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Figure I. Type 1 00 3  Standard-Signal Generator. 

THE. 003 STANDARD-SIGNAL GENERA TO,,R 

ltr is infrequent that one sees major innova­
tion in an art as mature as signal1-generotor 
design. Thus the subject of this month's 
f,eature is. pa rticu orly noteworthy, for the 
1003 is based on a truly innovative idea 
for achieving dramatic improvements in 
frequency stability, resolution, and ac­
curacy. Freshness of approach marked the 
entire d evelopment, and the result is an 
interesting new chapter in the history of 
one of the most important of all electronic 
instruments. 
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l e availability of a m or-driv n 

�-� r qu ncy ntr 1 pr · n " bvious op-
_po tunitics for both local - nd r mot 

aut ma ic tu uiug , t lld h i:; are 

ploi c by a programmabl au oma ie­

fr qu i cy-con rol dcvic . vVith thL 
uni , 01 • n sw p b w n dj u ta bl 
fr qu ncy limit a1 d c·u.11 automatically 

tuu pr ·et, fr qu nciC' ·. Th 10 3 
<'H.r-1 be pur ha \ i h or without, he 

au n r 1 uui it , tall d. 

The 100:� hu · ful l · mpl ,m 1 t of 

uu.'iliary ou put , indudiug a unique 

F/ monitor that i a h pr du t £ h 

fr qucncy-divid .r me h d of rf ge1 ra-

i IL h F/: utpu fr qu ncy i an 

cxa ·tin .cgral fractioH 1/N of th a•, ual 

output, · !ways falli1 g b' \ e 1 67 ar d 

1.56 kIIz. Th vu.hie of ,_ · app a.r' 11 , h 

ial f h . I eku fr qu ncy ranac. 

Th c n' · n -1 v I, unmod ulat d I<'/.· 

ou put an b u '(' 111 many way·, one 

�"'--of vhid1 lm ugge ·t..· i s If: m a. ur-

rng or moai ring u p·1t fr quenc 

indir<>· ·tl by m ns of an in xp nsi vc 
1 v -fr p1 ncy c un r, v- n \•vi h full 
mod tlati n. 

The main rf ou pu fr q u ncy is 
availabl �t' the r a.r-pau J 1'-m ni r 
conn c or, whi h is fully isola d wh n 
no u1 u · •. 

OPERATING CHARACTEIRISTICS 

' h 1 o: ·ov r t 67 l Hz-to-

IHz rang in mo band', ach · mcwhat 
o r L n octa ' id . v r 11 n lr 
range th in ·trnm. n t can deli r 1 
milli,v· s f 1-vcl d cw pow r into a 
50-ohm load. This is eq uiva1 ·n to G 
volt ' behind .

- o ohms. hen the carrier 
is f3-modulat ·d th' ma .. imum u.vail-

a le carrier l Y'l :3 v 1 . Env lop 
__ di to:r ion and in idcntal f m ar mini­

mized. 

.July-August 1967 

T'h ntirc warm up fr q u n y drift i 
typically about 0.0 1 o/c nnd fr qu nc 
·hange · due to band . ' i ·hino- and to 

variations in lin voltag load , and 
1 vel ar g n rally lrs than 1 part p r 
million ( ' e T� igur 2) . 

Th pr C'i ·ion 10-dB-p r- t p a en­
uator maintain� both ac<'ur::i y and im­
p anc mu.tch v r h ntir 11 -d 

ppin ra ng . A r rr r i' 1 
than . 1 J p r ep. wi h · m ximum 

:lccumula ,ion of 0 . . 5 dB. Th a tcnua.tor 
and th ·ontinuou ,lv u<lj usta bl ·arri r­
lev l cou rol provid an ov r-all runge 

of lf5!l dB. 
Th all-s lid-st.ate 10 clraw · on ly 

20 \Yatt. from th p \VPr Jin . a 
rP. ult emperature are ]ow and co1n­
p n<'nk · r� not, under !'ltrP.' . All activ 

deviee ar op ra cd v ry eon rva.­
tiv ly and th pow r upp i s ar 

h rt- ·ir· ·uit- r f. 

HOW IT WORKS 

ISee Elementary Diagram, Figure 3) 
Oscillator ond Power Amplifier 

A ingl -ra g (3-� o 0 l\ [Hz) ma r 
o il lat r i th our - f all ouLpu 
fr qu n(·i s. 'l h, k to th in.· rum 

