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A NEW CONVERTER FOR FREQUENCY 
MEASUREMENTS TO 500 Mc 

Th(' i1drocluctio11 of our 10- I· 
<·ou1iic'r, 1he TYPE 1130-A Digital Time 
n.11<l FrPqllcllcy :.\{p1<•r,1 has st imnlated 
l'P<JllN;1:-; t hat ,,.( . prod11c·c a f'ompa.nion 
i11.·tnLmc:11t to Pxfr11d 1hc fn·qucney
nwasun'm<·11 l'tlllg('. s('\'('l'tll . 'l](•h in
. ·t n1 nw11t. · alrC ' ady c•xi. ·1, hut ,,-c felt 
that \\"C <'Ould ·011trib11lc si�nifieant 
impl'O\'Cll1( Ill.' in S('llsit i\'ity, S('l('C'1ivity, 
and f'U. ·p of us<>. Fig;11 r<> 1 ,<.;how.· the 
n's1ilts of our <'fTor1s tlw TYPI·� 11:33-A 
Fn·que11c·y C'o11yc·1·t C'r. 

Tlw <«>11 vPrl<•r hC't c·rod vn<'., an un
known i l l p111 frP<tlH'11<·y bc:t,Y<'<'ll 10 and 
500 .\fr agains1 a l 0-'.Vfc mult ipl<' of a 
, · l andard f1·<'q11P1wy, d<'rivc'd frorn the 
5-:\ I c· ti me -has<' os<'il la I or of i he' c·ou 11 t Pr 
t1.llcl n pp lic ·s I he IPss-t ha11-l 0-::.\fo cliff<'r
enc·p frC'qU<'IH'Y to the c·mrntC'r. T'hc 
in:-;1 runw111 c·u11 al:o amplify W<'�Lk signal. 
lw1,,·c·c•11100k<"an<l 10 :\1fr to ocwratc thC' 
COll ll ( C'l". 

OpNnt ion of tlw ronvC'rt <'I' iK :implc 
i.lll<l s1 ruightforw::ircl. Th0 h< tc·ro<lyne 
rC'frn'tH'<' frpqttC'IH':'-' to he' adcl<'d 1o the 
c•ot111(<'r n•tu.li11g; is i11<lic·atC'd dir<'< ' t ly hy 
lnrg;c· in-li1 1 0 1111mN:ds. Tlw ra11g(' of 

1n. \'{. Frank, H. T. :.\IC'.\l<•c•1-. "A F1·Pq111·m·y Co11ntc>r 
"'ith ::t :.\[e111or�' un!l \\'i1li Huil1-ln Hl'li:1l>ili1�·.'' r;,,11f't(!/ 
/Indio R:r1u.-im,·lllN, :i:;, .}, .\ 1 :i�· 1 !)(jl. 

output arnpljtude accept·ablc for th<' 
counter i · clearly jndicated on th p·1nel 
meter, and adjustm<mt to thi.-i lcn>l is 
made by an output control. An input 
scnsitiYity ontrol i. · al:o pro\·idC'd. 

Among the unjque featur . of thC' 
in.'tr unent arc the u. c of linear n1 ixer . · · 
a tuned amplifi<'l', whieh ean l u se l or 
not, as needed; . ·ignal lights to indica tc 
proper control f'ettirws; and < noY<'1 dial 
readout to rC'duec reading error.·. 
Principles of Operation 

Figurc 2 iH an OYer-all block diagram. 
For i npu t frcqtH'neiC's aboYc 200 ::\k :1 
dnal-convcr:--ion :y:1 <'m i. u:--ed: :-:inu-1<' 
couyersion i:-; us<'ci bC"low 200 :\le. In put 
. ·io-11als arc first passed through an at 
t<'nnator (colltrolled by th<' .-r:x:rTIYITY 
control) and thrm wh a 100-::.\k-\Yi<l<' 

hand-pass filter :('lcetcd hy tlw hnn
drpd, ·-reforcnc<'-FI-u�cn: EN 'Y control . 

1 nput signal" {1elou' 200 J/ c ar< ' rou 1 <'d 
to the 211d rnixPr either dirC'eth· or 
through the tuned amplifiN. In th� 2lld 
1nixer, th input signal is J eterod:n1Cd 
against the tens-reference frN1UC'ney 
(from 10 to 190 1\Ic dep<>nclino- on thC' 
. ctting of thC' FREQ CE • Y controls), t nd 
the beat-frC'qUc:>ncy output of the mixC'r 
is pa. ·s<'d to th<' Yi<lco amplifi<'l' "·h<'rC" it 

Figure 1. Panel view of the Type 1 133-A Frequency Converter. 
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GENERA L RADIO EXPERIMENTER 

METER 

0.1-200 Mc WIDE BAND 0.1-200 Mc 

IN .. jATTENUATORf-- FIL��RS 
0-100 Mc 10-200 Mc 

BP NARROW 
VIDEO 

AMPLIFIER 
OUT 

0.1-10 Mc 
0.1-500 Mc BAND 
50 OHMS 0 OR 100 

4 

0 
0 

200 
300 
400 

TUNE 

FREQUENCY 
IOO'S Mc 1o's ¢---� 3 : 90 �---¢ 

10 110 
20 120 
30 130 
40 140 
50 150 
60 160 
70 170 
90 180 
90 190 

IOO'S 10 S 
RE FERENCE ----------------1 REF ERENCE 
GENERATOR 100 Mc GENERATOR 

5 Mc IN FROM 1130 

Figure 2. Over-all block diagram. A single conversion system is used below 200 Mc, a double 
conver.sion system from 200 to 500 Mc. 

is amplifiP<l , m tered, and applied to th0 
outpu . The OUTPUT contro l \·arie� th0 
gain of the vid00 an'lplifier to �·ct thP 
output Lev01. 

