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Put a 1.0-to-1.05 SWR scale· on o six-inch m.eter a1nd you have the kind of 
resolut;i,on tnat an accurate slotted line deserves. Add three step attenuat·ors 
and an attenuator "memory" diall and you have the means for fast, accurate 
attenuation measurements. Another fec'ture of the Type 1 2'34 Standing-Wave 
Meter is in the "why-doesn't-everyon1e-do-thot?" category: a set of meter 
lights (see front cover) to tell you wnich sc.ale to read. 

W,e have gone on r,ecord as saying that the pulse-output possib;iJities of 
our Type 1 395 Modula1r Pulse Generator ore virtualliy limitless. To cement the 
case we introduce in this issue stiU another module: an NRZ (N'on-IReturn-to­
Zero) Converter/Sampler. In addition tQ its pnima1ry fondion of preventing 
voltage in a binary word from fallling to zero unti'I o z>ero is calfed for, the new 
unit can be c·oupled with a ,random-noi·se g·enerator to yi,eld random binary 
sequences. 

Users of GR frequency synt esizers will wont fo note wo importan1t new 
accessories described in this issue: a standard-frequency oscillotoir and ,q pro­
grammable digit-insertion unit. The line is now fully prog.rammable, dght u1p to 
70 MHz. 

The General Radio Experimenter is maiJed each month without harge to eugi­
n er.,. ientist", technician·, educ·a ors, and others interested in th instruments and 
technique of electrital and elert.roni ·s mea�urements. Addres . .  U ·orrespondence to 
'ditor, General Rad-lo Experimenter, G neral Radio Co., "\Ve t Concord, l\.:lass. 017 1. 
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Figure 1. Type 1234 'Standing-Wave Meter. 
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Figure 5. Recording showing gain stability wiith lin1e-vollage. changes, as m•e.as1ur·ed on a prci.ductlon 
Instrument. 

Use with Bolometers 
The b lon r 1 

h al d t 
oft I pr f rr d 

r f r a 1', te m 

l v mu 

idun.l noi 
r] �.Th 

v r 

n at high 'icr­
hiuh. inpu im­
,} i.nput ·r uit 

· n pt,imum 

w1d' ran· 

nti 

1 G. J. Sor r s.od J3. .. ·v1r ins b l " om ari.!!On of 
viati na rrom QU&l'e Law for R. F. ry ta.I io<l nd 

.Barr ters," lRE Tr "'8- ti;;m 1m. bt8'lrum ntaUon, ol. I- , 
o. 3, D cember 19'59, pp 103-Hl. 

will r wh r 

a 

t 

Use with Crystal Detectors 
Tl ul. di d although its dy-

1 (,Jn h f a 

ig1 ifi 

level can 

r 1 

upp r limit, 

m s ar la,\1 

ab ut -311 
d by he 

for 

5 

www.americanradiohistory.com

www.americanradiohistory.com


6 

t e[;]Experiment r 

h in 
high 1 
from 
d 

h 

ob a1n d wh n the 1 

abou !U I l h 

of h 'Urm 
r 

r 

an 

5 to 
rto ed 
f c u r  

Yith · ry 

u e e 
ignifi antly. 

kilohn 
r du eN 

m 1ximun1 
e el and 

•\\". R. Bennrt : "Il J)On. 
igna.L a.nd 'oise," Bell 11 m..i 
ol. 23, J nna.r 19 . pp 7-ll3. 

in Figure 

F r a 

o• 
OtOOE OY �MIC RE:SIS A C.E 

I R,,I 7 •O 
A - NT RESISTOR 
S -1>.B S.MU"IT RE:SISTOFI 
C - 6-•n SHIU'<T R'ES•STOR 

-3!> -n 
dB"' 

-zo -10 _,, 
"" 

Figure 6. Extension of the squore-IC!w range of a 
diode defector by a1 shunt resistor across the 

detectol" 1out1put •. 

an i 1ncrea 

n i 

fr m 

idual noi tion, 
th l oi. on ribu i n 

u ·  

,.,,·here a 

B.:? Ho v v r h 

m ter tly i 

ra r adin are 

A brief bi raph ·of r. Khazam app ri d in 
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S PE CIFI CATIO S 

Input: 

<Optimum Source R 35 kn 

Input Impedance 1 �rn 

S ensitlviry (fs) 

Noise* 

�O kn 

Crystal 

2 kP. 

