  i t  n reven fs  occ iden fc l  connec i i on
of  o  lecrd f rom the ground terminal  to  o l ive
vol toge f rom shor i inq out  equipnreni  -  o
por t icu lcr ly  usefu l  feo iure in  educot ionol  qreos.

As both ver t icc l  ond hor izontc l  ompl i f iers  qre

DC coupled the bvrd 504 wi l l  meosure both DC
ond A.C vol toges f rom the mi l l i  vo l t  ronge to
over  400V.  l f  o lQ res is tor  is  p loced qcross ihe
input  terminols  the current  f lowing througl r  i t
when connected in to o c i rcu i t  is  d isp loyed on
the CRT d i r "ect ly  in  mi l l i  omps or  ornps.

Time periods from less fhan 0.5p Seb to 1 li: .l lore reodily meosured or degrees of phose Shif i  '  :  -

over the ronge DC to 50kHz. Frequency I
compofison by l issoious f igures con extend from I
zero frequency to be;,en6 lMHz.

Alihough the specif ied bsncJwidths of the bwd 504!
is  6MHz ot  -  3db i ts  ompl i f ier  response does in  -

foct exfend to well over 25MHz. A chort irr the
operotion secfion shows hovr to rnqke I
meqsurements over this extendeci frequen"y rong"rr
together with chqrts fo;: r ise t irne ond phose D
meesurements.  A ronge of  h igh impeConce ond 

Idemodulotor  probes are ovoi lob le fo  iur l l rer
extend fhe meosui -ernent  ob i l i ty  o f  your  bwd 504.  ,
Check fhe bwd occessory l is t .  t
2 .  SPECIF ICATION

2.1 CRT. 13cm type 1308E/P3l providing o
f l o t  Bx lOcm d i sp loy .
EHT.  l . 6KV p roduc ing  o  h igh  i n tens i t y
wel l  focused t roce.
Phosphor: P3l norrnqlly supplied P7
qvoi lob le os Opt ion 04.
Gro t i cu le :  BX lOcm l i ncs  w i th  2mm
subdiv is ions.  Rise T ime ie ference l ines

at l f f /o ond 9s./o olso provided.
" 539
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I

f  Groticule printed'on l ight blue f i l ter (omber for
r PZ option)-

| |z.z vERTtcAL AMPLIFIER. sensit iv i ty:
r  lo*v  t "  @reps of  1 ,215,10
- sequence.

t Bondwidth: DC to 6MFlz - db ot ol l
sensi t iv i t ies referred to  6 cm def lec i ion ot  50kHz.

I  Typico l ly  -  6db ot  lOMHz.
t Rise Time: 55 nono seconds.

Input lnrpedonce: l  MO & 30pf .
I  Col ibrot ion:  Bei ter  thon 57o inc lud ing
'  lE/"  l ine vor io t ion.

Mqx.  Input :  Ful ly  protected io  *  400V

I fro* DC to 5O0kFiz ct ony otienuotor sett ing.
r  lso loted l r rput :  lnput  Common con be

- isoloted by removol cf front pcnel l ink frorn chossis

I  
ond power l ine ground.

2 . 4  
' T R I G G E R I N G .  

A U T O  l o c k  w i t h  n o
nronuol controTrl--

Sensi t iv i ty :  ) l  cm def  lect ion lOHz to
) lOMHz typ ico l ly  io  ) lSMHz ot  2cm.

L.F.  t r igger  extends below 5Hz wi th  2cm
def lecf ion.  Tr igger  c i rcu i t  locks to  the mecn
volue of  the d isp loyed woveform. l t  w i l l
lock to  q lmost  qny woveshope inc lud ing s i r re ,
squore,  t r iongle,  pu lse ond T.V.  v ideo
signols .  When no s ignol  is  present  or  repet i t ion
rote is below 5l- lz rhe froce free runs producing
o br ight  bose l ine.

2 .5  HORIZONTALAMPLIF IER.  Sens i t i v i t y :
Appro* .@ousl  y  uor inb I  e .

Bondwidth: DC fo I MHz-3db i"eferred
to 6cm def lect ion qf  mox.  go in.

Input  lmpedqnce:  l00KO ond 20pi  opprox.
X - Y Phose Shif l :  < 30 from DC ro

5OkHz.

2 . 6  G E N E M L .

T i l t i ng  Bo i l :  F i t t ed  w i th  fo ld ing  t i l t i ns
boil  to roise instrument to o convenient vievring
ong le .

I
t

2.3  T IME BASE.  Ronge:  0 .5pr  Sec  to  0 .1
sec/cm in 5 d""ode. r.nges plus additionol
0.5p Sec ronge.

Colibrotionz 15o/o with vernier ot CoJ.
Vern ier :  l2 : l  cont inuous contro l
between eoch ronge.

l ro* - 2  - 539



8 x lOcm GRATICULE

VERNIER CONTROL
FOR TIME BASE AND
HORIZONTAL AMPLIFIER

ORIZONTAL INPUT
SOCKET

VERTICAL ATTENUATOR
5!VtTCH

VERTICAL POSITION
CONTROL

OR DC INPUT
COUPLING SELECIOR
s\illTcH

,;l
'l

t
I

T
I
I

C]--:-
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I
I

9V/o
RI SE
TIME
REF
L I N E S

lU/o

---j-ljoRtzoNTAL PostTtoN I
CONTROL

AC

J-m

FOCUS
CONTROL

GROUND
TERMINAL
CONNECTED
TO CHASSTS

tNrul  COA^40N
TERMII.IAL

CONNECTED TO

VERTICAL INPUT
SIGNAL TERMINAL

I
I
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r Power: 100 to l35V ond 200 to 265V

f in t*o ronges. 4B-440H2 1SY't.
Dimensions: lB2mm high x 200mm wide

ix a05 mm deep overol l .

t  Weight:  4.5k9 pockeci  5ks.
Accessories Supplied: Handbook, xl

lProbe, 
ground prod ond protective mouldeci pock.

13 .  FUNCTIoN oF coNTRoLS.  Fronr  pone l

-controls ore $crpJTor "*;;f usetnd cre cieorly

f  designot"a.  ih* ' funct ions of  these controls are
rdescr ibed below.

1 3 . I  I N T E N S I T Y  C O N ] R O L S  &  O N . O F F
I

I  SWITCH..  Ful ly  ant i -c lockwise,  th is
control t* i t"Fer the instrument OFF. V/hen

f rofoted clockwise the instrument is switched ON
lsnd further rofotion controls the trqce intensity

(brightness) from zero to mox.

13.2 FOCUS. Controls the shorpness of the
troce. Moy require sl ight reociiusttnent over the

l fu l l  in tens i ty  confro l  ronge

r3.3 TIME,/CM (TIME BASL) SWlTCf" l .  When the
Time Base Vernier control is turned clockwise to

f thu CAL posit ion, ihe six i ime bcse speeds on
- th is  contro l  wi l l  be occurote to  vr i t l r in  57o.  The

-speeds  o f  l 0  ond  lmSec .  qnd  100 ,  10 ,  I  ond

I 
O.tU Sec represent-the fostest tp:: |  o:,"o:h

Control wil l  reduce the selected speed over
o l2- l  ronge,  e.g.  on the lmSec ronge the
Vernier wil l  vory the t ime bsse from lnr Sec down
to less thqn l0m Sec/cm when fu l ly  ont i -
c lockwise.

3.4 t " lORZ.  VERNIER. Vor ies the T ime Bqse
speed o;r 'r  TZ-1 r.^g. to provide o
cont inuously  vor iob le rote in  coniunct ion wi th  the
TIME/CM switch fronr 0. 1 Sec/cm to 0.5p Sec/cm,
When the TltvtE/CM switch is turned ond swiiched
to HORZ INPUT it srvitches off the interncrl
Time Bose, permitt ing on externol signul io be
fed into the HORZ INPUT socket. The
Horizontql Verniei '  now vqries the sens!t ivity
from 0.5V to 50V per cm opproxinrcfe!y.

3 .5  HORZ.  POSIT ION.  Moves  the
trqce ho;Eontol ly onlEu Cnf .

3.6 VOLTs/g$ (ATTENU{IOR). swirch
odiusts  the sensi t iv i ry  of  the Ver f ico l  onrp i i f ier
f rom lOmV per  cm to 50V per"  cm in  a 1,2,5,10
series of steps. Attenuqtor cccurocy is ?/,
ond.  the overq l l  Osci l loscope qccurocy wi rh in

' 5o/o on o ny step,

3.7 VERTICAL POSITION .  Moves the t rcce
verticol'iy 6nJEJCRT.

Lo,ngei onti-clockwise rototion of ihe Vernier



3.8 AC-DC SUIICE_ The DC posir ion ( in)
providei?irect couplTffio the ompl ifier
the AC posit ion (out) ploces o copocitor in
ser ies wi th  the input  to  b lock the DC
component.