Input signal above 00 �1 c arc hetero
dyned against he hundred. ·-refrrC'ncc 
fr quenc. (200, 300 or -l-00 :\Ic) in the 
1 t nix r. Th 0- to 100-1\I l eat-fre
quency output of the 1st inixer i. fi lt0recl 
and then pro e ... ed exactly like an input 
signal below 200 2\l[c. If the signal ap
pli d t th 2nd m ix r is below 10 :\fc 
(input frcquencie. of 0-10, 200-210, 
300-310 -100--110 .:\1c), the 2nd mixer is 
conYf'rt d into an amplifier, and the gai11 
of the video amplifier i:;; in crea. ed. In 
. uch cases the tuned amplifier is not u:;:.ed 
(since it doe·n't opcrat belO\\- 10 .:\1Ie). 

Linea r Mixing 

mix r circuit u ually operat R wi h 
t\\·o ._·ignal appli d, a ref rencc (local
o� illator) . ignal and an ir put . ignaL 
The amplitud of the b at-fr iuency 
output d pend. more on the amp litud0 
of the lnwer-levcl . icrnal thau on that of 
the higher-I vel .ignal. If the reference 
·ignal ha.· the higher a m plitude, the 
ircuit will function a a linear mixer for 

the input signal . That is, the a m plitude 
of the beat-frequency output will be 
proportional to the amplitude of tlw 
inp u t  .:ignal , and in particu lar. the sig
nal-to-noi. ·e ratio of the input . ·ignal "·ill 
be preserved in the output . If the input 
·ignal ha the higher a m p litud , h \\-

eyer. the cir uit will not operate as a 
linear mixer for that signal. The ignal-

mea urem 1 

Tuned Amplifier 

1 11 . 

To incr as- the ensitivity of the 
in. ·t ru n1ent and to reduc further the 
cff ct. of noi ·e and extran ous ignal. 
a tuned a mplifier can b wit h d int 
the measuring ·y ·tern . With input fr -
quencies from 10 to 500 Mc, the 
an1plificr cover the rang from 10 to 
200 ::vrc .  The amplifier i op rat d by 
hYo control ( ee igur 3). Th TU Tr rG 
contro l \Yitche th ainplifier (1) out 
of the y tern (WIDE BA rn) to implify 
op ration when m asuring pure high
le el ignal. or (2) into the ystem 
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Figure 3. Tuning 
controls. Signal 
l.ights indicate 
proper setting. 

( TARROW B :rn) to pnabk• rnca.tuc1TH'nt 

of noi y low-lcYcl ·igual . It also 
scle L one of the 4 coil.· nec-ssarv to 
coYcr thC' 20-to-l tuning range. 

V
Thc 

TU -E control adjuf'.ts the tuning capaci
tor of the amplifier. ThC' position of thC' 
TCNI - • control �orre. pondino- to th 
diff crC'nt amplifier tuning coils arC' 
indicated by lights. 'Vith the T -I � . 

contr 1 in th WIDE BA 'D po iti n the 
1 -I E B .-o indicat r light ·will gl w. 
With thC' T NIN , ontl'Ol in an r·ARROW 
B. �D po. ition n indicator 

·
light \vill 

glo\Y, showing th(' po8ition to "\Yhich the 
control hould bC' , C't. 'I'hc indicator 
light are controlled by the . tting, of 
the FREQ EXCY control. . For xample, 
with thC' FREQUEN Y cont rols set t.o 330 
l\'Cc, the second TA RRff\Y BAXD indicator 
light "·ill glo\v shO\vino- that the 20- to 
40-,_ 1c range of the tuned amplifier 
should bC' u ed. For certain po ·it ion. of 
the FREQUENCY control. (00, 200 300 
400 the "\YIDE BAND indicator light will 
remain on when the TUNING control iR 
n1on•d indicating that the tuned ampli
fi r cannot be u ed. For the. c position . , 
a mentioned above the gain of the 
output amplifier is increaf'.ed s that no 
lo in cns:itivity occur .. 

In additi n to increa ing he . en. i
tivity of the in ·trum nt becau e of itf-' 
gain, the tun d am.plifier also provides 
. cle tivity to guard again t noi. ·e an l 
ext rane u... , ignal. whi ·h inay xist 
\Yi thin th ± 10-1\'f conv r. ·ion band. 
Figure 4 ho"-� a typical plot of the 
band\\'idth ver. u frequency of the tun d 
amplifi r. 

The en itivity figure. Ii t d in the 
in trnment p cification. ar broad all
i nclu . .ive figure .. Figure' 5 . hmm a plot 

DECEMBER, 19 6 2  

f th enr-;itivity "\" rsus frequen r of a 
typical instrurn. nt for both WIDE B ND 

nd l ARRO\Y BAND op ration. Thi. p lot 
wa. tak n for a beat-frequency output 
of 10.1 1c whcrC' the ensitivit} of the 
· . . ·ociated counter is poore ·t. Therefore. 
the plot is 1 bC'led ",vor t-ca en. ·i
tivity. ' For opcrati m at output beat 
fr quenci . lower than 10.1 Iv'.Ic the 
fi n. itivity i. · .·ig11ificantly better. 

Readout 

Figure 6 . how.· a clo e-up of the nc\\" 
type of dial read ut u ed on the con
VC'l'ter. The readout USl'. rau. parent 
pla. ti · dials \Yit h charact r ilk-. er en d 
on the 1·ear. w hi k area on the panel 
b hind th di· ls ff e tivel "illumi
n tc�' the d('. ired hara t roe and a 
unif rm in-llnc indi ation i pre nt d. * 
Th readout has tw main advantag ... : 

1) The de. ir d informat ion ahYay. 