,xc llc11t fr qum ·y tu!. i1i y i' thu 
' i h wl i ·h hi oscillator \ as 

m d in· nsiti to t mp ,ra.t r v rui-
ion, and o .he influC'nc' of the foUov.7-

ing stag .. 
A vara. tor cliod p rmiis in T men al 

uning (tn�/F) ov r u limi ed range. A 
comp 11sat.ion .·ch m is u · <l t obtair 
con tant fractional r solution , p 1·mit­
ting alibrati n f th .6.F /F con r 1 in 
ppm. The lectronic t uning ircuit i 
a.I ·o Lhe means by whicl th ignal 
generator c•an he frcqu 'ncy-modula ed 

or pha ·c-lo · kcd to an , tern 1 ig al 
wh n he ul imn.t rn accurac nd 

stability is de ired. 
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utpu i� c mpar against a ompo ·it 

ignal. ny cliff rence be-

twe n he e wo . ignal� g n rat an 

amplifiC'd corr ction oltage '""hi h 

makes he r ifi d o it f l lo' he 

r f r nc vol tag . 'I h gulat,ing a. ion 

i fur her uhan d econdary 

ntrol path, whi h the driv 

lev 1 and ther by in r th dynami 

range of modul· i 11. 
B cau e th abilit of h 

voltage is e enti· 1 to he maintenanc 

of u on tant carri r l v I a ll circui s 
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Figure 4. Effects of ± 103 line-vo toge swing on 
carrier level. 

ment of the I veI d ou pu , ov r a .range 

of 1;3 d . Th pre i ion tep attenu · tor 
c vcr" a rang of 0 to 1-10 dB in 10-dB 

p . 

Modulation 

The ba ic modulatinu func ion i 
p rform d in th pow r-amplifi.er age 
by he ba e vol .age on the .,.:3:37-
rausi tor. hL funC' ion i lin ariz d 

throu h th fe dba k action, which 

mak th det t d env lope en ially 

id nti ·al to the c mpo ite r f eren c 
signal. In Figur which i an - Y 

i,'pl y f a 0 m dul t d rf ignal 

vs h modulating ignal 'On can judge 
th linearity b I r ving h straight­

n · of the 'loped ides of ·he rapezoid. 

no h r novel t pe of pr .. ntation 
(Figur 6) how the um of the modu­

lat d and modula ing ignal . Ide lly 

thi hould p ·oduc a horiz ntal ba e­

epartur , from th ideal s i· e 

1003·9 
Figure 6. 0 $ cillogram $howing addition of modu­
lated (6.5-MH:z:) and modulating (400-H:z:) $ignols 

Figure 5. X-Y display of a 903 modulated rf signal al 903 modulation. Horizontal ba$eline indicate$. 
(6.5 MHr) vs the modulati,ng signol (400 H:t). l·ack of distortion. 
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a' u. a i for valuating di ·tor ion. 

Th variou · mod s of operation are 

e abli. hed by th ua ur of th. applic-d 

r fercnc ·1gna who.· in t.antanc-ous 

valu <l erminf' the 111 u.n an ous 

l v 1 of th rf card r (within, of cour e, 

the r �pon. l imit· of he fcedba ·k 

loop). 
Th r are t o in t rnal rnodul ing 

frequcnci · -100 I z · ncl 1 kIIz. ;\t 

ither fr qu l y, t.he mo<lula ing ignal 
i, hi hly . tabl nnd ha v ry l '" di:­

t r i 1 . Th a.mplitud ' of th c modu­
l ating 'ignals can b dj t l b the 
.M D ]; Fl EL COll r 1 f r up to ( 53 
mo<luln. ion. 'T'h m lulation lc•v I i 

moni or d iu t rm� f h<' audio m du­

latin ol age l ut i · <'ulibra.t d cJir ctly 
in p r n . �\. c· mp mm ion ·i · •uit. < n-
·ur .., Urn, a gi,·en modul' ti n s tting 

i kepl N nstau OVPJ' t.h range• < f th 

· rrier-1 "vC'I co11tr l. 
Ext t·ual modula 'i n c•an be appli cl 

wi h ,i h r ac or de couplin . In th 
E-�'1' .\. • m any audi -fr qn ncy 
signal cat uccep c itroH 'U, 

a d monitor 1 in th 'ame wuy a for 
int rnal mo<luln. i n. \'\ i h sinusoidal 

wa vPform , th pa -·band 

is fl t wi hin 1 B from 2 Hz o 1 

kllz. Th ultimat upper limit i.· h 
2 -k Iz nominal cut ff fr qu ncy of 
the �ow-pa ·s filter us d o f d xLernal 

ignal into th , pow r-amplifi r en­
lo 'Ure. n the low r-fr u ncy i·anges, 

how v r, th rf-amplifier handv idth 

1 o affect th high st us· ble modu­

lation frequency and p re nt g modu­

lation. 

In h EXT D mod h input ja ·k 
is oupl d dir ctly to th ' · mplifie1·. 

'\.Yith uo i 1put th p wer amplifi r i 

turned ff, aud a po i ive-goiug volt., ge 
is required to turn it on . In the ofI 

ndition , he carrier is down by 5 

to GO clB. In rnal limiter pro c 
ngain-·t ,•x · s ive modula i n inp ut ��., 
volt· , . . This mod f op ration is 
par ti ·ul· rly u f ul f r r m te-c ntr 1 
appli ati n and f r Jo,v-fr qu n y 

quare-w._ ve moduln.tion. 