35k � 
H 

Bolometer 

"'Equivalent input noise level with source resistance e u I to optimum an witb minimum bandwidth. 

Meter Scales: \\'R, l ·l, 3.2 o 10, 1 · O 1.2, 
and 1 to 1.0 ; dB, 10 to L >, and 0 
0.45; bolom t r curr , 0 to 10 mA. 

Meter Accuracy: I -dB cal I ±(0.01 
dB + 1.5 of r ing); 0 t 1.6-- s ale, 
±0.02 dB; 0 to .15-dB cale, ±0.0 � d . 

.. 

Attenuator: Thr e pa.rate ::t nuators: 20 dB 
in 10-d a cura ± .1 dB/l dBi 

5 dB in 5-dB t p , a cura y ±0.0 dB/5 dB; 
5 dB in 1-dB p , accurac · .01 dB/I d . 
Bandwidth: 10 to 1 0 Hz, adjustable '\vi th 
cons nt gajn. 
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Frequency: l kHz, t ju t bl ±�0 Hz. 
�ain Contro l : oar d An , f>-<l.B range. 

Bolometer Bi(ls Current: 4.3 and . 7 m dj t­
abl ± l r ·  \ ol ag limited f boJom r 
prot tion. 

Meter Speed: Slow and fa· lected. 

Outputs: De, l..S \ rnux b hind 1500 . . Ac, 0.1 
\Trm (1 >l.'\YRrar e),O.:{Vrm (lt 1.2 
rang) and 1 · rm (l to 1.05 rang)· 5 0-.1 

our imp •dune . Lon.<l r i tan > ·ooo H. 

GENERA L 
Power Required: 100 o 12!5 r 2 25 
50 t G Hz. )r 22 : 5 Y d ·, . 0 rnA from xt 
ba ter ·, 15: :3 Ba t ry a.nd harger uitabl . 

NRZ AND 

February, "1968 

Accessories Suppli,ed: , pare fuse, ba tery 
onn tor. 

Acc,essorles Availlab,Je: 15'.� P3 Battery and 
harger. 

Mounting: Flip-Tilt Ct 

Dimensions (\cvith x height x depth): Ys x :Y.i'.: 
x ll U in. (215. 225 x 29 mm). 
Weight: Net, t lb O.l k ) ; shippin.g, 121-1 lb 
(d.0 kg). 

ala.log Pr-ice 
·�,lumber Des er iption in A. 

1234-9701 1234 Standing-Wave $495.00 
Meler 

RANDOM PULSES FROM THE 1395 

MODULAR 

PULSE 

NRZ Co,nverter/Sampler. 
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nal h n u.ssume n. high or low voltage 
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pl a ure b n. a.in n, rol on th RZ 
onver, r/ ampler and by the 

ompon n co rol on he 13 5-
1 G. R. Partridg , "Pulse to Order," G neral Radio 
E:rperi�nter, May 1965. 

7 

www.americanradiohistory.com

www.americanradiohistory.com


8 

the�Exp t 

::viodular Pu] e en ra or (main frn.m ), 
' hich et the ba elin v l UO' . 

in rigger pul a w 11 as 

pu] may be de ir d he KRZ n-

v rter / mpl r als proVl .s trigger. 

co r ponding to · · on or zero de i-
s10n The u er rnay 1 · n�..,. r 

pul f l" on or trigg r pul e for 
z ro bo h ar available . i1nul a-
neou 1 a fron - pan 1 u pu ja ·k . 

mmunication Unk whether in tl  
sense of p r on- o-p r. n a. in pul. 