*ThL· r 11do11t method wa� dcdrs cl omc tim ag b�· 
,C'ncral Radio Pngincer �·arrcn H. I�undert and ii,

<'UITC'ntly bC'iug in ·orporat •cl in several n w in trun1 nti;;. 

10 
I I I 

I 
I I 

5 

/ '; I 
I I 

/ I 
2 

/ I - I I I IT � I 
j I 

I I I 
I I 

0.5 

I I 
I I 

I 
0.2 

0.1 10 20 50 100 200 
INPUT FREQUENCY IN Mc 

Figure 4. Tuned-amplifier ban dwidth versus fre
quency. For input frequencies above 200 Mc, 

amplifier operates from 10 to 1 00 Mc. 
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V> � 
0 
> ::; _J 
� 

Figure 5. Typical over- all sensi tivity of converter 
and counter for 10.1-Mc counter indication. This 
is worst cas e.  Sensitivity is b etter for lo w er can-

verter output frequencies. 

oc ·urs 111 thC" samC" rC'gion on thC' panel, 
IN;sc11ing th0 chatH'<' for opc'rator <'LTor 
and 

2) Sine the dials ar not hidd n be
hind t h0 paiwl, tllC' opera tor ean 0a. ·ily 
dC'tern1iuc ,,·hieh wnY to rotate the con
trol.· to ii ·re a. ·p oi· cl ('r ft.s h fr -
qtH'lH'Y sct1 ino-. 

Figure 6. Ne w in-line d igital readout. 

Over-a II Versatility 

In this all-in-on -I)ll k a0·c \Yide-rano-o '  0 

convc>rtPr, rugg0d cou:truction and 101w-
terrn rC'liabiJit are combined wi1 h a. 
immbC'r of irnportant op rating fr·1turc. 
- high . ensitivity the ability t make 
nwasurC'1nentR in the prC'.'Cll c of noi . .:;C', 
positive identifi ation of fr qu nc>-, and 
,'implC' control. - t.o pr due an in::::.tru
nwnt of maximum w-.;duhw. s in prPC'i.'e 
frpquC'ncy mpu;..;urc1nent. 

- IL 'r. �rc.\r...1�1.:a 

CREDITS 

Th de. ign nnd elev lopmcnt of th TYPE 
1133-.\ H'requcn<"y Conv<'rtcr wa . <"arried out 
by \\. F. Byer and H. T. :\fr:-\le r. a.:-;i. tcd 
hy , . amour. Progrc. . from. con ·ept i n to 
C'ompJction wus support i by G. � eaglP me
{'h:tnieal design; \\� . .\1onta •uc design drafting;; 
H. H. Chipman, pro<lllction eni:Qnecring; anrl 
\\T. P. Buuek tc.'t C'ngin<><'riniz;. 

- EDCTOR 

SPECIFICATIONS 

INPUT 
Frequency Rang e: 100 kC' to 500 .\fr. 
Sensitivity ( w it h  t h e  Type 1130- A counter): Bet

ter than I 0 mil Ii volts on narro\Y baud; hd tcr 
than 100 milliYolt. n ,,·id I an I. , Fignr 5. 

Impedance: 50 oh1n.·. 
Reference Frequency Req uired: 5 .\TC', 0.1 volt, 

rmR, into 50 ohm.;; (normall.v .·uppli d fronl 
.- -.\fr oui put r-onneetor 011 TY PE 1130-. \). 
OUTPUT 

Frequency: 100 kc to 10 :\k. 
Amplitud e: 0.25 volt to 1 v lt, uppr ximatc>l:v. 
Impedance: 100 ohn1s, approximatf•l:-'. 
Noise and Harmonics: :\nrr w-hnncl 01 ration 

provides fih ring to 1·ccluc·c noise and extraneous 

Type 

signal. . Linear mi:-i<'r JH·csc•rvc -ignnl-to-nois 
ratio during c·onversion prof·c. s. 
GENERAL 

Power Input: 105 to 125 (or 2 1 0 to 250) Y lt., 
50 to :iO q . , GO \\'att .. 

Accessories Supplied: Two conxinl patc·h c·ords 
f r conn. ·tion t e unt r, on<' coaxial c-ahl(> 
connect or, one 3-wirc pow r cord, ancl "P�1re 
fu. · s. 

Dimen s i ons: Bc1wh mod I, \Yid th 1 fJ, height 
71 2 depth 17% inc·hes (4 5 hy 190 by -t..50 mm), 
over-all; rack model. pan<>l, IHI>:-' I indH"S (-l 5 
hy l 0 mm); depth hchind pun l, 1-1 inches 
(3.55 mm). 

Net Weight: 3-+ p un<ls ( l5.5 kg). 

Price 

1133- AM Frequency Converter, Bench Model ..... . . .. ... . $ 1250.00 
1250.00 1133- AR Frequency Converter, Rack Model .. .. ... . ..... . 