Crystal Calibrator 
(See Figure 7) 

\_ 1 - Il-Iz cry ·tal o cilla t r i the 
. ic r fer nc sourc f r the op ionaJ 

er ·stul <'ulil ra or. Tw frequen-

cie , :...0 kllz nud 5 d riv d 
by di vi i 1 and ar h U' • h r u 
·with h 1-).fl I z "'ignu.l. Ev n th 
mark r frc 1ueu ·y an be u� d up t 

h l i l t arricr frequ nci �-
th . rf sample for he ry 't.al 
r i, takeu from th F-m uit r 

chuuu 1 ( · Fi u· :3L a 1 igh d gr of 
isolation i. r nliz 1 r v1 1ng a rever. 
att nuati n w IL v r l 0 d lJC'tw n 

cry"tal cali ra or and main ou put. A 

a r 'suit the ry ta.I (' Ii brat r an b 
u �<l withou fear of con u.mina ing the 
m• iu outpu wi h 1 unou . id band'. 

\Vh<>n th F-m 11it r 1s 

... ' it h d on, i I po i le f , cl an 
xt rHal r f r n �ignal through the 

F-mo1 i r jack and to u p rti n of 
tl crys al culibrator ir uitry 

BIAS I MHz I M!4z 
• )(TAI.. 

OSCILLATOR 
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BY 5 

• O��l�E 

L ___ __, 

RF SIGNAL 

IN 

B AT OUTPIJT 
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Figure 7. Elementar y diagram of the c r ysta l 
ca libr ator. 
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heterodyne fr quency meter. In thi 
�=--... ca e, onl t m ixer-amplifier par of 

th ry tal calibra r i a tiva ed. 
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Figure 9. Elemen tary diagram 
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SPECIFICATIO S 
FREQUENCY 
Ronge: 67 kHz 1H.z in 10 rn.ngc : 
·7 1 - . 5 312 2�0 25 , 4-0 t 

1250 kHz, LO , 2.10 .o 5, 4.:32 to 10, 
. ·4 o 2 ,. 17.2 ·, and 3 .5) ' MHz. 

Calibrat.ion Accuracy: ± .25 , typi ally 
±0 .1 <; cal logarithm:i , 1 0 iu. t..otal l ngth. 
L gging scale �ith ve ni r, 500 div, 0.01 <,k / 
div. 

Crys tal Calibrator (opt.i nall): Jarkcrsa 5 
20 -kHz, an i 1-MH:z i rval , · ·cur 
20 ppm. 
Mechanical Tuning: F 
or ext rnally ontr< 11 d · manual fin 
1 � p r r lu i n, · libru. d, r 
0.01 Yc. 

- ·Hz, 
to 

MODULATION 

Level: 0 t-0 95o/c, continu 
't ble ,yithin ± 1 dB ind p n 

or rn d lation fr. quenc (within 
bandwidth) and u put I v I. 
Modulatio•nBand width: 100-kHz carrier, 
max modulation fr quen· •y i 500 Hz for 5 
a-m and 2 kllz for 30 � -m. Above 1-M z 

a.trier, ma...x i 5 kliz for 95 � and 1 kHz for 
3 
Me·ter: R o.ds 0 to 100%. A ura.cy ±5 of 
full cnlc, 0 to 95 · to 10 kHz wi t,hin ta d 
n ula i n ban ' id h. 

Incidental Angle Mad·ul1ation: < 0.1 radian pk 
at 3 a-m. 

folernal 

or Frequency: 4-00 and 1000 Hz, ±0.5 utput 
f 2 V u hind 100 g availabl at. pun l con­

n ctor. 

Envelope D is to rllo .ni: < ) 0 at 50 o a-m, < 2 0 

cali- at 7 % -m. 

Temperalur· Coeffici nt: < 20 ppm/0 , t pica.l. 

Carrier D"$tor l ion : < 5 l • ty i al. 

Noise: A- f, hum and noise ideband down a.t 
l a 0 dB r I· tiv t carrier. FM, < 3 Hz pk 
a high-fr u n nd, < 1 Hz pk t J w­
fr quenc r en _ 

RF OUTPUT 

Range: c I 0 .1 µVt vb hind 50 n 1 0 m\\1 
in o 50 U <.-133 . + 22. · dBm); rn

1
odulat d, 

0.1 µV o 3 b hind 50 U, 5 m into 5·0 fl 
(-1· 3 + 1 . dBm). 
Source Imp dance: -o . . WR is < 1.02 v:ith 
attenuator et I r dBm r l , 
+ 10 dBm, < 1.2 · for + 20 dBm. 
level Control: To�al :range, 155 d . tep a t .n­
ua!.or, 14 dB m 10-dB t p ; continuously 
adJU abl I el ontrol , > 10 dB dditi nal. 

Accuracy of L.eveled Output Power: ±1 dB at 
any fr qu n y nd rminntion. Att nuator� ±0.1 dB p r 10-<lB tep, max c un ulat Cl 

rror ±0.5 B. 