3 .9  TERMINAI -S  &  SOCKETS.

3 .10  INPUT.  R .ed  te rm ino l  i s  t he  s igno l  i npu t
connect ion lo  the ver t ico l  ornpl i f ier .

3 .1  I  COMMON.  B lock  te rm ino l  shou ld  be
connectEd to the giound side of the signcl
being meosured.  This  ierminol  is  not
connected to the Oscil loscope chossis ond moy
be token to * 400V from ground vrhen the l ink
between i t  ond the Ground terminot  is  removed.

3 .12  HORIZONTAL INPUT.  When  the
llME/Cff i i-clockwise ro
HOM. INPUT, s ignols  moy be fed in to th is
socket to produce o horizontol disploy, input
is DC coupled. An externol copocitor must be
used if  o high .roltoge DC is present on the
signol to be disployed, which couses fhe trace
to be deflected off the screen.

4.  lN lT lAL ChIECKING. The vol toge i -qnge
for ModElT-'ffin the lqbel
ottoched to the power coble.

Two voltoge ronges.ore provided, from 100 io 
" l

l35V or 200 to 270V. The;z moy be chorrged
over by reconnecti.ng l inks on the tronsformer j

:',:T,:J it'll;5: :"j;,H#:ff L J'JHl?i# '' r
Ii,i:,:Y.x:",fi:ffi:Til::1 f"::il:o I
Power cord colour coding is os follows:

Line (Act ive) BROWN. Neurrq!  BLUE. Ground I
G REE N/YE LLow. r

usA & CANADA ONLY I
L ine  BLACK.  Neut ro l  WHITE.  Grounc l  GREEN. I

t
200 TO
265V

,*f
'135 V

I
I

a.l,,q/w

- 5 -
I

a to

117 0 117 o
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IHL"$:I" loul,""

lnill,,.n 
centre

Atfenuotor 5V

I

15.
FIRST TIME OPERATION

5.  I  l f  you ore unfomi l ior  wi th  on osc i l loscope

lset the controls os below ond f 'cl low the steps
loutt ined unti l  eoch feoture is understood.

This  moy be an osc i l lc tor  such os o bwd i  l28,
l4 l  or  160 etc . ,  or  the secondory of  o  s tep dorvn
tronsformer provici ing 6.3V AC.

5.4 Connect the signol ond ground prods to the
6.3V source or  on osc i l ls tor  set  to  50Hz ond 20Vp-p
outprr t  or  n1cx.  ovqi lcb le.  5  Cycles of  the input
woveform should oppeor qcross ihe screen. Svritch
the Vol ts /crn knob to o h igher  sensi i iv i f  y ,  i .e .
c lockrv ise.  The woveform wi l l  increose in  height
urrt i l  i t  deflects off the screen. This is now post
moximum useqble sensi t iv i iy .  Turn the Vol ts /CM
switch counter clockwise to reduce the sensii ivi ty,
the woveform wi l l  reduce in  height .  When i t  drops
below 0.5cm def lect ion i t  w i l l  lose t r igger
stqbi l i ty ,  th is  is  the min imum usechle sensi t iv i ty
when o t r iggered d isp loy is  requi red.  The most
useful rcnge to view o rvoveform is beiween 2 ana
8 cms ond the ottenuotor should be odiusted to
provide this when moking meosurernents.

5.5 The t ime bqse con now be checked.
Turn ihe Time bose Vernier control counter
clockwise ond note how more woveforms oppeor
on the screen os fhe time bose s#eeps ot o slc''wer
speed. When the control is ful ly counter clock..
wise switch the t ime bose switch ciockwise to I nrSecT

Focus
T.B.  Vern ie r

Vert. Position

AC-DC
switch.

Centre
Cql  (Clock-

wise)
Centre

DC(push in)

5.2 Plug inst rument  in to o power l ine oui le t .

I  Svritch on by rototing the intensity control
Iobout  3/4 turn.  A d isp loy wi l l  oppeor  qf ter  o

few seconds. Adiust the horizontol ond
I vert icol controls to centre the froce ond the
I fo"r, ond intensity controls for q shorp bright troce.

r 5.3 Plug the blocl< ground prod into the

tUtock Common ierminol ,  wi th  the eor th l ink in
posit ion between the Common ond Ground

l terminols. Next plug the red signol prod into

I  the Red input  terminol .

_ To check the omplif ier ond t ime bose operotion o
I

f  suitoble source of AC signol is required.
- 504

,  cfrt the disploy wil l  return to the f ive or six "vove-- o -for*t 
we slorted with. 53g



5. l - lRST. TIA ! :  OPERATION (cont inued) 5.7 The use of  the AC/DC switch ond the I
Turn the Vernier control  c lockwise towords cAL. 

ground l ink ore descr ibed in sect ion 6 which out l i fs
r l  t  C  a  . l l

rhe nurnber of wqverorms wln progressively methods of meqsuring woveforms'

decreose unt i l  on ly  q l ine sweeping towords 6.  The fo l lowing sect ion explo ins the I
the top of the screen is presenf . operotion of Mociel bwd 504 v,,hen used to mcke '

This  condi t ion i l lust ro ies how ihe 504 con be used 
speci f ic  meosurements of  vOLTAGE, TIME'

to expond out  the leoding edge of  q  rvoveform 
FREQUENCY'  PHASE'  & CURRENT'  

I
to view it  in detoi l  or to meosure its r ise r ime. 6.1 A[EA!!_1.!MENfq DIRECT VOLTAQIf.

5.6 The t- iORZ. rNpUT shourcr be checked wirh ser r l ie sorne co'rror posit io*s os ior, f i ; I :Lr; :-  
Ion osc i i lo tor .  connect  on qddi t i " " " r  i " " i  r r ; ;  

'  
operot ior r  except  ihe ot tenuotor  rvh ic

fhe osc i l loror  ourpur  ro rhe ye l lorv  H6#iNpi j r  
set  ro  a 'SY/cm" Use o l  '5V dry ce l l  for  ihe test  ond

socker  then swirch ihe r ime.uur"  r * i t ln ; r i i ;  
" '  

connect  the b loc l< ground prod to th"  
i :P: t l " : , "nd l

crockwise. The t ime bose vernier "ontrol n'o* 
ond the red prod to the posit ive end of the bofteryF

becomes i l re  ! - lor izonto l  Sensi t iv i ty  contro[ ,  cc l iust  The CRT t roce wi l l  move yg3cm f rom the centre I
i t  un t i l  t l r e  hc r i zon to l  de f l ec i i on  i s  t he  some os  l i ne ' i nd i co t i ng  the  vo l to f i s  pos i t i ve  qnd  3  x  0 .5 ' }
t he  ve r t i co l ,  se t  i t  t o  obou t  6cm.  A  s ing le  l i ne  i . 5V .  Now reve rse  the  l eods ,  t he  t roce  w i l l  move
should t row be presenf  on the screen sweeping dovvn 3cm ind icot ing ihe vo l tcge is  negot ive ond I
d iogonol ly  f rom tor :  r ig l r t  to  bc i tom le f t  o f  the crgoin 3cm x 0.5V = 1.5V.  I
screen.  lncreose f  l re  osc i l lc r tor  f requency ond note

m'; t; ,; J n***:::t;* :"":n l':nl. - ffi:l :L'fi, ;',1' ff ::i'#J5$;':"1:' '. I
shi f t  ex is ts  in  the c ,sc i l loscope betrvJn- ; ; l? ; -  

usefu l  when meosur i r tg  Power supply  r

**:lj* ;mlru**;;i*in::*",,. :::f,'"T#[TX.,?: ffiil liJp ;:3"'i:'#. l_ Iused ror tisscrious Fisures erc., to u"yo,ij ;MH;: j;'fi:ff;1":r?["r',lll:ji.'l:", ii:fi,ff|ff,,:j 
.

504 meosurements ond thd top of the groficule for 
- |- 7 - negotive vol toge meosurements. 539
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l f  the signol deflects the trqce off the screen
reduce sensit ivity unti l  deflection is within the
grot icu le l imi ts .