U. '. Pn.tent 'No. 2,.3-l ,-l."i7. 
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DIGITS CAN LIE 
A Discussion of Error Sources in Counter Measurements 

,'in jtH intr duction .ome 15 or .·o 
year.- ao·o the counter or digital time 
and frequ nc rnd r ha. b me · 

wid ly lV d el tronic in.�tnunent ul
mo.-t a.· ubiquitous u.- the 'acuurn-tube 
Yoltmctcr or the o.·cilloscop . 'Vonderful 
as thi.- in:-tn.un n .-e 1n.·, h \Yev r it i 
still capable of producino· wrong answers, 
e,·cn though it.· circuits may b fun ti n 

ing perfectly. R o-niti n and und r
. ·tanding of t he source:� of error will 
enable one to minimize their ff ct.' and 
t< impr Y th us fulne .. and r liahilit 

f counter 1neasuren1C'nt . 
''hen using a count r, one . h ild 

1-cci in mind th di�ti11etio11 bchn'cn 
prP C'isio1 1 and accuracy. Preci�ion de
. -erihP: the dPgrP of fincncss t hc ka:-it 
.-ignificant fig lrc. f a m. <. �urement · 
a.c ·nracy indicate. ·  the po si blc C'xten t 
of C'rror . For cxampk, it i;-; quite possible 
(al ld fairly cornmon) to l lcastll'C a tin1 
i1 1 tc l' \'al with a, coun t Pr to a precision of 
0. 1 µ>:-;C'e, but with an accura y of onl 
± 1  ms c. 

Th Hi 1npli fi cl block diagram of 
wurC' 1 :->hO\Y.· the fiv basic circuit 

block.· of a digita l tirn and frcqu<'ncy 
mctcr: input C'ircuit.- time base, main 
gatc, program control , and d ·in1al 
C'Ollnting unit .. Th input ircuits u-c11cr
· :Ll c' trigger pul:-:e . from thC' input .-ig11al. 
For frequ ncy mea:-urcrn nt th .-c trig
gpr pul. c: arc count l y the lecimal 
counting units durino- a time int lTal 
deriYed fr m th time ba._ ; for tim 
111 asurem.ent the trio-gcr pulf'cs cauRc thc 
m ain O'n.te to l'itart and .-top the Aow of 

TIME 

PROGRAM 
�---- CONTFIOL 

Figure 1. Simplified block diagram of a digital 
time and frequency meter. 

time-bai'(' clock puh>C's into th lccimal 
cmmtino· units. 

Th pr o-ram contr 1 route. pubes to 
open and elm;<:> tlw main gate s 1 ets the 
propcr pulse.- to I unt d ntr l:-; the 
dis1 lay and handle th<' re. et tin O' opcr
atiorrn. 

Error.� can, of .our.·c, ·tu· if any of 
thes ·ircuit block.- malfunction but "·e 
arc concC'n 1 <:>d lwr ,,·ith err r:-: clue' t 
oth r cau�C's. �uch rror. ccur nrninly 
in the iimc-ba.-c. O'atC', and input circuit . .  
• om arc inherPnt in th ounting s:"-.-
t 'rn; oth r� dcpcnd up011 the nature of 
t h0 sig;m.tl to b mC'asured. 

INHERENT ERRORS 

Time-Base Error 

1 he tinw-basc rcfrrcnc<' for mo. t 
cmrntC 'rs is a quartz-crys al :-;cillator . 

Su ·h .-cillator:-; are exccptionall�- accu
rak and .-table 1 ut will :till drift in 
fr quc11 y ''"ith ti1 l and shoul l 1 <" rC':-;C't 
ocea:-;ionally. , y atiRfactory elf-chf'Ck opff
alion of a counter do s not "·indicatr th 
accuracy of th tim<'-b l .. e r('.f refLC . frp

qu<>ncy. 
One-Count Gating Error 

Beeau. e thP rat e' of the trigger pul�c: 
that <UC count l i.· not u._uall - . ·nchro
nouf-i witl the rate of the pul. e. t hat arc 
ope11i1w and c]o:-;i11rr thc m in gat<', it i. 
po:-;.-i l I f r a trigg1 r pul:::; to cc·ur 
simul tancouf'l� with a o·a ting pu]f'<' and 
not to bC' countC'd (. c Figur 2). Thi.· 
I t1d.� t o  th . o-call d ne- o mt o·nti1w 
C'lTOr - thC' po;-;sil ilit>r that any part i eu
La.r nwa.-urcn1cn1 may l c in rror 1 ,- on 

unt. Th p rcen1a
.
ge err r Y r.� i'.- frc

ClllC'ncy, can :-;c<l b>· the O'Utino· rror, i.
plottC'd in Figur<' . for ·ariou. rncth I. 
of inea.- irem nt. 

Thi.- one-count o-ating C'lTOr applies 
only to a :-;inglc mC'a.'ur 111 nt. In a scri . 
of rn a. irenwnt.- of the , arn.e quantity 
(at picn.l us of a ounter) th mum· r is 
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GATE 

TRIGGER _......____._ _ _._ _ _._______.__�-� 
PULSES 

GATE 

COUNTER READS 
CORRECT ANSWER, 

� 

COUNTER RE ADS 
4, 5,0R G 

I I T:����: _ _.___�-}-A-Y -
O R
-'-

M
-
AY
--"-

N O
-
T
-
B
..L
E

-
C
-
0
--'

UN
-

T
-

E
{�--'-

Figure 2. One-count gating error. Pulses 
occuning simultaneously with the gate may 

or may not be counted. 

ai1e7·aged and the on - ount C'ITOr di--ap
pNll' . For exn,rnple, if the true' Yn.1u<' of 
the last. dio-it itl behYC'<'n -1- :ind 5 �ny -1-_5, 
th reading will jump brtC'k and forth 
het\\'C'C'll -1- an l 5. By ohs('l'\·iug tlw rC'la-
1 iyc rate of oc C'mTenC'e of the' hn) digit .', 

the opc>rnJ or can estinrnJP ::t digit hC'>'Ond 
tlw last one' di:-;plL yC'd. (I11cidcntully, it s 

C'asiC'r to do this with the' thcrmom t r 
type of rc·adout than \\·ith the more ' 

popnlar in-linC' r adout.) 

