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310 DISPLAY TIME CIRCLNY

The Display Time Circull determines how long an
angwer will be displaved before the next count is
pegun. DMeplav lime is started by the Gate Binary
when it closes the Counted Signal Gate, and the Dis-
play Pime Ciroull prevends a new trigger pulse from
recching the Gate Binary to and start @ new count.
This is done by biasing the Gale Binary's B-side
{start channel) dinde rate beyvond cutoff, The counter
will then Lfmunsw tor display the last count antil the
gtari-channel diode gate 15 reopened.

The DMsplay Time Civeutt's action beging when the
Gate Binary B side fires the Display Time Thyralron
as the A sigde cloges the Counted Signal Gate, Display
Time Thyratron VIOV starts ithe dispilay time by
charging U8 positively and switehing Digsplay Time
[Hacriminator Vitd s¢ it produces 3 posiiive output
virltage., The posiiive ouiput voltage applied {o the
athode of Diode Gate VI0OZB, closes the gate and
prevents {rigger pulses {rom reaching the Gate Bi-
niry. The display holding action conlinues until C123
discharges through RI165 and decreases the grid
(pin 8 vollage on DMsplay Time Discriminator V104
and retrigrers Vi04 to produce a negative output
voltage, The negative oulput vollage {rom the Dhs-
play Time Discriminator reopens Diode Gate VIQER
and permits the next negative pulse to operate the
ate Binary and Sart & new measuremaent,

311 RESEY (RCIUT

The Reset Circuit seneraies o strong positive pulse
which resets ali indicaling counter unifs to “°0°7 he-
Fore gach new count Is begon, During automatic,
repetitive measurements, Resetl Thyratron V105
venerates ihis positive ptli.::{‘ when it is triggered
by the same positive palse from the A side of Gate
Binary V103 that opens the Counted Signal Gate to
start a new ¢nunt, The pulse to the Bignal Gate is
delaved twenty microsenonds by Delay Line DLI0
Lo prrve the counter circuits time (o reset and stabilize
bofore they receive the new gignals,

The manual REBET xitton generates a positive pulse
for resetting the counters by upgrounding the reset
wire SO that s potennial automatically rises approx-
imately 40 volis positive,

The positive reset pulse for the counters also resets
the decade divider to the beginning of itg division
cyele so that it will divide the next input signal by ten.

sect. I Page T

3-12 TIME INTERVAL ENPUT CIRCUITS

Puring time interval measirements, the measure-
ment start and stop inpul sionals are im‘i in Separaies,
identical Amplitude THseriminators which generate
strong {rigger pulses as the input voltage levels pass
the levels indicated by the TRIGGER LEVEL VOLTS
controks, The sharp puises produaced Dy the Aonplitade
Discriminators are fed direc thy 1o the Gate Control
Binary which in fura operates the Counted Signal Gate
Lo make the measurement.

The TRIGGER LEVEL VOLTE controls in the START
and STOP input circuits determine the inpel voltage
level that will start and stop a time interval mea-
surement by simullaneousky attenualing the inpal Sipg-
nal and appiyving 4 negotive 01as voltage Lo the Am-
plitude Digeriminators. When the TRIGGER LEVEL
controls are set Lo zero, there 18 a fixed attenuation
of 4 {o I and no d~c bias on the Amplitude Discrio-
inator, which irigrers a8 its inpui signal voltage
nasses through zero volis, When the TRIGGER LEVEL
control is set to + 0, there is an attenuvation of 20 to
1 and a d-¢ him& of -3 volis 80 that the input signal is
reduced to + b volts, just suflficient to override the
-~ -0l bias dﬂd trigeer the Amplilude Bisceriminator.
Any d-c voltage accompanving the signal applied to
the inpd connectors witl alter the d-¢ ias and remnder
the control calibrations inaccurate.

313 POWER 3UPPLY

The power supply section supplies + 330 vde unregu-
lated at 75 ma, +200 vde regulated at 80 ma, -105 vde
repualated ot 20 ma and 170 vde unregulated for the
circuits of the counter, The positive reculated voltiage
is obtained from an electronic regulator circuit,
VALT, WVIE8 and V119 while the negative r{muLiEEH:i
voltage 18 ﬂl}idlﬂ{:‘d from gaseous voltage reguliator
tube V119, The uwnregulated voltages are obtained
fronm the puwm sources for the voltage repgulators,

The . 200 volt resulator is 4 two stage, direct coupled,
feedback amplifier, V117 is the sertes regulator tube
and carries the total load current. VI8 controls the
resistance of V117 to keep the output voltage con-
stant over a wide range ol load currenis and line voll-
age Hluctuations, Any Increase in output voliage will
raake the grid of Vi1 more positive; this will in-
creass its plate current and in furn decrease the hias
on V117, Increasing the bias on V11T mereases its
resistance wrd retwm the output voltage o the original
ralue. A decrease in output voltage will have the
reverse effect on the cireuit. VII9, a4 voltage reg-
nlator tube, supplies a constant fixed bias for V116,
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viiiage drops, which in 1111“1 drops the grid voliage
of 1 side, and ouls B side off, As B side cuts off its
cathode v “[?’H;';P Foes more negilive. Since the cath-
OgbeEs arn rii-‘cmt Conaried, fhh conatiiutes positive
leedpack and further drives A side into conduction
ard il plate saturation ie reached. This action is VT
rapid and when completed, the Schmitt Triceer is in
the opposite stable state, I will remain in this state
until the voltage level of the A-side grid is moved
negatively until the lsjws:i nysteresis limit is crossed
and A slde g cutoff, The above process 15 then rew
peated in the opposite direction,

3.7 SHaMAL GATE SECTION

The circwits of the Signal Gate Section are shown in
e Gating fection and Switching Section Schematic
Diagrame at the rear of the manual. In order of
B1onal [}w*uuﬂ E“ :, throueh the section, it consists of
the FUNCTION SELECTOR switch circuits witich
seierl the oy .hrm? ivpe of messurement; an Ampli-
taile Discriminator plug-in unit which shapes the
counted stenal wavelorrm into sharp pulses without
affecting the important information - the {requency;
the Counted Signal Gate which permits the signal-
Lo-be-courded to pags to the indicating counters, or
blocks it the Gate Control Binary which opens and
closes the Counted Signal Gate; the Decade Counter
Dig-in units describad in the supplementary manual
al the reay of this manual and the Counter Aeset and
Display Time circoits, Each of these circuits i de-
seripea separately in other paragrapbs in this section,

3-8 BIGMAL GATE

The Signat Gate is 2 gingle tricde section of a dual~
triode fube. The signal {0 be counted and the npening.-
Cclosing control signals are hoth applied to the control
grich of this fube, When the control signal holds the
control orid below cutoff, the signal to be counted
does not appeay in the plate circuil. When the control
signal returns the grid to 68 normal operating vol
age, the Signal Ej;u-a-ri ig a normal amplitier and the
Sipral to be counted is paased (o the indicai ing counter
ity

