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@ TuANUAL cHANGES
rMDflL 5228

ELECTRONIC COI'NTER

ll8.uual Seri 6l r 2733 & above

CTIAIIGE 2

To adapt thie manuat to tnstruEents rith
c.banges shwn in tlbles.

Iastrument Serial Nuober Mahe Manual

CETNffi Cltg and C2O6 rer. {? tr|rf; @ Stoc! No. Iil-62.
Cr2Or 2O7 ard 2Og rere tOO p[ft 9Atocl( No. I4-IOO.
CI{O ras not asaltnsi..
C2O0 rae 7-too upfigStock No. lz-Iz.
C2OE rar 39o upf; qB.lstock No. 14-62.
C2lO ra! a?OO Epf;. @Stock No. l{-,tt.
C2l2 rar O.OS lrf tqpStocl No. l?-34.c2l4 ra. O.5 Efi 9stock No. l?-29.
C22O ra! 39.gufj 9Stoek o. lS-4 cotrrected ln parallel ,ltb CAO3.L6 ta. 6Hi Eg Slpck No. 9II-35 connscted ln plocl ol RIBJ.
Rl4a rrs 2.zuiqstock No. 24-2.2U.
Rl58 rar 22O[ i](9 Stocr No. 2{-220(.
Rl59 rae {?X.i qPStocI t{o. 2,1-,1?l(.
Rl69 ra! 33Ii @Stoct No. 24-38K.

?ha Tlre Baae Sectlon clrcuit r6s as shorn in the foLtovtn8 schenatlcdlagrst.

Cl39 raa not a3sltn.d.
nlOS and ruOg rerE e."t OaOXr @Stoct No. 24-68of,.
RlO6 aod Rll2 e9l.e each 33OXi @StocL No. 2{-3JOK.Ell4 rsr IOONi g_Stock, o, 2.1-!OOK, connectod bstyeen Arp.titudeDlacrlrlnator Unlt #apln 3 oEd +2OO vdcr.
R2O5 rae I5.OOO ohDsi @stocr No. 24-t5r.
1252.nd R253 iY!!:e not oasitined.
l(nobr bar, ras lpstock No. ,7-19
lhobr rith skirt ,a6 @SLock Xo. l?-ll.
Nnohr rithout skirt ras [9Stock No. S7-9.

other serial prerixea chect for errata beler, ajd make

Changes InatruEent Serial Prefix Make Manual Change6

2?32 to lO{O I
lO39 to 635 lard2

634 to I l.2andI

clt/U{G8 3

tl16/62-BD

The Arptttude Dlscri[inator Uni t
schenatic diatran.

circuit waa aa shorrn ln the follorlnt
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OPE RATING AND SERVICING MANUAL

FOR

MODEL 5228

ELECTRONIC COUNTER

SERIAL 2?33 AND ABOVE

oe

Cop,lrrshl HEWLETT-PACKARD COMPANY 1954
2?5 PACE MILL RO AD, PALO ALTO. CAT,IFORNIA, U.S.A.



Check:

FREQUEN CY MEASUREMENT

Registration:

Stability:

Answer Display Time:

Range:

Accuracy:

Input Sensitivity:

Input lrnpedance:

Gate Time:

Reads In:

PERIOD IVIEASUREMENT

Input Requ irements:

Input Impr:dance:

Measurement l?erlod:

Standard Frequency C o unted:

Rea(i s lrl:

sPECtFlcalloNs

Freque ncy
Period
Time interval
Ratio
Total Everts

Five places. Output pulse available to actuate trigger circuit Ior
mechanical register providing increased count capacity.

within lO parts per million per week. Can be standardized with
standard frequency transmission from wWV.

Variable irom 0. I to t0 seconds, Display can be held in delin ite ly iI
desired.

Panel control provides automatic count oI I00 kc to assure :rccuracy
of gate and proper operation of counters.

l0 cycles/sec. I20 kc. Exteodable to 220 kc by replacing units
AC-4A DECADE with an (EModel AC-4B DECADE.

11 courlt, r, stability (see above).

.2 volt rms minimum. Direct coupled input. (. 5 volt rms required
rvith AC-48 above 120 kc. )

Approxrnulely I megt;hnr shunted by 50 p7rf,

0. 001, 0. 01, 0. l, 1. 0 and i0 seconds. Ivlay be extended to any
multiple of I or l0 seconds by manual gate toggle s1,itch. Panel
neon Iamp iirdicates when gate is open.

Cps or kc, I-ighted decimai poiiit automatically positjoned.

.00001 cps to 10 kc. Output pulse is available to actuate trigger
ciicuit for mechanica,l register to extend ratge to lo$'er frequency'

11 count, 1.3%, ,stability (see Frequency Measurement) Ior mea-
surer']ent oI one period. Accuracy lor nlore than one period is
1.3116 divided by number of periods I stability. (This applies to a
I volt rl)]s inprrt si.€inal. Accuracy increases \ritI greabe r input signal
level.s. )

.2 volt rms n] inimum. Direct couptred input.

Approximately I megl)hm shunted by 50 i4l.

One or ten cycles of unknown frequency, May be extended to any
number oi cycles oi unknown frequency by manual control. This is
Iimited to frequencies below 50 or 60 cycles/sec,

l, t0, I00 cps; l, I0, 100 kc. Exlernal irequercies can also be used"

Seconds or milliseconds. Lighted decimal pointautonlai jcaUy
po sitioned.I
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sEcil0il r

Gt}IERAL DTSCRIPTIOil

I,I INIRODUCTTON

The Model 5228 Electronic Counter is an accurate
and easy to use instrument for frequency, period,
and time interval measurements. Frequency mea-
surements from 10 cycles/sec. to 120 kc* and period
measurements from .OO0O1 cycles/sec. to 10 kc may
be made with t}lis instrument. The instrument and
display of the counted value may be preselected for
automatic operation or set to any desired interval
by manual control.

This counter is suitable ior stardard audio-frequency
oscillators to yery high accuracy and facilitates re-
sponse measurements of sharply resonant networks.
The lrequency stability oi oscillators as a function of
time may be measured directly with this hstrument.

Transducers which provide an output frequency re-
lated to t}le magnitude of such physical constarts as

measure irequencies as high as 220 kc b!, simpLy
replacing the ,' UMIS', AC -,1A Decade Counter unit
with an -hp- Model AC-4B Decade Counter unit.
The decade units plug in and no spec ial adjustmerts
need be made.

weight, pressure, temperature, smal] distances and
force may be used with the electronic counter ior
increased accuracy and quickness of reading. Excep-
tionally accurate tachometer measurements are ob-
tained by connecting a transducer, which translates
rotation into electrical impulses, to the input oJ the
counter.

I.2 INSPECTION

This instrument has been thoroughly tested and in-
spected before being shipped and is ready for use
when received.

After the instrument is unpacked, it should be in-
spected for damage received in trarsit. U any ship-
pi.ng damage is Iound, follow the plocedure outuned
in the "Claim for Damage in Shipment" page at the
back of t}Ie instruction book.

CAUTION

The sum of the direct current voltage and the alter-
nating current peak voltage applied to the input ter-
minals ol t}lis instrument must not exceed 100 volts.
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OPTRATIilG II{STRUCTIOl\lS

2.I CONTROIS AND TERMINATS

CONNECTORS
AII cable recepta(Ies on the irrstruDtent are BNC
tvp. UC-625A/ti. Connector UG-86.'U should llc itsed
\! ith these recelltacles.

TIME NTEITVAL
The designations alxi functions of th., \'arjous cr)Itrols
and telminlrls that conipr.ise the tinte inter-\'ai srction
oI the instrument are listed bek)w.

TRIGGER INPUT
S'TAR'r -'Ihis connector is the iDput terDriniii ror the
staft cl]a lel dur.irE TIME I}i IERVAL rr(,asurcrncnt.
The'IRIGGER SLOPE s,vitch and TRIGGER LUVEL
VOLTS control above tho connector are par't oI re
S'IART input c ircuit

STOP - This connector is the input terrnirlal for the
stop channel during IIME INTERVAL measuremcnt.
The TRIGGER SLOPE switch and TRIGGER LEVEL
VOLTS control above thc connector are part ol the
STOP input circuit.

COMM. -SEP. - The START and STOP comectors ale
connected together when this toggl.c slvitch is in the
COM. (common) position. Under this conditron both
the starl and stop trlgger \.oltage nlay be applied to
the instrunrent through either the START or STOp
connectors. In the SEP, (separ'ilte) slvitch position
there is no connection between the STAitT and STOp
connectors and the start and stop trigger voltages
must be applied to their rqspectj\.e connectors.

TI]IGGER SLOPE
In the posltive position of the switches, the r.isirB por.-
tion of the wave conlrols the trntc intel\lll. I th(
negative position the faliing porlion of the waye con-
trols Ule time interval. The Left hand switch is for the
start channel. The right hand switch is for the stop
channeL

TRIGGER LEVEL VOLTS
Tlrese controls establish the triggering level oI the
staft and stop channels.

T II\IE: UNIT
']-irc TIME UNI'I slvitch selccts the Lurts oi tinlc i ).
the tilne lncasur.enlcnts sho\yn on the ltfl side of lll(.
FLNCl.f ION SELEC'|OR s,ritch (1C PEI OD AVEitA.GE
to MANUAL GAf E). Indications ilre in scconds or
nrillise('onds i! ith d.cilrltl point ill.iic.rte(1. Tlr{t dF,sig-
I)aliolis bcklN the S.\'it|ll afe lhe countr\l ireqllcn(res.
in kilmvcles, ol)taintl)lc ft-om the stairl,.lar.d tinte l)asc.

i-he sn itch posilioll designated EXl . js for: .ir1 ex-
ternally counted freqilency. Ir this l)osition thc EXT.
colmector rs sul)stituted rn pLace ol thc intetriri stll.lld-
ard tinle base. No tintL. unrt is specified when the
EXT. position is used ix)d nc_r decintal point apl)ears.

FUNCTION SELECTOR
'fhis S{,itch sets Lrp the' \.arious citcuits to per,lol'l1l
the functions Shown bl the switch positlon designa-
tions. fhe designations on the left side of re FUIiC-
TION SELECTOR switch per.tain to tiDre ll.reasure-
rDents rr'hile those on the right side ar.e for Irequellcv
mc;rsuren)ents. The switch position designations and
their functions arc as follorvs:

10 PERIOD AVEnAGE - Measures the incorning wa\ e-
fornr for a period o, tetl cycles ard displays thJ perioct
oI one cycle. The uflits of D-teasuremcnt oI time are
depenCent or) the setting oI the TIN{E UNIT swiich.

PEITIOD - Measur.es the inconring rvavelornt lor a
period of one cycle and displays this period. The
units of measurentent of time ar.e dependelt on the
setting oI the TIME UNIT switch.

TIME INIERVAL - Measures and displays the timc
interval between the start and stop trigger l,oltages.
Thc inlts of measutement o{ the tilne interval, irre
dependent on the setting oI the TIME U\-IT switch.

MANUAL GATE - This Iunction is used Ior tong-teln.l
counting where the gate is coDtrolled by means oI the
MANUAL GATE su'itcli. In this position the instr.ument
mav be uscd as an clectronic stop lvatch.

FREQUENCY - Counts and disptays frequencl.oi in-
coming wavelornts. CoLrnting tinte depends on the
setting of the FREQUENCY UNIT switch.
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CHECK - The instrument is sel-f-checking when the
sxirr'h Ls in ll)e CHECK posrtron.

FREQI./ENCY UNII
This switch determines the length ol time in seconds
that the gate is open during frequency ureasuren)ents.
The frequency units are indicated above the knob.

DISPLAY TIME
This control varies the time that the count is dis-
played. The minimum display time obtainable is . 1

second or the €iate time. whichever is Iarger. The
maximunl time is 10 seconds unless the control is
slvitched to oo in which case the count is displayed
indefinitely. when the control is irl theod position,
the count is displayed until the counting cycle is
staded again by depressing the RESET button.

RESET
when t}lis button is depressed, the counters are re-
turned to zero and a new counting cycle is ready to
stafi.

FUSE
The fuseholder, Iocated on the c(xrtrol panel, contains
a 3.2 ampere caftridge fuse. For 230 volt operation
the fuse should have a rating of 1.6 amperes. Re-
placement fuses must be of the "SIo-81o" type as
specilied in the Table of Replaceable Parts in this
instruction manual.

POWER ON
This switch controls aII thc power supplied to the j.n-
strument.

MANUAL GATE.fhis switch opens ard closes the gate when the FUNC-
TION SELECTOR switch is in the MANUAL GATE
position. In other positions of the function switch,
the MANUAL GATE switch in the OpEN position
prevents the stop pulse from closing the gate.

INPUT
This connector is the input terminal. for Irequency and
period measurements. During TIME INTERVAL,
MAMJAL GATE, and CIiECK functions this connector
is grounded t-hrough ttre input coupling network.

EXT.
This connector is the input terminal for any external
time unit and is connected in place of the internal
time unil when UqTIME UNm swilch is in lhe EXT.
posrtron.

POWER CABLE
The three-conductor power cable on the 5228 is
terminated in a polarized three-prong male connector
recommended by the National Electric ManuJacturers'
Association. The thid contact is arl ollset round pin,
added to a starrlard two-blade a-c plug, which gr.ounds

the instrument chassis ivhen used with the appropliate
receptacle. To use this NEMA plug in a standard
two-contact outlet. it is recommended that instead
of breaking off the ground terrrlinal, a 2-prong to
3-prong adapter be used. The ground connection
emerges from the adapter as a short lead which
should be connected to ground for the protection of
operating personnel.

COUNTER OUTPUT
The output of the last counter is available at this
terminal, located on the back of the chassis.

PHOTOTUBE VOLTAGE
A +90 1,olt polarizing voltage is available at the rear
of the instrument. It has an internal impedance of
approximately 100, 000 ohms.

STD. OUTPUT
Internally-generated standard frequencies are avail-
able at this connector, These irequencies are the
STD. FREQUENCY COUNTED and are selected by
means oI the TIME UNIT switch.

2-2 OPERAIION

It should be kept in mind while using the Model 5228
that this instrument measures, basically, frequency
or time. There are two basic time measurements
that can be performed, period and time interval.
Period measures the time between two consecutive
points on a single waveform. Time interval measures
the time between two separate waveforms.

This irstrument requires a warm-up period ol at least
30 minutes beiore tie specified accuracy is obtained
from the crystal. Less accurate measurements may
be made alter a 30 second warm-up,.and the sensi-
tivity will be approximately L/2 volt at this time.