6,2 '  NOTE: The I MQ input resistonce of t l ie
osci l losGffirst be iqken into occount when
rheosuring high impedonce points such os ihe gote
of  < l  FET or  s imi lor  c i rcu i fs .  A l0 : l  probe such
os the bwdP32/4mm duo heod probe wil l  increuse
the input impedonce to lOMQ ond so reduce tG-
shunt effect of the osci l loscope inpuf by o foctor
of l0 olthough sensit ivity is reduced by the some
omount .

7, MEASURE

7.1 Set the Affenuotor to 50V (i f  the input
voltoge is unknown). Connect o leod from ihe
COMMON (Block) input terminol to the ground
(eor th)  s ide of  the s ignc l  source.  (Model  bwd I  I28,
i 4 l  o r  I 60  Osc i l l o to rs  o re  i deo l  f o r  i n i t i o l
experiments in this test).

lncresse the Veri icol sensit ivity by the VCLTS/Clvt
switch unti l  o disploy beiween 2 ond B cm exists.
Now odiust the Time Bose switch ond Vernier to
enoble the woveform lo be reodily seen. To
meosure the voltoge of the disployed woveform
meqsure its overol l  height in centimetres by the
col ibroted grot icu le,  then mul f  ip ly  th is  by the
Attenuotor seit ing ond the result is in Volts p-p,
e.g.  i f  ihe d isp loy is  6cm high ond the At tenuotor
is  set  to  0.5V then the ompl i tude is  6  x  0.5 =3V

peok to peok, to convert to RMS voltoge for sine
woves -  d iv ide the 3V by 2.93,  e .g.

3' zF- = l .$v RMs

I t  is ' importonf to remember thot osci l loscopes
indicote peok to peok voltoges NOT rms os on
AC meter does. To obtoin RMS voltoges it  is
necessory to convert the p-p os shown obove.
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7,2 The frequency of the woveform can be
found by turning the Time Base VERNIER to CAL
(clockwise), then switch the TIMET'Cfrt switch
to o ronge where the s ignol  con be c leor ly  seen,
e.g.  i f  o  wqveform is  2cm long cnd the sur i tch is
on l00pr Sec, then the durotion of the $'qveform
is 2 x  l00p Sec.  The f requency of  the d isp loyed
vrqveform con be found by dividing I second,
which equols lr0001000pr Sec by the woveiorm
durct ion' .  e 'g '  

r  r0001000H sec = 5000H2
200p Sec

8 .  AC-DC INPUT SV/ lTCH.  A l l  * *o r r r " * "n l
describ*d undul. S""t ions 6 &. 7 houu been n'ode wi?E
the inpuf  se lector  pushed in  for  DC. i f  however  i t  I
is necesi;qry to meosure the cmplitr- 'de of o, l :y 

t":fAC rvaveform which is superirnposed on c high DC
voltcge the DC con:ponent must be removed. By I
set i ing the inpui  se lector  to  AC (out  pos i t ion)  o I
0 . lFF  copec ! to r  i s  p loced  i n  se r ies  w i th  the  i npu t
s ignol  ond ef fect ive ly  rernoves the DC vol toge I
cnd very low f requencies.  The cmpl i f ier  respont"  I
is now - 3db clorvn (4.707 crnpli tude compored with
l kHz )  o t  l . 6Hz  opp rox .  Th i s  w i l !  p roduce  no t i ce f
qble t i l i  cn cny squqre wqve belorv  l00Hz.  To I
view lovr f i 'equencies other thon sine woves it  is
necessqry therefore to use DC coupling i f  the
woveshope is not io be distorfed. T
The low frequency response vrhen AC coupled con I
be extended down by onother decode by using o I'10: l  

h igh impedonce d iv lder  probe (bwd P32/4t rn &

ii?#-Hf i?;,""ill: 
The - 3db point is then 

I
9. TSOLATED MEASUREAAENTS AC OR DC.
V/hen th@-Tr;TE C"r*o^l
cnd Ground terminols  the inpuf  c i rcu i t  is  iso lofed r

from ground enobling meosurements to be mode I
between ony fwo points of o circuit,  even if  neithf
is of ground potentiol.  K?o

o
o

rn-rrnTn 1..1o""?
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ll: ISOLATED MEASUREMTNTS AC OR DC.
(cont inued)

10.  I  l f  th is  res is tor  is  p loced in  ser ies bctween
o source ond lood,  the Osci l loscope wi l l  reod
the current  f lowing,  bofh AC & DC in  mA or
AMPS,  e .g .  0 . lV  on  the  A t tenuo to r  =  0 . . lA ,
0 .2V  =  0 .2A ,  e t c . ,  ond  un l i ke  o  me te r  w i l l  show
the octuol current woveform - o procticol
oppl icot ior r  is  the chorg ing current  in  q f i l ter
copocitor of o power supply or the currenf through
o rect i f ier ,  e tc .

Three exomples of  resis lor
plocecrenis used lo mcoguro
currenl .

l .  To to l  r ec t i i i e r  cu r rea t .
2.  Copci tor  chcrging current ,
3 .  T rons i s t c r  em i l l e r  cu r ren t .

t?' o

l '  neo

=a 1
I

_J

T
I
I
I

- The COMMON terminol hcrs on impedonce to

I  g round  o f  i . 5MQ ond  i s  shun led  by  o  0 . l pF

! copocitor - thi i  must be tqken info occount i i
connect ing the COMMON to o poinf  o f  h igh

a impedonce.  Moximum vol foge fha i  moy be cppl ied

I  to  the COMMON terminol  is  *  or  -  400V DC.

r  10.  CURRENT MEASUREMENIS AC OR DC,

f Another
obil i ty to meosure the volioge drop ocross o known

1 resistor, ond by use of Ohms Low, this moy be
I converted to current. With o lQ resistor ocross

the vert icol input terminols, the otienuofor reods
I  in  mA ond AMPS di recr ly .
I 504
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l r . T,4EASUREMENTS WITH AN EXTERNAL
H O R I Z O N T A L  I N P U T .

As fhe Horz.  input  is  d i rect ly  coupled,  the CRT
disp ioy con be used for  X-Y p lot t ing over  on
B x l0 cm areq/ phose meosurements from DC to
)50kHz ond frequency comporisons with l issoious
f igures to  beyond l l . ,4Hz.  Swi tch the T ime Bose
Swi tch to  HOM. INPUT ond centre spot .

I  I  . l  For  X-Y p lo i t ing f i rs t  cq l ibro ie the
Hor izonic l  Ampl i f ier  by feeding in  5V p-p
rvoveforrn ond odiust ing the HORZ. GAIN unf i l
fhe d isp loy equols  5cm Iong;  now set  the Ver t ico l
At tenuctor  to  lY/cm. The Osci l loscope hos now
lderr i icq l  X qnd Y sensi t iv i t ies,  or  lV per  cm.
(Other  sensi t iv i t ies cqn be used wi fh  equol  or
unequcl  sensi t iv i t !es,  os requi red) .

l l  .2  Remove the cq l ibrot ing woveform ond
centre ihe spot. Posit ive or negotive voltoges moy
now be oppl ied to  X ond Y inputs ond the resul t
plotted on trocirrg poper ploced over the CRT or
tronsferred to o ruled groph pqper.

I1 .3 The phose sh i f t  in  on ompl i f ier  or  f i l ter
network etc., con be meosured from DC to 50kHz
using the graph opposire.

PHASE ANGLE CHART

t l N  6  =  B / A

A ncthod of mmsuring the phose ongle between two
cqrcl freq'rency:ine woves is to oppiy one sigrcl to
lhe verticnl input ond the second input to the horiz-
onbl input, The phose difference is obtoined from
lhc  d imens ions  o f  the  resu l t ing  e l ipse  :hown obove.
lhe phose ongle my be rmd from the scole: obove
by ioining the oppropriote points on scoler A & B
ond reoding the phose ongle on scole C.

3
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?

l 'r '' l
L-'
I
l-- r
l-- c
F 5
F-6
t _ 7
F-6

Fto
T-t.-p13

E
Fso_E
Fso

.lEss

rrft,i - i l - 539

a

00r 
I

0.r 5

0 2  I

I
I
I
I
I
t
I
I

5

6

7

I
I
r0

0.:,

0 . {

0 .5

0 . 6

0 7
0 8
0 . 9
I

1 . 5

I

2.5

3

L



T
T
I
t
I
I
I
I

t i l : MEASUREMENTS WITH AN EXTEP.NAL

Ap'ply o low distort ion sine wqve to the circuit
under test ond olso to the vert iccl input of the
oscil loscope. Now connect o leod from the output
of  the c i rcu i t  or  ompl i f ier  to  the HORZ. INPUT
socket .  Adiust  sensi t iv i t ies for  o  d isp loy obout
6cm long.  Vcry the tesf  osc i l lo tor  f requency
over the required ronge ond note ihe vqriqi ion
of  the d isp loy f rom o s t ra ight  l ine.  The wid ih
of the el ipse shoulci be meqsured ond using the.
groph reod off the phose ongle.