ERRORS CAUSED BY NOISE 

rl here is U.ll additional grOllJ f lTOl'K. 
which arC' caused by noise. 'Xoisc, in this 
instance, ref I\ t an. t.hi1W that UUHC'l" 
the input . ·ignal proc0ssed by t h0 countC'r 
to bc t hC'r thn.n a p rfre t sinc wa ,.(' of 
infinite . ·ignal-to-nois ratio. IodulntC'd 
:-;jo·llal. · for example', may b considered 
t.o be n i. y ,·igu al.·. 

'I'hc effect.· of noii-;;e depend dirc>ctlv 
upon the operation of t.lw input circui s, 
which function both as an a rnpli t ndc 

0.1 

� 0.01 
II< ei 
>
z 0.001 :> 0 v 
' ... 

-· 10 

� 0.0001 ,....__ _ _.,,.____ 

0.000001 __ ,.,,..._. _ __. __ �-�--�-_._ _ __.. 10-• I Cpl 100 c ps I �c 10 -c 100 Ille I Mc IOMc 
I UC: 0.01 HC I mnc: 100 J.IHC 10 J.IHC I ..... c 0.1 ...... c 

FREQUENCY OR ?ERIOO 

Figure 3. Percentage error versus frequency 
caused by one-count gating error. 

limii C'l' and n trigO"(�r 1 ul. C' o· n C'rat or . In 
rno:-;t r un crs. n � hmitt (or imilnr
typC') circuit gC'ncrat . a trigger pulse 
,,-hC'n the· input-signal ,·oltage incrca:"cs 
abm· n c rt :i.in rcfrrC'ncc-yo]tagc 1cvC' 1 
and rc;,;ct� its.PH when the input YO l t [l,ge 
f<iJl:-:. b low another lc n"l , a, ii lust rntcd 
in •igm·c --!. The ,·oH�igP diffC'r011cc be
tween the triggering and rPsC'Hi ng leY L 
is called lw "h�-t'tcrC';.:;i�' voltage of th 
c·nnntr-r a11d dC'tC'rmiues the rninirnmn 
i 11 put ,-ol tngc nee s::-;ar:v to opcrn t0 t hE 

input rir uits. _\ trigger-1C'Y< l conir ol to 
adjn�t tl10 :th:-;olutC' yo l tng of thC' trig-

Fig ur e 4. 
Operation of 
input circuits. 

TRIGGERING 
LEVEL 

RESETTING 
LEVEL 

TRIGGER PULSES 
GENERATED AT /THESE POINTS 

gering nnd resc>tti1w IC'\'f'IK i:-:; V<'l' llKC'fu1 
iu comba t ino· the ffr·ct� f noi� an l 
obtaining maximum input nsitivity. 

Frequency-Measurement Errors 

Error:'; in frcquC'nC�' n1casnrcrncnt can 
hC' cnu�cd by 1110 lul tion, itlH'r amp l i
tudC' or fr<:'qn0ney , or by th cxistc>nce of 
. pur ious signn,l · a l ng with th d . irC'd 
s igna l . 

Amplitude Modufotion 
If th in put � ignn,1 is amplitndc-modn

lated. an C'lTOr may occur if tlw trigg<:'r

i n� IC' ·c 1 i� off set ns Rhnwn in Figul'C' 5. 
\Yit h th(' triggC'ring and r0sett ino· lcw�ls 
n, lju::-tcd s�·nmwtricnJI>" ab u t 0 v lt�, 
howc\·er. tlw ('Ol'I'N't frN1ll ncy ""ill be 
nwn::-ur<:'d n� lon g . :-.: th minimum pcak
t o-pC'ak C'xeur:-.:ion of t.hc input . ignal is 
grPntcr tha n the h:'-'stcrC'siR ,-oltngc. },vcn 
\Yith optimurn udju :-;t.men t of tlw trig
gC'ring 10,·el. ho\\"PYC'r, pub0s "·ill be I �·t 
if tlw dcgrC'C' of modulation redu CR th 
voltno· C'. · eursions to le.·' than the hy 
t0r ;;;is yoltage. 

Frequency Modulation 
'l'lw counter i. · ft.0n u. cd to n1cn"n r 

vnrious propcrt leR of a frcqncncy-n1odu-
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Figure 5. Erro r caused b y  
a m p l i tude m odulation. 

l a t ed �igna l . 1 It can mea · u r  · he a v  raO'c 
Ya l u  of an i npu fr u n duri n g t h  
·hosen untinrr interva l p r  v id d hat 

th frequ n cy rem a i n .  wit h i n  t he r . ·o
l u t ion ca pabi l i of th i n . t ru m. n . If 
t h  frcqu n y ri · ab v th in ,xim.um 
cou n t i ng rat e  of t he in ·t rume n t  or fa l l � 

h lo '" t he mini m u m.  rat , pu l . . wi l l  b 
1 . "t ai d th mca uren1 nt \Yi l l  b u 1  
e rror .  

I f  a het rody r e fr q uen v o n v  
for high-frequ n r ntea. u r  m.e nt i · 
u , ·ed care must be t a ken hat frequen ' 

rn.od u la t ion do I ot d riv h i r  pu 
fr qu i d mYn thr ugh z r b at wit h 
t he het erodyn e  referen ce frequc n c a n d 
' ou t  t h  o t h e r  id , ' or t h  ou n t  · r  
r ding wi l l  b i n c  r:rert . 