Before making any measurements with this instru-
ment, it is desirallle to check the performance of
the instrument by means of the built-in checking
circuit. This is done as follows:

a. Set the FUNCTiON SELECTOR switch to the
CHECK position and the FREQUENCY UNIT

sv/itch to 1 SEC.

b. Set the DISPLAY TIME control fullv counter-
clockwise,

c. II all the counters display zero at the end ol the
count. then t}Ie instrument is periorming prop-

erly. If Uris count is not displayed, refer to the Main-
tenance section lor probable causes and remedies.

The procedure for operating the Model 5228 is as
follows:



NOTE: The input circuit oI the 5228 is direct coupled

- 

to the amplitude discriminator. Any dc volt-
age present at the input will a{Iect the sensitivity oI
the amplitude discriminator circuit when rlreasuring
FREQUENCY or PERIOD. U dc voltage is present,
an erternal 2pI blockirg capacitor connected in series
with the INPI-IT jack wi}l. allow measurements to be
made down to I cps at rated sensitivity. A larger
capacitor is required for lower frequencies,

Frequency Measurement
a. Set the FUNCTION SELECTOR switch to FRE-

QUENCY and the FREQUENCY UNrI slvitch to
the STD. GATE TIME position that provides the de-
sired measuring unlt. MANUAL GATE switch in t}te
closed position.

b. Connect the unknown irequency to the hiPUT
connector of the instrument. The input voltage

must not exceed 100 volts. As this instrument is
iilgg-ded wEen ev erlft-ilput voltage passes through
zero, any direct current coinponent in tle input volt-
age will change the triggering point.

For example, ar input voltage of 5 volts which has a
direct currerlt component of 10 volts will not trigger
the instrument, However, an input voltage oI 15 volts
with a 10 volt direct current component wiIl trigger
t}Ie instrument at the 10 volt level.

c. The MANUAL GATE switch mal, be used to extend
the time that the gate is open so that multiples oI

the selected gate time mal, be obtained. /y'hen the
MANUAL GATE srxitch is in the OPEN position ttle
gate camot close. When the switch is returned to Ure
closed position, t}le gate wiU close at the next timing
pulse.

To extend tie gate time, the MANUAL GATE switch
is placed in the OPEN position. Just prior to the
desired count time the MANUAL CATE switch should
be returned to normal, and the next timing pulse will
accurately close tie gate.

Example:
It is desired to measure a 5000 cycle/sec. wave for a
time oi 4 aecords. The time unit selected on the FRE-
QITENCY UNTI switch vDuld be 1 secord. The MAN-
UAI GATE switch may be open eitler before or after
the count has begun but must be open before 1 second
oI counting time has eLapsed. It must be closed be-
tween the 3rd and 4th second of counting time.

d. Adjust the DISPLAY TIME control so that the
count is displayed long enough to be read con-

veniently. The count display wiu be cycles or kilo-
cycles per second as indicated by the position of the
FREQUENCY UNIT switch.

Sect. II Page 3

10 Period Average Measurement
a. Set the FUNCTION SELECTOR switch to the 10

PERIOD AVERAGE position and the TIME UNIT
switch for the desired unit time. Connect the wave-
Iorm to be measured to the INPUT terminal. The
direct current component of the input waveform must
be considered as it will produce t-he elfects described
in the Frequency Measurement procedure. The MAN-
UAL GATE switch should be in the closed position.

b. Adjust the DEPLAY TIME control for convenient
reading of the count. The displayed count will be

the average period of one cycle although 10 cycles
were measured.

The MANUAL GATE switch will function on period
meassrements similar to Irequency measurement,
However, on period measurenents the time is a
multipLe of the input wave, Ior example:
It is desired to measure the period of a 20 cycles,/
sec. wave for 100 periods.On 10 period average the
count displayed wiU be 50.0 milliseconds. Then for
100 periods which is 10 times 10 period average, the
count should be 500.0 n)illiseconds. Thus the MAN-
UAL GATE switch should be closed between the gt}l
and 10th ten periods which would be between 450.0
and 500.0 count. The period of the 20 cycles,/sec.
wave will now be 500.0 divided by 10 or 50.00 milli-
seconds. The accuracy has been increased by ten
times over the accuracy oi the ten period average.

Period Measurement
fire pToc.eaure ior nreasuring the period of one cycle
is the same as for the 10 Period Average except that
the FUNCTiON SELECTOR switch is set at PERIOD.

Time Interval Measurement
t--5eatha-FlNa-IoFsmEcroR switch at rIME

INTERVAL and the TIME UNIT switch at the
desired time unit. The MANUAL GATE control must
be in the closed position.

b. If the internl of time to be measured is a pulse-
width, repetition rate, rise time oI a sloping

wave, or some other function in which both start
and stop lnformation is on a single wire, set tJle
SEP. -COM. switch to COM. and connect t]Ie input
voltage to eitler the START or STOP terminai. In
t}le COM. posiiion the two inputs are tied togetler.

II the interval to be measured is from two separate
sources - such as two phototubes or two sine waves
of di-flerent phase - place the SEP. -COM. switch in
SEP. Connect the starting signal to tlle START ter-
minal and the stop signal to the STOP term inal

c. The TRIGGER SLOPE switches and TRIGGER
LEVEL VOLTS controls are the same for bot}l

the start and stop channels. The loUowing consider-
ations therelore apply to both channels.
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U the desired trigger poinr oI the input wavefor m is
rising (goiflg in a positive d]rcction), set the TRIG-
CER SLOPE switch to +. IJ the desircd trigger point
of the input waveform is faliing (negative going). the
TRIGGER SLOPE should be set to -.

To set the TRIGGER LEVEL VOLI S contr.ols rt is
necessary to l(low the voltage levels of tie input wave.
The TRIGGER LEVEL VOLTS control is then set to
the voltage value desired. Any direct current cr)tn-
ponent of the signal must also be considered when
setting these controls.

EXAMPLE:

Figure 2-2

It is desired to measure the tin]e betwee:l fr;rr1t.i A
and L^ oI Figure 2-2. Since this is a si|f'l(, rijfjr.lj
th3 SEP. -COM. srvitch shoutd t,c in the COl,,t. p0-
siliolr. Since rll" l,oltrgc ll[ poilt A is risi]tS. s{)l
the strrt TRICiGER SLOP! s..{it( tr t{) , and thr, s,....r.-,
TIiICCEIt LEVEL VOLTS (,olltrol r-q + 20. prrint C is
neg:rtive going anil the stoi) TltlccEll SLOtIE ii ttch
sir()ulj l)(,sel to -. lhe srr)p TRIGCillft Lit\.EL VOi :S
sh()ukl bc set to *lj5V. Set the ' l,jit UNII sv..rii i, I0
th(,desi|cd Lrnit.

It will ire notcd thirt if li1r, start i ITICCER , t,\ Fr
VOLTS c()r)trol were Set to r35 rt:itea.l o, :ll tj,e
time frorrr points B io C would tte n]easur r.,ii. A j. ,

i{ the sto!- TIiIC,GER SL()PE sv/itcir ,rere r.hlii,rrr,ri i ,

- Islnud ,)l -. il)c lrmp lr..t\y,.en Ix.il,ts A.rnd p , ,.,1,
bc n|asured In nteasur.ing th(,tilr)e l)etwe.!t A . l I

C thc start TRIGGEn I.EVEL VOLTS c,)rtr1.i , ,rti
be sct irt t)oint D (-l 5V) r\hiclr -.,iill gi.,.1, ihr. .rr ,,
time.

p",19.111 _ll!,91
ln i){tth p(.ri(rd ltrrrl ti|]tc itlterval nie:LS!j, ,-..la,,rts. 1

nlav l'.,(l('sirable lo har.e ir count in S{}lire unit rirl
thar o) ln terms of some other f rerltrr,r..i,. t r-, .

stiu[e. llre ln,rtocl of e 2 cV( le w!l,e r:l ,riil l.x- llr lr,; r ,
oI some .tht:r' 1!!r,'e. Sitl, :i600 c\.,-,leS. ftiis iti,.,i.sr tll
li,tir,.,l lhe l'.vo J r'q t.:,,....i ..\'.r,,'t .vr,u lll re ltJ,)! t,
Tll., procedure l(rt usii! tl)e ( xLarnal ir:,,ilt is ,j :

Iollo!vs:
a. Set the FUNCI'ION SELECTOR s\vit.ir Lo ihc l,

PE RIOD A\IERAGE. PERICD. r'lr.TIME LNTEit-
VAL position.

h Sel the TIME tiNIT's\r,itch to EXT. and,,,rnn(,r.l
thrr extcrnal ifequcncy tr) the EXT. te.nt,niti.

c. Connect the source to be []easured to the INPUT
termintl or the START and STOP terminals

(Time Interval) whichever lrnction is being used.

d. The displayed count is obtained in units of the
exlernal signal applied to the instrument. When

the TIME 1JNIT switch is in the EXT. position, the
decimal points are not ilLuminated.

Manual Girte

a. Set the I'UIiCTION SELECTOR switch to MAN-
UAL GATE and the TIME UNIT switch to the

EXT. position.

b. Set the MANUAL GATE switch to the closed po_
sitien. Connect the source to be measured to

the EX 1'. term i na l.

.. Io start the coLrnt. throw the switch to Ule OPEN
i{siticrn. At thr: end oI the desired elapsed time

chN'ute the switch brck to the closed position. Read
thc Liisplayeri count. push thc RESET button and the
irs,t1'.,r,"na iSj|ci!d!: to .jount again. The iimc, duritlg,,\'j th tl!.r rt:rto is open, mllit l)e ureasxred bv some
o, ri( F ,.ul:,t 1,, ..1 rlrp lnsttrtnt(.nt

iir ti..rs (,per'!tiorr tire MANUAL GATE switch actdaliv
uperrs;,rrr:l cio-qes lite:'31e:lt the instant the switch is
operate{i arld nlrl at i}ie Dcxl timing pulse as in a1l of
' \,\ r)t i-,," ic,us .jr.:r-iilrori-c, The MANL'AL OATE Switch
l.1a\i I\.(rl)en(,rl iitrd Lirjs(}ri :!E,ften aS d.lsil.ed :rnd no
!i:j,,rijn!: will orcui. llesf,lljng Dtust be d()ne lr)anualh,l' ih^ iiESI--l i " .j,. .rn.l rniv 1,r. d6nr irt .itrv tinte.

2"3 ACCURACY

I r-r'quellr-y Meastlt f olants

I'l:e La:;ir' rOunt( r .i(,..iraC:, iS deterllrined bV LwO. lc,is. (r.,, []{ r.)r rs ., .rltbillt\ or thr, l00kccr7s_
l.il s1:Itcl.,r,1 it, tir.) ti1,r",t)ise. which is l0 pai:ts per
uiilr'r. or . {)(;1 pr,r.r lrir lc!- wce k. A sci:oirC facir,t,
is th. inhct{trt crt.,.: r){ , i , ount piesent in all coun-it,la ,,: Lllls t,,-J.r.'. l'ltiji rt.i'rr is dur,. to pirasing berw.,en'r,' Ir:"il .,1'.::. ,1d: r.,,r:Csrrr r.I,..ir,rrIi cale ard
'," pr. Ln,rt irss lrr.o rql' lh,...iLrr t,. till courrtors.

ilr. ,ltrlrt jri Figur.. -l-3 sholvs the errr)rs to tle
l,xrr;.( toii 1([. lrequeli i {,r peri(Xi ]easu re]-Itertts. For
'.i-lrrFle. ii i ireque .., itI 10 kc: is L(ting measuted

ru:lh a 10 scroad g,rt.'tinre, tiere n.ill be a torai ol
100,000 r:lr.rrrr:; An errot of +1 couirt is .001 pereent
iii irui;lcv- li 20 kc is tneasired for 1Lt seconds. a
iot:!i of 20t1,000 coulr.s, +1 cc,Lrnt is . 00C5 percent.
Howe\.r,r-, the t(curacv (.i01 percent) oi the cr-vstatsllldl.r I also must be takc,D into consideration.

The o'"'era.ll irccirrrrcl. iOr frequency measurements
ihcn is as lollows:
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Maximum Possible erl or- (per.ccltt) =
+1 count + accur'acy ()1 standard.
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The leriod accLrril(.y Ior a sine wave is as follows:

Max. Elror in percent - 23 x Peak noise l'oltage
No. of Periods x RMS
signal voltage.

Both intcmal and externtrl noise l,olttges cortribute
to the errors. Th.' internal noise voltage is approxi-
matclv 5 Inv peak. Therefore, during PERIOD mea-
surentorts lu accuracy oI .3 percent can be expected
for a 1 volt rms sine waye with 10 mv noise. This
acculac!' can bc improved bv greatcr amplitude of
input sign:rl or. l)v nteasuring a greater nurnber of
periods. Thus Ior..r I volt rnts sine wave on 10 pE-
iiIOD AVERAGE the accuracy expected would be .03
percent. On 10 PE1UOD AI!.EnAGE wit}t a 10 volt rms
sigral containing 1 per.cent noise the maximum pos_
siblc eIroI would tiren be .003 percent.

The line rrarked 1 Period - CouDting 100 kc on Figur.e
2-3 is also for 10 Period - Counting l0 kc. Simtlarlv
tlr. ilr.xl I)wFr line tdotted lin,.pu6nir* fronr I kc to
.0l pcrcent) is 1 Period - Counting 10 kc arrl also
10 periol - Colnrting 1 kc. The ne\t line is 1 period -
Cour)ting 1 kr: rrnd 10 period - Counting 100 cps. This
chart couid be extencled dorvn and to the left to a
o)eirsurcrl ir.equency oI .0001 cps.

It will bc noted that the period curves and the lre-
quency curves cl.oss at 316 cycles n]easured Ire-
quency. Thus, Iol lrequencies abol,e 316 cycles diIect
measuremcnt of frequcncl.gives the greatest accu-
racy. Rclow 31fj cvcles period me&surements should
be used.

Til,ile Interl,tl Measu r.e ments

There ar-e tllt'ee facto.rs contributing to the accuracy
oi I in)e rntcL.,l mc!sLlrclllcnts

a. 'I'he stal)ilitt oI the 100 kc standard which is
+. 001 pe tcent.

b. -I'he aml)igirilv of + 1 count.

c. A tinte' errol due to input slope.

Where ttle S'I'AIiT and STOp inputs are sloping waves,
the largest erro[ is usua]ly due to the inability of the
input circuits to trigger consistently at the same
lx)int.