For frequency measurements, the input signal is fed
through the gaia o the f_‘.ti:tkll‘it!i? r3, while the gate 18
opened and cloged by precision thming signals from
the Time fase Section. For €ime interval and period
mexsurements the gate 18 opened and closed by the
mput signal, while a standard freguency from the
FPime Basge Section is fed through the oate to the
counters,

3-% GATE CONTROL BINARY

The Gate Control Binary, VIOIA and B opens and
closes the Signal Gate by raising and lowering the
erid voltage on the Gale lube, In addition, the Gate
Binary starts the Heset Clrcouit just helore it DS
the Sipnal Gale, and also starts the Display Time
Circuit whes it closes the Signal Gate, The Gafe
Binary is actuated either by precision timing siegnals
fram the Time Base Bection during FREQUENCY
measurement, or by A signal from e INPUT con-
nector {or PERIOD and 10 PERIOD AVERAGE IV
surements, or oy ihe front panel AESET builon,

The duty of Gate TUontrol Binary i to trigger the
weset Circull, open and close the Counted Signal
Gate and start the Display Time Cireuadt,

The Gate Contral Bingry is o bistable moiivibrator
which is triggered by negative pulses. Foy freguenoy
measurement, the negalive {rigeer puises to start and
siop the measurement are obiained froms the Time

Bage Section and are applied o both sides of the bing«
ry. For tima-interval measurements the negative
trigger puises to start and stop the measurements are
obtained from the 1*31}1‘1 connectors and can either e
applied {6 both sides of the binary or they can be ket
seperate, with the slart signal going to B side and
the stop signal going to the A side of the binary,

Huaring sutomatically repetitive measurements, the
negative trigger pulses alternately switch conduction
trom ome side of the hinary to the other side. Before
@ measurement 18 begun VIO3IA is cut off, VIOIR is
cordlucting and its low plate voltage cuts off the Coun -
ted Signal Gate tube, To begin 4 measurement a
negative pulse applied to the binary cuts B side off,
which immedisfely trigeers the Resel Circult and
returns all indicating counter units to 0. Twenty
microseconds Iater, ithe same signal having passed
through a delay Haoe, opens the Counted Signal Gate,
The twenty-microsecond delay allows time for the
circuits of the indicating counters to stabilize before
they begin counting. The subsequent negative {rigger
puise amried o the Gate Binary cuts VI034A off (re-
turning the binary to its original state), closes the
Counted 8ignal Gate and starts the Display Time
Chircait,

The negative Urigger pulses are coupled into the Gate
Binary throuwgh two diodes serving as gates to the
pulses. The gate to each grid Is biased by the volage
at the opposite plate, When A side is crtmdu:::i:jng_, its
plate voltage is low and biases the B-side gate s
that inconving negative irigeer pulses to 8B side are
lociked. Congequently only a conducting side can be
triggered. The operation of the gate binary circuit
13 similar to the hinary in the decade divider and
decade couniers,




and its series resistor {210, the positive charge
carve beimng appiied Lo the controlb grid of the tube,

3.5 DECADE FREQUENTY DIVIDER

Thig unit is recuired 113‘*111’1;3 iy tor dividing input
Preguencies by ten da I PRAIOD AVERAGE
measurement. B is also 1.&&1:-3(.‘1 dhuring [reguency men-
sitrement to divide the ST GATE TIME timing sig-
ks Lrom the Time Base so that STH, GATE TIMES
from G001 to 10 seconds can be obtained from the
standard freguencies of 10 kilooveles 1o 1 evele per
secont obtained [rom the phantastyron dividers., This
anit, unlilke the [}hzi ntiastron divider, 8 not sensgitive
s operating fregquency and wiil divide by fen ut
Ay [requency up to approximaiely 10 kilooyole
The GRperation of the decade divideyr 18 -:1@3::@.?.“1[;{-9.d
e by,

The ﬁt’-‘i”lf}f“ Divider consists of {our cascaded hina-~
vies (histable muliivibratord, eocch irviggered by the
Previous hm:'i:rm e mwa‘*qqf*nu » the cyeles {ed {o the
It are divided by two in the fivst binagry (since ihe
frsy pulse swilches the bnary 1o the opposite siate
antdd & second input cvele is required (o return it to
the original state] and apgain by Lwo in Lhe second
binary (to make o fotal divigion by four) and so on,
with an expectsd tolal divigion of sixteen at the out-

put of fourth hinary, E]'Et'“ desived division of fon is
optained by two Teediaol loops o (e second and
third binnries so that fhe tf-jr»t th inpual pulse will be
resel o the stades they would be in had thev received
14 npulses al fhe input., Conseguenily, alter the
alnth and tenih inpul cyclos are received, the desirod
Tingd output pulse s produeed, This action is iden-
tical o Uw action of the AC-4 Docade Countor with-
cub its dnghicating lghis, and in general the voltages
and 'ﬂr'i-,{"ifé.-?f.{}l‘ﬁ‘liu adre the same.

The baste unit in o decade divider 15 4 igkable muoal-
tivibrator, The bistable mualtivibraior has two siable
states, A-side conducting, Be-side cut off, and vice
Versa. Phe cirogil remains in elther state until a
negative pulse i applied to the common plate-load
reslstor to awiteh conduction {0 the opposite side.
The geds are biased so that positive pulses will not
switch the circuil. A negative nput pulse does not
alfect tne fube that is out off bt decreages conduction
111 the fube that is '*mcim“r' ing, This will increase its
plate vollage and in turn the orid voltage of the tube
ihat 15 cut off, Th i.; regeneralive action continues
until conduction hag switched {rom one tube Lo the
other,

The input ig applied to the common plate cireuit
for shwmiplicity, and since the plates and grids are
interconnecied the inpul sisnal 18 also d*,_::lpim ¢ Lo
the grids.
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3-6 AMPLITUDE DISCRIMINATOR

Amplitude Blscriminaiors are used (o geveiop  the
fasi-rige pulses required o operate subseciont bHina
ries at a cervtatn voltage level on the driving waye-
forms, Far ﬁhdﬂ*lplu: aosine wave applied to the in-
put connector for freguency measurement must be

T

converted into constani-ambiibude, fast-rise ?’}‘-..llﬁifff:'-.'s
to operate the 'J';I?.l:'!i{:ﬂ.?;._ingi c_immt.a vounits relinbly, Dot

sipnals for peried measiremenis 111115_& 3er €0 *”*3'“:* 3
it constant-amplitede, fasi-rise p puises for precise
opening and closing of the Counted g_*;.ﬂ:-. 1 E“er

Falalad

The egsential part of the Ambpiitude

[Hacriminaior,
s oochmitt Triceer, :

H."E}d'l{ ) i vge. sharn oulpud
oors 1t In addition, i.rjﬁr {JEH:{‘. I‘}.!;HEL-*E_IH TR b e
fusted v its sensitivity adjustimont go ’rﬁ‘uat J'i: 1L Do
duee e oulpalb pulse when the npul sig rERches
aocertain volloge level Fach discrimin “-!h‘:u IR TR D AR
ceced oy o d:liw el amplilior so that o substantiag
trigrer operating voltage is Ek‘.i-:’dl‘{"ti The operation
of the Sehmitt Trigy ors iz deseribed below,

1__.