Noise 
I f  t he d ired ign I i .  · a · ·on1p · nicd 

bY uoise . u ffi cie n t  to cause ex t ra t ra n
Ri°

t i o nf' of t he hy t er i s  region , a sho,,· 1 
i n  Fi gure (3 ,'t ra oun t  w i l l  b r gi. -
t ered . Thi erro r  c a n  often be combated 
by ndj u . ·t m ent of the triggeri n g level  t o  
t he regi n of t pe t ign a l  lope or b} 
a t t  n uat ion of bot h ·i g n al and n o is . � ot t h at i t  i� th ab o l u t  valu of h e 

1 0 1 :-;  y l t age that i i m p  rt ant rat h r 
t ha n  t h  si(J'nal-to-noi e rat io.  I n  a 
cou n t  r \Yi t h  a 0. 2-v lt hy t r . i r gi on , 
f r xa inp l a 1 0-volt  i o·na l a compa

n ied bv 1 volt of noise will not be m eas
u red corre t ly. Atten u at ii :  g th i 1  put 
1 0 : 1 ,  how ver 1 ave a si o·n a l of 1 vol 
"-i t h  0 . 1-vo l t  noi  , 'vh i ch wi l l  b e  mea -
u r  cl ''i t h  n o diffi u l  y .  

Th ituati n d cri b d abov 1 .  

i r .  Godier and P. S. hri tensen, " ew 1\1(>thod of 
:\ lea u r ing Fl\I Deviation Uses E lectronic nn n te r , "  
Canadian Eleclron-ics Enr1ineering, J u l y  196�.  p. 3 

DE CEMBE R ,  1 9 62 

. I i  ·ht l  oversi m p h fi d · i t i · rrcct fo r  
signal a n d  n i e frequeu ci c� \\·e l l bel "

h rn.axi m u m  t rio·o·e ri n o· rat  . '"l he hy.--
t re i. volt e.  g f 111 st cou n t er in p ut 

i r  u i t '  i 11 t con. · t a n t  for n J l  i n pu t  fr '
ucn c ie · · i t  d crease. at fr q u  n · ie. ap

p roac h i n g  t h e  m a. · i 1 n u m  t ri rrgeri n o· rat e , 

v · n t h olwh the o yer-::d l .. ·c n si t i vi t v  of 
h e  cou n t er m a v  d e  r n..: . 1 0- 1 c  

cou n t er for cxai ) ple, w i l l  b e  m.or 
t iv 1 0- 1\' I c  noise' t h a n  t 1 -1\II 

Interfering Signals 
cca�·ion a l l  i t  is 1 1  c , . ·a r t o  inea u rc 

t he fr q u  n . f t . · i g n a l.  i n  he pre� e u ce 
of an t h  r , · j o· n a l  of n ca r l v  qn a l  m.pl i
t ude . oun t <.>rs have bcc 1 i  · v rel a n d  
·omew h a t  u n j u  .. tly eri t i  · i zed for b<.>i nO' 

u n a  J - t o  rnak t h is  typ of m a u r  -
rncnt. The ac u a l  . i t. ua t i  n ,  ho'n�ver i ::-;  
n ot a b a d  c. l .  · ma. l e  b I i  v d .  

A cap u r ' eff · t  o c u r. i u  h i n p  l t. 
i r  u i t s o f  a com1 t cr , . i m i l a r  t hat en-

cou n t e r  d i n  F'i\I r c ivcr8. Figure 7 
. ·ho"·· an xperi men t a l u rv desc ri b i n g  
t h  effect 0 1 1  a cou n t C'r m a.  ·ur n1e n t  of 
t \\"O ·ig 1 rn .l . · t og t h  r. I f  th freq u  n cy of 

h int rferi n g si O' n a l  i .  · mu h h igh r 
than t hat of t he de. · i r d i gn a l ,  t he 
i n terfere nce beh .. v · l ik t he type of 
noi.  d . ·cri becl above .  That i . , i f  t h  
I eak-t o-pca k i n t erfcrC'n c \ o l tag i . ·  l e "· 
t ha n t he hy ·t r Hi l t aO' f he 

unt r i t  w i ll a u . ·  no di fficu lt . I f  t he' 
int rferencc vol t ag i · gr at er h n the 
hy t re. · i v l t ag , h we er i t  ma causC' 

rror. - depc n d i n o· on t he rat io of t he 
fr qu n cie. of t h  t wo sign a l . a n d  t he i r  
a m p U t u d  :' . A . ·  he i n t erfe ri ng frequen c. a ppr ac he. · t h e de. · i rc>d freq uen cy t llC' 
cou n ter ca n t o lera t e' n1or i n t  rf rcn e 
a mplitu d b for n1ahiw a n  error. 

L t u ._ on id r t h c· . e of a n i n t P r
f rino- f requ n cy c l ose to t he dc�i re fre
quen c� a�· t h  i ntC' rf r n r<' m p l i t u dP 

TRIGGERING LEVEL 
" 

,, 
RESEl TING 
LEVEL 

F igure 6. Effects of additive n o ise. 
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1 0  

GENER A L  R A D IO E XPE R I M E N T E R  

<n � 2.0 
0 � 

w u 

f INTERFERENCE MEASURED 

� 1 .0 �����'""�����..,..��������������������� 
LL 
a: w 
I-

> � 0.5 r----r-------t-------11-----+---=��� 
f MEASURED 

SIGNAL 

Fig ure 7. Capture b ehavior of a counter. C o u nt er ignores an i n terferi n g  s i gnal w ith amplitude b e l o w  th e 
s had ed area. If i n terference amplitude e x ceed s s h aded area, c o u nter w ill measure interfering sig nal o· nly. 