Wilh ir setting o[ zero lolts tligger level, the overall
aucuracv should be:

MiixiDlurn eIr()1 a.001 percent + perlod of counted
lrcq. , sum ot-Iirncs requrrcd fur
start and stop voltages to change
1r'olt.

,"{

I

.., i

Figure 2-3. Accu ra(jv CI1at1

The mlL\inrunt possiblc er'ror Iot'thc 20 kc exaDtl)le
is ,.0005 percent +. 001 percent. ti)e L!l,(, l).,ir)g addi-
tiYc in the worst case. Tl]ercfore, the grcatest p.Js-
sii)le eIrol' would be . 0015 percclt.

Due to the possible err.or oI +1 coLrnt. as the llteas-
ured frequency ltcornes lotvei t]re percertlrtac crr.or
lrc( on)os hjSlrer. For I l0-r v, lL, !v.r.c JI I l.ri(,c,,rtrl
gate the accuracy is +10 percpri. For Ioiv frequt_,n(ics
the period of the wal efornr shoulil lrc rrrcasiirecl.

PeIiod Measu rements

On ipth PERIOD and 10 PERIOD AVERAGE the "I.IMF
UNTI switch will sel{lct the counted lreqLrctrcies .rhich
range fi'oln 100 kc to 1 cps.

Ileferring again to the chart oI Figure 2-3. it will
be loted that the gr.eatest accuracy of ptriorl nreas-
urement is obtaile<l oD 10 period averagc lvhen coutlt-
ing 100 kc. This of course gives the grealest t.)tal
nuntber- of counts.

It should be stressed at this point that the greatest
accuracy for peri(xl measur.,ment is ol)tainecl fr.om
wavclorms having lr sharp rise tiDte or.hrgh slopr_. as
they pass through the zero axis. Squar.e *,avi,s or
pulses usually meet this requirenlent.

On a sine wave or other low slope lvaveforlt] th. accu_
racy of period measurenlent is limited b,,, the atrilitv
of the input circuits to triggcl at the sarnt, poiirt on
consecutive cycles,
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As the trigger level is increased either positive or
negative, ittenuation of input signal is introduced '
The slope error increases as attenuation is intro-
duced. At a trigger level of I00 volts the attenuatiorl
is approximately 5 to I, at 30 volts about 2'7 to I'
and at l0 volts about I.6 to l.

Example:

A measurement of time inte.rval is be ing made where

the stalt voltage has a rise of I volt in 120 lrsec and

the stop voltage has a rise oI L voLt in 5 usec. at the

trigger point.

If the time measured is about 500 milliseconds when

counting IOO kc, the Iargest error would be

tachometry measurements. The @Model 506I} is a
photoelectric tachometer head and the @Model
508A is a 60 tootJ) magnetic tachometer,

The ModeI 5O8A is mechanically connected to the
shaft being measured and produces 60 output pul'ses

per revolution. An indication oi rpm is given di-
iectly when the output frequeocy ol the tachometer
is measured. With a I second gate tjme, an accu-
racy of ,I rpm rs obtained. Usiflg a l0 second gate

tim; -IlI0 rpm accuracy may be obtained'

The Model 5068 photoelectric tachometer head is
designed lor use where mechanical linkage is im-
pract ical.

The light source and phototube u""".r0,, should be

adjusted so that the light reflected from the rotating
member rvill enter the phototube. The number of
pulses or counts per revolution will depend upon thc
ilesign oI tie rotating n)ember. Alternate bLeck ancl

reflecting strips may be placed 'ln the rotaUng s halt

or drsc and the speed wiII be:

1. 00I percent oJ 500 rms
r period of I00 kc
+ (I20 usec. + 5 usec, )

Maximum possitrle e rror

= +5. 0 usec.
= t10 use c.
= +125 usec.

= i40 usec.

There is a maximum error of 140 usec. out of the

500.00 milliseconds measured, Ulis is 4 maxrnlum
e rror of .028 Percent.

2.4 APPLICATIONS

.IIgSuu-!!r_lggggjl9I11t"

Measru ement oI frequency is a hitel| l.rit 1,,: .r, )Jn-
ters. Such measurements as osciiLator ca,lll)ration,
oscillator drilt with time, or drilt with ljn.- voltaqo
n1ay be made. Frequency response characierietlcs
of tuned circuits, band pass lilters, etc., can be
plotted Some specific frequency moasurement .lppli -

cations are described belov .

Repetition Rate oi Pulse. s

The repetition rate of pu-Ises is merely counting the
pulses for a standard time. The input of the counter
is direct colple d 3nd adjusted to triggcr at zem volts.
Since a p,lse ls essentia-lly all positiye or all nega-
Live lrom a reference voltage, it may be necessary
to introdwe some dc bias to enable t])e pulse to c.ross
the zero axis. With tlis in ntind repet ition fates clin
be measured in the same manner as anv r)thor fre-
quency.

te9-!9l!!1ry
There are a number of transducers a\.ailable for

Speed (RPM)
Countcr indication x {i0

= FirniE;-i of rcn,'cilnr iir ips :
Gate tinle in sec.

Prr rs" -. 
a,. -", r-T_11ll

i ir(, \'ibrating wirc tj-pe tr'ansducer is a pressul'e-
s(,nsiti.,,e elemeDt n ii-i) an associated ieedback ampli-
lie.. Its output is a frequency which is detcrmined by
ilie pressure exerteC on ttie Yibr.ating wire cell at1d

has a resolution oI ailout ,02 percent

flrr or:tout of the IccJl)ack ampIfier is connectpd to
ih€ iri,unter to read frequencY.

S{ch triusci!:ccrs can ir used in rerDote Iocations.
Since the indication is a singl.'frequency, no alter-
.ttion oI illformation can be caused by transmissio n.

Srniil;rr units can irlso be obtained fol ir,dicating
trrt)pe rature,

Exterldcd Gate Time

It is sometimes desirable to me asure a signal for a

Ionger time than prcvided by the counter in order to
obtain an average of fluctuating signal or to obtain
greater accuracy. This may be done on eitherire-
qucn( J' or period measllrentent.



-'tx: MANUAL. C;A l'f,- s\i1(,h. \\,hi)r OPEN. r,r,,1 r,rlsr'l' lrltli :. rjt:1..rs ll tll r I,st.r- rr,. ,,,.,. Il .,r,:r..-
qrr(,ncv DtailsLll'uutcllt il fi,. r,,sc(.oltrl (u1(, tInte is.l(,_
sired, tht] IIANL]AL GAaE s\!itch shoirl(i i)e Cl(Js(,(l
sonre ljnte 'Det,,vec[ th{, ,lth a .] stjl si,(.i)Dil llItcr. .OLii I _
it,t h.,s r,,.-uD. lJl('L .,1 , r., ;:r i .-, . ., r I- r.t,.,. rr ,

ll,'xl.llrru]r l)ul5n .rrl., 1.,s. rl,' :1..1,.

'Ihcn:

Freq. in r:1ts , total nuntber' ol (,ounts
gatc tinrc (scc. )

Sin(i.r with a longer. girte ti rc the total colllit in-
crcitsoS, the .1 (.ount er.r.of der,r'r,ases, Thtrs [ot r
5-s.rc. gate, loI cxalnplc. tho . 1 (oul]t arrl)r is
1.5 rh.rr ,rr lr l-se, , ilJle.

The llul]rbcr.oI perio.ls l)eil]g nleasuroti a:ut ilLso l).
extended by using the M,ANUAL GATII s!vir(.h i,r l
simiLar mannarr.

FreqLrenci, Iiatio

The pcriod (]1 a \\.ave gencrlllv is mr)usul.cd in tcr.n)s
oI tinle. If the I'IME UNIi s,vit(h is turnecl to EXT.
thc period tilat l)e lnoasurt{i in ternrs of anothcr Ire_
quency. and t]}c displiived count will l)e the l.lrlio ll.-
tlveen the two freqLrcnci('s.

Il the lower of thc two lrequclcies is connected to
INPUT. the higher of the two connected to EXT.. an.l
Lhe FUNC f ION SELEC tOI( snr :r' pEIrlOD. f r..qu(,n(,!
r.ltros fron) 1:l to 100.UoU:l 0rirv l,{ t..Jd.

With FLrNC IION SEUCTOR sct at 10 PERIOD A\.FlIt_
AGE, ratios mav l)e rer.i lr.oIlt . 1:1 up to 10.000:1.
Il it is desired to rl)casurc larger ritfi()s. a mecluni_
cal registcr nrav l)e connected to the C:OUIITER OLT-
PU'I- to ext(,nd the rrngc.

Time Lrteryal Measu renrenls

Sect. II Page ?

CAUTION

\!'itttr nirIrIII.Lnic lrI (,onla( ts ol alt\ I.iind
tlr 1.,\ -'.\,r. ltr.5 , r i .n.C .rSrrl t , a,.lr-
Clillo rilrt)LtlSaS lr)r' linra illtcr., iil nlclls-
Lr rci)tr nts. nre( !ruti()Ds lnust l)e titk( n.
Mt:charrit irl (,ontllrts iu'e sill)jcct t1) (rl)n-
liic l'... 1,.i \!'l.i, lr l,l.u,lLt!,.s .l \ L.l.\ |l.-
tosular lnlpLrLso irs indicate.l in I.lgur'e
2-4. This type of pulse .\,il.l not tr.igger
th(, co!ntcf .11 thc .l(,sired tinle lr(l ul]-
dcr tllesc .ondittons it is il1rpossil]Ie to
ul iil{(, i1c c u t:1t (, o r. (ons ista]]tt In eas u re -
nr.,l)ts. Whalr luechallical contacts ar(l
!.is(,:l to tl igSCI the ( oLlntcr, the intpulso
Ir'ont lhasa a,rnta(ts should be f.ie,,ved on
.r lr L l,rrrr,l .,sr illos,,rt,r. Arr\. iltr-itr_
lnritles th.lt llrc pr(.scl]t lrtay thcn i]c
takell !llto iICcoLlnt

Figut'e 2-,1. Elfect of Coutact Bouncc.

I'lru!!.1-,llt99-

Photoelect|ic transducer.s nre used where it is in]_
possible or inlpr.actical to use ntcchanical connec-
tiors lor the desilcd measurement. A g0-volt photo_
tubc polar.izing \.oltage is available at the r;ar of
the instr.utuent. Tllc outpLrt oI the phototulle lnav be
.{,nne, l.d r,, '.ithr.r rhI StArlT,'r.STOP inpur ,t rhe
roultter through a ( ()upling cap.rcitor. Sincc thcse
aIe direct-.oupled inputs. it is dcsiral)le to iDcluale
a l)il)cking ci.rplrcitor' bct!veen the phototulte and the
instrument inpLlt.

Phasc Shitt Measu l,eDt ents

Ihe phase dilfefence between trvo wavelorms having
the srme IreqLlency ma! lle measured in terms oi
tirne or electl.ic:lL lle€lr.ces. Direct measur.ernents in
degrees recluir.e usiug an external source, having a
Irequency that is 360 times that of ure waveform being
measured. as the TIME IINIT. (This voltage is ap_
plied at thc EXT. input connector.)

To make phase measurements the instrunlent is set
Lrp as follo\r,s:

1 FUNCTION SELECTOR on .I ME INTEIiVAT.2. TTiIGCER INPUT on SEp.
3. MANUAL GATE c tosed.

Connect the two !va!.efor.nls to tite STOP and START
TRICCER INPI-ITS, set lDth TRIrcER LEVEL VOLTS
controls at appr-oxinlttely zero, tnth TRIGGEIi SLOPE

IUany time intert,al measur.enlents are possible with
Ure Model 5228. the basic r.equil'cnient l)eing an elec-
trical iutpulsc at the l)eginDing and end oJ the desired
time intenal. This impulse may be genelated by any
one oi a nurnber of speciatizcd transclucels. swtches.
phototubes, etc.

Thc Hewlett-Packard Jour.nal, Vol. i. No. 1_2. is
devoted t,,r ltnle intcI-\al meirsuren)ents wlth the Model
5228. It discusses a ntilrker.generaror that nlaY be of
Ialue when makjnF tlnre ijttcn.Jl rncJsurentntrls. Wl)Cll
rnlking tinte inten'al nleasurenlents on ii .,ontpli.i.ttcd
wavelorm. the nlarker will be helplul in setling the
trigger leyel coDtr.rls correctlv. Contlct the Herviett_
Packar1l Company iI you desire any lurther cletails on
time irlter1al iteasutements or Ure n]arker generator.
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s,\'itches pc)sitive, Notc the coLrnt. Switch l)oth TIIIG-
GEii SLOPE Srvitches to cgati\/c and note thc' count.
U these two counts are not equal, rdjust the STATiT
T;UCCE,l LEI EL VOLTS coDtrol unLil equal {rounts
aIe obtained with both TliIGGElt SLOPE s* itchcs
positive ind both negativc.

Phase shiJt (clegrees) = 360 x F x Count (miLlise((xds)
1000

Where F is thl, i'oquency oI the \!'a!eforln beilg nr(,as -
ured. This is the lrur]1bel'of degrees t]re STAiiT rvave-
form leads fie STOP wavcfor-m. II an efiernal TIME
LrNn 

-is 
used that is 360 times the flequency of the

me:rsurcd ivaYeforl1r, the count will i)e the nuntl]er
oI degrees thc S'I'AttT ivayefol.m leads the STOp \r,.tve-
Iornr and rlo ca]culations will be requir.ed.

