AUTOMATIC WAVEMETER

CALIBRATION

THE preciiion of WAVRMAEIET MeASirement sannot
exceed the sccurscy of the calibradon, which ls
commanty recorded in a hardbook or a calibration
chart aomched to the Be-ealibration s
necesey at inervals on the use mssde of
the wavemeres, Where the instrument s subjscted o
Tigrmaus working conditons, as mn]mmd with the
Armesl Serviees, the necessity of frequent  re-
calthration hecomes anerous,

The Typs BCE heterodyme frequency meter, for
instance, otoapies & skilled technidan for fificen days,
for it has 3,252 calibmtion points,. The wavemesr
in question is one used in Iarge quantities and in
ordsr o speed up  rescalibmzion an sutemaric
apparutust has been designed. The whoele process of
re=calibradion from the generation of  stamcdard
fr:qumul.s t the photegrephic recording of dind
readings i entirely aul it and Ehe spp can
den] with five wavemelirs per day.

A peries of calibration Gegquencics (of the order of
ane part in 107 accuracy) are provided by & frequency
standdard.  These are compared with the ouwrput
frequency ol the wavemerer nnder . The wave-
meter outpul frequency i coitlnuoualy varied by a
mechemrical drive which simuhencously operases a
mochanical counter. There i3 alwaye & divect rela-
totship between the counter and the position of the
WAVEMELET tuning contral,

The ealibmsion frequencies and the contmu oy
changing auipus freguency of the wavemeter are
compared, usng the heterodyne prinople. At
comparisan an cuwiput 6 obtained which cuses
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pukies are applied as ane input 1o & mizer circuit (4,

The ontput from the wovemeter (5) under test
pasies 10 an amplifier (6) and thence to the mixer {4).
The wavemeler lsas s nming. dial firmly coupled
to @ mechanieal delve condiiting of an electric mator
(7) and a peesision gear box (8).

The cutput feom the mixer civoudl is amplified by a
lw={requency amplifice (99, and applied as the it
o o mono-stable trigper cincwir (10,

O pulse ouspat from e trigmes cincuit is fed vin o
commutarer device (110 oo effect the tri ing of a
tpratron cirouic (12) which peovides a firing pulse
for the phomngraphic flash mobe (13) arranged e
o iluminace a mrdwximthMu—d.ngu counter (14
This is driven at a suitsble speed 10 synchronise
with the mming contro] of the waremeter and indicates
the mame figures as the wavemeter disl reading.
Alternatively, it can be arranged mindicate the angular
position of the wavemeter dial, "When used with the
BC22 h!tmsd.}'n: frequency meter the former
arrangemint iz emply

In correct abpnment with the viewing apermare of
the counter Is a camera (151 Ar sach quh nt'r];u: tuhe
{13) an image of the counter is recorded, The cumem
I a filn wind-on eoetrol which & mechanically
cougpled 10 2 solenobd-ecooated mechanizm (16,

* G.and B Brodkr, Lodl, Wenbley.
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indications of the counter tn be automaticilly recorded
upan the occurrence of each zero-bear frequency,
Fig. 1 is o block disgram showing the technigue
employed.  The suipat fom the cyszl-controlied
standasd frequency cecillater (1) is fed o an electronic
divider (2. The cutput obtained fom the
er 1a at & frequency equal o the required
Inerement of berween successive calibira-
ton points.  This cutpur iz applicd 10 8 combled
squaring and pulse-generating cizcul (3) which pro-
wides ar I curpur a serls of sguared waveform
puhwarar:mmnﬂc[bﬁ uency equal 1o the chosen
increment of ENICY. pulse is of & siiable
emplitude and of & mficiendy shorm time durscion
o esure @ spectrum of suhssantially equal amplitude
harmonics up e the upper limis of the fr:n:[u.q‘.c_!,r
range of the mstrument u.n.dm'squg calibration, The

+ Patent agpli=d for.
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[he film coatrol mechanism is suppliad with ener-
siging cursent pulses from s thymitron and velsy
cizowst (17} whose contrel mput 3 connested o oan
putput from the trigger circuit (107 to éensure that the
film iz moved on for each exposure.

It will be sssumed that ﬂukqmwmig g &
fregquensy mnge of 100 10 200 kefs, thart mming
cotnzel is capable of belng tead 1w ane part in 10,000
of its complete range of movemenr, snd that calibra-
tion is to be effected ar every 2 ks owver the wave-
meter mnge, In such circumstances the
desired recutzence frequency for the pulie sumput
from the cm:l.m 3,1 k‘c,-‘s and the standard fre-
queEncy Sk operare af, sy, 100 ks
with the divider {'z] d:fechng division by a ratia of
F0:1. The motor (7] will be armnged b0 cause
movemnent of the conttol of the wavemeter (3) over
it complete range of movernent while counter {14)
i being moved From Zeno 10 4 count etate of 1 :

The pulse input o the mixer (4) from cireuit (3)
comprises a af equal-amplitade harmaonics of
the recursence frequency (L2, 2,4, 6, & ko's snd 5000
upwurds) to o frequency above the maximum operat-
ing frequency (200 ksl of the wgvemerer, This
Jm'pl.'l::apulae width leas than 1 esec, 'ﬂmﬂqnﬁ'ﬂe
there will b m—nduced. at the output of the mixer
cizeait (4) 1 succession of zeao beats, the frar ocour-
T when the wsmwnemetsr oulpul .|5 100 Eefe, The
second when the cutpat s 102 ks, the thisd when
the mutput is 104 kejs and @1 on, The ether harmonies
of the 2uke/s pulse repetition frequency are filiered
from the mixer ourpar @ the amplifier () in which
the badwidth is arranged (o be of very limited and
low vulue, say 50 ¢/ in the presens mstnce, so thet a
rrigger inpur will be supplicd by the cmplifier o
the trigger circoit (100

couner fgures are all in line, smee the least sgnifi=
cent digit drum s continwceusly in motion.  This s
anhw\-cd by switching n hi-stabile (flip=flop) circuit