i n  r asC's fro tn zero . The m po:-;i t vo l t
ag begi n .· o wax a n d  \Ya n E' a a rat e  
C' q ua l  t o  the d iffcrc n cC' freque n cy a n d  
wit.h an nv lop a m p l i t ude equa l  t o  
t ha of t he. i n tcrfrr n c  . T'hc Yol t a o·p 
w nxdonn 1ookR l i k  a n  a r np l i t ude
tnodu ln.tcd wave, exccp h, t t h<' pha. ·c 
of t he " carrier' i. · al. o v a ry i ng .  Th , 
av rage frpquc.ncy w i t h i n  t h  m.odu
l at ion �nvclope. i .e . , t he avcra o-p rat of 
pof'i t i vP zero croR.· i n gs i s  equa l to t ha t  
of t.he l::t rgcr-a m p l i t u d  l ower-frpque n c  
s i gn a l . rl he ount r \Yi l l  cont i nue t o  
m.casurc the lower frC'qnency u n t i l t he 
i n tC'rfcrC'n ce becom s grC' .. t e n ough t o  
c·om.pr ss t.hc corn po. · i t e  voltage a1npli
t ude \Yi t hi n  he hy. · tpre. · i . · vol t a g<' l i r:nj t . . 
. s t.h i ntcrfer- n ce ,·olt agc i n c· re·  .

·e . 

st i l l  further,  the cou n t f'r wi l l  o·i YC' errat i c  
rcadinO's u n t il t hC' a rnplit u dc of t he i n t er
frri ng signal cxr0ed. · t ha of hP d<» i red 
si g1 a l  by a n  an1ou n t  E' (] U a ]  to t he h . -
t 0r . i. volt age. A t  th at point a n d  b yond 
lhe co u n ter will read the highPr frequ ,, y .  

'I'hi s  two-si ·n a l  b hav:ior i .  su n1 n1a
rized i n  t h e  foll owi n o· appro. - i rn.ate r -
l at ion. · :  

ount r 1nea u r  . hid1pr frcq t H' n cy i f  

r11 > T z + Ll · 

ou n t cr m ea. ·urc. · l ". r frN p w 1 H·y i f  

T /i < .fz ·1 r + K .6.  
fh 

"·here : 
Y1r - p k-t o-p ak a rn p l i t  1 1 < 1  f 

higher fr quf' n cy . · i g n  ] ,  
T '" , peak-t o-p a k  a m p l i 1  u d c  of 

l ower frcquen · . · i g n a l  
f;, hi o-her frequency,  
f L l "\\. r frequcn y ,  
� by. t rP i A  v ol t ag0 o f  < · 01 1  n t C' r, 
K a fa t or var�v i n g  l ><'t w  C' n  1 

a n d  2 .  

I f  i w i t h cr condi i i o n  i , ·  �m t i . · f i  d ,  t h0 
cou nter \Y i l l  o-ive err 1 1 001. i .  · r0ad.i 1 1 g . ' .  

A o i n ter,  t h  ref ore , h a . · < l <  gr<'<' of 
i n hcrC' n t  i 1nn: u n i  y t o  i n tC'rfrrP 1 H;C ' .  If i he 
i n t C' iferi n g  frcqu n c. is  l owPr t h a 1 1  t h e  
<lf'. i r d . · i crnal frC'quen c  i w i l l  b P  C'Om.
plc t ely ign ored by h �oun Pr if i t s  
a.n1pl " t u  l i .  l ess · han h . · ign a l  amp l i 
t ude by at 1 a t  the h ster . · i . ·  olt agc'. 
A t he i n t  r f  ring frequen cy Pxc ·C'C'<l .  · i.,he 
. ignal frequcn y, h cou n er can t o ]  r
ate l es. and le i J.terferenc '  a m pl i i  udc 
but , in · he l i m i t ,  w i l l  . t i ll i ff n orc i n t er
f r n an1 pl i  ude · le. . t ha n  t h C' h , -
t C'resi volt age . 
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Errors in Period Measu rement 

For p riod measuremen t , trigger 
pu lse generated from the i n pu ignal 
open and close th main ate and con t rol 
the flow of time-base pul ses i n to the 
decade counter . The accu ra y of uch a 
m a u rement depend on the tim a cu
ra y

. 
with whi

.
ch th trio-gering-level 

r in g of the IO'nal can b d terrain d .  
Errors in t h i  d termin at ion m a r occur 
for veral rea on : th trigg rin cr-leve l 
cro . ing of he ignal may vary b� au e 
of. drif� , hum pi

_ 
kup, n oi , t . , or th 

t ngg rrng 1 r l 1t lf may vary for irn i
lar reason . Figu r  illu tra e th ff c 

?f u ncertainty in i t h  r .  ignal or trigg r
rng l evel . The e u n c  rtain i are addi
t i ve and can be c01nbined i nto a ingl 
" noi e" vol age . For ine wave tricrcr r-
. • bb 
ing at zero cro ing , he fol lm,-ing re-
lationship applies : 

Max error i n % = ± _! l n X 1 00 
7r v 

where V,. = peak noi e v 1 age 
Vs = peak ign al voltage . 

t ated i n  ot her term , the fra t i  1 a] 
rror cau ed by n ois is abou on - bird 

the noi - o- i nal ratio . For example a 
noi voltage of 3 0 can produce �n 
error of about 1 %. 