Maximum accuracy is obtirined when the instrunlent
is triggered at or near the zero axis crossing of the
sine wave. The two counts will he equal lvhen the
STAITT ilnd STOP channels itre triggered rhe same
number oI electrical degrecs lrom the zero a-xis
crossing ol each wa\.efo.rm. This measurernent is
explained as follows:

2d.o,'or-b,+b.+1+rr

T,.T.,or,o,,b.bt

+. r .r.

t'igure 2-5. Phase Measule ments

In Lhc illustratlon T1 = T2 since we ha,, c specrlied
equal counts with both TiIIGGER SLOPE srvitches
* and both -. Because of the synl[tetry oI thc xil,,'e -
fornrs a1 = a2 and b1 = b2,

_ _:c!oo 1lq!cl]rrr.
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SECTIO}l ilt

TI|EORY OF OPTRAIIOI{

3.I INTRODUCTION

'Ihis se(tior] Cascrllr('s lhc ci('ctrlral ()pcriltlrJll ()l the

.i..rli" "i 
tht' 5l'lB Eloctrrrnic CLrr'irttet Filst th('

n, ,'r.ii-,, p".*t r"n ol thc irrstrunlont is L'\l)hillc'l 'rith
,l"i".",l.'" t,, thc block Jilglxnrs in Figule ll-1 ln(l

i-a',f,,',, tlto,'l,Cl'.rli'rrr "l'itr)llrl't'rrrt 
( ll rrls s lr''

,,,.ii"j r,r det.riL. Tl1, n)xl, rlrll ill tllls >"(lr' r) ls rs

lo l lo \!'s:

3-) O\'('[\ll CiICLrit OPeration
3-3 'finl('Brtse So( tion
3-4 Phitntirstroti I'roquenc\ Di\ 1'lcrs

3-5 D.(rlclc Fr.(lLlcncv Di!id.t'
3-6 .\l]lpLitr.lle Discrilllinator
3-? Signal Gatc Sectir)n
3-u S ignll Gite
3-9 Giltc Contr.ol Llil)ilrl
3-10 DisPlav Tillre Ci!(rurt
3-11 liesct Circuit
3-12 Tinle llrter'\'aI Input Circuit
3-13 Porvcr SuPPIT

3.2 OYERALL CIRCUII OPERAIION

Tht, 522i1 EIe(:t!onic Countcl- consists o[ the l)irsi(

.,..Jii".tto,," shoi\'rl ir) thc olock;liagrarlt in Figur(l

3-1. ! sig,r"r lipplied to thr' 52JB INPU'r contrr( tor'

;";J;;;ch ",i;irplilic. 
and shape. to the Counted

i,-"riJrif ir," I isnrlrrrl l)Jrr ol rlr( srgttrl Lhc

;;;;;";i:. *ues thr"uIn rl( shupel 'rrrcn'rr]L'ed btrt

.t,,J" ,nr; ,v.r el<,r',n is usecl tu operate tlec'rdo c"unt-

;;;;rii;. it must ue changed to a fast-r'isc (ronstant-

aiplitucle pulsc to assure positive c{)tlntjllg'

The Counted Signal C'{rte V1014 conducts the input

sinrnt to rl',c indicrtrrli- (uuitcrs vllllc J ILlcJSuft'trent

it"L," i* ,rrO". ancl lrl." lis thr rnpul sigrrrtl rliilc the

"r"*"i1" 
being displal ed while the Si'inal Gate is

,,r"".' V+OO ""," ,t .' n;rnlal 'tr)lpllIlcr: 'vhen closel

,i i,li" .," an,)pon cilcurt t ' lhc irrt)ut sliru'tl

Tht: Signal Gate is opetled and closc'l l)v pl.ecision

sren.ris irritilrecl in the'l i nt' BJSo Sc' tion 'vlllcll uctLl-

;i: 4.,; Control Binerv V t03 irnd ploduct' : Ielec

lrst. orl-oII pulst' Lo olrerate the Si'-na1 Grte Tile

ii*, .,,], "i',i: ,^, rnn Tirrrt.B.,sc SL.r'1rur1 ,'rrrs('s tlr.
;:i" ;';.,;. i,"t',,,,' sir:rr'rl Grr(: thr s'!''rrl sr:,'tl
;;, ;;;'i',,,, 

-i,,"" 
' '"'"'Iho Srre Bin")'\'tr' ( ILrs.

tir" st..rri C,,,,. s" lotrq rrs stAn'rls ( 'r ll{ lronr lhc
li',',,,-i'b.,", .-'i"' siirrrtL C''rr '\ill r'"rrrrr"' I ':'' 'lr' rr(11

'.urd cIosc,l.

fr:rrirl- SiAIr,.l L;.rrn V lr''- "^trJucts ti ' sl rr'1 :rrl l slop

,',. t,r. -.1t.,f. ll''r,l lr.r'Tirl)e Bas( lu llle G'1(. Birl'll\
i;;;;..'., ','.,;;r,' 'rerrr 

i' Lroirrr rn'r It Vl0-lr i'1 " i's

;,;;i;i,rri"g sigrrals ulcl prev'nts a ner' (orrrt lIorrr

"i".li,,g- 'trrir"il,c answel to the pt'evious count rs

Lrcing iiisPtaverl.

'l'i,rllrri SllrrJlG,tlr Vl' iB ls 'pcrlo'l 'lnd ' l"strl 
,lr)

t,;;;,i. i,:;;,, ti' Drspl r,,' TIrnn cir' urr' Tl" Drslrl']
i,l,ri ol."tar,t,,.u,,t r'ilhcr "i'crrs 'tt cl"scs th' Tint-

,,r- ii*ricr," a,rt"nlJti.rIlr 'rl rcgrrinl rllltsl-''jls "l
.,it"t,iiit ,, llrc lront-l)rttrnl TtESET buttun wl)crt sr't

i,,lj'",.,i,i,rr,i,t" opclatil)n the DisPlay Tiuc ciI'(ruit
,:',;,;;,.i",i t', srsn'ils lr'('nr rlri GirlP Bi.ar\': ihr n

ii," 
';r;; 

;in,i ,, .ll"s' s tlr'' sisnlLl Grrc' th.- Drspl'rv

ilt,,* O*r.,,, rilosr:s tire Tiuring Signal Gate lor thc

ir,rr" *i".iia il'tht'DISPLAY TIME (:ontlol The

r,.t t'i,,,i"* signrl rvill not reopen Ure Tinrinr Si';ruI

CJtC r l Stail 'lllollrr'l' c'rll)t lrcli)r( thc 11( s l'c I (rrs-

;i.t;;;r. li.; ,'n('n c('rrrllcr\ l' wlt.rr tlrr'disDi'rr t;rrr(

I.;,'.'t 
"rr,"'bitpr,v 

f rritc Citrutt reolx'rrs !hc'rrrnrng

i,,r,riCrr, .rtr.i tlto rrcxt tirrttr)g stlnal r)l1r'lrs Llre cnlln-

i"i ii*i,.r Grtl. to starl rnolher mc'rsurPrnnnl '

Whelrele!'the Gate Binar-v opens the Slgnal Gate to

;;;;';;',;,"""tre.uent' it fr.st operates the Ileset

6lr:"rt, i" rctuln the counters to zero' so the neiv

",,*ni 
tiff i,cgin !t lcro rnslcad o[ ircrl]g addcd tu lho

;;;r:i"r, ;.r,;'. Tho Resi't Thyratrol' upun .c{ er\ irrtr

i' ,',,.,ti." r)ulsc Ironl llle Gate Binan gollel'Jl('s a

i.;g;. t;.i positile ptrl"c 'rnich is appli.d to Ihc rescl

circuit oI eilch of the counter.s'

The signal to be counted is led to slx inljcating plug -

r"'.*""ii.g .,rit" corlnected in cascerde The output of

iil"'rJ"l ri,ri ;orulects to the input of the second' and

"" "..-i,.ar.r 
cycle oI the input sigral advances th€

;;;;"i;;; fi'rst (units) counter bv one numeral

;;;;,i;" il" ,,r-ber on the iirst counter is advanced
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from I to 0 it puts out a pLrlse *hich irllvances the
couDt on the sccod-l (tens) counter b!' one nuu]bcr.
anil so on through all six Lrnits. When the Counted
Signal Gate is closed, thc indicating counter units
displav the number ol the last cycle received. Thus.
the numbe| oI cvcles displa]'ed alter operling thc Sig-
nill Gate lor exirctly 1 sccond indicates the Irequency
directlv in cps.

3.3 TIME BASE SECTION

'fhc iime Base Sectiolr. supplies six staDdald Il'e-
quencies: 100. 10 and 1 kilocycles. 100. 10 ancl 1

cycles per se(ond. Thc 'Iime Base consists of a

crystirl-controlled. 100-kc oscillator, a series of
fiv{-, 10 to 1 pirantastron frequency diviCers, alid a
plug-in decade divider. The plug-in decade divider
di!i,l(,s tire phantastron fr.cquencies frorll the Time
Ilase by 10 duriDg fr'.quer)cy measurentents anC lllo
input signrl frequencv l)v 10 Curing 10 PEIUOD aver-
agc mcasulem€nt. The sanrc high accuracl obtained
Irom thc crvstrl oscillittol. is 3lso obtxined $ith all
di!i.lcd I|equ.rncres rhcn th.r cilCuits are ill corr'ect
iidJ ustrnent.

The irltcr:r.rl Irequencv stilnCard IoI thc 5228 is lr

cr]stlI-ci)ntrolled. 100-lic. odilic.i Picrce or
Colpitts oscillator. TIle crl/still has a lo\v temper-
irtLrrc coeifici(.ot anC is enclose.i in a temperature
contlolled over to ol)tain a f1.equency stability oI
bettcl. tharr ten parts/ m iilion/ rveek.

The phantastr.on Ilequencv dilid{]rs and the Dec;lde
Divirler plLrg-in unit alrc .lescribed below.

3.4 PHANIASIRON FREQUENCY DIVIDERS

The {ive staldard gate trures, .001. .U1. 0. 1. 1.0 and
10 sec, anC t'vo frequoncy units. nlilliseconcls and
secords are obtaiDL'C by dividing t}le 100-kc cry-stal-
co ntlolled flcquelcy in steps of 10. Fil'c 10:1 phan-
tastr.on IrcqucD(!, diviciers conuected in cils.tlldc so
that each di\'ides rhc output oI tlte pr.evious one to
prcrluce standard lrequencies of 10 kc, 1 kc, 100 cps
urd 10 cps. The operatioD oI cach dilider is the saDle;
onlv the valLre of one capacitor. in erlch sui)scquetlt
divicier circuii is changed to obtain a ton-times longer
time constant. The shapcs oI the outllut wiitvelorDl
Ironl the dividers are sil1rilar, lalge uirsyI1rrnetri(ral
posrti\'(,pulses.

Division in a phantastrou circuit is accomplished bl
adiusting the time constant 01 the circuit so that otle
period of phantastron opcration Iasts nine c!,cles oI
the input Irequenc,\'actually a division of tinre. Duling
the pel'iod ot operation the phantastlon is not a-lfccted
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tr.v subscquent input cycles. After the period of oper-
ation. thc phirntastr'on is l'eturned to its original
state. ready to Lr.r tliggered l)y the nexl input cycIe.
ConsequeDtly, the phaltastron pllts out one Pulse
Ior each ten c1,cles (lI input lrequency; but note that
ir divides by 10 only at the one lreqLrellcy - at other
fr'equencics. if not ri'ltdjusted. it divides by another
Iactor, always ploducing pulses haying practically
tile sarre period. regardless of the input Irequc,lcy.

To pIel,ent any oI the lrine intermediate input clcles
fl.om preDlaturely operating the phantastlon, the in-
put signal is fed thlough a diode gate (v109A in Fig.
J-2) which blocks input cycles during the phantastron
cycle. The blocliing is accomplished by connecting
the diode plate to the plate of the phantastron V110,
and biasing the diode cathode a Iew volts belo'v the
plate. WheD the phantastlon plate voltage, and thus
the diode plate vol'.age. is high, the diode gate ls open
:rnd the input signai is pass€d to the phantastron.
When the phantastron is triggered by an input signal.
its plate voltagedrops and cuts ofI the diode, thus
closing the gate. The pharttastron plate roltage re-
mairs down (and the gate closed) during nine periods
oi the input frequency. At the end of its cl'cle the
phantastron plate loltage rises, the diode gate is
opened and the next (10th) cycle triggers the phantas-
tron-

The switching actjon in the phantastron circuit is as
Iollows:

Refer to Fig. 3-2. Phantastron tube V110 is a special
pentode in \\hich the suppressor grid is tightly wound
iind c:m be use(l as a sec.Jlrd control grid for the plate
current. but ]rot 1()r the screen current. This leature
makes it possib.le to switch the cathode current Irom
plate to screen atrd vise versa. ln this circuit the
initial stable state has cllrrent going to the screen,
0 volts between control grid and cathode, and the
cathode is 25 r'olts positive. The suppressor grid,
lleirg retulned to [!r'ouDd. is thus negative, and blocks
current to the plrte such tllat cathode current goes to
the scre€.n grid.

When a legativc irlput pulse is applied to the phantas-
tron contl.ol grid. the cathode 1'oltage dIops, the
neglrtive bias oD the sLlppressor is instantaneously
renroved and the cat\ode current slr'itches to the plate.
CurreDt coDtinues to the plate until the charge on C206
discharges through the series resistor R210, the
control grid Yoltage returns in a positive direction.
cathode voltage following until the suppressor-to-
ca.thode bias is again negative and the plate current
cut olf. Actually the voltage on the suppressor is
nlaintained constani by voltage divider R211, 212,
and 213. while the contlol-gl'id ard cathode voltage

. move together as in a cathode follower to ailect the
shift in supprcssor-grid bias. This shilt in bias is
held Lr-v the time constant oI timing capacitor C206
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.l :i its sclies rosistor',1210. thc positi\.c chai'ge
cLu'', c being appiied to thc c(rltrol grid oI the tul)r,.

3.5 DECADE FRE9UENCY DIVIDER

1ilis !llit is r.i,(luir'(.d pr.irDrilil! lor diviJing input
frcclreni:les iry tc]r rl,,rIing l0 PETIIOD AVETiIAGE
ru.'ilsin (,Dlont. It is.illso used during frequc]lcv nit,e-
sur'.rnrel]r 1o di'.'i.lo thc S ID. CA f E r IME liDring sig-
uals 11,)xr ihc i iDrc B.LSC s,) tirat STD. GA iE TIMES
11'orn 0. rr[]l 1r 1[r si( \)rr.ls c,i11 i)e (ll]tail(,-l frol,1r lha
siair lllr'd lrirriricn( irs rf 1[] Liloc!clcs to I li,('ic pcr
s.rel]C ol)tlrir.ii lronl thc irr.rI]tirstr.ln divi,lc|s, Tllis
u!)il. urlliiia Ih{t lrl.rlrlJSlrirn di\'iliar. is Irot s(:nsltivrl
tr) ils ,rIr,rlr1i!rg f|,.q!.irr',v inC will di!iCr, L! t.n lt
,llr\' lr'r',i ra]r,'', up L() .lp]iroxirtl-rtcl\' 1tr lii1,i, \'( lcs.
'I lil rl){'f.rtiL,ri oI tlr. il(,( a(lc diIirl{,r' rs ilr,srfll)L.d

i5r' Dcr lr Ir Djlnl.,r (i)risists l]1 jour' (ls( ll,lod L)inll-
ri!s rLisl.LlrI |llLrllirilrrllt(,r .ril(h t) i!trtrrc(i ir\. llle
li ('.: Ls rrir,lr!. Cor)sr,qLrenll!. Ihe rv( L,s i{,d to thr,
r lii,r .lr'aiiiirlrii irr'.!1) tit lht litst iriria!r\' (Srt( ( th('
lrisi )rll.{ s.,.l1i }rc: tl)ir llinrrf\' ia lirr ()ppr)srl(,stlrtr,
.lrl -l sr ('!iIr .'li)i,l t ., la ri. r. rlLrir'(.ai 1() 1'{ lLrrn it li)
ill, 11l-r.',|!1 st.Lt( ilrrl .Lrtr,ii l , ln1) in thc sr,r()nd
:'r:.rt,.' tlrr r i r .l i i r 

, 
. ' l r ) t . l i ir-,tsr rr iri l,)Lltl irlrrl s.) ()n.