A sramitt Trigger consists of fwo amplifiers {(fwin-
triode fubel, each having both deo plate-to-geic and
cathode-to-cathode f..‘.I;ZI-'..]_}_}].]c 5'1{_-_{' frosn A triode o B Lriode.
The ¢ircuit has two staple sintes A side fully oon-
ducting, & side ool off) B3 side § L@H&- condaeting, A
siclo out ofl, The cireutls romaln 1 eliher stable siale
until driven to the swilohing boint by the differential
ampiifier,

P d=-0 voltage level applied 0 the A-side gric
bermines which Siaie the cireail wili by st I the o
voHare 15 moare positive than .
teved, A side swlll copduet and B L%::li{r‘ wWill noiy i more
negative than innd same level, A side wil
B ositle will condusi, Bach tirme the A-side ;‘;,'ri::. :
age crosses this threshold in the opposite o "JE.‘E‘.E'_J:.-L'J.E' .
the cireuit changes staie, In practice, J"H- throshold
!

i
voltage 1s slightiv more positive when moving the i-_"i"i_{j_
I
e

r
[
Coertain estihiianed

:
L
1

7
[

—

i positive divection, and ::-Ei.:ﬂ:fi_'f MO TE Rl
Wl maving The grin in 3 egative direciion, The
range bebween tho {awo different u.‘l e ey |

hysteresis of the cirouit, Hyst
factor on sensilivily since
swing threouph both hysieresis lmils o pre f;Eu Coroan
outpat puise, 'Lw 3‘1?.*:!{”‘*:”%15 §1: thi:{a clrewit should ho
arbjusted O give & sensilivily be “

vt

The manner in which the Schmill Trigger changes
state is as [oblows:

oA gide is cofoff and B side is I.’"r'ms:lmrtéﬂg'_._ ard the
A siae grid voltage is gradoally made more nositive,
4 oy mihu-ﬁ witi e reacned that wi rause A side
Lo conduact., When A side begins (o comnduct ifs piate
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from & Lo it puts out a pulae which advances the
count on the second tens) counter by one number,
A 50 on through all six units, When the Counted
wlgnal Gate 18 closed, the indicaiing counter units
-“?:55}1“?1-' the mumber of the laslt cvele received, Thus,

e numner of oyeles displaved after opening the Sig-
;i"r.a.l. Gate for exsetlv 1 sec Ifml scticates the {reguency
directly in eps.

3-3 THME BASE SECTION

he ome Dase Seotion
fuencies; 100, 16 ansd
cvelos per gecaond. 'I‘E
crystal-controlied,

. Bupplies six standard fre-
i .’ tlocyeles, 100, 10 and 1
» lme I}L-J;EE consists of a
LG -ke oscillator, 2 series of
five 10 to 1 1.11'1;3.:’11,;19' on freguency dividers, and a
p'iuﬂ‘-ip decade divider, The piuuwm decade divider
divides the phantastron frequencies from the Time
DBage Dy 30 during requency messurements and the
put signal freguency by 10 during 10 PERIOD aver-
g measurament, The same high accuracy obtained
{rom lhe cryetal ogciiiator is also obtained with all
divided {requencies when fhe cireults are in correc
adiustment,

1

The nternal frequency standard for the D23 is a
crystalecontroiled, 100-ke, modified Pierce or
Colpitts oscillator., The crvstal hos a low temper-
ature coetficient EEi=._.,‘.|_-..1 i ﬂHil].EL%EIIi bl & temperaiure
contruobled over {o obtain a fraguency stability of
better than ten partg/million/ weelk.

The phantastron frequency dividers and the Decade
Divider plug-in unit are degeribed below,

34 PHANTASTRON FREQUENCY DYVIDERS

The five standard gate times, 001, (01, 0,1, 1.0 and
10 sec, and two frequency =m1Lh millisceonds and
seconds are oblained by dividing the 100-ke crystal~
caontrolled frequency in steps of 10, Five 10:1 phan-
tastron fregquency dividers connecied in cascade so
that each divides the output of the previous one io
procice standard frequencies of 10 ke, 1 ke, 100 cps
and 10 cps. The operation of each divider is the same:
only the value of one capacitor in each subsequent
divider cireull is changed to obiain a ten-times longer
fime constant., The shapes of t‘iw outpul wavelorm
from the dividers are similar, large unsymmetrical
posilive pulses.

Eivision in a phantastron cirveuit is accomplished by
adjusting the time constant of the cireull 2o that one
period of phantastron operation lasts nine cycles of
the inpi {requency actually a division of time., During
the periog of operation the phantastron is not affecied

sect. I Fage 3

oy subgequent Inpud oveles, After the period of opor-
atton, the phantasiron i refurned o its origingl
state, ready to be triggered by the next input covele.
Consequently, 1he phantastron puts out one pulse
for each ten eveies of in}'mt freguencys but note that
idivides by 10 only at the one Treguency ~ gl other
Troquencies, i not 3:{’ aciusted, it divides by another
tactor, alwivs g:uxmilhu: 1 p*llmﬂf'ﬁ having practicstly
the same period, regardless of the inpuot frecguency,
To prevent any of the nine intermediate npul cvoles
from prematurely operating the phantastron, the in~
put signal is led thy cagh a diode gate {‘u DG & in Fig,
$-27 which blocks inpul eveles during the phantastron
cyele. The blocking is accomplished by conneoting
the diode plate to the plate of the phantastron V11,
and binging the diode cathode a few volts belnw the
plate. When the phantastron plate voltage, and thus
the dicde plale voltage, is high, ihe diode gote is open
and the inpul signal is passed to the phantastron.
When the phantastron is fviggered by an input signal,
tts plate volfagedrops and cuts off the diode, thus
cloging the gate. The phantasiron plate voliage re-
mings down (and the gate closed} during nipe periods
af the input frequency. At the end of its cvele the
phantasiron plate voltaee rigses, ihe diode pate i
opened and the nexi {'].[Bt;h, cyole trigeerg the phantag-~
Lo,

The switching action in the phantastron cireuit is as
Follows:

Refer to Fig. 3-2. Phantastron tube VI s a special
pertods o which the suppressor grid is tight lj_; WOl
awd can be used as a second control erid for the plate
current, bt nol oy the sereen current, This festure
maikes i possible to switeh the cathode current from
piate to screen and vise versa. In this cireuit the
fratial stable state bas currend going to the sereen
(ovalts between control grid and cathode, and the
rathode is 25 volls gmﬂﬂwe The suppressor orid,
peing returned (o ground, 18 thus nesative, and blocks
current to the plate such ihat cathode cuorrent goes to
the screen grid,