The eff ive nois in lud 
pr nt in th ign al an d int rnal noi e 
g ncratcd by h ou n -r.  Th interna l ly 
generated n oi e dep- nd on th i m
p dan ce of the ignal urce and th 
posi ion of  th control · .  For xample 
mea. uri n g  the p riod of a c lean io-nai 
of 1 -v o l t  nn ampl i ud from a 00- 0h m 

TRIGGERING 
LEVEL 

UNCERIA I N T Y  

SIGNAL LE VEL 
UNCERTA I N T Y  

S I G  A L  

TRIGGERING 
LEVEL 

T I M E  
UNCERTAINTY 

f i g ure 8. Effects of uncertainly in signal or 
triggering l evel .  

D E C E M B E R , 1 9 6 2  

ource \vi l l  yield an accu racy of about 
0.05 on a nera l Radio TYPE 1 1 30-A 

unt r, indi  a in g a n  eff tive i n ternal 
n oi of about 2 mv. A 1 0-p riod mea ·
u rem. nt is at 1 a t 10 im a accu rate 

ince h im rror i compared w i t h  a 
i m  i n terval 1 0  t im a 1 ng.  

Th abov r n1ark app ly t o  noi of 
a random nat u r  . If h noi i periodic 
the mea u reme1 t ,,·il l di play a cy · l i  ' 
variation , and it  i po ibl e  t . t i mat 
t he mean valu of th m a u r  me i t wi t h  
greater ac u ra y than t hat i ndicated by 
the signal-to-n oi rat io . 

Errors in Time- Interval Measurements 

The sour e of error de ribed above 
apply al o to t i m  -int rva l n1ea u re
n1en . Tim rror au ed by n oise on 
th- tart and top ignal or triggeri n g  
1 l s  can b xpr . d a fol lowr.:; :  

T = ± V.,. 
s 

\Y h re : T rr r i n  econd.-, 

v n p ak n oi vol t ag 
s = lope of ignal in 

vo lt / e on d .  

. h l ope of h i crn a l  increa e , the 
tnne error cam'>ed by n oi e decrease . o 
�at , �or �ri f pul or · oltage st1ep 

with n t1m comparabl on period 
of th ou n t d fr qu n y ; th mea u rc
n'lent error i r duccd to ± 1 period of 
th oun t  d fr qu n y ± the error of 
th im -ba ref rcn ce. 

Two R u les-of-Thu m b  for Counter 
Measurements 

Two good rule -of-thumb to follow 
are : 

1 .  A ady r adin o- i u ually corre t · 

an errat i c  readi ng i n  OIT t .  
' 

2. Wh n in doubt, look at t h  i nput 
signal wi h an o ci l lo  cop . 

The purpo e of thi di cu ion has 
been t o acquaint the read r with ome 
of the cau e of error in counter measure-
1nent , not to weaken his confiden ce in 

uch 1nea urement but rather , to bolster 
tha confiden ce through b er u nder

tandin g f th prii1 cipl  involv d .  

- J-I .  T .  lV I  LEER 

l 1 
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1 2  

G E N E R A l  R A D I O  E X P E R I M E N T E R  

CAPITOL SERVICE 
T h  .·h h l i�hn c n t  of 

n.t >ry ut our \\ra"'hingt on 
hrincrs t o  �ix t h  n u nl c  
a1 im s i n t h e  L - . , ' . a n d  a n ·  cb,. D 
\V . l r > W n  fon wrly � n '1<· Supervisor 
a1 ou r ( w York Office, hc:Jd 
fi · i h l :v ,  l o<•t  t d .  n t  H > k v i l l  
\V: d l  L: n . H ockyi ll  � f aryhu 
p h ( )  ll  L -l-0- 1 11 ) • � \ ' 
I a.nn rn t l  .Jone · 

:--iu 1K•n·i . ·or. 
A l l  ...;i" ....,pn·frc offi<'e.· arc fu l l v . taf'f<>d 

an<l C'q u i pp< ·d f >r t h  1· 'ln ir, r , ond i l im -
i n  ,., a lld re' ·: l ibra I ion of ( ;  1wr: ] I adi 
iu..it r t nw 1 1 t s  :. 1 1 l for nw (' r i f ica ion of 
( � C ' l l <  ru l Had io :-;t nn a rel�.  �\ I l  'n rk p0r
for111Nl l )" our �erYicc dC'part nwn t i 
""ll'traul < <' l fc r < 1 1 <  yc-ur. 'w .; t qnl rs pr -

fc> rri nµ;  t o  mak t h  ' ir own r p • \ i r. · wi l l  

"Bri dges a n d  Tec hni,q u e s  f o r  

l m1 ped o nc e  M eo s u re m e n t "  w a s  
t h e  t i t l e  of a s e m i n a r  re c o n f l y  
con d u cted b y  G·e n e r a l  R a d i o  

e ng i n e n at h e  p l a nt o f  R CA 

V i c t o r  C o m p a n y , L t d . ,  i n  
M o nt re a l . M o r n i n g  l e ct u res b y  
Dr. J e> t. n  IF .  H e r s h w e r e  f e> l 

l o w ed b y  o fternoon works hop 
:s e s s: ions. P a r:'f i c i poti n g  i n  t il e  
se m i n a r  w ere engi n e e irs from 
R 'C A  V i ctoK, C a n a d i a n  A v i at i o n  

E l ectro n i·cs,  North ern E l ectr c, 
o n d  C a n o d i a n M o rc o n i .  T h e  

p h oto s h o w s  a wor k s n o p  o n  

c o a x i a l - l i n e  measurement s .  

G e n e r a l  

Don a ld Bro w n  

C o m p  a 
extends to a l l  Experimenter re a d e rs i ts  b est wishes 

for a H a p � y  and P rosp e rous 1 963. 

Ra ymond Jones, 

y 

a 

''(' l' 
t h  
has 

efll •-to , .. 
"· ... 
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