!r1lL:.ri r.i}(,(1r,(l r)r.ll (ll..isr(rir r)i riir:r(.a ilt tlrr !)Llt-
|,t r)l lLririlll rrr L.ir'\'. i j ( il{ ajirL.(l li'. isiur) a)i t{)r1 is
i.l,t.,int i l,v l\! ' ic(,(il -r, 1Lr'rlrs t ) rht, S{ (()rld il!d
1:lra,l l,tjtat ir,s iLr rlrirr il-r r.l:thlh li l)!lt |)irist, ruill lrr'
1(sa,t i,i lila stl{i,'s tit{,-.' ,, )rl(i rr' !rl llid tlt{'r i{.fi',r'C
11 ;r.lr,r15, s it1 l)r( !lr .,1 . (', ilj,,t,!.'ill :l . :rii"r ll,e
r.lrrijr i j r I]ii, i:i] 11 , \', j, s .rf{. i't,t t t,.r',i. tho (ir Sii{'d
1i,1,:l ,,';lrt,t iriist. ;-. I ) r' . , L I i r ( i : r I . I'lti:. .l( I l')rl is Ialr':l _

li(.ri t,r lii,, .rrlirl ol th.,\(--.iA I)r,r.ldt i . 'iIII('! .!itII_
',iit its irilir rljlg lighls. luld rr tr'Il1'1'.lLth( 111]L,lilt5

.r11t *',1, r ir)l ii:t lfr'lltt sillllr,-

'i-he l).1si( !r',il ul il i!r'll(1. Cilidr,r rs rr i,istrrl'l. irLrl-
1i''ilrl.rtri!. 'l')rf irist.rlrie ilirli1il ii)rrit()r has t{r) stirLii,
stal{rs. ,\-sl(ia ( r)n(iuctin!. Ll-si:1(. cut ofl. a1l.i !icc
\'r'r'sil. l'h( ( irc rit r{,nr.tiJls ir eitliol stallc Lurlil tl
n.itlrtirf plrls(- is rpplieJ to thc colrno]r plalc-load
r-.sistoI Lir swit( h ('ondLrctr)n ii) ti)c oppositc sr(lc,
'fir. g|id-s irfc biirscri so th!!t positii l puls(,s q ill not
s.,.'iich tlic cir.Iit. A negati!c inl)ut puLse d(,)r,s not
.riir.al tlle lube th:rt rs aut oii lut iler:reltst,s (:()n,iilr'tlorl
ri lh(, iLrl)e that rs .or1(luctirrg. i'his n ill l |rcllsf its
plxt.','olt:rgc an(l in lurn thc !ti.l ,,ol1.rql,oi th(] tul)e
lhltt rs ( ui r)Ii. Ihis r',t!leD(,liLir'.(,ili li!,n i'onlrlu(.s
.llrtri aonlL)( 1ir)r llirs sivil( lrad Irolll (,rrr. i,lLo i,) the
()thel-.

'l'liI irir:t is .rp|1ie(1 to thc co]lr:noD i)l.rt, { irIuil
i(rr ,qlriri)li.it.,. iLrrii sirlcc th(, ILit(,5 rrr'.1 !;r'r'ls .rrr
:nt!r( oi-,nealaal Lhr' irlpLll sisnirl rs ilLsr).rpl)lir,(l t()
th., !1iils.
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3-6 AMPLITUDE OISCRIMINAIOR

Alnplitude Discrinriirrtors are used to devclop the
ftst-r'isc pulscs requi|ed to opcr'atc suilsequent l)int-
ries lt i1 ccrtJili !oltlge le1€,1 on the dliving !va!e-
loIms. For c\anrple: a sine lvit\ie applicd to tl)e iD-
put ( ollllcctor l()r' lr'equer)c1' rrreasLllelnent lrrust i)e
conlcrted irLo constant-rmlllituJe. Iast-rise llulses
to op..r'xtr t;1c in.licrting countcl Llnits l'eliablv. Llput
sigruls Io1'period lr'rcir s u reDr ents lrnst be con\,cl1ed
irto coDstlrlt -a nrlllitudc. lasl-l'ise pulses for. precise
opcning anci closirlg oi thc Counted Signal Gate,

'Ihc esseittiiil p.Lfi of thc Amplitude Disc rimirlirtor,
.r S('lrnjtt TIigger. prodLrccs a liirgc. sharp uutpLlt
puLs1, r(.:t.LIdloss of th(, sllape ol the sisnal that trig-
lers it. ID .lddition. tiro cliscr'inlrnator c:ln lle a(l-
iustcd l)v its scnsitivit! a.l.iL)stnrcnt so that it will pro-
:iuce thr output pulse 'lvhcn thc ir)put signal ICilchcs
. ,', r'i.u \.,11.,'' l.,rel. FJ.h,lis( r'i.rliIlrl ,r'i- llr' -
.(d.rri lx a.litierolltial anrplilier. so that 1r substiurtllrl
trlgil.'r opc1.atrng !oltirilc is assurcd. The opelirtion
:rt l)re Scnrnitt TriggcIS is.lcscrilred l)elow.

A S( hDritt Tliggcr corlsists ()1 two anlplifie!s (t!vin-
trr(rilI tulre). ..r( ir hil!irrg ix)th .l-c plirte-to-grld and
( irti()dc-to-rlltllodc r'oupling lr'oxl A triode to B 1ri(xle.
'l I(, r'ir'(xit lixs 1\! st:lllle st!1tos; A side Iully cor-
ii.r(tirg. I] si{le cut olli R siilc iully condu(ting. A
s i.lr ( qt L)fi . Tlrc ( ir'.Llits renain h eithe r strble statc
L|1111 :lIir.'eir 1o the s\ritching lx)irlt l)v the dilferential
arnpi,lif r.

'f rc (1-( ',o1l.tg{ l(,r{ L ripl)lrr(l tLr the A-srcle grid de-
1(,r'lrr!res r|lr(h slirii,the cir'(\rit \rill be in. I{ the grid
! )ltil(. i5 llrLr].r' lr()sitive tl)ii11 .L ce].lain establlshed
1r,,i,1. A sitio'.fi11 .,,Dillr(t and E sidc will not: iI r)lo|c'
(:.llir'(,thrrn lirilL s.lllir le\cl. A si,ila, u.ill cutofl and

Il side 1\'ll1 (olillLri'i. E.!('h tinrc the A-side grid roll-
lr!.. ( rrisses ,,his thrcshuicl in the opposite dire.tion.
1.I,-'cir('uit chr gcs state. In pr.a(ticc, the thrcsholrl
'.'oitiu(,rs sliqhtly mor(. positive \\tcn mol,inB t]rc grid
j[ ..1 p()sitilc .lir(,ctii)n. and slightl-v n]orc negatilc
lvllcn Dro!ln! th(, grid in a negit11,e direction. Tht:
Ilrnlte llet*'c.,n tlrc t\\'o dilfere t voltagc lcveis is the
hvstoresis oi the cir'ouit. Hyste!esis is the limiting
Iactor-on s(.nsitilily since the input voltage must
s!yine thrrrr.rgll l)(ith liysteresis.limits to produce an
output puls{.- Thc hyst!r'esis ol this cilcuit shoul.d be
aJlustod to g,i\'(, e sensitiYit! between 0. 1 and 0.2
\'(r lt.

'lh(, l]].iD11(,J' in,,\'hich the Schlnitt Triggcl changes
stnt(,is as lollo\vs:

Il A Si.ie is culofl rnd B side iS conductrn!. and the
-4. sile gr.id il)ltugc is graduall!' made lrl.lr.e positivc.
11 qriil 1'oitirgc ,,ril] l)e reached tltat wili cause A Sidc
t,r , t)rdlr( t. Whflr .\ side begins to conduct its plate





3.IO DISPLAY TIME CIRCUIT

The Display Time Circuit dcterrnincs how long an
anslvci \\'ill be displayed before the Dext cou[t is
begun. Display tiine is started by the Gate Binary
when it closes the Counted Signal Gate, and the Dis-
play Time Circuit prc1,ents a new triggcr pulse fronl
reaching the Gate Binary to and start a new count.
This is done b-v biasing the Gate Binary's B-side
(start channel) diode gate beyond cutolf. The counter
will then continue to display the last count until the
start-channel diode gate is Ieopened.

The Display Time Circuit's action begins wher t}Ie
Gate Binary B side fires the Display Time Thyratron
as the A side closes t}le Counted Signal Gate. Display
Time Thyratron Vl0? starts the display time by
charging C123 positi!,eli'and switching Display Time
Discriminator V104 so it produces a positive output
voltage. The positive output voltage applied to the
cathode of Diode Gate V102B, closes the gatc and
plelents trigger pulses from l'eaching the Gate Bi-
mry. The display holding action continucs until C123
discharges through ltl6S and decreases the grid
(pin 6) voltage on Display Time Discriminator V104
and retriggers v104 to produce a negative output
voltage. The negative output voltage from the Dis-
play Time Discriminator reopens Diode Gate V1028
and permits the next negative pulse to operate the
Gate Binarf' and start a new measurenlent,

3.I I RESE' CIRCUII

The Reset Circuit generates a strong positive pulse
which resets all indicating counter units to "0" be-
Iore each new count is begun. During autonlatic,
repetitiYe measurements, Reset Thyratron V105
generatcs this positil'e pulse when it is triggered
by the same positive pulse from the A side oJ Gate
Binary V 103 that opens the Counted SignaI Gate to
start a new count. The pulse to the Signal Gate is
delayed twenty microseconds by Delay Line DL101
to give tie counter circuits time to reset and stabilize
before they receivc the new signals.

The manual RESET button generates a positive pulse
ior resetting the counters by ungrounding the reset
wire so that its potential automatically rises applox-
imately 40 yolts positive.

The positive reset pulse for the counters also resets
the decade divider' to the beginning of its division
cycle so that it will divide tie next input signal by ten.
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].I2 TIME INIERVAL INPUT CIRCUITS

During time inten,al ureasurements, the measur(r-
nrent start and stop input signals are fed to separat.'.
identical Amplitude Discriminators which generi'rtc
strong trigger pulses as the input yoltage lcveIs pass
the levels indicated by the TIiIGGER LEVEL VOLTS
controls. The sharp pulses produced lJy the Amputude
Discrimi.nators are fed directiy to the Gate Control
Binary which in turn operates the Counted Signa] Gate
to make the measurement.

The TRIC.GEiI LEVEL VOLTS controls in the START
and STOP input circuits determine the input voltage
Ie1'el that will start and stop a time interval mea-
surement bj7 simultaneously attenuating t}Ie input sig-
nal and applying a negative bias voltage to the Am-
pLitude Discriminators. lvhen the TRIGGER LEVEL
contncls are set to zero, there is a flxed attenuation
of 4 to 1 and no d-c bias on the Amplitude Discrim-
inator, which triggers as its input signal voltage
passes tlrough zero volts. When the TRICCER LEVEL
control is set to +100, tlere is an attenuation ol 20 to
1 and a d-c bias of -5 volts so t}lat the input signal is
reduced to +5 volts, just suflicient to override the
-5-volt bias and trigger t-he Amplitude Discriminator.
Any d-c voltage accompanying the signal applied to
the input co rectors wii-I alter the d-c bias and rerder
the c ontrol calibrations inaccurate.

3.I3 POWER SUPPLY

The power supply section supplies +330 vdc unregu-
lated at ?5 ma, +200 vdc regulated at B0 ma, -105 vdc
regulated at 25 ma and -175 vdc unregul&ted for the
circuits oJ tie counter. The positive regulated voltage
is obtained Irom an electronic regulator circuit,
V117, V11B and V119 while the negative regulated
voltage is obtained lrom gaseous voltage regulator
tube V119. The unregulated voltages are obtained
from the power sources lor the voltage regulators.

The +200 volt regulator is a two stage, direct coupled,
feedback amplilier. V117 is the series regulator tube
and carfies the totai Ioad current. V118 controls the
resistance oM 1? to keep the output voltage con-
stant over a wide ralge of load currents and Line volt-
age fluctuations. Any increase in output voltage will
make the grid of V118 more pos j.tive; this will, in-
c rease its pl,ate current and in turn decrease the bias
on V11?. Increasing the bias on V11? increases its
resistance ard retum the output voltage to the origital
value. A decrease in output voltage will have the
reverse eflect on the circuit. V119, a voltage reg-
ulator tube, suppl.ies a constant lixed bias for V118.



Se(t. Mag(, 0
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SERVICING EICHED CIRCUI' BOARDS

CAUTION

When servicing printed circuits DO NOT push or pull wires in sucir a way as to

raise the printed wiring Irom the board.

!Vhen soldering leads, use 5O watt iron or smaller. Apply heat sparingly to the
leads on the part to lte replaced, not to the printed wiring on the board.

Before installing new parts, clean holes to receive new paft without forcing. Have
new leads tinned and iI necessary Iluxed to receive solder quickly with a minimum
of heat and without I'esidue.

Apply heat sparingly to lead oI part to be re-
placed. Remove part from card as iron heats
the lead.

@ @

Bend clean leads on new part and careIuIIy
insert through holes on board.

Using a small awl. carefuily clean inside oI
hole left by old part.

4. Hold part against board and solder leads.

Figure 4-1. Diagram Showing how to Replace Parts Mounted
on Etched Circuit Boards
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4.T REMOYING THE INSTRUMENT CABINET

(Cabinet Model)

a, Remove the four screws that fasten the rear
cover to the instrument and take off the rear
coYe r.

b. Rotate the instrument so the panel is straight
up and the bottom is toward you.

c. Remove the two 3,/16-inch Allen set screws on
the bottom near the panel

d. LiJt the cabinet off the instrument.