Leve l Stability: ' armup drif' < 0 .3 dB, tcm-
peratur ff c < 0. ·1 dB/° , Iin ltag 
variati n < 0.02 dB. 

Meter: R ads op n- ir uit volt and dBm. 

Ex te rnal 

AC-Coupled: 20 Hz to 20 k:I z, 2 
for 5% modulation. 

into 2.5 kn 

Direct-Coupled: D to 2 kH::i;. 
V inpu ; :3-V rf u pu ,.j h 

kn. 1ax input 1 V peak. 

arri r off w ith 
+s V into 10 

AUXILIARY MONITORING OUTPUTS 

Tuning-Shaft Position ( ·i h aut -c ntro] op­
ti n): Annlog d vol ge proportional t . haft 
posit.i n and Jogging numb r. pprox - 7 .5 
max b hind 75 0 n, or mV for 1 :Yc frequency 
change. 

Range Indicator: C nta.c 
onnector. 

ure thr ugh r' ar 

GENERAL 

n gligibl on m asur m nts 
n itivi down to 0.1 µ • 

Envi•ronment: 10 to 50°C ambient for sp cified 
p rforman e. 

Accessories Suppl.led: 74-R22LA Patch ord, 
power cord, 12-tcrmin I connect-0r for · xternal 

n r 1 , p r fu , hardwa!' for oth bench 
and rack 1 ounting. 

Power Required: 105 to 125, 195 O 2351 or 210 
to 250 V, 50 to GO z, 20 V\' (33 v.rr ith motor 
operating)_ 

l 1 
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the[;]Experimenter 

M ou nU n g :  Rack-bench c bin t. ra k mo I 19 x lOJ'f x 12:v in. ( l 5 x 2-0 ' 
:12fl mm). 

Dim e n si o n s  (width . h ight x dl-'p h): B n h 
mod ·l, I� 1 1  x 15V in. (I 5 x 2 0 x :�90 rnu ) ; 

W eight (appro.·): Net, >1 I (. 0 kg); shippin g ,  
71b (1 kg). 

12 

·artri 
I an, 

atnlog 
, ttmb r D•" Cf iptio11 

----------� 

1 00 3  St and ard-Si g n a  G e n er at or 1003-9701 
1003-9704 1 00 3  Standord- Sl g n al G e n er a t o r  C om plete with Aut o­

C o n tr ol Unit and Cry s t a l  C al ibrator 

EW CARTRIDGE PENS 
FOR 
GRAPHIC RECORDER 

fastralc rec ord er m ark er in 
place o n  GR 1 5 21 G r a phic L evel 

R ec order. 

11 \Y, artrid 

f 
. 

nk 

1 emp y 
ui k, nd 

ala.log 

p 
1 adin 

h 

v I 

I a 

and 

f r 
f 

nt J; 
ntire 

.r 

lll 

0 
t 

trak 

e 
11 

• 7u.mber 
---f--- D . rription 

1521-9439 

1521-9449 

1521-94.46 
521-9447 

152 -9448 

-----
fastralc Rec o rd' er M ark er Con v er si o n  Kit (includes. 
morker-hol:der set, installation instructions, and combination 
marker set) 
fastralc C ombi n a ti o n  M arker Sal ( includ es 4 red, 4 gr e en, 
4 blue markers) 
fastralc M arker Set, 1 2 red markers. 
fastrolc M ark er Set, 12 green markers 
fastralc M a rk er Set, 12 blue markers 

Pric 
in , 'A 

$ 2 7 9 5.00 
2 9 9 5. 0 0  

a 
arker ha a 

v n ry1ng 

are box cl 
color (r d, 

an rtm nt 

o r . 
r will h 

Price 
in 

$25.00 

1 5 .00 

1 5. 0 0  
1 5.00 

5.00 
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Figure 1. Th& Type 
11236 1-F Ampl fler, 

..July-August 1967 

A NEW 30-MHz AMPLIFIER WITH TWO 

BANDWITHS 

Th 

rece1v r. 
bi a i n 
IDIXer,as 
m n t, l 

it f en erv , in com­
a lo al o · illator and 
ctor for brid me urc­

al o known a, a null d -
t r. � o m t r what i nam 
practi lly indi p n le for • 

many ma. urcm nts . 