I |  .4 Frequency comporison of one AC
source ogoinst onother nay be reodily nnde by
feeding one input  in fo the Ver t ico l  Ampl i f ier  ond
one into the Horizontol lnput. The rqtio of one
frequency to the other con be determined from
the exomple shown

I1 .5  NOTE:  S igno ls  shou ld  no t  be  fed  i n to
the HOM INPUT when the t ime bqse is in
use os this moy couse interfererrce with the time
bose.

11.7 [x te |d ing the Useob]e Col ibroted Ampl i f ie_f
Range.

Al though o l l  osc i l loscope ompl i f iers  ore speci f ied os
hoving o bondwidth of so mony megohertz ot - 3db
it does not.meon occurote ompl i tude meosurements
con be mode c i  the -3db l imi t .  ln  foct  beyond
qpprox. 1/3 of the specif ied bandwidth the
cal ibrot ion occurocy speci f !cot ion no longer
oppl ies.  To enoble the bwd 504.response to be used
ct  sensi i iv i t ies wel l  beyond the l /3  l imi t  the
chor t  be low hos been devised.  The dot ted l ine
indicotes the typicol frequency response of the
ompl i f ier ' .  The so l id  l ine ind icotes the ot ienuoior
mult iplying foctor required ot ony frequency
to 20lvlHz.

It must hre noied the curves con only be
opprcx!nrcte os ot frequencies obove l0MHz the
method of  p ick ing up ihe s ignol  ond opply ing i t  to
the osc i l loscope con ef fe jc t  i ts  opporent  ompl i tude.
With o 10:l P32 Duo Probe properly grounded by
tlre f lying ground leod, meosurements con be
rmde to beyond B0MHz so thot i t  wil l  hove o
negligible effect over the bondwidth ronge
avoilqble wiih o bwd 504 osci l loscope.

1 2 '  $ 9I 
io4



NOTE: Mox ompl i tude of  s ignol  should NOT
e€eeA the omplitude shown on the response
cu rve  e .g .  o t  l 5MHz  i t  shou ld  no t  exceed  1 .6
cm. Below 3MHz ompl i tude con be extended to
the fu l i  Bcm def lect ion

E)(AMPLE: An input  s ignol  o t  lOMHz p i 'oduces
2.5 cr  ;A lect ion wi th  the ot tenuqtor  set  to
SAmY/cm. Actuol  ompl i tude of  s ignol  is
2 .5  x  50  x  A t ten ro to r  Mu l t i p l i e r  vo lue .  A t  lOMHz
At ten .  Mu l t i p l i e r  vo lue  i s  opp rox .  2 .1  so  the
ompf  i tude is  therefore 2.5 x  50 x  2.1 = 253mV
P-p.

NOTE: Mox.  Def lect ion curve ind icotes s ignol
ff iTtrae ot lOMHz must be kepf below 2ci or
ompl i f ier  over lood wi l l  occur .

bwd 504 FREQUENCY RESPONSE
CI-IART

l 5 t  L  l o
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12 .  C IRCUIT  DESCRIPTION.  NOI 'E :  As  the
c i rcu i t  is  iso loted f rom ground,  o l l  measurements
rnusf  be mode wi t l i  the ground l ink in  p loce between
Gr,:rund ond Cornmon termirrols on the fronf ponel.

l2 . l  A l tenuqtor . .  S ignols  oppl ied to  the input
terminqGre s*i i"f ,"A stroighf fhrough to the
ot tenuotor-  in  the DC posi t ion of  S l  or  v ic  C2
to b lock the DC component  in  the AC posi t ion.
Svyi tch S2A-D ot tenuotes the input  s ignol  in  c
|  ,2r5 r  l0  sequence.  Sect ion S2A & B ot tenuctes
the  s igno l  i n  o  l r l 0 r l 00 r l000  sequence  eve ry
3rd s tep.  Sect ions S2C ond D steps the input  in  ihe
l r2r5 sequence. As the two sections ore ccscqded
the resul t  fo l lows o 7 ,?- ,5r  lC sequence.  To nro inta in
constont AC or DC rotio the resistor dividers ore
proro l le led by copoci tors ,  od iusted such thof  the
C x R volue of  the ser ies orm is  equcl  to  the
C x R volue of the shunt orm to eoch step.

12.2 Ver t ico l  Arp l i f i " r .  QI  through Q8.  The
vert icol-Jff iTlf ier conprises o bolonced series shunt
compensoted stoge driving o coscode deflection
ompl i f ier  s toge.

- 1 4 - 539



1 2 . CIRCUIT DESCRI PTi ON (cont inued)

Q I  cnd Q2 FFT's  ore the input  ser ies compensoted
ompl i f iers  which prov ide o l r ig l r  i rnpedonce for
the input  s ignol  f rom the ot tenuotor  ond q

constont  cu:" rent  source for  the fo l lowing shunt
compensoted stoge.  input  pr<-r tecf  ion for  Ql  is
prov ided by reversed b iosed low leo l<oge d iodes
Dl  crnd D2.  ln  t l re  event  of  o  pos i t ive t )ver-
vo l tuge  be ing  cpp l i ec l  t o  i ' he  i npu t ,  D i  w i l l
condurct  in to the lorv  impedqnce of  C45 on the
5 .6V  ro i l ,  wh i l s i  D2  conduc ts  i n to  C l7  r v i t h
lo rge  nego t i ve  s ignc l s .

The zener  d iode D3 in  the sources of  Ql  ond Q2
chonges  the  omp l i f i e r  go in  i n  oppos i t i on , i o
chonges of  l ine vo l toge to  mointo in o consiont
cq ! !b ro t i on  sens i l i v i t y  i r respec t i ve  o f  l i ne  vo i l oge
var io f ion.  To fur ther  min i in ise l ine ef fects  on the
disp loy,  Ql  or rd Q2 ore occurote ly  molched for
both goi r r  ond oper"at ing currer i t  io  v i r tuc l ly
e l i rn incr te  the ef fec is  of  vor io t ions on the DCroi ls .

Ampl i f ier  cc l ibrcr t ion is  od iusted by shunt  res is tor
RV2,  whi ls t  pos i t ion ing vo l foges ore oppl ied
f rom RVI v iq  Rl7 and RIB ond mixed wi ih  the
inpu t  s igno l  t ' t  t he  i unc t i on  o f  Q l  ond  Q2 .d ro ins
ond Q3 qnd Q4 boses.
!',na

Il';,.";:!ff:'":ff::::,fl: ::$:, i::"ii;"'"' I
l ocq ted  be tv reen Q5 onC Q5 emi t fe rs .

CRT Y -  p lotes or-e direci ly ccupled to Q7 "nl  Oal

;'l::ilil'S,il1:';:;HT:':?E:' "*e'rr 
I

l:;i & g:ff#i [:j%,'il"';lufil::l' I
through R40 bui ld  out  res is ior  to  Q40 emi t ter

i:l-xL,:;:J::1'ri'',".':"tion 
or u40 o Hex 

I

H:ff1ffii,T::';,Tffi',;l::l*"?i?;"' I
qveroge DC opero i ing level .  The second poth is
v icr  D40,  D4l  ond R4l  .  When ossymetr ico l  I
s ignols  such os norrovr '  pu lses o i 'e  suppl ied to  the I
t r igger  c i rcu i t ,  D40 or  41 depending on ihe
s igno l  po lo r i t y  w i l l  conduc t .  C40  w i l l  be  I
chorged by the conduct ing d iode ond ihe resul tqnt  I
DC level  is  fed bock to  Q40 input  v io  R4l  to  ensui 'e
the output signol is correctly biosed to switclr the 

Ifo l lowing inver ter  s toges U40 D & C.
i

l
t - 1 5 - 5ee I



12.4  AUTO CIRCUIT.  (a4 l  U40 l .C  Sec t ion
E).  Anoth* i r*"*er sect ion U40 E is connecied
to  p ins  B  & 5 .  l t s  ou tpu t  o t  p in  l0  sw ings

a{:etween opprox. +4V qnd +0.2V when o signcrl

f is  present ,  th is  ou iput  vo l toge is  doubled by C4l ,
D42, D/3 ond C42 cnd opplied to the base of

lA4l  c lomp t rons is tor  rvh ich contro ls  the

fAuto operotion.