(Rack ModeI)

a. Rbmove tie fout scnews on ttle back o{ t}le irstru-
ment, to allow the dust cover to slide ilack.

b. The bottom plate is removed by means of lour
screws, one in each corner.

4.2 CLEANING THE AIR FILTER

Rack mounted units are equipped with an air filter
which should be cleaned lrequently. The air lilter
is located at the rear of the instrument and is a
washable tYPe.

To clean the air filter pmceed as follows:

a. Remove tIe filterlrom the instrument and take
ofI any large accumulation of dirt by vacuuming

or gently tapping with the dirty side down.

b. Direct a stream of hot water at the intake side
of the filter to llush out t}le dirt aJId old adhesive.

c. Shake out excess water and a11ow tie filter to
dry.

d. Spray R-P Filter Coat No.2 (or light machine
oil) on the intake side of the filter until the vis-

ible baffles are liberally coated. Warnilrg: Do not
rpply so much Jdhesive that il runs-r drip-s off thc
surlace oI the filter. Air Filter oil is available at
most heating supply stores.

e. The fi]ter is now ready for service and should
be replaced in the instrument with the coated

(intake) side toward the outside of the cabinet.

4.3 SELF CHECK

The sell-check leature tiat has been incorporated
into the Model 5228 should be used to check the oper-
ation of the instrument if any trouble is suspected. In
the CHECK position of the FIJNCTION SELECTOR
switch the inst-rument counts the internal 100-kc
oscillator ior periods ol time determined by the po-
sition of the FREQUENCY UNTI switch. This checks
the major portion of the instmment and should be the
first step when trouble is suspected. The sel{ check
procedure is described below.

Set the panel controls as follows:

rUNCTION SELECTOR to CHECK
STD. CATE TIME selector as indicated belolv
MANUAL GATE closed
DISPLAY TIME - min.

Correct Indication

00100. kc
0100.0 kc
100.0 kc

00000. cps
0000.0 cps

STD, GATE TIME

.001 "

.01

.1
1.

10.

Always check the instrument in the sequence indi-
cated, starting with the shortest Gate Time. With a
1 SEC gate time one digit will be ofl the register.
Faulty operation will be indicated by something other'
than all zeros on the legister. with a 10 SEC gate
time two digits will be ofl tIe register and it wil] be
necessary to count the number oI complete cycles
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(C to O) the ieft hand counter goes through during the

.ounting .y.t". Ten cornplete cvcles on the left hand

"nunt", 
ittOic"tu" correct operation with a 10 SEC

gate time.

I1 thc above illdications ar.e ol)tained from the instru-
ment it irdicates that the majority oI the circuits are

of.,o."tir,g proputly. U lhe indication for a pxrlicLrlsr
nr," trn,-"'t" al|"rys K I llDos the ( oI'rect lndication'
i.,here K is a la( tor such rs 8. '9 1 1' 1 2 ctc ' or
r oruiuct of two or more o[ these f]clors, il indicates

if,'ri . pt"nt"",ton trequency divicler (ircuit is out of

adrustment. Reter to paragraph 4-6 of ftis manual for
philntastloll f,djuslmcnt procedure (tcfer to paragraph

a-tf ot tni" manual for complete trouble shooting
procedure.

4.4 ADJUSTING IHE POWER SUPPLY

Melasure the +200 \'olt regulated supply on pins 3

and 6 oi V11?. Adjust R1?4 (marked 200V), Iocated

on the top oI the chassis, until the regulated voltage

is exactly 200 volts as indicated on the most accurate
meter available.

4.5 ADJUSTING THE AMPLITUDE DISCRIMINATOR
UNITS

a. Set the panel controls as follows;

FUNCTION SE LECTOR to 10 PERIOD AVERAGE
TIME L,'NIT selector to MILLISECONDS
DISPLAY TIME ( ont rol to miDimum
MANUAL GATE switch closed.

b. Set Rl1B and R119 (SENS UNIT'S 1 and 2) to
their maximum clockw ise positions'

c. Cor[I€ct a 1OO0 cycle voltage having al ampljtude
of .5 volts rms to the input terminal'

d. Adjust R2 (located on top of dlscriminator 2),

using a small screwdriver that wiU not short
the shaftlo ground, to the center ol the range that
produces an indication oi approximately 1 mil-Iisecond'
Watch the neon indicator on the parel to be sure it is
ilashing on and oIf when making these adjustments'

e. Reduce t}le input voltage to approximately ' 15

. volts rms and rotate R119 (SENS UNIT 2) coun-
terclockwise until the instrument iust begins to pro-
duce an indication of approximately 1 millisecond'

i. Repeat step d. wit-tr the reduced input voltage and

then repeit step e'startingwithRl19 again at

its maximum clockwise position and rotatlng it coun-

telclockwise. Watch the flashing neon indicator to

rnake "ur" the instrument is operating properly'

g. Reset the panel controls as follows:

FUNCTION SELECTOR tO FREQUENCY
FREQUENCY UNIT se lector set for a gate time
of ,1 secords.

h. Increase the amplitude oI the 1000 cycle input

voltage to 0.5 volt rms.

i. Adjust r12 (Iocated on top of discriminator 1),

using a smal-I screwdriver, to the center ol the

range thit produces an indication of approximately
1000 cycles.

i. rleduce thg amplitude of the input voltage to
0, 15 volts ims and rotate i1118 (counterclock-

wise) until the instrument just begins to indicate
approximately 1000 cYcIes.

k. rlepeat step i. with the reduced input voltage
and the.t repeat step i. stafting with R118 ma-x-

imum clockwise and rotating it counte rc lockwise
urtil 1000 cycles.

4.6 ADJUSTING THE PHANIASTRON FRE9UENCY
DI{IDERS

Each Dhantast ron frequency divider must be adjListed

to divlde bv ten. These dividers must be adjusted in
the order indicated since t}te low Irequency dlvidels
obtain their input from the higher frequency units'

Set the controls as follows:

FUNCTION SELECTOR to CHECK
FRIQUENCY UNIT selector as indicated below
MANUAL GATE switch closed
DISPLAY TIME control minimum

Set the FREQUENCY UNIT switch Jor a STD' GATE
TIME of . OO1 SEC. and adjust the 10 kc control
(R211), Iocated on top oi the chassis, until an ildi-
cation'of OOlOO is obtained. Indications of 00090,
00100, and 00110, indicating division by 9, 10, or
11, may be obtained witl this control' The correct
seiting ior tire control is the center of the range that
produces an indication oI 00100'

Alt adjustments are available on top of the chassis
and arL clearly marked. Make aII adjustments in the
order listed below following the same procedure out-
Lined Ior the 10-kc Phantastron.
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1. .001 R2l1
10 kc

2. .01 ri220
1kc

3.

4.

5.

.1 11229
100 \

1. R238
10 \

10. ;7247
1 '\,
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shorl the shaft to ground) to the center oI the range
th.it produces a stable indication. Watch tie panel
neo[ indicator to make certain the instrument is
oPe rating Properly.

d. Decrease the input voltage amplitude to .6 volt
rms and rotate Rl22 (counterclockwise) until

the instrument just produces a stable ifldication.
Watch the neon indi.cator to make certain the in-
strument is opet'ating ProPerIY.

e, Repeat step c. with the reduced input voltage
and then repeat step d. starting with .1122 max-

imum ctrockwise and rotating it counterclockwise until
the instrument just produces a stable indication.

4.8 ADJUSTING THE DECADE COUNTER INPUT

The rmplitucle ol thc driving putses for tire decade
counter units is adjusted l)y means of R184. This
control is located under the chassis, iust below the
PHOTOTUBE VOLTAGE connector on the back of
the instrument. This control sets the bias on thc gate
tube (V101A) when the gate is open (ne'u indicator
on).

Set the controls as follows;

FI'NCTION SELECTOR tO CHECK
FREQUENCY UNIT switch to any GATE T[\4E
MANUAL GATE switch to OPEN

CunnecI r vtvm to pin 2 of V101. Adjust R184 to
get -16 to -18 volts o{ bias on pin 2 of V101 with
MANUAL GATE switch open.

U the bias is set correctly, the instrument should
indicate exactly 100 kc when on SELF CIIECK over
Iine voltage range at 103 - 127 volts. Ii the indi-
cation is ofl by t 1 count, it is due to a phase dif-
ference between the gate control pulses and the coun-
ter input waveform, an error that is aLways present
in this type oI counter. This phase dilierence may
be corrected by adjusting the bias on V101 slighU.y.

II this does not compensate, trouble may exist in the
Signa] Gate or Gate Control Circuits. Ii the + 1 count
error can not be corrected by increasing the Gate
tube bias there wiII be no adverse efiect on the accu-
racy oI the instrument. (Refer to Section 2-3). The
important item is to insure adequate driving-pulse
amplitude for the decade counter units.

STD.CATE Adjust
TIME SEC.

Desired Count

00100. (kc)

0100.0 (kc)

100. 00 (kc)

00000 (cps)

0000. 0 (cps)

In step 5 above tie desired count is ofl register alrd
it is necessary to watch the leJt hand counter and
count the number of complete counting cycles (0 to
I and back to 0) it goes through. When the 1^/ phan-
tastron is properly adjusted, the IeIt hand counter
will go t}lrough 10 complete counting cycles and stop
at zero. In step 4 the desired count is also olf reg-
ister but incorrect adjustment will be indicated as
a number otller tlran zero on the left hand counter.

4.7 ADJUSIING THE AMPLITUDE DISCRIMINAIOR

NOTE

Adj ustment of Amplitude Discriminator
Unit 2 should be made belore proceeding
with Unit 3.

Set the controls as follows:

FUNCTION SELECTOR tO TIME iNTERVAL
Start and Stop TRIGGER LEVEL cqntrols to zero
DISPLAY TIME control to minimum
SEP. -COM. switch to COM.
TIME UNIT to MILLISECOND
TRICCETt SLOPE switches to opposite polarities

(one to + and the other to -)
MANUAL GATE switch closed.

a. Set R122 (SENS UNm 3) to its maximum clock-
wise position.

b. Corulect a 100 -cyc le voltage having an amplitude
of 3 volts rms to eithel, the START or STOP

input terminaL

c. Adjust R2 tocated on top oI Amplit'rdc Dis(rjmi-
nator 3 (usj.ng a small screwdriver that wiIl not
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4.IO SIANDARDIZING THE 5228 AGAINST' . - I- I.OCII' FREQUENCY STANDARO

The accuracy oI the 100-kc crystal is 10 parts per

;ixj;;;. .001 percent, ard in general no adiustment

*liil-u n"""""i.y. To maintain the best possible

;";;;;;. the 10d'kc standard rrequencv should be

cheit<ed weetrty against WWV or a primary [requen(']'

"i*a.ra. 
,nd iti"""""".y, adjust to bring exactly

;;i*il;".y. The typical degree of adjustment that

mav be required to bring exactly on frequency is

ir.rir"." o.or and 0. 1 cyile. Consequently' unless

it 
" "*iu.nrt 

standard frequency and the method oi

ao"r"ri-n have great enough accuracy ard res(:'Jution'

a"'"lt ",i"-pt 
ailustmeni of the 100-kc oscilhtor'

The lollowing paragraphs give two procedures.Ior
;;;p;";irs ;;a ra5 r"iing tl,u 1oo-kc internaL standard

ir"o'u"n.r] Tne first ard ttrost accurate metlod beals

, il.rn"'^i. ot th(' 100-kc standard output from the

Sjig;,th one oI the standard frequetrcies broadcast
bv WWV and requires i communications recelvor'
ii" ,o.ord mcthod is for usc whcn the l)roadc'rst

i;ilwwn is not obtirinable and requires a Iocal

;;l;;"., or secondarv frcquettcv standard i'tnd xn

bscilloscope ils the cumpalrson dcvi('t,'

Reier to Figure 4-2 and proceed as Iollorvs:

a. Tuin on the 5228 and allow to warm up for 30

m inutes'

b. Set the TIME UNIT selector to 100 KC'

c. Connect the STD. OUTPUT conrector on the rear- 
otme instrument to harmonic generator such as

a crysta1 diode.

d. Loosely couple tie output oI the crystal diode to-' 
tt 

" ""tlnn" 
oI a communication receiver that is

tuneo lo one of the f]'equencies oI radio station wwv'

e. Adiust C202 and C203 Iocated on the chlssis neJr'' tftl fOO-f." crlstal until a zero-beat is obtained'

In most cases only a slight adjustmerrt will be ncces-

;;;;,-iliii;rp";ito rs lhou ld be adjusted an oquirl

amount Ior b;st stability. As a zero-bcat is ap-

p""".f,"a, WWV's 400 cycle audio tone wiII begin

io *oUUf", until at exact zero-beat the tone will be

"onsl"nt-'ff 
an audible zero-beat is not readily ob-

tr-lr",i" i" 'S' Meter on the receiver can be used tc)

obtain a visual indication.

f. U necessary, adj ust coupling wire to-t}Ie antenna' 
lor tooaeJt reit; disconnect coupling wire to

verijy bcat.

Reler to Figure 4-3 and proceed as follows:

a. Turn on the 5228 and a1low to warm up for 30

minutes.

b, Set the TIME UNIT selector to 100 KC'

c. Connect the STD. OUTPUT connector on the
"' ;;;;; th" instrument to the vertical amplilier
un 

"n"o""iir""ope; 
conDect the 1OO-kc output from

"'fi"q""*V "trrdard 
to the horizontal amplifier'

d. Adiust the gain of the oscilloscope amplrfiers- i" hri^i, a 
"large clear picture similal to that

illustr'ated.

e. Note the rate of movement oI the oscilloscope-" ;.t,;.;. lI il moves at the rate of 1 rel olution

r"" J".orJ it," tuo frequencies di-ffer by one cycle'
'n i ."*" 

"t 
the rate of 1 .revolution per ten seconds

thc difference is 0. 1 cycle' et( '

f. Adiust C202 .-rnd C203 located on the chassis-' 
;;;; ure 100-kc ('rl'stll until the pattern is sta-

tionarir.- in-Lost cases only a slight adjustnrent will
L"'*"'"r"r.r, botl capacitors should be adjusted an

equal amount for l)est stabllitY'

4.I I TROUBLE ISOLATION

Before removing a faulty instrument from its cabinet'

if-r" f"fi"*itg "".ies 
oi checks should be per{ormed'

it i" pro""iutu will save tinre and in most cases

i-"oirti tir" trouble to a particular portion of the cir-

"rii.-in"-""r, 
externailcst equipment lequired for

;;i;'";;i;" ot 
".t e.tt is .rn oscillator that will provide

a 100 cPs. 10-voIt rnrs output'

Al-I tests should be porformed in the sequence given'

iii" i" irrp..ttrt since each check is based on au

previous checks giving tlormal indications'

when a tube is listed as a possible cause oI trouble'
tne-asiociatea circuits should also be checked' In

,.."n, a^""t tube replacement wiII eljminate the

t.orble. but il thls does not work, it will be ne(es-
sary to check the associated components'

Refer to t}Ie appropriate Adiustment Sections of this
manuat tor aii-adjustment procedures listed in the

tabIe.
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4.T2 WAVEFORM

The waveforms in this section are reproductions of
yavelorms obtained with a -hp- Model 150A oscil-
loscope. An input probe with a voltage division ratio
oI 10:1 and an impedance of 10 megohms shunted by
J0 uuf was used. Voltages €iiven indicate the signal
amplitude at the input to the probe.