1 ]. 
great 

The w R 1236 1' a lo,Y-noi 
l igh-gain :�0-�1I-Iz tun d amplifi r with 

two swit h-s kc od band,,ridths givi1 g 
th u er a h ic of · '' n · rr w ' band 
of 0.5 � IHz or a " wid ' band of 4 

:.\!Hz. n would ypically u he 

narrow ban l for op ration u. l 
freq u nci . , �vi tching to the 
baa lwidth a high r local- ·illat r 
fr qu ncies wh r fr qu nc stability 
1 probl m. Th iarrow- and 

vid -band r spon hara tc ristic nr 
how1 in 1 igure 2 .  

six-in h taut-ban m er w"ith ali­
b1·a ted lin ar and d cibel al gi s 

x 11 n r l u ion. Th p 10 perccn 
of he scale can be e ·paudcd to give a 
full-. cal rang f 1 B with a r, olution 
of . 2 dB per small divi ion. vVhen th 
m t r al vritch i s o 'O fPH.E • ED, 
the age loop compr s s he m t r cal 
t a ou :- dB. Thi f a ure i almo t 

1 3 

www.americanradiohistory.com

www.americanradiohistory.com


th [;]Experime 

co "'-40 
I 

lU 
U> 
2: 
�-30 
U> 
l.i.J 
er 

ter 

22 24 26 28 0 32 34 36 38 40 
FREOUE CY- l-lz I,.. 

Fig ure 2. Narro w - and wide-band response char­
acteristics of the 1 236. 

in<li�p n. able ·hen h 
u 'Cd aR u null <lPteC'to 
mc·a�uring :::: r:-;t m. 

in, trumen rn 
in a bridge 

The at tenuu tor cover a range of ..... 
dB in 10-dB � p.: wi t h  an accura r of 

± ( .1 dB + 0.1 dB/l dB). 'Ih 
cu1nula te<l (•rror will g n rally not 

d 0.:3 dB. Becau f th xc lfon 

r p a .. bili iy of th a t 11 ator, i i 
cnti:r •lv pr- .i al o culihr t i again · 

. ·te.1·1 al ta ldard hu · du ii g the 

ha f the andard. 
U ily with thP 

Jl('W 
-

-� R. 

liu 

..., parat 

� upply f r h I cal o. cill tor. 

'Yith a ivcn o · illa or, h fr -
c1ucuey ra ng a1 } nd d b u· 

ugh of th local-o cilla or h rmoui ·, th 

s n itivity an 

�om what r u 
Tabl 1 Ji� 

ar 

Wl m n tal and ar-

m 111 rang 
A ypical n�iti ·i urv f r h 

7 -1\IR.\L l\Iix r nd h 123() (in h 

1 arrow- and mode) ' ith a uitabie 

local o..,ciUa tor app ar in Figur :�. 
n i ivity i her d fin d a 

igual 1 ,. 1 r quir d for a 3-d in r a 
in the outp of th i-f amplifi r ov r 
th r i u 1 n o· , 1 v l. 

Circuit 
low-n L'e preamplifi 

_ -uvL rs 1n ca od in h 

and thir l .. -u vi n 

age. Th heater 
vi. tor r g la . 

r u e 

input 
'"o 

th utput 

f the ..,.u­
hi h 

gain �tabili ,. - lin -v 1 age ·hang 
f Th pr a.mplifi r i' a 

\Yhich ladd r-typ p 
covers 70 dB in 1 -
met Pr i.· u.  e J for int rpola i n '" n 

tep . 
':I h 

un un 

po t amprfi 

d and thr 

f th 

�fETER ALE 

wi+h ar 

OMPRE SED p 'l 1011, l 
wi ch l 

a tiva 

rn 
s 

� 100 ]4.=+---+---t-====t==:::�����-�t-=�-+---=i=::::j 
105j 52.5 

� � -

1 -4 

I e> 

95 ..,. e.�n1----_._ ___ i..__ __ +3--�"-�--'5.___ __ 6..__ __ ...... 7 __ ___.a __ __.J9 
� FREQUENCY- GHi[ 

Fig u re 3. T ypical sensitivity c urve for receiver system compri sing 1 236, l ocal ·Oscillator, 
and T y pe 87 4-MRAL Mixer. 
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o ,  

�i 
Dz 

I d, v 2  

J, v, 
12J6..-' 

F igu re 4 .  E le ment ary d i agram of t h e  detector 
l ine a r i i. ing network. 

h ag 1 

th w 
p which c nt rol 

t u 1  c l · t ag 

th l l l  f 

t p u  v It g i. 0 t 

.- b:i. biliz cl 
p 1 1  - - f 

� ra u r  -

i · l i<' - of th 
1 1  t' rork J -1 

n�e 1 

met r ·cal 

i '  adj u. t 

the u p p  r 

hi  
for a l in  ar 

f th 
tc d to 

rro r ; 

by 1 �1 

( a) 

h 

ir po iti 

nd r �  . Th 

1 -2 i 

A - RESPO SE CURVE 

6 - 0EVIATION FROM 
L I NEAR RESPO SE 

ll 

r 

.J uly- August 1 967 

rr r may l p . iti r f r m 1 m rn u m  

ver i th r th w h  l ra nge o r  

a 

h � uv i  t r 

ater , an l a I ·al-o i l la or pia 

u pply . •  \ ll v Hag . e.· p 
· I- :<"ill•  r heat r u p ply r r 

la d .  