“oa ™ with the pulse from the wigger cirendo (100
and “off * with the next puble derived from a

hiotocell pick-up head enerpized by Heh intermapred
Erss[n‘ur.&ddm_ This disc has ten slots and is
fied to the counter dmpur shafr, the position of
ench shor corresponding to ane of the ten possticons
i which all figures are in line, To avoid a blurred
image A flash duration of approsimately 100 gsec is
& When this oocurs @ plu.l!l‘:q'aaph]c
recording iz made of the instantaneows indication of
thet COALDIET,

The outpat pulse from the r cireuit (1)
rermiinates  after o pre=determined me  meerval
which is made long encugh (with respect to the speed
of movement of the wavemeter conirol) to prevent
snother trigwering of the cirowdt (10) unil the next
yero beat i approsched.  Fig 2 shows the ampli-
ke e -:m:p‘u:oi‘dsr anplifier (%) during eperaton
The thyraron and relay circuic {17) opertes after
the exposure. By closing the associzted relyy cm-
izets e solenoid-scrested mechanism (16) winds
an the camera film o the nexr recordige position in
readiness for the nexr cycle of operation which GoCars
when the next zero hear is reached.

This procedurs is repeated at WavCmerer OURPW
frequency  intervals equal o the recurrence fre-
quency (e 2 ke's) of the pulses fed o the mixes
over the whobe of the frequency range for which
calibmtion of the wavemerer is desized.

The characteristics of the u:-pu.cal sySbEm are &0
chosen that tee developed film s ar Che
oorrect size and pirch of flgurss snd with » positive

just before, butsuffciendy
chose 1w, ewch occurteno: |
of a zeTo beat curput from |
the mixer, The smallerrar |
w0 inmreduced (o this |
casz about 0.05%,) can be
r.nmpmsa[!ﬂ for, if the
waverneter-dial - totation)
frequency lbw i sub-
stantislly liner, by off-
gerting the coumier indics-
tion by a suftable amount
from the dial indication,
If this is not possible, -
creased soCuracy can be
abtaied &t the :sqmnur
speed by reducing 1l
mmjmﬂ:hud'lllzamplll'lﬂ
(9

When triggering of the
circuit (10} occurs, =n
outpet o  Appropriate
polarity i Available w0
aperare the commuatator
eircuit {117, This cornmu-
10F i necessary in T
1 deley the photographic
cxposure bl e nexs
cecagion  on which  the

Plom wew of chatng,  The
datted  links  aeaiate  sub-
divizions of fonciien,
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Farc of ihe aaomaric calives
Ciow couipimie] shawing mecke- .
nical  deiee for  wovemeter £ WHFEHETER
tuning cosdral, 7 Y
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irrsagee (block om white) so
that it may be ot and
mounted derectly e a
calibration bookler for the
pardcalsr instrumens, in
which eclumns ut{‘ﬁmp— |
propriare froquencles bave |
already becn prinved.

The range of nsru-
ments which  may  be
calibrared by the appasaius
deseribed con be exrended
by the employment of
ancillary equipment, such
25 o frequency divider
inrerposed between  the
wovemeter mmd the r.f
amplifier, when the wave-
meter is ane operating a1
very high frequencics. Ti
may also be more com |
Vement o use oo sV h A
méchamiam for the dove
syetam between the motor {T) and the elements
(51, {11) and {14

Operation of the spparans over other frequency
mnges can best be described by examples.  Tor
imstunce, callbearlon has been effecred at Ii-kois
intervals from 20 to 40 Mofs, This required the
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Fig. 3, OQwiput ompiitedetima cheroctesistic of amplifier ()
Auring sparatian,
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penerition of 3 pulse of duraton less than 10wsec
with # time jirrer lesa than Tusec,

In general, almost any frequency-calibratien prob-
Jem can be mckled by similar equipment, An im-
partant application & the auomatic calibeation
of madio receivers where a high order of acoumacy
and a large number of calibration paints are invelved.
The calitrztion record may then be in the form of &
Hexible smle (eg, 35-mm hlm), coupled o the
tunmg  mechansizn, on which afe recorded the
frequendies to which the seceiver may be tuned.

Further Developments

In order w0 climinste the complicaton involved
in phorogphic processing, a printing coumter is
under developmens, This is designed o eeplace
the optical system and is provided with @ mechanicsl
stomege device which enables a print o be made
withowt inr.r:m_:r_'i.ng the woontimames drive to the
input shaft.

The advantages of the svetem deseribed mey be
sumired up a3 Tollowa:
{1% The ebomdnarion of buman ereer dudng clibm-

i

(2 The climinadon of human error = copring
Hgures or in interpolstion;

{3) The reduction of electrical evror dus o loung-
teem tempersture changes, thus disposing of the
necessity for using o temperature-controlled cali-
bration roamyg

{41 The increased speed of ocutput and consequent
peducton of stodf.

As in other fields to which sutcmation can be
intraduced, these advantages uwre economically
realized where adequate numbers of @milar instra-
ments are to be dezlt with and where the require-
ments of aceuracy and mudnpbeiry of calibration
painte are suwch as 1o justfy e design of suinable
equipment. 'Whers large numbers of instrumants ave
mvolved, a considerable sconomic advantage may be
pained over hand-calibration methods,
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