Most waveforms were obtai:red wlth the oscilloscope
synchronized from an external source in order to
maintain t}le correct time relationships for a partic-
ular group of waveforms. In most maintenance work
the actual v/aveshape will usually be more important
than the time relationship to other waveJorms of the

same group. For t}lis reason, either + or - internal
sync, will usually be more convenj.ent than the type
of sync. indicated.

Any reasonably good oscilloscope may be used to
observe these waveforms. Check the response of
the scope using a 1 kc square wave. U the scope wiII
reproduce a good 1 kc square wave it will be adequate
to observe the waveforms in this instrument. Some
oI the smaU irregularities i[ the wavelorms may not
be reproduced i-l the oscilloscope used.does not have
a wide bandwidth but the results should be adequate.

AII waveforms were obtained with the FUNCTION
SELECTOR in the CHECK position. The oscilloscope
is the onl]' external equipment required to obsen e
these waveforms.
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TIME BASE

Conditions of Ob s ervation:
Model 5228

FUNCTION SELECTOR . CHECK
STD. GATE TIME - .OO1 SEC.
Line Voltage - ll5

LOCATION

Sect. fV Page I

Os ci.llo scope
Sweep - 20 pi sec/c:n
Sync. - EXT from Pin 2 of

vu0

+t
o

-l

NOTES

Output o{ I00 Kc crYs-
tal os cillator

Input to 10 Kc phanta-
stron (I00 Kc)

Plate of 10 Kc
phantastron

Screen Grid of 10 Kc
phantastron

Output (cathode) of
10 Kc phantastron

Input to Decade Divider
and Output of Amplitude
Dis crirninator Unit 2

Pin 5 of
Y108

Pin 5 of
v109

Pin 5 of
v1l0

Pin 5 oI
v110

I
Pin Z of
Y110

Pin l of
De cade
Divider

Pin 5 of Input to Araplitude
Amp. Disc. Discrirninator Unit 2
Unit 2 (10 Kc)
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INPUT AND WAYESHAPING CIRCUITS

Conditions of Obs ervation:

Model 5228 Os cillos cope
FUNCTION SELECTOR - CHECK Sweep - 5 gsec/crn
Sf D. GATE TIME - . 001 SEC. Sync - EXT. frorn the junction
Line Voltage - 115 of 2 - 5 pq-rf capacj.tors

that are series conne cted
between the plates of

V103 (pins I and 6).

No. LOCATION NOTES

/\ /\ \, t\ /\
tr \t , t

/\ n.t. , Y,XV-

,\

-.*r.r

tv
o2550

ASEC

8 Pin 5 of Input to Amplitude + I

Arnp. Disc. Discriminator O
Unit I Unit I (I00 Kc) _ |

9 Pin 3 of Output of Am-
Amp. Disc. plitude Discrirn- +20
Unit I inator Unit 1 O

. (a-p. Disc. Unit -ZO1is used as an
input waveshaper)

l0 Pin Z of Input to pate tube
VIOI (vtOt) srr"o*ing + lO

change in bias as O

gale opens and -lO
closes

I 1 Pin I of Output of the gate ! E^VI01 tube and input to ' ":
{irst Decade -Y
Counter s horv ing - cu

effect of changing
bias (See No. 10)



GATE CONTROL PULSES

Conditions of Obs e rvation:

Model 5 22B
FUNCTION SELECTOR - CHECK
STD. GATE TIME . .OO1 SEC.
Line Voltage - 115

lZ Pin 2 o{
De cade
Divider

Pin 5 of
VlO Z

NOTES

Input to Gate Control
FIip -FIop and OutP ut
of Decade Divider

S top input to Gate
Control Flip -F1oP

Os ci1los cope
Sweep - 200 Psec/cm
Sync - EXT. frorn Pin 2

of Vl I1

+20

-20

+20
o

Sect. fV Page 11

2000

No.

13

LOCATION

roo0
ITSEC

I

,,tl rl I

,*,--ri-J

",."L .t
Illl
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GATING SECTION

Conditions of Ob s ervations:

Model 5 228
FUNCTION SELECTOR . CHECK
STD. GATE TIME . . 01 SEC.
DISPLAY TIME - Min.
Line Voltage - 115

No. LOCATION NOTES

Os cillo s cope
Sweep - 3000 ;_rsec/crrr
Sync - EXT. from pin Z of any

Decade Counter

+20
o

-20

+20
o

-20

I4

t5

I6

Pin I of
vl0 2

Pin I of
VIO 3

Pin 2 of
vl0 7

Pin 8 of
v101

Pin 2 of
vl04

Junction
of RI49
and RI50

+too
o

-roo

Start input to Gate
Control FIip -Flop
showing shift in b i.as
due to Display Time
Dis cr imi.nator

Gate control puj.s e
at input to Delay
Networ k

Display Tirne Thy -
ratron cathode
puls e

Display Tirne Dis -
criminator controi
voltage shou,ing
charge of CLZ3

Output of Display
Time Discr im-
inator and bias for
start diode

Input to Reset
Thyratron

+50
o

-50

t7
*50

o
-50

I8 +50
o

-50

r5,o0o
1r sEc

19

3qooo
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c t28

cr29

cl3r

DECADE DIVIDER

c 125 c r30

a

c t23

c203

FigurP l-4. Mndel 5228 Tup ViP$
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v1t6 vr17

v119 vr05

v1l5

vlo4

vl18 vtoT

v 2

v 3
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vl01

vlo3
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vllt

vt o9

vllo
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Figur'...,1-7. [Iodel 52?I1 Dccadc Ilir.:Cer
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....-...,4-..

Figure 4-8. ModeI 5228 Decade Dif ider
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Figure 4-t5A contains information on tie 5228-9EA
modiiication kit which adapts this counter for use
with t}le EP Model 5604, Digital Recorder. Use this
schematic with Gating Section Drawing, Fig. 4-l?.
This inforrnatim should be ignored if this modilication
has not been nrade.
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FUNCTION SELECTOR SWITCH

xz r03
x2104

TIME UN IT SWITCH

522B -95A-I6B ASSEM BLY

RElllOVE PINl( WIRE EETiIIEiil

CI29 PLUS IERtilINAL AND

xzl05 PIN 4

Sect. Mage 21

ANUAL GATE SWITCH

COUNTER OUTPUT

PHOTOCTLL VOLTAG E

STANDARD OUTPUT

c 302

c 125

R I25

R 167

RB5

c r29

R 130
RB2

RBI

MODIFICATION KIT 5228_95A CABLE ROUTING AND CONNECTIONS

BRN-@@o

?&
l).i
8RN'flx
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ELACK TO
GROUN D

Figure 4-l5A -3
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TABLE OF REPLACEABLE PARTS
FOR 5228.95A DIGITAL RECORDER ADAPTER KIT

* See ,'List dl Marilifactrrers Cirae 
-t,ette.s f.r nepf.c"a6ie

+ Tota-l quantit' u6ed ii the irstrume t,

CIRCUIT
REF. DESCRIPTION, MI'R. ' &MFR. DESIGNATION

@ srocr
NO. #

C 3OI

c302

J30t

K30l

R]2 5

It3 OI

ii3 02

R303

R3 04

R305

ri306

Capacitor: Iixed, tubutar, elect. ,l0 pf, 450 vdcw

Capacltor: f ixed, ceramic disc
0.0I rrf, -0%, +1009, 500 vdcw

Socket, Iemale, 19 contacts,
polarized shelt, 3I02A -22-t4S

Relay, U0 volts dc, dpdt contacts

Resistor; Iixed, composition,
17,000 ohnls, ilo%, I watt

Resistor; Iixed, comg)s ition,
10,000 otrms, 110ft, 2 watts

Il4,s istor: ILxed, composition,
270,000 ohn1s, r10ft, i,,2 watt

Iiesistor; fixed, prec ision,
i.23 n:egohrns, 1l'r,., I watt

It(,-q isto t': fxr€rd, precision,
J 23 megolrlrs, +1$, I watt

ifesrstor: Ixed, pr'er:ision,
l.23 megohDrs, iiu,;j, I wait

Rcsistor: {lxe d, cornposjtion,
2200 ohms, rI0%, I,/2 wlrt

CT

B

l8-10

r5-43

125-93

49 -32

24-4'.1K

2 5-10K

23-270K

3l-1.23M

31-1.23M

3r. t. 23M

23-2200
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TIGURE 4-I9 AMPTITUDE DISCRIMINATOR UNIT
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FIGURE 4.2O D ECA DE DIVIDER UNIT
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TABLE OF REPLACEABLE PA RTS

c

CIRCUIT
REF. DESCRIPTION, MFR. + &MFR. DESIGNATION

@r SToCK
NO, #

c209

c2l0

C2II

c2t2

c2L !

c2t5

c2t6,zr't

C2L8

c2t9

c22A

C22L

CRI,2,3

DLIOl

FI

thru 16t2

Sanrc as C207

Capacitor: fixed, silver nr ice,
3900 ri/, 12'1, 500 vdcit- v*

Same as C207

Capacitor: fixed, pape r,
.O39, +2(tc, '100 \'dcw

Ilopkins E ngine.,r'ing Co.

Same as C207

Capacitor: fixed, paper,
0.39 tf, ..z'.i, 400 vdcw

Ilopkins E nglncc ring Co.

z*
Capacitor: Iixcd, mica,

390 ;4rf, 500 vricw

Capacitor: Iixed, mica,
22O t).d, .10V., 500 r'cicrw

SaDr. as C2l5

Capacitor': f i-x.d, n'i rca,
3300 lurf, .10',., 500 vctcw

This cil'cuit relcr.ence not l.lsiign.,d

Capacitor: Iixcd, c(,t-iuni0,
39 a1l, . 5',r,, 500 i dcw

Rectifier, seleniurn

De J:ry Line

Fuse, crl.tridge: li, 2 arrrp,
3AE type, 115 V

Fuse, cartridge: L.6 anlp.
3AE type, 230 V

Lamp. neon: NE 5l
(rrisplay tl'n" rIlr..ir':rrnr Lr]r p)

Lamp. in.an.iescrnt: 6-JV,
.15 anrp, #-j'/

K*

IIP*

T*

E*

BO"

r5-163

16 -i28

16 -121

r.i - 65

r{ -66

l.r-6..1

l5 -.1

2t2-60

52:B-608

2ll-!:5

2lI -l:

2tl-2 t'

,\1 il

I

2

I

3

I

i

I

I

5

S{:p ,'List nf Manltfecfrrrers (].rip LFHprs I'nr
+ Total quantity used in the instrument,

Replaceabie Parts Table,,.
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TABLE OF REPLACEABLE PA RTS

CIRCUIT
REF. DESCRIPTION, MFR. ' &MFR. DESIGNATION

@r srocK
NO. #

Jl thru J7

LI tirru L i

L5

L6

L7

PI

R10l

Rl02

R103

R104

Rt05

R106

R]07, TOB

R t09

R110

R1u

RIT2

RII3

R1I4

RII5

RI16, ll7

Receptaclc; conncctor, BNC

Thrse circuit i ef:rences not assigned

Feactor: 6iI at 125 rrta, 2'10 olrms

This circuit ref.rence not assigncd

CoiI, oscillator: .70 lnh

Po\\,er cord

LL*

Pac co

HP*

Elec. Cords Co.

NN*

NN*

B*

IIP*

NN*

B*
Resistor': fixcd, conrposition,

I20,000 ohnrs, lllt,. l/2 w

Resistor; fixccl, depos ited carbon,
20,000 ohms, .l't., ll2 W

Resistor; Iixod, (lepositcd carbon,
683,?00 ohms, :Lco, l/2 ii

Resistor: fixed, compositlon,
Ido,000ohnrs, l0 ,l2W

Resistor': r,ariablc, co|llpos it roll,
I in r'.r r LaPPr, 250,000 r,lr rn s

Resistor: fixed, deposite ci carboll,
360,000 ohms, .t';, tl2 w

Sanlc as Rl02

Sane as Rl03

Salne as Rl04

Same as R105

Sarne as R106

Same as Rl02

This circuit reference not assigred

Resistor: I j.:(e d, composition,
15 megohms, rnqc, ll2 W

Resistor: fixed, composition,
22,000 ohms, !10.Sa, Llz W

R*

B*

125 -9

911-12

522B-50A

23-120K

33-20K

23-lB0K

5228 -t-5

33-360K

23-l5M

23-22K

1

I

I

6

ll

2

2

2

2

7

2

2

* See " List oI Manufacturers Code Letters For Replaceable Parts Table,'.
# Tota] quantiw used in the inatrument.



TABLE OF REPLACEABLE PA RTS

DESCRIPTION, MFR. + &MFE. DESIGNATION

R13?

Rr3ri

fi13I

Rl 10

Rl il

R 1,12

Rt i3

I ; I

nl45

r ,16, 1,17

Rl tB

Rl i9

Rl50

RI5I

Rt52

ll(,sistor; ljx(,(1, coiupositiou,
5ti,000 olrns, .10,?.. I W

lla srstor: ltxc(i, ca,rtpos itron,
.1?0,000 ohnrs, l}'i., tl2 W

S.r!rc as Rt:i7

fi(,srstor: fixe(1, cotullos it ion.
10,000 olrnis, I0,,., I W

Sarn. as Il13'/

Sarnc as nl36

lie sistor: flxr.l, contpos ition,
16,000 r,hnrs, ,10';, I W

Rciisto.: f ix(.ci) contp.Jsition,
.i. ? nlciloluus, ,r 10r I, I W

Resistor: fixetl, 0r,nrpositittn,
320.000 otrnrs, . I0 ;, I W

Sanro lLs RL20

Ilesistor: {ix|d, cotr)positioD,
I50. 000 ohxrs. .10 i, I W

Sarrrc as Rl3l

H.rsistor: fjxcd, c(rtDpositi(,n,
68, 000 oJuus, . l}t i, I l2 W

Sarre as nl24

fl0sistor: fjx0d, coD]positioll,
100, 000 ohnls, I I0,;, I W

Resistor: fixed, co]]rpositiolt.
220,000 ohnrs, -tO'i, I W

R{rsistor: Iixcd, coDtpos itiotr.
39, 000 ohn)s. I 101,, I W

Sanle as llt20

Tjrls cir.cu jt r(-.Iorl] llcte not assig.uc(i

2.r-56K

23-;70K

2;-1.7Nr

2.,-820K

2.: '150K

2l -I00K

2r-220K

2.i-39K

* See ', List of ManuJacturers CoOei-EersFoi neptacEiUle narts Table,i
# Total quantity used in the instrument.