Applications 

] h 1 _ : > ·il l b wi c> l y  u. d ,, ith a 

Tran f r - Fu n  · io n and I mmi t n 
B ridg . I 11 n t p rf rma n ce char-

( b )  

I 
' 

v2 -1 I 
I 
I 

I 
I 

A- RESPONSE W I T H  :z � O  

B - CO P E  SAT I NG C U R R E NT AT 
LO S I GNAL L E VELS 

C- OVER-ALL RESPO SE 

V S I G  A L  

12J�S 

F i g ure .5 .  Unc om pensated (left) and c o m pensated (righr) re s ponse of dete ctor circ u i t .  
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the l<@>]Experimen.ter 

-z���������_._�����_. 
0 zo 40 60 80 100 

M E T E R  DErLEC T I O N 
[ 0 1 \/ISIONSI 

F i g u r e  6 .  Mea s u red deviati o n  of c om p e n s ated 
d efector c: i r c u it Fr o m  l i n e o r  r e s p o nise. 

teri tics ugge. t tha i will a o be a 

p p ular relative- ignal-level me er in 

a t n uation m a ur ment , .· wR meu ,_ 

ur m n t a low ig nal le\r I with 

slotted line , reflec ion-co ffi cient m 

urements with hybrid or directional 

·ouplC'r. t c .  , \\ R met r con isting 
of a tuned detec tor a nd a hi h- a · n  
I w-fr quency a mp lifier of en r qu ir a 

ignal I vel that is too h igh for meas-

ur m n t  · inear d vices. The 

h eterodyn t r,  with i t · mu h 

high r nsitivi y i the preferred 
s'vR met r i n  . ·u  h I n  tanc , an it  i 
also r commended in g neral for pr -
ci ion m a urements of bo h high and 
low SWH. 

1\1 a ureme nts of mall reflection co­

effi cients with a directiona l  coupl r or a 

h brid reflectom r ar re ricted by 
th dir ct.ivity of the co up! r r the 

balance of h hybrid and by the dy­
n - mi" rang a nd en i1 ivi ty f h 

detector. By th u of preci ion tuners 
and such termination a tho av ila 1 

in th G ROOO lin the directivi y or 

bala n c  can b mad al.mo t pcrf t at 
any ne frequen y .  Then with a h  tero-

dyn -m a urin rec iv r, mall refi c -
t.i n coefficient c a n  be mea ured with -� 
ac ur cy ompara le o that of a 

lo ted line . 
The :fol lo wi ng xample of a n  atte n ua­

tion measurem nt using the i-f eries 
uh titution m thod indicates the ac­
uracy a n d  dynami · r n at ainabl 

wi h this y tern .  
r h e  mca ur men t  etup is sh own i n  

J.; igure 7 .  T h  r ivcr con of a 1 23 J 
I - F  Amp l ifier a 1 2  0 cillator (40�530 

I llz) and an 74- I R.AL 1\fixer .  The 
mea. u ri11g fr q n i .500 l\'1 Hz. 

The 1 236 outpu t reading (a nuator 
t in()' plus meter indication )  · n o  ed 

wi h an ,�ith out h u n kno' n a n­

uator in the circui t. The difference of 
h wo reading I h e  measured a -

e n u  ion .  'I he mea u r  ment ar re­
peated at di ffe rent igna1 I vels to de-
t rmin th u f ul dynami rang f h 

y tem . 
he re ult appear in Ta le 2 .  The 

top t wo ro w giv the 500-1\iI Hz igna l 

lev l a t  h e  detector. he third row 
g1v the attenuator val u ' · a mca -
ured wh " l  i n  the four row h e  n u m­
h r ,  are orrected for the 1 2:36 a e n­
ua tor rror . he n u mbers in h fifth 
row are c rr ed for the error aus d 
by th r id ual noi in ace rdan · 

'ith curves given i1 th e opera ing 
in truction . 

T e figu ho1 
range from - 73 d B m  

1 hat for t h e  
to - 1 3 d B m  

(th fiv ri ht-hand column ) ' h e  

ls1GNAL ��N ERATOR 
1 0-dB PAD ATTENUATOR 

1---0--..0--1 U NDE R TEST 1---o..---0-1 
1 0-dB PAD GR l 236 1 F  

A M PLI F IER 

Figure 7. Se t u p  fQr u tte.n u1 afi o' n  meg s u,- e m enf d e s cdbed i n  te.xt.  