112 .5  T IME BASE C lRCL l lT .  (U40  l .C .  Sec t i ons
lg a 4, Q43 onJ-a4;3l ' ' r  " ircuit consists of o

Mi l ler  l r r tegro l 'or  go l 'ed by o b ls tob le swi tch
formed by the remoining tvro inverter gates U40B
& 404.  Operot ion is  qs fo l lows.

Vio d iv ider  R56 &R57 D49 wi l l  conducf  turn ing
Q43  on  ond  i t s  d rq in  w i l l  f o l l ,  Q44  emi t te r
fo l lower  wi l l  fo l lov, r  ur r t i l  the iunct ion of  R66 & D50
fcr l ls  be low zero vo l ts  ond pul ls  D4B in to conducf ion.
The negoi ive fo l l  o t  the dro in of  Q43 ond hence on
tl 're ccrthode of D4B rvi l l  coniinue unti l  fhe cui 'rent
f lowing through the c i rcu i t  R56,  D48,  R66 & 67
pul ls  D49 negct ive ly  ond reduces the *ve current
through i t  unt i l  i t  equols  the negot ive chorg ing
currenf supplied to Q43 gote by R60 from P,\,/40A
t ime bqse Verr r ier  contro l .  The c i rcu i t  wi l l  s iob i l ise
in th is  quescent  s tc te qv lo i t ing o t r igger  pu lse to
stor t  the t ime bose.  V/hen o t r igger  s ignol  swi tches
pin 6 of  U40C L0,  the leoding edge of  the pulse is
fed by C43 ond d iodc D44 to p in  3 of  i l ie  t ime bose
b is tob le .  l t  i s  d r i ven  10 ,  p ins  4  & l  go  l - l l  ond  2
svvitchbs to 10. R52 cornmunicotes this L0 bock tc
the  i npu t  o i  3  l o i ch ing  the  c i r cu i t  i n  t h i s  s to ie .
The divider R56 & 57 novr cuts off D49 ond 48 lecving
only  the chorg ing res is ior  R60 connected to  Q43 gcr l .e .
Current  through i t  pu l ls  ihe gote negot ivc ly
cousing i ts  dro in to  r ise.  This  is  fo l lovred by
Q44 ond D50 which is  connected to  one end of  the
tinring co1-rocitors C5l to C56 thus completing o
negotive feed bqck loop oround Q43 & Q44.

-U40 D & C ore connected os o Schmit t  Tr igger

fUy f "ea bock res is tor  R46.  
' ln  

operot ion o
rnegot ive s ignc l  to  p in  9 couses o Hl  o t  p ins

-B  &  5  ond  q  L0  o t  p in  6 .  Th i s  L0  i s

fcommunicqted 
bock to  p in  9 r , io  R46 pul i ing i t

more neqqrrve resul t inq in  o cunru lot ive oct ion

-which "fur*, the outpti t  on pin 6 to switch

t rop id l y  e i t he r  h igh  o r  l ow  w i th  the  i npu t  s igno l .

l A s s u r n e  p i n 3  o f  U 4 0  i s  H l ,  p i n s 4  &  I  w i l l b e
lLO ond therefor:e pin 2 wi l l  be Hl .r

q . { tA i:q- 1 6 -



CIRCUIT DESCRI PTI ON (cont inued)

The negot ive feedbock mointo ins o constont
chorg ing current  on the t iming copoci tors  to
produce o very l ineqr sweep woveform.

The l ineor  r is ing t ime bose woveform cont inues
un t ! l  t he  i unc t i on  o f  R66  &  62  pu l l s  d iode  D47
into conduci ion.  This  pul ls  p i .n  3 pos i t ive,
4 &l  go 10,  2  goes Hl  qnd R52 feeds bock the
chorge io  f l re  input  to  lq tch i t  in  the Hl  s tote.
Div ider  R56 & 57 pv l ls  D49 in io  conduct ion
ond  Q43  ga te  pos i t i ve ,  i t s  d ro in  fo l l s  un t i l  D48
ogo in  conduc ts  qnd  the  c i r cu i t  i s  i n  i t s
quiesceni  low s lo te cwoi t ing the nexi  r igger
s i g n o l .

Whi ls t  the t ime bose rvoveform is  be ing gener t r ted
p i n , 4  o f  U 4 0 B  l . C .  i s  H I ,  t h i s  p u l l s  d i o d e  D 4 5
into conduct ion ond ihe se lected hold of f
copocitor thot is switched inio circuit by S40A
is chorged to opprox. *4V. Diode Dzl.4 reverse
bioses ond prevents fhe pul l  up by D45 f rom
offecting the stoie of the bistoble srvitch.

At the completion of the sv/eep vroveform when
diode D47 reseis fhe bistoble to Hl ,  pin 4 fol ls to
L0, D45 disconnects ond the hold-off copocitor
storts to dischorge through R4B & 49.

The fo l !  wi l l  cont inue unt i l  c  negot ive t r igger  I
pulse fed vio C43 con force pin 3 L0 ond so t
swi tch the b is tqb le c i rcu i t  over  to  s tcr t  onother
troce. 

I
l f  o  t r igger  s ignol  is  not  received to  in i f  iq te  the
sweep i l re  c l rorge on C42 in  the AUTO c i rcu i t  fo l ls  I
fo  zero so removing the forword b ios on Q4i  c lomp !
t rons i s to r .  Th i s  enob les  R50  to  pu l l  t he  i unc t i on  o f
R4B & 49 negot ive ly  unt i l  D44 conducts ond lcr tchef
the b is tob le over  to  s tcr t  cnother  t roce.  I

12 .6  B IANKING CIRCUIT .  (T ions i s to r  A42) .  I
During ;I" '=f r.""" p"r ' ,"d uut,"n pin 2. of U40A is Hlf
Q42 is  pu l led l ' rord i r i to  conduct ion through D46.
I t s  co l l ec to r  f c l l s  ond  i h i s  i s  copoc i i i ve l y  coup led  I
to the Cti,T grid by C5?. V/l ien the i ime bose storts r

p in  2 goes 10,  d iscorrneci ingD46,  iurn ing o l f  Q42,  -
i ts  co l lec lor  r ises unt i l  the feedbo"k " r r rJnt  througl f
R54 stobi l ises the co l lector  , ro l toge ot  opprox.  

-  
I

+  45V.  T l re r ise in  vo l toge turns the CRT on,
d iode DB0 c lomps the r ise to  preveni  gr id  current  

If l ow ing  i n  t he  CRT.

12.7 HORIZONTAL AMPLIFIER" (Tronsis tors  Q4f l
+O a aZ hos three inputsl
oppl. ied fo i ts bqse.

- 1 7 - t
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I t  nCUtf  DESCRI PT!  ON (cont inued)
qh" tlr. b"* -t*f-t vio RV42 ond R69, f he

.lrorizontol posit ion vio R70 from RV4l posir ion

[ontrol, ond negotive feedbock oround the
-stoge 

viq R74 when switched in by S40C.

lVh"n the t ime bose is in use R74 is switchecl in
f i rcu i r  qnd Q45 l - rqs o vo l foge goin of  i  10.

ln  the Horz.  Input  pos i t ion of  S40C, W4 is

! i . "onnucted increosing Q45 goin obout  B t imes
r f ,nd the hcr izonto l  inpui  is  brought  in io  c i rcu i t .

JiV4OB being t l ' re goin control ond R5B the

t ru i ld  out  res is tor .  Q45 dr ives Q46 & 47 CRT
Qef  l ec t i on  omp l i f i e r s  wh ich  o re  d i rec t l y  coup led

Jo the hor izonto l  def lect ion p lotes.

I2.e ,  PO\^/ER SUPPLIES. EHT. A 55OV RMS
rvi 'rding onTB0 is "" l i .ge . loubled by DBI - 84 to

] roduce 
-1540V.  This  is  oppl ied to  the CRT

Gqthode vio th'- divider RB5 qnd RVB2 iniensity
contro l .  A fur ther .sect ion of  the d iv ider

Juppl ies RVBI focus contro l .
I

+120V Roi l .  A br idge rect i f ier  DB6-89 suppl ies

f l25V to CB7.  The ro i l  is  fur ther  f i l tered by

lB9 qnd C86. The front ponel LED ir idicotor DB5
is  o l so  i nc luded  i n  th i s  ro i l .