When a negative inpub pulse s applicd to the phanias.
tron ﬂtunt.ml grid, the cathods voltage drops, the
negative bias on the suppressor is instanizneously
removed aml the cathode current switches to the piate,
Current continues to the plate until the charge on C206
discharges through the series resistor #2310, the
control grig voli ..-m £orelurns in A positive ‘iil“f'l.’"th 13,
ratnode vollage following until the suppressny -to-

cathode Dias 18 again negative and the plate current

cat off. Actaally the voltage on the suppressor is
maintained constant by vol age dividey RZ1E, 213,
and 213, while the control-grid and cathode voli B
move ogether ag in a cathede {ollower to affect the
shift in suppressor-grid bias., T }uﬂ shift i bins 1s
held by the time constant of timing capacitor €206
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3-1 INTRODUCTION

This section describes the electrical operation of the
circuits of the HZ248 Blectronic Counter, First the
overall operation of the instrument ig explained with
reference to the block diagrams in Figure 3-1 and
S=d, then the operation of Important cireuits is de-
gerinad in detail., The material in this seciion is as
Fotlows:

3 i verall Clreait Operation
-k Time Base Section

Phantastron Fregueney Bividers
Deciade Freguency Divider
Amplitede Discriminator

e e el
i
[ R

L
F

LA

H
T
e

a7 micnal Gate Section
w {3 Signal Gate

Giate Control Binary
[Hgplay Time Circuit

Heset (Jiroait

Time Interval Inpuat Cireuidt
Power Supply

L3 el el Ll
I i H
s s D
b T

12
de13

3-2 OVERALL CIRCIUT QOPERATION

The 5228 Electronic Counter consists of the basic
cireuit sections shown i the Dlock diagram in Figure
d-d. A gignal applied to the SA2B INPUT connector
18 fed through an amplifier and shaper to the Counted
hignal Gate, The pssential part of the gignal, the
Erequency, goes through the shaper unchanged, but
since s wavelorm s used 1o operate decade count -
ing undts, it must be changed {0 4 [ast-rise, constant-
amplitude pulse to assure positive counting.

The Counted Signal Gate VICO1A conducts the input
gignal to the indicating counters while a measurement
is being made, and blocks the input signal while the
answer 15 being displaved. While the Signal Gate is
open, V405 arts as o normal amplifier; when closed
it Aacts as an open clreuit 1o the inpet signal.

Tha Stenal Gate 18 opened and cloged by precision
signals initiated in the Time Base Section which actu-
ate Gate Contro: Binary V103 and produce a large

Bect, IIf Page ]

SECTION I
THEGRY OF OPERATION

fast, on-off pulse to operate the Signal Gate, The
tirst sienal {rom the Time Base Section causes the
Gate Binary (o open the Bignal Gate; the second signal
from tae Time Base causes the Gate Binary {o close
the Signal Gate. So long as sigmals come from the
Time Base, the Sipnal Gate will continue to bhe opened
and closead.

Timing Signal Gite V102 conduets the start, and stop
timing signais from the Time Base {0 the Gate Binary
wihtle o measurement is being made. VIOZBE blocks
start timing signals and prevenis a new cound from
starting while the answer to the previous coant ig
heing displayed.

Timing Sipnal Gaite VICZB is opened and closed by
signals from the Display Time Circuil, The Display
Time Discrinunator either opens und closes the Tim-
ing Signal {xate automatically &t vregular intervals, or
maonuilly by the front-paned ARSET button, When set
for avtomatic operation, the Display Time Ciyoundt
15 operated by signals from the Gote Binary, when
the Gaie Binarvy cloges the Signal Gate, the Display
Time Clreouwlt closes the Tianing Signat Gate for the
time salected by the DISPLAY TIME control. The
next thming signal will not reopen the Timing Signal
Gate and start another count hefore the desired dis-
play time has heen completed. When the display time
is over, the Digplay Time Circuil reopens the Timing
Stenad Gate and the next timing signal opens the coun-
ted Signal Gate o siart anothey measurement.

Whenever the Gate Binary opens the Signal Gate o
start a new measurement, i first operales the Reset
Circul to return the counters to z2ero, so the new
count will pepin at zero instead of being added to the
previous count. The Heset Thyratrol, upon receiving
& negative pulse from ihe Gaile Binary, genarates a
large, fast positive pulse which 18 applied 1o the reset
circuit of each of the counters.

The signal to be counted is fed to six indicating plug-
in counting units connected in cascade. The output of
the first unit connects {o the inpul of the second, and
s on. Kach cyele of the input signal advances the
count of the first {units! counter by one numeral,
Bach time the numbeyr on the first counter is advanced
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sxiicnhes positive. Nole the count, Bwiich both TRIG-
LhESLAOPE swilches to negative and note the count,
I thess two counts are not egual, adiust the START
THIGLER LEVEL VOLTS contrel uniil equal counts
Are obtained with oot THIGGER SLOPE swilches

nositive and both neoalive,

-\":‘. !._‘l, J- _'__:. . S gt gt .1'
Phaze Shift (degrees) = 360 x F x Lount {nutliseconds)

ISGEE

Wiere Fis the fregquepoy of the wavelorm being meis -
uresl, This i the nwnber of degrees the START wave-
o deads the STOP wavelorm, I an external TIME
UNIT is used that is 360 times the frequency of the
medsured wavelorm, the count will be the number
of degroes the START waveform leads the STOPR wave -

torm and no caleulations will be reguived,

Blaaimiurn acourany is obhtained when the instrument
ps tvawgmered &b or near the zers axis crossing of the
Sine wave, The fwo counts will be egual when the
START and BTOY channels are trigegoered the same
nizmber of elecivical degrees from the zero axis
crogsine of each wavelorm, This measurement is
explained as follows:

95 = e T b, e ke T -0,

':.-, . _ _ -l— i . Al
wqﬂl- @ - b et T

Floure 2-3, Phase Measuremenis

In the Hlustration 'ty = T2 since we have specified
egual counts with bhoth TRIGGER SLOPE swilches

+oand both -, Becoause of the svymmmetry of the wave -

forms a3 = ag and by = b,




The MANUAL GATE swiich, when OFPEN, prevents
fhe Liming nulses from closing the gate, I on fre-
guency measurement a live-second gate fime i1y deo-
giyed, the MANUAL GATE gwitch should be closed
some time between the 4th and 5th second aftor count-
ing has hegun, "I']*Eﬁn at exacliv o seconds inme the
Akt Liming peise will close the gate, '
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ihen
Fyod. in cns bodas number of counts
L _I" - ]3’ -\:-E :...-h - — — I

rate time (gec, )

Since with a longer sate time {he total count in-
creasas, e« L count error decreases. Thus Ior a
S-mec, gate, for example, the +1 count error is

LAD that of a lesec, pate.