1 6  
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Ju ly -Au,g ust 1 967 

p r  .ad 1 1< th 1 1  OrI'f'C ed tenua ion 'Pr ad ov r th ra ng from - 3 t 
fi g n rcs l ,  . 1 9 l B  with a max i m u m  - 1 :� d B m  1 .  aga111 0 . 0  d B , \d h 3. 
l Yia t ion frorn mea n  f 0 . 1 1  d B .  F r max i m um d iation fr m th m a n  f 

th rr ti u re · h spr a 0 . 02 d B .  I- fo r  h acc u ra · i� 
0 . 0-± d B  and h e  maximum d ehn n con. ideru.bly b t r th.  n 
from ffi"Ull 0 .0� H .  \Vi t h  h c rr givC'n i n  h p cifi ·a 1 0 1  
tion ' for r -id ual n I applied the - l\ I .  r :r. z M 

T A B L E  l 

Local Os<'ilfolor Pnq 11 tU'!J Rang , 1l! Hz. 
Type - -

!• wulam nlal 2nrl h armonic 8rtl harmonic 4th harmonic 

1 208 - C  40-530 ' 1 00 - 1 030 1 65 - 1 530 2 30 - 2030 

1 209-C 2 20-950 470 - 1 870 720-2790 970-37 1 0  

1 21 8- B  870-2030 1 770-4030 2670-6030 3 570-8030 

T A BL. E  2 

Min si g na l level ot d etector 
- 95 - 8 3 - 7 3  - 6 3 - 5 3 - 4 3 - 3 3  

i n  d B m  -
Max signal leve l  at d etector i 
in d B m  

- 7 3  - 6 3 - 5 3  - 4 3  - 3 3  - 2 3  - 1 3 

.Me a sured ottenu·otion 
1 7. 2  1 9.05 1 9.7 3 1 9.69 1 9.6 1 1 9.7 5 1 9.80 

i n  d B  i -
Me asured ottenuotion 

corrected for attenuator 1 7. 4  1 9. 2 5  1 9.78 1 9.76 l 9.76 1 9.80 1 9.79 

erro r i n  d B  

M e a sured attenua tion 

corrected for attenuator 20. l 1 9.8 ( noise not ·o fa ctor) 
e rror and resi d u a l  noise in d S  

S P E C  F . C A T J O N S  
Ce nter Freque ncy: 30 . f H z . 
B a n d w idth :  \, id<> band, approx ·1 . fHz ; narrow 
I a d, ar.11Jr x 0 .5 I Hz,  elect.able b pan 1 

wi t.ch. 
N o i se f ig ure :  T 'pically 2 dB. 

'Se n s i t iv ity : From a 400-n s ur e for a 3-d.B 
i n  ·r a i n  mekr rl fl dion,  < U µ ( wide 
band ) or < 3. µV narro\Y ba1 d ). 
Mete r Chara cteristic·s 

Norm a l  S c a le :  - 2 l 1 d B. Lin  ar:i t. ±0.2 
dB over 0 t 10-d rang . 
E x pa rided Sca le :  1 -d B  full scale.  Li neari y 
±o.o;� d il .  
Com pre s sed S c a le :  40-d min ran 

Attenuator 

R a nge : 0 to 70 d 11 in 1 -dB s ps. 

Accura c y :  ± (0. 1 dB O. l d B / 1 0  dB)  at 
30 I\ I H z .  

C o n t i n u o u s  G a i n  C o • H rol : l -dB m i n  range. 

V i deo O u tput ( M o d u l a t i o n ) :  1 .5 V m ar ;  1 - 1Hz 
band'.vidth . 

1 -F O u t pu t :  0. � max i n to 50 n. 
P o we r - S u p p l y  O u t p u t :  1 0 to 300 
j ust· hl , a 30 IIL' , regulat d · G.3 

d , ad­
ac at 1 A .  

P o, wer Re quired : 1 05 to 1 25, ] ! } .  t o  235, or 2 1 0  
t.o 2 - 0  1 50 to {:i0 H z ,  22 W ( withou sci llato r ) .  

A cce.s sories S u pp l ied: Pow r cord , par fu 
Acce s s o ries Ava i la ble : B locnJ os illator, 0 

20 , 1 209- 1 209- L 1 2 1 5, 1 2 1  , and i :  6 1 ; 
74- I R  L l\l ixer ; U R  7-1 low-p:.is fil ters, 

at , n u �d.( rs, adaptor , ,c . 

Mo u n t i ng : · o n v  rtibl -bench cabinet. 
D ime nsi o n s  ( width x h ight. x depth ) :  by 7 % 
by i n .  ( 2  5 x 1 0 x z, 5 m m ). 
We ig ht: Ne t ,  1 2 1-1 lb (f, kg ) ;  s h i p pi ng ,  1 4 % lb 
(7  kg ) .  

I'ric 
De, cription in U 'A �---�-+-�-�-- -�-�..-�..,.---

1 236 1 - F  A m p  i f ier $ 675 .00 1 2 3 6- 970 1 
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CARD - P UNCH C O U PLER 

T h e  ne w 1 7 9 1  ard-P u nch upler an b d from o ne or 
d <l igitaL out- mor u 1  ·e  h e  coup] r i · a 

u . u matic 

apa · tune B ri i1 to the 1 - lin 
de i mal-code 0 1  t l u re" r -
q uir d by " n  I B :\ I 5:_() Prin ing u m­

mary P u n ch . l p Lo 22 dig" · of paral-

m n 11 111 m in a n c  
rina ·tom r a of o n-

indivi ual ba�i 

G R900 ADAPTOR A N D  AI R- U N E  S TS 

mple e et · of 

ef r n c  
h o f  h 

' ix 1 

m) 
Line , p l u a 0 

mum 

dir . 

l VC 
� the maxi­

dam g a n  

• o�.:\1 Ui a reg· ter trad mo.rk or Omni->,pectr , In . 