-
Eo+
I

+22V Roi l  D90 hol f  wove rect i f ies o 2 lV AC
winding ond suppl ies *25 to  CB9.  R8l  & CBB
provide oddi t iono I  f i  l ter ing.

-22V Roi l .  D9l  ho l f  wcve rect i f ies 2 lV AC to
supply -25 to C91 . R82 & C90 provide cddit ionol
f i  l t e r i ng .

+5.1V Roi l .  Current  through the ver t ico l  output
s toge  ondQ3 &  4  o re  used  to  supp ly  the  5 .1 t7  ro i l
wh ich  i s  s tob i l i sed  by  U4 l  l .C .  The  con i ro i l i ng
input  vo l toge to  p in  3 of  U4l  is  obta ined f rorn a
divider R63, R64 & RV3 beirveen +22and -10

whic l r  mcinfo ins o consloni  +5.1V over  o widel ; ,

.  vory ing rqnge of  power l ine input  vo l toge.

13. .  APJUSTMENTS Al\? l / rAiNTEi l / rNCE.

j  W A R N  t N G

DANGEROUS VOLTAGES EXISI AT SEVERAL
POINTS TFIROUGIIOUT THIS INSTRUMENT. V/I- I [ I {
OPEPATING WITH THE COVERS RIMOVED DO NCT
TOUCH EXPOSED CONNECTIONS OR
COMPONENTS.  ALWAYS DISCONNECT THE
INSTRUMENT FROM THE PCWER OUTLET BEFCRE
CLEANING,  SOLDERING AND REPLACING PARTS.

t B -
539



l3 . l  A number of  preset  contro ls  ore confo!ned
in th is  inst rumerr t  rvh ich moy requi re per iod ico l
odiustn ients  to  mainta in fu l l  co l ibro i ion.

Before removing the top cover, disconnect the
insirurnenl '  frorn the power l ine. Turn the
instrument over onci remove the 4 feef and the
tvvo screws in  ihe cover .  S l ide the bot tom cover
forword io remover. Turn ihe instrument correct
s ide up,  i 'emove honcj le  screws ond corefu l ly  s l ide
tlre cover off verf ico I ly.

Tc a id fcu l t  f ind ing,  the vo l toges ond vrcveforms
preseni  o f  vor ious pr in ts  ore shown on the c i rcu i i .

13 .2  l f  t he  i npu t  FET 's  requ ! re  rep lac ing  they
must  be replc iced wi ih  cr  se lec l .ed poi r  bo lonced
for  current  ond goin to  ensure correct  co l ibrot ion
ond min imurn t roce nrovement  wi th  inpul  l ine
chorge "

13 .3  AL IG i { f \ , {E I { l '  PROCEDURE.  Wi th
insirumeGt ffi "ti""'*g r"JlioZE? igrred to
grot icu le,  chc-rck the fo l lowing deto i ls  pr ior  to
o l ignmerr t  wi t l r  T ime Bose swi iched to lm Sec.

Check opero l ion of  T ime Bose and Vern ier  on
eoch Time Bose ronge.

s04

Turn Time Bose switch to H ORZ. AMp. spot
should move ot  leost  *5cm wi th Hor izontd l  Shi f t . I
(") lntensi ty:

(b) Focus:
( " )  Ver t .

Posi t ion:

13.4  GENERALCI-IECKOF CONTROLS.

."*#*;::.,"n,i,,1
ronge.

Acl iustment ovoi lqble ei t i rer  r i f  .

' :; : j L"Jj i n'; ffJ i::::j' t
cenf  re .

t
I
I
I
I

13.5 ![-IEA!E-AUeNMENT. r:eed o 1000Fif
s ine wove s ignol  in to ihe Ver t ico l  Arnpl i i ier
ond odiusf  wqveform for  6cm def lect ion T.B.  to
l m  S e c .  V e r n i e r  o t  C o l .

The os i ignro i ism preset  RVSl  of  ihe reor  centre of
the  P .C .  Boord  i s  ad ius ied  i n  con iunc f i on  r v i t h
the focus coni ro l  for  the besf  resolu i ion over  ihe
enfire screen oreo wit lr intensify odiusteci to o
h igh br ight r ress level

I3 .6  ATTENUATOR ANID  CAL IBRATION.
Test equTpme
Generqtor .

- 1 9 - 539



I
I
I
I
I
T
I
I
I
I

ADJUSTMENTS AND MAI NTENANCE
GonfTnued)

Set oitenr.ntor to 0.01V, feed in 50mV p-p
(l7o qccurocy) quore wove. Adiust RV2 for 5cm
disploy.  Ver t ico l  cmpl i f ier  o f  osc i l loscope is

'now col ibroted.

The fo l lowing chor t  ind icotes the odius imenis
necessory io ol ign the otienuotor.

Adiustmenf Tor
Squore Wove

cl;
cl4
c3
c l l
c l 3
c:

Atferructor  wi l l  be outonnt ico l ly  o l igned ot
ottenuotor posit ions where there is no copocitor.

13.7 VERTICAL AMPLIFIER. Test  equipment
requirei-TMFl= Sqr"t9 M;Eenerotor, iess tiron
30n Sec.  r ise f ime ord consiont  ompl i tude s ine
wove generotor.

At ienuotor  to  0.1V,  input  se lector  to  AC,  s ignol
i npu t  0 .5V  p -p  1MHz ,  T .B .  ronge  0 .5p r  Sec ,
Vernier to Col. Check squore wove is o good
shcrpe. Adiuslment mode for respc,nse by rnoving fhe
rvire qttoched to QB output tronsislor.

Check bondrv idth wi th  o constont  onrp l i tude s ine
wqve generotor .  Adiust  def lect ion for  6cm ot
lAk1z, disploy should not drop to less t l- lcrr 4.2cm
qt  6MHz .

I3 .8  HORIZONTAL AMPLIF IER.  Tes t  equ ipmen t
l l- ' lz to mH= S'"* W""" G""*"t* (Model bvrd l4i).
Svritch TB to Horz. Inp.ut ond turn Vernier confrol
fu l  ly  c lockwise.

Connect  osc i l la for  to  Hor izonto l  Input .  Adiust

.disploy for 6cnr deflection crt I  kl- lz, increose
frequency qnd note fre'quency when truce drops
to 4.2cm length-  i t  should be obove lMHz.

Attenuotor
3.*ilE-

0 .0 r
0 .02
0 .05
0 . 1
0 . 2
0 . 5
I
2
5
l 0
2A
50

504

Inpuf
Voltqge

50mV
I 00mV
200mV
50OmV
I V
2V
5V
l0v
20v
50v
I 00v
I 00v
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SENSITIVITY:  Feed in  lkHz squore wove
5Vp-p ompfiTude, troce should be opproximotely
l0crn long ot  moximum goin qnd less thon lmm
of  m in imunr  go in

13 .9  X -Y  PHASE MEASUREMENT.  Tu rn
ottenuotoiT@ I kHz sirre
wove to both ver t ico l  ond hor izonto l  inputs.
Acl iust  Horz.  Vern ier  for  o  45o l ine on CP.T,
i . e .  equc l  X -Y  sens i t i v i t i es .  Now inc reose
frequency,  l ine should not  open in  the centre of
the wove more thon 3mm belo iv  50kHz.

1 3 . 1 0  T R l c c E R  S E N S I T I V I T Y .  F e e d  i n  5 0 k H z
sine ruoveJfbo-.e to T0[S""/cr. Reduce
ompl i tude of  i r rpu i  s ignol  un i i l  f rqce ceoses to .
lock,  th is  shoulc i  [ :e  be lovr  0 .5crn def  lect ion.
Increcse def lect ion to  lcm,  increose f requency
to  lOMHz mo in to in ing  l cm de f l ec t i on  .  T rqce
shou!d lock ot  o l l  f requencies.  Increose f requency
to l5MHz t roce ccn be locked wi th  lcm def l  bv
use of  vern ier  i f  necessory.

To check iow frequency tr igger use o bvyC l4l
osc i l lo tor .  lc rn c ie f lect ior r  wi l l  t r igger  to  lOHz
orrd 2cm down to 5Hz.