The number of periods belng measured can also be
extended by using the MANUAL GATE swilcn in a
similar manner.

Ireguency ratio

The peried of a4 wave generally s measured in termmns
af time, I the TIME UNTT switch is turned to EXT.
the period may be measured in terms of another {re-
guency, and the displaved count will be the ratio bHew
tween the two freguencies,

I the lower of the two {regquencies is conpnected (o
INPUT, the higher of the 1wo connected to EXT, |, and
the FUNCTION SELECTOR sei af PERICD, {frequency
ratios from 11 1o 100, 000:1 may be read,

With FUNCTION SELECTOR set at 10 PERIOD AVER.
AGE, raiiog mayv be read {rom . 111 up to 10, 000 1.
I if is desived to measure larger ratios, a mechani-
cal register may be connecied to the COUNTER OUT -
PUT to extend the range.

Time Intery Lli ﬁ*ﬂ‘&h*]]‘i“l‘ﬂﬁ‘ﬂi%
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Many time interval measurements ave possible with
the Model 3228, the basic requirement deing an elec-
trical impulse ot the heginning and end of the desired
time interval. This impulse may be generated by any
one of & number of specialized transducers, switches,
photdiuhes, el

The Hewlett-Packard Journal, Vol. 5, No. 1-%Z,

devoted to time Interval measurements with the Model
p228. It discusses a marker generalor that may be of
value when making time interval measurements, When
making time interval messurements on o complicated
waveform, the rnarkexr will be helptul in setting the
trigger level controls correctly. Contact the Hewlett-
Packard Company if vou desire any further details on
time interval measurements or the marker generator.

Heot, T

CAUTION

When mechanical vontacts of any kind
trelay, swiiches, ete, ) are used to genw
arate ITmpukses for Ume inteyval meas-
urements, precautions musd ’:'*ff* faren,

Mechanical contacts are subjeci 10 con-
tachk haunge which produces a very ir-
regulatr impulse as indicaled in Figure
dwd, This type of pulse will not Erigrer
the counter al the degived thme and un-
der these conditions it is hmpossibls to
MAke 2Couraie O LOons8Lent messurs-

ments, Woen mechanical conlaots are
ased (o irigeer the counter, the hnpulse
from these contacts shoula be viewed on
a wide band ascilioscope. Any iryegu-
Larities thal are present may 1hen be
taken into agoeount,

TR

Figure 24, Eifect of Conbact Bounea

Photoluhes

Photoelectric transducers are used where it 18 im-
posaible or impractical o uge mechanical conned-
tions for the desived measureyenti. A S0-voll phobo-
tubye polarizing voltage s available at the rvear of
the instrument, The outpul of the phototube may De
connected (o etflier the START or §T0OP input of ine
counder through a coapling capacitor. Since these
are direci-coupled tnputs, it is desirable to include
a Hocking capacior between the phototube and fhe
msatrament Input.

Shift Measyroments

FENEE

Phase 5

The phage difference between two waveforms naving
the game frequency may ne medsured in terms of
time or electrical degrees. Direct measurements in
degrees require using an external source, having a
Ereguency that is 360 times that of the waveform being
measured, as the TIME UNIT. {This voliage ig ap-
plied at the BXT. input connector.)

o make phagse measurements the instrioment is set
up as ollows:

Lo FUNCTION SELECTOR on TIME INTERVAL,
Z.  TRIGGER INPUT on SEP.
3. MANUAL GATE closed.

Connect the two wavelorms to the HT0OF ad START
THIGGRR INPUTE, sef both TRIGGER LEVEL VOLTS
coptrols at approximately zero, hoth TRIGGER SLOPE
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A the trigger level is increased either positive ox
nesative, attenuation of input signal is introduced,
The slope error increases as attenuation 18 INtro-
duced, At a trigger level of 100 volts the attenuation
is approximately 5 to 1, at 30 volts about 2.7 10 1,
and at M volts about 1 § to L,

Fxample:

A measurement of thne interval is being made where
the start voliage has o rise of 1 volt in 120 usec. and
the stop voltage has a rise of 1 volt in 5 usec, at the
trigeer pomt.

¥ the time measured ig about 500 millisecongs whei
counting 100 ke, the largest error would be

+. 001 percent of 2300 rms = 5.0 usec,
+ period of 100 Ko - 10 usec,
. {120 usec. + D usec,) - 125 usec,

[P T — P 11 T

Maximum possible error = (40 usec.

There 18 a maximum error of 140 usec, out of the
500, 00 milliseconds measured, this Is & maximum
arror of , 048 percent.

-4 APPLICATIONS

||||||||

Measurement of frequency is a hasic function In coun-
ters. Such measurements as oscillator calibration,
ascillator drift with time, or drift with line vollage
may be made, Frequency response characteristics
of tuned ¢ircuits, band pass {illers, etc,, can be
plotted.  Some specific frequency measurement appli-
cations are described below,

arunrrer —rm

The repetition rate of pulses is merely counting the
pulses for a standard time. The input of the counter
ig direct couple d and adjusted 1o trigger at zero volts.
Bince a pilse is essentially all positive or all nega-
tive from a reference voltage, it may he necessary

to introduce some de bias to enable the pulse to cross
With this in mind repetfition rates can

tihe zergo axis,
he measured in the same manney as any other fre-~
GuUency.

T T e ——— i ¥ LT L]

There are 5 number of transducers available for

tachometry measurements., The fitModel 5068 is a
photoelectiric tachometer haad and the & Mode!l
5084 is a 60 tooth muagnetlic tachometer.

The Model HO8A is mechanically connected 10 the
shaft being measured and produces 60 output pulses
per revolution. An indication of rpm is given fhiw
rectly when the output frequency of the tachometer
is measured, With a 1 second gate time, &n acou-
racy of »1 rpm is obiained, Using a 10 second gate
time +1/10 rpm accuracy may be obiained.

The Model 506B photoelectric tachometer head 1s
designed for uge where mechanical linkage 1s im-
pract ical,

The light source and phototube assembly should be
adiusted 50 that the lght reflected from the rotating
member will enter the phototube, The number of
pulses or counts per revolution will depend upon the
design of the rotating member. Alternate black and
reflecting strips may be placed on the rotating shaft
or disc ang the speed will be;

Counter indication x 50
Speed (RPM) =  serovoo of wow

(ate fime in sec,

Pressure Measurements

The vibrating wire type transducer is a pressure-
sensitive alement with an associated feedback ampli-
fier. It outpwut is a frequency which is determined Dy
the pressure exerted on the vibrating wire cell and
has a resolution of about . 02 percent,

The output of the feedback amplifier is connected to
the cournter to read freguency.

Such transducers can be used in remote locations,
Since the indication is a single freguency, no aller-
ation of hformation can be caused by transmission.