Section V Page 7



Section V Page I

TABLE OF REPLACEABLE PARTS

CIRCUII
REF. DESCRIPTION, MFR. + &MFR. DESIGNATION

@ srocK
NO. +

24-270 I 7

21-22K I 2

2.1-1000 I r

nl5? lno,trto., fix,'0, compos rr ron,

| 
210 ohms, , toi, I w

RI5B lSanre as Rl3l

Rlse 
lsam. as nls2

Rl60 | *".,.,o", fixccl, cor11p65i1ie11,

| 
22,000 ohrrrs, .10 6, i W

Rl6l I Sarne as RI50

RI02 l n, -i",o.' tixuci, r'6rr'1p175111el1,

| 1000 .lrrns, ,I0., I Wt'-
RI63 

lsanre 
as nlz.i

RI61 I Sanre as RI53

IRl65 ISame as Rt l0

RI66 I s"n," ,. nt:z

RI67 |Sarre a5 Rl57 Etnctrical ialuc adjustcd I I

I at racrorv I I

RI6B I Resistor: variablc, contposirion, Iinnar 1qp.., I ZIO-SZ I f

| 
5 nresohms, ,20",, inctudes S? 

"O- I I

Rl69 | Resisror: fixcd, cornpositio,,, I ZS-SOX I Z

I 56,000 ohrns, .10'., 2W B- | |

RI?o lsame as Rtso I I

Rl?l |*"",r,o., fixed, cornpositjon, I ,a-rr* L
| 33,000 ohms, rlo ;, I w B* | I

Rl72 | nnsistor: Iixed, composrtio", I 24-470K I I

I 
i70,000 ot,ms, , lot. I w ". I IRl73 lResistor: fixed, con)posirion, | 24-270K I I

I 2?0,000 ohms, ,10 i, I w B- | I

Rl?l I o..,.,o., variabtc, composition, tinear taper, | ,ro-ron I ,
I 50,000 ohnrs, 

' 
20! BO- I I

RI?5 I same as ntsl I I

B+

B+

B*

See ,,List ol Manufacturela C. see ,,Lrst ot Manufacturelg Code Letters For Replaceable parts Table
# Total quantiw used in the inatrument.
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TABLE OF REPLACEABLE PARTS

* See " i,ist of Manu"iacturcrs Corte Lette,rs For Replaceable parts Table.iC Total quaotity used f. ihe instrument.

DESCRIPTION, MFR. * &MFR. DESIGNATION

Rl?6, 17?

RI?B

Rl?!r

Rt{t0

R18l

RtSZ

RIUS

i L{

RlU 5

ill.l6 th:"u
PzOL

i t:0I

R2tJ,:.

26-3

25- 170

2.1-33

23,r30K-5

23-9IK-5

Rcsistor: fixcii, ivirc$ ound,
3000 ohnrs, rt0,;,, I0 W

Rr.sistor: f i-\ed, composition,
470 ohnrs, +i0i, 2 W

Resistor: Iixecl, coDlllosition,
3li q|1nl", l l0'0, I W

Ilc sistor: ltxc{1, cotrlpos ition,
I30,000 r.rhnrs, .5rr, Il2 W

Rtsistor': I lxr'(1. { oulpositio11,
91, 000 ohnrs, 5' t, llL W

iirnr( as Iil2N

Ilcsist,-]r': Il-\r,ii. ( ollrllositi()n,
120, Ct)0 r-,hl}rs, 10'i, I W

Il si-itor: r'rr.itrbL., co]1tl_ru: rtion,
200) 0ti(i ohrlrs. 20:;, li{ W

lla StSi()t: ll-\(.Li, !i. iIc\1rxlld,
ir00 r,hrirs, . i0,, 20 W

'j'lri.-,, r 'r'cuit I r:fr,ri:nc ,s rir)t ilssidn(-.r

ii', !, -lor: fixt it. (iol11posrti,)l],
ii300ohDrs,.t0. iW

ik.sistor: it.r(,(lr a(rlltposil t. n,
51i0, CUO oirl:;. , t,a. i !V

llirr( ,r ri Jll20

Sar)o as Tllzc

llcslstor': rL.i.d, cotuposii.iolr.
3200 oir|rs. jIO,,, f-i?- N,i

S.rr:Lc a.s Rl30

Resistor': fi:i(,( l. co nlpos itioD.
110.000 ohlrs, 5L;, I W

I i,,s i ritt,1.: iixecl. r.onrposiiir.,tr.
:-llXrll oJu.tis. .;,;. I W

s*

B+

R*

B*

R*

Br

J*

s*

24-t20K

2r0-19

27 -5

2,1- 3 300

2.1- 5 60 K-

R*
23 -8200

24 -lr0K- 5

2.1-3C1t0-5
B*
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TABLE OT REPLACEABLE PA RTS

CIRCUIT
RET. DESCRIPTION, MFR. ' & MFR. DESIGNATION

@l srocx
NO. #

R209

R2l0

R211

R2t2

R2r 3

R 214

R 215

R2t6

R2t?

R 218

R2t9

R220

R22l

R222

R223

R224

R226

R227

R22e

R229

R2 30

n231

Sanre as Rl5?

Resistor: f ixer:1, clepositeri carbon,
2.103 megohms, rlll, I W

Resistor: \'ariab1c, composition,
50, 000 ohms, 110.;

Re sistor: fixed, con]position,
82,000 ohurs, :51, I W

Resistor: fixed, composition,
22,000 ohnrs, . 5'i, i w

Sanre as Rl52

Same as n 130

SaDc ts 11207

Sanre as R20B

Sam.r as nl i?

Sanre as Il2I0

Saln!. as R2Il

Salnc as R 212

SaDr. as RZI3

Same as Rl52

SaDre as Rl30

Sane as R20?

Sanre as n20B

Sanle as R157

Samc as R2l0

Sanre as R211

Same as R2l2

Sanlc as R2l3

I 3I -2. 163r\r
IIN*I

I

lzro-:o
B* 

|t 2-" -t]2K-5
B. 

II 21-22K-5
R+ |

* See ', List of ManuJacturers Code Letters For Replaceabie iirts fable,
# Total quantity used in the instrument.
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TABLE OT REPLACEABLE PA RTS

i see ,'List of Marufacturei@rts.rabte,i
+ Tota] quantity used in the instrument.

DESCRIPTION, MFR, I &MFR. DESIGNATION

R2 55

R256

R257

R258

R259

R2 60

R26l

R262

R263

R264

R265

R266

R2 6?

SI

s3,4

s6

s8

S9

st0

1l

SaD)e as Rl01

Resistor: fixed, compos ition,
I. B megohms, tl1lo, tl2 W

Same as R254

Same as Rlol

Same as R256

Same as R2 54

Samc as RloI

Samir as R2 56

Same as R2 54

Same as Rl0l

Same as R2 56

Samc as R2 5,1

Sanre as EI01

Function Switch Assembll'

Switch, toggl.: SpST

Switch, toggte: SPDT

Switch, toggle: DPD'I

Switch, pushbutton: SpDT

part of Rl68

Switch, rotary: lrequency unit

Switch, rotary: time uDit

Same as 52

Translormer, power

Tube, .]lc,ctron: 5963/tr?AO7

B*

D*

D*

D*

Paeco

23-1. BM

5228-95D

3r0 -tl

310 -12

310-5.i

3i0-53

3r0 -I09

310 -l0B

9i0-93

2t2-5963



CIRCUM
REF. DESCRIPTION, MFR. * &MFR. DESIGNATION

@ srocK
NO- #

vl02

vI03

vl04

vI05

vl06

vr07

v108

vI09

vll0, llt

v,l,2

vll3, l_14,

115

vl16

vIt?

vl18

v1l9

Zl thru
z5

Tube, electron:

Samc as VIoI

Tub., electron:

Tube, electron:

Same as Vl02

Same as V105

Tube, electron:

Same as Vl02

Tube, electron:

Same as Vl02

Same as VlIo

6AL5

5844/ 6J6
2D21

zz*

zz*

zz*

6BH6

5st5/ G$Ec

zz*

zz+

Tube, electron: 5U4GA/B
""rl
,r-l

zz4

,r-l

-"1

:::l

Tube, electron: 6A57GA

Tube, electron: 6C86

Tub€, electron: OB2

Model AC-4A Plug-Irl Decade Counter

MISCELLANEOUS

Air filter (rack model) Rescarch Prod.

Crystal oven

Crysta"l: 100 kc

Decimal Indicating Rod Assembly

E scutcheon

212 -6.{L5

212-5844

2t2 -2D2t

212-6BH6

212 -5915

::*^'' l

6AS?GA 
I

2I2.6C86 I

::T'I

314 -21

G-69A -AI

G-694. -82

5228-83A

522 B -99

4

t

2

I

5

I

I

I

I

5

I

I

I

I

+ See ,'List of Manufacturera

Section V Pa$e 13

TABLE OF REPLACEABLE PA RTS

Letters For Replaceable Part8 Table
# Total quantity u-6ed in tlle instrument.
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TABLE OF NEPLACEABLE PARTS

cmcurr
REF. DESCRIPTICTN, Mtr'R. t &MFR. DESIGNATION

o? srocK
NO. +

Fan, motor G eneral

Fan, blacic: cabi0et model

rack model

Fuseholde r

Kit: for connecting Model 5228 to
Model 560.4'

Kit: to connect cabinet model to
rack model.

Knob: TIME INTERVAL (2),
DISPLAY T IME

Knob: FIJNCTION SELECTOR

Knob: TIME UNIT
I'REQUENCY I'NIT

Lampholder

Pilot L ight Assembly (0.)

Pilot L ight Assembly (12)

Reactor: 60 mh (for Dclay Line)

Switch and Cable Assembly: includes
time unit, function selector and
frequency unit switches complete
with interconnecting wiring

Soluble oil: for air filter

Ind. Co.

BDT

BD*

Tr(

HP*

HP*

HP*

HP*

HP*

JJ*

II*

JI+

HP*

HP

HP

314 -43

314 -4 5

3t4-44

140 -16

5228 -9 5A

5228-9 5B

G-74G

G.74N

G-?4P

145 -10

145-6

t4B -2

5228-
50B-t

5228 -l9A

314 - lB

I

I

I

3

1

4

I

I

I

1

* See ,' List of Manufacturera Code Lettera tr'or ReDhcealrlc par{R
# Total quantity used ln the instmment.

Replaceable Parta Table', .
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TABLE OF REPLACEABLE PA RTS

CIRCUIT
REF. DESCRIPTION, MFR. t &MFR. DESTGNATION

@ stocr
NO. {

c2

C3

c4

c5

RI

R2

R3,4

R5

R6

R?

R8

R9

Rl0

RII

vt,2

ct,2

C3

AMPLIT T]DE DISCRIMINATOR
PLUG-IN 1INIT

This circuit reference not assigned

Capacitor: fixed, mica
22 pg, +5?0, 300 rdcw

Capacitor: fixed, ceramic
.01 1f, tol. -lcr[, + l0o9o, 1000 vdcw

HP*

CC*

Same as C2

Same as C3

Resistor: f ixeci, composition,
56,000 ohms, +10%, 1W
Electrical value adjusted at {actory B*

Resistor: variable, composition, linear taper,
500 ohms, +2010, lll0 W

These circuit references not assigned

Resistor: fixed, composition,
15,000 ohn)s, iloil, 1 W B+

Resistor: fixed, conpositio[,
4?,000 ohms, rl07c, I/2 W B*

This circuit reference not assigned

Resistor: fixed, composition,
12,000 ohms, rl07o, I W B*

This cilcuit reference not assigned

Same as R6

Same as R5

Tube, electron: 5963 zz*

5228- 588

14 -69

15 -43

I ,-,:

2+ - l5K

23 -47 K

24-t2K

2t2 -5963

5248-4A

t4-7 4

l4-7 6

3

6

2

I

3

6

3

i

li

2

DE CADE DIVIDEF PLUG-IN

Capacitor: Iixed, mica
47 p$, rBft, 300 vdcw

qapacitor: fixed, mica,
100 ali, +5%, 300 vdcw

HP*

+ See I' List of Manulacturera code LetterE F'or
# Total quantity uaed ir the instrumetrt,

Replaceable Part8 Table" .
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DECADE DIVIDE R

TABLE OF REPLACEABLE PARTS

CIRCUII
REF, DESCRIPTION, MFR. + &MFR, DESIGNATION

@ stocr
NO. *

C i thru
c12

cr3

CI'

cl5

R1

R2

R3

R.1

R;

R6

tll

R8

R9

RIO

Rll

R12

Rl3

R14, l5

RI6

RI?

Rl8

".-l 
"

I

lr.j-?5
v* I

Same as CI

Capacitor: f ixed, ceramic,
.01 uI, toI. -01c:, + l00lo, 1000 vdcw

Same as C3

Capacitor: fixed, mica,
75 p$, +570, 300 vdcw

Re sistor: fixed, composition,
i'l,000 ohms, r5ol, l/2 W

Resistor: fixeci, composition,
270,000 ohms, r5.qc, ll2 W

Rcsistor: f ixed, composition,
100,000 ohms, +510, tl2 W

Rcsistor: Iixed, composition,
.i?, 000 ohms, rl0%, 1 W

Same as Rl

Sarne as R2

Same as R3

Same as'Rl

Same as R2

SaD]e as R3

Same as R4

Same as Rl

Same as R2

Same as R3

Same as R2

Same as Rl

Same as R4

23-47K-5

I

B* I

L,-
B* I 2?oK- 5

t""
u. 

I 
i,ii*-'

L.\-
s- I *ix rcr

See " List of' See ,,Llst oI Manufacturera Code Letters r.or Replaceable parts Table,, .
# Total quantity used in the instrument.