504

l 3 . l  I  T l [ 48  BASE.  Tes t  equ ipmen t  requ i red  I
< l% occurory g; r lerotor  wl th  lp  Sec to  0.  I  Sec 

r

output  in .decode steps.  Set  T ime Bcse Ronge io  t
lm  Sec ,  Ve rn ie r  t o  Co l .  Feed  i n  lm  Sec  pu l se  to  I
omp l i f i e r  ond  od ius t  RV42  (T .8 .  Co l .  t op  f ron r  o f
P/c  boord)  to  d isp loy I  pu lse per  cm. Check rhe I
fo l lowing s teps wi th  the f requency ind icoted ond i f  !
necesscry odiust RV42 for cr compromise sett ing
to obto in the min imum error  c l  eoch :;fep. 

I
T . B .  R A N G E INPUT FREQUENCY

Now feed  o  lMHz  pu l se  i n  w i th  T .B .
Iy  Sec odiust  C52 far  I  pu lse/cm.

I  CkHz )  , ,
I kHz i 9," ':.19"'
iboH= i 

ot R\/42'

swi tched to

I 0p Sec
l m  S e c
l0m Sec

,"f I

I
Next  swi tch to  0.5p Sec.  Adiust 'ment  for
is  mqde by twis t ing C5l  s tonding up f rom
P.C .  Boord  o fong  s ide  the  T .B .  sw i t ch .

14.  REPTACEMIENT PARTS

l4. l  Spores ore normol ly  ovoi lqb le d i rect  f ro*  
|the monufqcfurer.

I putr4Z}
the 

l
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REPLACEMENT PARTS (continued)

When ordering, i t  is necessory to indiccrte the

seriol number of the instrument. l i  exoct
replocements ore not  to  hond,  locol ly
ovai lob le q l ternoi ives moy be t rseC,  prov ided

'they 
possess <r specif icotion not less thon, or

phys ico l  s ize greoter  thon the or ig ino l  component .

14.2 As the pol icy  is  one of  cont inu i r rg
reseqrch c.rnd development, the Cornpony
rdserves the r ight  to  supply  the la test
equipment  and moke qmendments to  c i rcu i ts
ond por ts  wi thout  not ice.

504 - 2 2 - 539



PARTS LIST . 504 I
I
T
I
I
I
t
I
I
t

COMPONENT

l00nF 630V 1@/o TYPE N
l00nF 630V \V/o ryPE N
2-6pf  TRIMMER IOS
l0pf 1F/o 500V NPO CDS
47pt 5% 500V N750 CDS
2-6pl 'IRIMI'4ER 

IOS
l5pf 5o/o NPO 500V CDS
330pf 630V 5% STY
3n3 l00V GREENCAP
2.2pf  500V NPO CDS
2-6pf TRIMMER IOS
4-20pf TRIMMER IOS
4-20p1 TRIMMER IOS
2-6pf  TRIMMER IOS
22pf 500V N750 CDS
2v2 630V CDS
100;rF l0V ELECTRO
2.2pF 40V ELECTRO
680pf 630V STYRO
l00pF 25V ELECTRO
l00nF 63V CER DISC.

tvlAl\UFACTURER. PART NO.

c l
c2
c3
C4
cs
c6
C7
c8
c9
c l 0
, ^ l ' l

cl2
c r3
c l 4
c l s
c l 6
cl7
c l B
c l 9
c20
c21

Soonqr
Sconor
Stet -Cun.
Socnqr
A l l i e d
Stet -Cun.
A l l i e d
A l l i e d
Soonor
Soonor
Stet -Cun.
Stet :Cun.
Stet -Cun.
Stet -Cun.
Soonor
Soonqr
P H I L I P S
PHI LI PS
A l l i e d
P H I L I P S

TCS - 606

2222-016-l4l 0l
2222-At5-17228
TCS-61 0
2222-At6- l61 0 l

5M - 2 3 - 539



PARTS LIST - 504 (continued)

COMPONENT

c40 22pF 25v ELEC.
c4l  4.7vF 63V ELEC.
c42 4.7vF 63V ELEC.
C43 l5pf 500V NPO CDS
c44 l00nF 63V CDS
C4s l00pF lOV ELEC
C46 4n7 l00V GREENCAP
C47 47nF l00V GREENCAP
C4B 47ONF 35V TANITALUM
C49 4.7pF 63V ELEC.
c50 22vF 25V ELEC.
C5l 2.2pf 500V NPO CDS
C52 4-20pf TRIMMER
C53 gs.;r" N750 CDs
C54 inF l00V GREENICAP
C55 lOnF l00V GREENCAP

.C56 I OONF I OOV GREENCAP
C57 lOpf NPO CDS
CsB lnF CDS
c59 33nF 1600v
c60 2.2vF 40v ELECTRO.

i

: l
i

I
I
I
I
I
I
I
I
I

, l IANUFACTURER - PART NO.

PHIL IPS
P H I L I P S
P H I L I P S
A l l i e d
Soonor
P H I L I P S
Soqnor
Soonor
sTc
P H I L I P S
P H I L I P S
Soqnor
Stet -Cun.
Soqnor
Soonor
Soonor
Soonor
Soonor
Soqnor
P H I L I P S
PHIL IPS

2222-01s-l6229
2222-01s-l8478
2222-0tr5-18478

2222-A15- l  41 0l

TAG
2222-015-18478
2222-A15-16479

4-20/tos

SELECTED
t t .

s04 , -  2 4  -

2222-015-17228
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MANUFACTURER - PART NO.COA4PONE NT

C6l 330pf lT/a 500V CER. DISC.
C62 2n2 630V CER. DISC.

C80 100 nF 630V GREENCAP
CBI 100 nF 630V GREENCAP
c,B?- BpF 450V ELEC.
C83 8pF 450V ELEC.
C94 BpF 450V ELEC.
CBs BpF 450V ELEC.
CB6 50FF l50V ELEC.
CB7 50pF 150V ELEC.
c88 l0o0pF 35v RB ELEC
CB9 l000pF 3sV RB ELEC
C90 l000prF 35V RB ELEC
C9l l000FF 3sV RB ELEC

THI C23 THERMISTOR

CRT l30BE/B(x)
x = I for Pl Phosphor
x = 7 for P7 Phosphor

= 3l for P3l Pho

PARTS LIST -  504 (cont inued)

Soonqr
Soonor
Soonor
Socrnor
Soonor
Soonor
PHIL IPS
P H I L I P S
PHIL IPS
PHIL IPS
P H I L I P S
PHIL IPS

PHIL IPS

2222-M0-1 ls09
2222-040-1 1509

sTc

I
I
I
I
I
I
I
I
I
I504 - 2 3 - 539
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I
I
I
I
I
t
I
I
T

PARTS LIST - 504 (continued)

COMPONENT A{AI..IUFACTURER - PART NO.

RVi
RV2

, RV3
RV4O

RV4I
RV42

RVBO
RVBI
RV82

st

s2

5K LINEAR CARBON POT
47OA LINEAR PRE.IET PCIT
22K LINEAR PRESET POT
IOOK + IOOK L INEAR TANDEM

CARBON POT
IOOK LINEAR CARBON POT
IOK LINEAR PRESET POT

IOOK LINEAR PR.ESET POT
IM LINEAR CARBON POT
22OK LINEAR CARBON POT

WITH DPST ROTARY SWITCH

ISOSTAT SWITCH SINGLE
SECTION

ROTARY SWITCH TYPE IIF'I 3
DECK

12 POSITIONS c,/w PC BOARD
LUGS AND SHIELD

ROTARY SWITCH TYPE "FN 2
DECK

7 POSITIONS c/w rc BOARD
LUGS

TRAI..ISFORMER TI43ATI

Pi
Pi

PTI OV
PTI OV

ELNA

PTI OV

PTI5V

soN
G E S
GES

soN

G E S

G E S
soN
soN

Pi

Pi

BWD sR80 McM

BWD

BWD

sRt I lA

TI43A
5A4 - 2 6 - 539



PARTS LiST - 504 (continued)

D I
D2
D3

t N 4 l 4 8
t N 4 l 4 8
BZX79 C13

ZENER

t N 4 1 4 8
lNz i  l48
tN4t  48
i l \4148
t N 4 l 4 8
l l . i4 l4B
tN l414B
t N 4 1  4 8
t N 4 1 4 8
t N 4 1 4 8
BZX79 C3V3

Z E N E R
t N 4 1 4 8

DB6 tN4004
DB7 1N4004
DBB IN4OO4
DBg tN4004

FBO 250MA Deloy 3AG -
l l r y

l00MA Deloy 3AG -
265V

KNOB K2B-G-C-D3 2o

u40 74L04
u4l 741

Q40 8C547

KNOB KIA-G-C 3off
KNOB K]-R-A 2off

QI MPFI06 )  A/otched
Q2 MPFI06 )  Fe ts
Q3 2N577A ) Mor"hud
Q4 2N5n0) ZS,,t"
Q5 2N5VA -) ,,
Q6 2NsnO )
Q7 8F337 ) Mqtched
QB 8F337 ) ZSV|