Similar units can aluso be obtained {or indicating
temperature,

It is sometimes desirable to measure a signal for a
Ionger time than provided by the counter in order 1o
obtain an average of fluctuating signal or 10 oblain
greater accuracy, This may be done oneltherire-
guency ar period measurement.



Maximum Possible error (percent) =
+1ooount + accuracy of standard,
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Figure =3,  Agcuracy Chart

The maxinnuy possible error for the 20 ke example
is +. 0005 percent +, 001 percent, the two heing addi-
live i the worst case, Therefore, the greatest pose
sinie error would be . 0015 percent.

e to the possible error of 1 count, asg the meage
wred fredquency becomes .E{'::‘#JE?E"; the percentage erroy
becomes hipher, For a M-ovele wave on a f-gecond
gate the accuracy 18 +10 percent, For low freguencies
the period of the wavelform should be measured,

Feriod Measurements |

On both PERIOE and I PERIOD AVERAGE the T'IME
UNIT swiich will select the counted freguencies whioh
range from HH ke to © ops.

ceferring again to the chart of Figure 2-3, it will

e noted that the greatest accuracy of period meas-
arement s obtiined on 10 period aversge when countw
ing 100 ke, This of course gives the greatest fotal
number of counts,

i should be stressed at this point that the greatest
accuracy {nr period medsurement is obtained from
waveforms having 2 sharp rise time or hich slope as
they pass through the zero axis. Sguare waves or
pulses usually meet this reguirement,

On a sine wave or other low slope waveform the accu
racy of pericd measurement is limited by the ability
of the inpul circuits to trigger at the same point on
consecutive eyeles.

nect, I Page 5

The period accuracy for a sine wave 18 as follows:

Max., Breor in percent = 23 x Peak nolse voltage

Noo of Perigds ¥ RMS
signal voltage,

Both internal and external noige voltares contribute
to the errors, The internzl noige voltage is approxi-
mately 9 mv peak, Therefore, during PERIOD mea-~
surements an accoracy of |3 percent can be expected
for a 1 voll rms sine wave with 1 myv noige. This
accuracy can e improved by greater amplitude of
mpul signal or Y omeasuring a greater number of
pertods, Thus for a 1 voll rms sine wave on 10 PE~
HIOD AVERAGE the accuracy expected would be | 03
percent. On 10 PERIOD AVERAGE with a 10 volt vms
signal containing 1 percent noise the maximum pos-
sinde error would then he | 003 percent.

The lne marked 1 Period - Counting 100 ke on Figure
Z-3 is algo for 10 Perind ~ Counting 10 ke, Similarly
the next iovwer line (doiied line ruming from 1 ke to
.01 percent) is 1 Period - Counting 10 &c amd also
10 Pericd - Counting 1 k¢, The next line is 1 Perind ~
Counting ! ke and 10 Period -~ Counting 100 cps. This
chart could be extended down and to the left to o
measared freguency of . 0001 ops,

¥ will be noted that the period curves and the fre-
gquency curves oross at 316 cycles messured fre-
guency, Thus, for freguencies above 316 cyoles direct
measurement of frequency gives the greatest acou-
vacy., Below 316 cyeles period meagsurements should
e usad.

:fi.mn'j Interval Measurements

—r——rer e
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There are three Jactors contributing to the acecuracy
of time interval measurements,

a.  The stability of the 100 ke standard which is
+. 001 percent,

bh.  The ambiguity of +1 count,
¢, A time errer due to input slope.

Where the START and STOGP inputs are sloping waves,
the largest error is usually due {o the inability of the
mput circeuits (o trigrer consistently at the same
int.

With & setting of zero volts trigger level, the overall
aceuracy should be:

Maximum errvor i. 001 percent + period of counted
freg. + sum of {imes required for
siart and stop voltages to change
1 wvolt,
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H the desired trigger point of the input wavelorm is
vising (going in a positive direction), sel the TRIG-
GER BLOPE switch to 5. H the desired {rigger point
of the input wavelorm is falling (megative going), the
THIGGER SLOPE should be set to -,

To 8ot the TRIGGER LEVEL VOLTS controls it ia
necessary o know the vollage levels of the input wave,
The TRIGGER LEVEL VOLTS contrel is then set to
the voltige value degired. Anv direct current com-
ponent of the signal must also be considered when
setiing these conlrols.

EXAMPLE:
g POV
B4 385V — oG 30V
CF 2OV ] e 4Py
e e e e LR YOLT LEVEL
3 15V — "~

Figure &~32

it iz degired {0 measure the time petween poinis A
argd O of Flegure 2-2. Since this is a single signal,
the BE P, -COM, switch shouid e in the COM. po-
gition., dince the voitage at point A is rising, set
the start THIGGER 5LOPE switch to + and the start
THIGGER LEVEL VOLTS control to +20. Point € is
negative going and the stop TRIGGER SLOPE switch
should be sef o - The stop THRIGGER LEVEL VLTS
should be set 10 +358V. Set the TIME UNIT switchto
the desired unit.

it will be noted that i the start TRIGGER LEVEL
VOLTE control were set to +350 ingtead of +20, the
time from points B o £ would be measured. Also
if the stop TRIGGER SLOPE switch were changed to
+ ingtead of -, the time hetween poinis A and B would
be measured. In measuring the time between A and
£ the start TRIGGER LEVEL VOLTE control could
be set at point B {(-15VY which will give the same
time,

ixternal Input
in noth period and time interval measurements, it
mey be desirable {0 have 2 count in some unit other
than or in terms of some other frequency, For in-
stance, the period of a 2 cyecle wave could be in terms
of some other wave, say 3600 cycies, This gives the
ratio Of the two frequencies which would be 1800 to 1.
The procedure for using the external input is as
tollows:
.  Rel the FUNCTION SELECTOR swiich to the 10
PERIOGD AVERAGE, PERIOCD, or TIME INTER-
Viak position,

. betthe TIME UNIT awiteh fo BEXT. and connect
the external freguency to the EXT. terminal.

¢, Connect the souree to be measured to the INPUT
terminal or the START and STOP terminals
(Time Interval) whichever function is being used.

d. The displayed count is obtained in units of the

external signal applied to the ingtrument. When
the TIME UNIT switch is in the EXT. position, the
decimal points are not illuminated.

Manuzl Gate

8. Set the FUNCTION SELECTOR switech {0 MAN.-
UAL GATE and the TIME UNIT switeh o fhe
LXT. posifion,

b, Bet the MANUAL GATE switch to the closed po-
gition., Connect the source to he measured to
the BXT. terminal,

€. Tostart the count, throw the swiich to the OPEN

position. At the end of the desired elapsed time
change the switch back to the closed position. Read
the digplayed count, push the RESET buiton and the
mstrument 18 ready 10 courd again. The time, during
which the gate is open, must be measured by some
device outside of the instrument.