AM P LITU DE- R E G U LA T il N G  

PO W E R  S U P PLY 

I n  
he n w 

h 
p rf rman e 

· tifier onn r on m 
i n  tallation i n  r lay racks.  
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G R874 MIXER 

.J u l y-August 1 9 6 7  

( ccrntinued) 

The new 87 4- �IR · L Mb::er is an 

improved ver ion of the 7 -1\£ · , with 

ignifi cantly better on i t ivity a nd 

with GR 74 locking con nector . 1 re­

q en y range i I 0 ' Hz to 9 Hz , 

' it a maximum i-f of 60 M Hz .  A 

natu ral partn r for th 1 23'6 I- A m­

plifier described earlier i n  this issue .. 

·G R B 74 ATTEN UAT01,RS 

Th 74- 14 14-d fi ed a tenuator tion T-typ re i ta nce pa a re 

de cri bed in th 0 t b r 1 96.5 Experi- now offer d l ll 3- - ' 10- 1 4-, and ' 
rnenl r IS no w vailab le lll  a lockin 20- B lZ lo kin and non-lo ki ng . 

er io n,  the 7 - L. R 7  ingl -

Catal.og 
1 umber Description 

Price 
in U A 

0 900-94 5 1  
0 900-9452 
0 900-9450 
1 2 63-9703 
0 874-95 6 1  
0874-9947 

G R9 0 D  PF e c i s i o n - Ado plor S et 
G R 900· R ef er e n c e  A i, r - L i n e  S et 
G R 900 Stora.gie C a s e  

$ 1 2 1 0 . 0 0  
6 8 2 . 0 0  

3 5 . 00 
48.5 . 0 0  

3 2 . 5 0  
6 5 . 0 0  

1 26 3 - C  A m p l i t u d e - R e g u l a t i n g  Po w e r  S u pp l y  
874-G • 4 L 1 4- d B  f j x e d  A tte•l'U ator 
874- M R A L  M i1xer 

WESCON 

� l l  th n w i n  trum nt 

sc ribed in t.his i s:·ue ca n b en t 

Wesco n a t  h o \V Palace � a 1  

Francisco ugu. t _2 hrough ..... 5 ,  
1 96 7 .  I n  add itio n h R booth 

( No. 30 1 5  30 1 ) will f atur op r­

i ng display of GR freque ncy n­

thesizers, automati · compon n t­

meas uring system , recording wav 

a nalyzers, a nd the T1.--PE 1026 

a idar - ignal Generato r  de­

, cribed i n  he , larch 1 967 Exper i­
menter.  

Devefop ment ngi uecr fro m  our 

o ncord a nd Bol to n  plant wiU j oi n  

ngi n r f o m  ur a n  Franci co 

a nd Lo · Angele o ffi es in sta ffi ng 

h R \\7 . n booth.  We look 

for ward o mee ti ng you there .  

1 9  
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t he ri m e n t  r 

G E  E A L  R A D I O  C O M P A N Y  
W E S T  CON COR D , M A S S AC H U S E T T S  0 7 6 1  

DO WE H AYE YOUR COR RECT NI A M. E  AN D A D D R ESS - n a m e, com p a n y  

o r  o r g a n i z a tion, d e p a rtment, street or P.O. box, city, sta te, a n d  z i p  cod e ?  
I f  not, plea se cl i p  the a d d ress l a b e l  on this  issue a n d  return i t  t o  v s  with 

corrections, o r  if  you p refer, write us; a postc a rd will  do. 

N BS TO CALI BRATE BO LOMETERS F I TTED WITH 

1 4- m m  PREC S ION COAXIAL CON N E CTORS 

Th X a ional B u re u of 
Radi 1. andar<l Lab rat r , 

i m a u r  m n 
ffic:i  n cy * of oaxia l olom 

fi . d with 1 -1-m m preci i n 
( .g.  00) ov r 

q uenc'Y ran g  f o -1 to "' Hz. 
of 1 4- m m  pr el 'IOn conne or p rmit� 

gr at r ar ur of m a · u r  m n a 

rad i  fr q en ·i · han Wi1< po ibl wi h 

the ol 
to h 

th 

connec or ·cording 
un · m n . pr ·p n 
rv J i a ailabl for 

m a u rem n a a nomina] po'''ler of  10 
m.illiwa a n d  or olom t i:· u ni · fi 
"'1 h thcrmir J c  n ha i1 g 
a n i nal re 1 auc f 2 
oh m 

* Tb eff t ive ffici ncy of a. bolomf'tf'r unil i the ratio 
of uhst.ituted c pow r in the unit to tl1e i:f  power Ji si­
pat.e wit.hin th holometei:- unit. 
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