D40
D41
D42
D43
D44
D45
D46
D47
D48
D49
D50

D5i

D80 tN4148
DBI EM4I O
DBz EM4IO
D83 EM420
DB4 EM4I O
D85 TIL2O9 LED

I
I
t
I
I
I
I
I
I

' 'e I

Q 4 r
Q42
Q43
Q44
Q45
Q46
Q47

2 N 4 l 2 l
BCs47
MPF I 03
8C547
8C547
BF337
8F337

FET )  Selecfed

Motched
lX"/o

s04 _ 2 7



PARTS LIsT . 504

I W
I W

I
I
I
I
t
I
t
I
I
I

Resistors l / Wofi 5% Unless Otherwise i
lnd icoted I

I_.:_-_--1
iR6I

R62
R63
R64
R65
R67
R68
R69
7A

I
I

22K
I 00K
39K
47K
668
l 5 K
56K
l 5 K
56 t{
t2K
t 5 K
22K
2t<2
27K
27K
390Q
4K7
lK5
5K6
l00Q

RB2 t50Q i
RB3 IOK i
RB4 IOM
R85 22K
R86 390K
RB7 39CIK
RBB 2IA7 iW
R89 22AQ
R90 39K
R9I 22K
R92 6K8
R93 10Q
R94 sKl

?

4
{

6

All Resistors l /4 Woit 5% Unless otherwise
lndicoted

I  lM5
R2 IOM
R3 900K
R4 I  10K
R5 IM
6 9K l
7  l K
B  I O M
9 4M7

Rt0  50cK
I I  I M
12 B00K
l3 250K
14 I I/t
15 220K
I6 6BQ
t 7  l 2 K
l 8  l 2 K
19 220A

l K 5

R 2 I  I K
R22 68()
R23 8K2
R24 680
R25'  I  K2
R26 1 K2
R27 680Q
R2B BK2
R29 680Q
R3O 68()
R3l 68()
R32 68()

R4l  39K
R42 56K
R 4 3  I K
R 4 4  I K
R45 I K5
R46 22K
R47 l00K
R 4 B  I K
R49 I KB
R s O  I B K
R5l 2K2
Rs2 3K9
R53 56K
R54 l00K
R56 5K6
R57. 56K
R58 12K
R59 I M5
R60 lM5

*/o

?/o
?/o
?/o
F/o

/'/a

7/o
7/o
P/o
P/o

R33 5K6  l . 5w l
R34 5K6 I .5W
R35 6BQ
R36 68()
R37 1K2
R3B IOOQ
R39 B2OO
R 4 O  I K

504 _ 2 8 _



VERTICA,L
AMPL IF IER

-'

l.fL '!^

I
I

6B
X  I : )

22AK

200mV

@
c'11

@ur
500rnv 

I

l l l m  v

@
c 1 2

l00mV

\2

I
I

Ytlpur

I col4rdch

I ?*,i'Ji

T
I
i l
it 

i*r

INPUT A'I 'TEI.IUT\.TOR 504

c 6

@
1 V

s2A
3 z t a s 2 D

ATTENUATOR I" iECH A.hIICAL LAYOUT
ELECTRol, i lCs 50/.-1268-3
FRor4 s/ i ro.  l : ts o

l  r - 6  l M
MT'

504 -12€t,- 3BY/D ELECTRONiCS



too^rJ R 2 5
1 K 2 R 3 3  R 3 / .

5 K 6  5 K 5

CRT

6 !  5

a 7  0 B
b r  J J t  -

c19
R3? e 680P R 3 6

R 3 7  x

2 5Vp

E\'/D ELECTRONICS

t
I
t
I

-vp*p

I
t R 2 8
9 s N z

I
I

IR 2 ?
s'da)

-p

lffil
I  rneoswed wiih I
|  1 V  P - P  1 i ( l i z  I

I  s ine  input .  I
I  At ienuotor sei I

I t o  o . zv rc .m.  I
I  I  rme  bdse  se t  I

I r , s r " " ' ._  J

Q"' 3VP-P

R 3 1  R 3 5
6 S  5 8

fl_,,I,'_or T;;; I
-- | I INTERI.IAL

X'lfflte' **;* R'TATON I
7 WHEr€ F ITTEIJ

tri.*#;'J
I- !ffiw I

i  "s ' t v  Ror .
LOurpur  aup; r r rERl  00 lL  

I

x' up.tcttg.D pArRs I

L  l u

T P I I 1 G  E P

I
I
t

uoa-rnrn-, I
APP. FRoM s/Ho.  a: t  so VERI'ICAL AMPLIFIER 5O/"



- -< t120V

; 
l- lORlZ0l ' ITAL A I

t

t
{ 5

f r78

;":j': l
!

t i73 F
1F:5 t

t
I

rr]r,

3 s 0
*-l I
c5 t,
1rn

R75
27K

.IOD K

! N T
TRI6
vI

I

R90
3 3 K

BLr\tiKiNG
F I N  2

C R T

+11r1\t'r t1

"iJu\-/ L\
f '13m9-l

+zzR/.2 56K

+5 '1V

8C517

c41
I'LLT

Dl.2

7;v/ \' 
F13 rnS+l

1'5Vp-p

,lra'r,j

*sJ

2\ 'p  -  p
-+-*...e

N N
L13nS{

\ 1  Q42
j sc sa'l

Ol-1.
B C  5 4 7: l . '  15V

1.qS

10rr5

.1mS

1mS

10nrS

Ftl
3EK

D {,0

I
I
I

R61 221<

fl_J
R52 sKg F:*S{

lt-,i,lEl
I  5 4 . ) t  I
I C A L  I- / - '^

{n t tz
> i0 t i

F j69

1 5 1 (

R71
1 2 K

R' /2
'i5 K

D 1.5

I

U 4 J

R C 0

1 M s
R 5 9

RSi)
5 K 5

r.I
l n  I

Llr+l
5-C
IRV /.'JB

{  roox

R 4 8
1 K

/.9
KO1

R7L
2K2

. l-- f  4Vt-p-F-r--l\.

T''i 
toltt ir*'''',3n,

I
-23

Re8  56K

csz"  lop
1 M 5

?
I
I{

nlnVr.7
100K

Cl,2 :  lN414B
=  / q  L U r {

=  B Z Y 8 8 C 3 V 3
:  l N 4 1 4 B

BAsE s. nontzourRi tttput
T,

040_ /.9
u40
0 5 0
0 5 1

TII{E

.*,MATCI.iED PAI'{

50L-1270-3

-}-Jloor"flocer

Ri.o' )- t 1'5V p-p
R 6 2
100K

D50
3.3V

l*o*'
R 5 6  I't/V\Ar1r.r Iq r c  l L l { ( ''" t__e1-

I
RYi > r*t<'-, | ?
ssxi  I  cst

7 H
I  l2+2

0 4 7 R73
22t<

x
s 4 0 c

, , 9 5 p;trc-*{fi
"-r+q
"-1#9d

APP FRoM s / r ' ro . :a t9o



1 3  0  B E  -  B l

r " l
r2 - l x1  x2  F13

I  y z  l 1
I

R83  |  R$s
10K |  22K

a .  a
UOU AC

c81
t00n

T
I
T
T

I
I
I
tLTCTRONICSE

*nu fJ.
? M 7  >

lEn.rta-.l

l00K
RVBO
l+I  l .

t \
-r1

_l

v

1

- 15,i0V

+ i 2 0 V

I  t 1 \ t

E S  A N D  C . R . T .

8rr

6rl

.rt
L E D r y ' -
trFl--f-+B
D S 5  i

It

c*s l*
DU,,J-r_"

n*n

# r

ic ea
= 1ooo.u

l + n o c  I
*v  ' v  f t t l1

l' rmo..,
J------gr

E R  S U P P L I

f^*ol t
I
I
I
t
I

I
+ 2 2

BLANI( ING C59
FRoM >-_{F-
OL2 33rt

RgA ,
1 0 H , i

I

c r R c u r T  s 0 4

BWD I

{ - -  - t
l s s o  I
t l
I J" A C

L I  NE
INPUT

080 =
D81-0/.
085
D86-91

APP. f

. . . - - + ' 1
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