In this operation the MANUAL GATE switch actually
opens and closes the gate at the instant the switch is
operated and not at the next timing pulse ag in all of
the previous operations. The MANUAL GATE switch
may be opened and closed as often as desired and no
resetting will ocour, Resetting must be done manually
by the RESET butfon, and may be done at any time.

23 AGCCURACY

Frequency Measurements

The basic counter accuracy s determined hy two
factors. One {actor is the stability of the 100ke crys-
tal standard in the time base, which is 10 parts per
mitlion or . 801 percent per week, A second factor
is the inherent error of +1 count present in all coune
ters of this type. This error is due to phasing between
the timing pulse that operates the elecironic gate and
the pulses that pass through the gate to the counters,

The chart in Figure 2«3 shows the errors to De
expected for frequency or period measurements, For
example, i a frequency of 10 ke is haing measured
with a 10 second gafe {ime, there will be 3 total of
106, 000 counts. An ervor of +1 count is . 001 percent
accuracy. ¥ 20 ke is measured for 10 seconds, a
total of 200, 000 counts, +1 count is . 0005 percent.
However, the scouracy {001 percent) of the crystal
standard also must be taken into consideration.

The overall accuracy for frequency measurements
then is as follows;

.
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The inpot cirenit of the 5228 is direc coupled
tor the amplifade diseriminator,  Any de volb-
age present al the inpul will affect the sensitivity of
the amptitude diseriminator cireuil when measuring
FPREQUENCY or PERIOD. o de voliage {8 present,
an external Zuf blocking capacitor connected in 2eries
with the INPUT jack will allow measurements to be
made down 1o 1 eps at rated sensitivity, A larger
capacior 18 regulred for fower frequennies,

Freguencey Meagsurement

et ——— e e
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A, et the FUNCTION SRILECTOR switch to FRE-

RUENCY and the FREQUENCY UNIT switch to
e 3T GATE TIME position that provides the de.
sired measuring unit, MANUAL GATE swiich in the

cloged position,

TR — e

. Copnect the L'mkm'h:‘ﬁa;fn fraguancy to the INPUT
copnector of the instrument. The inpul voltage
mu&ﬂ lels {‘*::{Lf"t:‘-*ﬂ 1{3{,1 H%] £, ﬁ&:;- th"‘ﬂ 1!::&*&13“5*11’( ¥
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&El’{}} air‘j; 1:1.11 ¢l cury {ax,ﬁ._ u;rn;m-z.mn‘i: in i.m, 111_{5151: a-*{ﬂ#:«-
age witl change the triggering poini.

For example, an inpol voltage of 5 volts which has 2
direct current component of 10 volls will not irigeer
the nstrument. However, an input voliape of 15 volis
with a 10 voll direct currenl component will trigger
the ingirument al the 10 volf level

G The MANUAL CATE swiloh may e used bo extend

the Thme that the gate I8 open 5o that maitiples of
the selected gate time may be obiained, #hen the
MANUAL GATEgwitely ig in the OPEN position the
gabe cannot close. When the switeh i returned to the
i 10.@:&{{ }Jamtmm ihe gale wik cloge at the next timing

uuuuuuuuuuuuuuuuu

To extend the gate time, the MANUAL GATE switeh
18 placed in the OPEN position. Just prior to the
degived count time the MANUAL GATE switch shouid
pe returned to normal, and the next timing pulse will
goeurately cloge the gate,

LRBnTple:

I is desired to measurs g BUOD ecyvels/sec. wave for a
time of 4 seconds. The time unit Selﬁm.e{i an e FHE -
GQUENCY UNIT switch would be § second. The MAN-
UAL GATE switch may be open either hefore or after
the count has begun bt must be open before 1 second
of counding time has elapsed. T must be closed be-
bween the 3rd and 4h second of counting fime,

d, Adjust the DISPLAY TIME control 50 that the

count 1s displaved lobg ensugh to be read cone
veniently., The count display will be cveles or kilo-
cycies per second &s indicated by the position of the
FPREGUBENCY UNTT awitch,

The 11{?1?9{:?&1“9 fnr measnring

the FUNCTIEIN SELECTOR swileh ig set

Sect, T Page

16 1?_‘»’_43._@1{1&1 Average Maasurement
a.  Bel the FUNCTION RELECTOR switeh to the 10
PERIOD AVERAGE pogition and the TIME UNIT
switch for the degired unll time. Connect the wave-
form 1o be measured to the INPUT ferminal., The
direct current component of the inpul waveform must
e congidered as it will produce the effects desoribed
in the Iregquency Messurement procedure, The MAN-
VAL GATE switch should be in the closed position.

oo Agjust the DISPLAY TIME control for conveniant

reading of the count. The disnlayved count will be
the average peviod of one cvele althoush 10 ¢ yleg
Were measuirad,

e MANUAL GATE switeh will funetion on period
measurements suniiar to frequency meassurement.
Howaever, on period measurements the fime is o
multiple of the input wave, for exan 1[}1(*

1t i :'i-:e&alred Lo measure the period of a 20 cyeles/
s, wave [or 100 periods, On 10 pﬂ.‘]i‘ifj{i average the
count digplayed will be 000 milliseconds, Then for
A0 pericds which is 10 times 10 period average, the
count shoukd be 53000 mulliseconds. Thus the MAN-
VAL GATE swilch should be cloged hetween the Sth
and 10th ten periods which would be between 430, 0
ana B00, 0 count. The period of the 20 cycles/ eaq,
wave will now e 306, 0 divided by 10 or 59, 00 millie
secondg. The accuracy has been increased by ten
times over the accurasy of the ten period AVE TR,

Pi‘-‘l‘iﬂd Measur eiyien
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the period of one oyele
s the same as for the 10 Herm’.i Average axcept that
At PIHEHD,

Time Ez_;j.{}rv:ﬂ,J Eessurement

B, Get the FUNCTION SPTRCTOR awitely af TTME
INTEBVAL and the TME UMNIT switch at the

desired Lime unit, The MANUAL SATE control must

be in the closed position.

o H the mderval of time to be measured is o palsew

width, repetition rate, rige time of & sloping
wWave, or some oiher funciion in which both start
and gtop information is on & sinsle wire, set the
SEF, ~COM. switeh to COM. and connect the input
vollage 10 either the START or 8700 ferminal, In
the LGB, position the two inputs are tied together,

i the interval to be measured is from two geparate
sources -~ such as {wo photolubes or fwo sine waves
of different phase - piace the SEP, -COM, gwiteh in
SEP, Uonnect the starting signal to the 8TART ter~
minal and the stop signal to the 8TOR ferminal

co PThe TRIGGER SLOFPE switehes and TRIGOER

LEH&.L VOLTS controls are the same for both
the start and stop channels. The following consider-
atioms therefore apply io both channels.
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2.1 CONTROLE AND TERMINALS

CONNECTORS

ALl cable receptacles on the instrument are BNC
type UG-G2D0A/ U, Conmnector UG-88/Y should be used
with these receptacles,

TIME INTERVAL

The desipnations and funciions of the various controls
apnd {erminals that comprise the thme interval section
of the instrument are Isted below.

TRIGGER INPUT

S PART -« This connector 1 the input {erminal for the
start chamne!? during TIME INTERVAL measurement,
The TRIGGER SLOFE switch and TRHIGGER LEVEL
VLTS control above the connecior are part of the
START nput cirouit

STOR - This connector is the input terminal for the
stop channel during TIME INTERVAL measarement,
The TRIGGER SLOPE swiich and TRIGGER LEVEL
VOLTS control above the connector are part of the
STOP input cirewait,

CONMM. -SEP. -~ The START and 8TOP connectors are
connected together when this toggle gwiteh is in the
COM. {common) position. Under this condifion both
the start and stop trigeer voltage may be applied to
the instrument through either the START or STOP
connectors. In the SEP. {(separate) switch position
there 18 no connection hetween the START and 8T0OP
connectors and the start and stop trigger voltages
must be applied o thelr respective connectors.

GG RRE SLOPE

In the positive pogition of the switches, the rising por-
tiom of the wave controls the tirme interval, In the
negative position the falling portion of the wave con-
trols the time interval., The left hand switeh is for the
start channel. The right hand switeh ig for the stop
crnangel,

TRIGGEDR LEVEL VOLLTS
These controls establish the {riggering level of the
start and stop channels.

sect. i1 Papge 1

SECTION 1]
OPERATING INSTRUGTIONS

TIME UNIT

The TIME UNIT switeh selects the ynits of {ime for

the ime measurements shown on the left side of the
FURCTION SELECTOR switch (10 PERIOD AVERAGE
to MANUAL GATE). Indications ave in seconds or
milliseconds with decimal point indicaied, The desig-
nations below the switch are the counted frequencies,
in Jilooveies, obialnabie from the standiard time base.

The switch position designated EXT. is for 4n ex-
ternally counted frequency. In thig position the EXT.
connector 18 substifuted in place of the intemal stand-
ard time base. No time unil is specified when the
EXT. position is used ami no decimal point appears,

FUNCTION SELECTOR

This switch sets up the various circaits to perform
the funciions shown by the switch position designa-
tions. The desipnatioms on the left side of the FUNC -
TION SELECTOR switch periain to time measure-
ments while those on the right side are for freguency
measurements, The swiich position designations and
their functions are ag {ollows:

i0 PERIOD AVEBRAGE -~ Measures the incoming wave-
form for a period of ten oycles and digplays the period
of one cvele. The units of measurement of time are
dependent on the setting of the TIME UNIT switch.

PERIOD - Measures the incoming waveform for a
period of one eyele and displays this period, The
unifs of measurement of time are dependent on the
setting of the TIME UUNIT switch,

TIME INTERVAL - Meagures and displays the time
interval between the start and siop trigger voitages.
The units of measarement of the time intersal, are
dependent on the setling of the TIME UNIT switch.

MANUAL GATE ~ This function is used for long~term
counting where the gate is controlled by means of the
MANUAL GATE switch. In this position the instrument
may be used as an electronic stop watceh.

FREQUENCY -~ Counts and displays frequency of in-
coming waveiorms, Counting time depends on the
setting of the FREQUENCY URNIT switch.




-1 INTRQDUCTION

The dModel 2228 flecironic Counter is an accurate
and easy to use insirument for frequency, period,
and time interval measurementis. Fregquency mea-
surements from 10 cyeles/sec, to 120 ke* and period
measurements from , 00001 cycles/sec, to 10 ke may
be made with this insirument., The instrument and
display of the counted value may bhe preselected for
antomatic operation or set (o any desired interval
by manual control,

Thig counter iz suiltable for standard audio-frequency
oscillators to very high accearacy and faciliiates re-
sponse measuremants of sharply resonant networks.
The frequency stability of oseillators as a function of
time may be measured direclly with this instrument,

Transdoucers whicn provide an output frequency re-
labed to the magnitude of such physical constantis as

e e ————

measure freguencies ag high as 220 ke by simply
replacing the " UNITS" AC-4G Decade Counter unit
Wilh an ~hp- Model AC-40 Decade Counter unit.
The decade units plue in and ao special adjustments
need be made,

Sect, I Page 1

SECTION |
GENERAL DESCRIPTION

welghl, pressure, temperature, small distances and
force may be uged with the electronic counter for
increased accuracy and quiclmess of reading. BExcen-
tionally accurate tachometer measurements are obw
tained by comecting a transducer, which {ranslates
rotation into electrical impuises, to the input of the
Counter.

1-2 INSPECTION

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

After the instrument is unpacied, it should be in-
spected for damage recelved in transit. I any ship-
ping damage is found, foilow the procedure outlined
by the *Claim for Damage in Shipment” page at the
aclk of the instruction booi.

CAUTION

The sum of the divect current vollage and the alier-
nating currvent peak voltage applied to the inpud ter-

.....................................................




SECTION I

SECTION I

SECTION 1

SECTION IV

SECTION V

CONTENTS

GENERAL DESCRIPTION

1 -1 Introduction
i~2 Inspection

OFERATING INSTRUCTIONS

Conirols and Terminals .
Operation

Accuracy

Applications .

o B A S )
S
Ha G0 Rl fet

THEQORY OF OQPERATION

introduction . .
Overail Cirenit Gperatmn
Time Base Section .
Phantastron Fregquency I}wu:if_rs .
Decade Frequency Divider
Amplitude Dscriminator .
Signal Gate Section .

Signal (Gale ,

Gate Control Binary

Dispiay Time Circuit .
Resel Circuit |,

Time Interval Input Clrcults
Power Suppiy

IS I

¥

ar G0 a3 a0 Gl Gl Qe Dad Sad Do L3 L3 a0
;
b bk ek bt GF3 ST T O L b L3 B el

Cad BT e O3

MAINTENANCE

RHemoving the Instrument Cabinet .

Cleaning the Air Filter

Self Check . . .

Adjusting the PGWEF Supplj,r -

Adjusting the Amplitude Discrlmmatur Umts .
Adjusting the Phanfastron Frequency Dividers . .
Adjusting the Amplitude Discriminator .
Adjusting the Decade Counter Input . .
Standardizing the 522B Against WWV

N S ST N - S+ Y S N N NN
T D
et e GEF OO0 =T OFF LT b LI B
-

i Trouble Isciation .
4 . 12 Waveform .

TABLE OF REPLACEABLE PARTS

5«1 Table of Replaceable Parts

ADDENDUM

Instructions - Model AC~4A Decade Counter

Standardizing the H22B Against a local F-re‘quem 1y Sta.nddrd 1

i
i1
il
i

34
11
1111

HI

=t

e and et O CRr O LN CF Q) Gl bed e

HEoEEEER

22 dIddIdEIE32E

O i B ek