ode m dul t d 1 p ouy or l w . n 

bu in ma hin 

da a, normally are 
ence from random 

o I 

inv lving binar r 

ubject o in erf r­
train of pul e at 

0 0 

the ame h uh 

g n ra-

2.2 n­

r ndom noi e 
d d no r -g n 

n 

zero 

ma. imum numb r of n or 
1 ibl o btain m a 

Il lTIU U 
ruly rand 

Th 
u ful 

rhi e noi 
rand m qu n 

and zer s 

p ifi < 11 
( in :x/x)2 law 
7rf h. h 

3 

i a 

0 
n y 
f a 

\)\.' a 

duct 
n 

r 

I 

n-
lli n y an 

abl b I w 

2 J . .J. Fa.nm, " Ran om-N oisf' ncra. n1," G n al Radio 
Experimenter. Jao.u ry 19, . 
a . 0. Ric"" Ia.th matica. I Ano.lysis of Random Noise," 
Bell y. terns T qhn1'cal Journal. ol. 23, pp 2 2-3 2,, 
July 194.4. in particular, note Rice's equation 2.7-9. 

0 0 DESIRED 
PATTERN 

RETURN -TO 
�---'--"---1----.f.--".___._ __..__..__._--l---1 ZER 0- PULSES 

0 -RETUR -
TO-Z ERO(NRZ) 

.._ _ _.. __ _._ __ ..._ _ _...,__ _ _1_ __ _._ __ .__ _ _.__�_,_��.J._�--I�-� PULSES 

What is an NRZ purse? In the above di.agr.am, a binary word (top line·) is shown as 
converted to return-lo-zero (center) and non-return-to- :z:ero (bottom) pulse sequenee�. 
In return-to-:Z:ef'•O· sequence, voltage drops. to :z:erg at end o•f each "1" pulse, w!hether 
or not a "0" follo·w·s. w·th NRZ pulses, vol:tage return·s. to :z:ero only at binary .. 0". 

• 

• 
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FREQUENCIES AT AND BELOW WHICH 

NOISE 15 "WHITE" WITHIN 

TOLERANCES LISTED 

• ampling 
Frequ ncy Fr.3q11 nry in hPrt:: qua! to r f "· than 

(1-f=) (O.IdU) (1.0l!J) (.-:J.Or/15) 

1 0.083 0.261 0.440 

3 0.249 0.783 1.32 

10 .83 2.6J: 4.40 

30 2.49 7.83 13.2 

100 8.3 26.l 44.0 

300 24.9 78.3 132. 

1000 83. 261. 440. 

3000 i 249. 783. 1320. 

10000 830. 2610. 4400. 

30000 2490. 7 830. l 3200. 

100000 8300. 26100. 44000. 

February, 1968 

pul train 

l 

PAR'l'R D E 

SPECIFICATIO S 

SAMPLING INPUT 

-ns 

[fl z. 
l II:-. not r •com-

Amp itude: > 20 , op n cir ·ui : > 1 
OH. 

at 
ucl 

Input Impedance: 1 pprox ·1;)00 Sl a. ro s 
Oulp·ut Impedance: 

TRIGGER 0 UTPUTS 
kin ou ly: pul SAMPLED 'INPUT 

alalog 
Vumb r 

1395-9605 

1. 

ornp -

·W P 
and negative­
im il an ou ·Ly 

d hy th J;�t -. 

•rminal is in ONJ:: 
i in z1om o stat . 
Amplitude: > +I 
Output Impedance: 

Delays: Trig "r an 
appro mo n..: fr m 

. Duration: p -o ns . 

Accessories Sup,plied: •'i ht. pa ·h cor - tw 
h TY1 E-; :r 1-L:\fl3, :2H-L.\1H., 21 -L B 

27 A-L. ·n; t.w o bl plug , £our insulat d 
plug . 

De. cription 
Price 

'l.n 
�------+-� 

1395-PS NRZ Converter/ Sampler $295.00 
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A GR9QQ!!' COMPONE T MOUNT 

Figure 1. 
Type 900-M Component Mount. 
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fill 1-

he 
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packaging de ic f r 
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o be u ed a 

t i a particularly u ful ace ory 
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ri tic i hO\vn in 

v ry 
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- quipp d 1 
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Th 
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o mount. 
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u ncy har-

2 -,0 ��'--����-"-'::;IOO:=-��--'�.�� RCOUENC't' MHz 

Figure 2. Measured readances of 11000-plF di·sk 
ceramic ca.pacilor w,i h Ya" long leads. 

SPEC FICAT O N S  
Electrical Length: -1.0 cm ±0.04 cm to i eal 
short circuit at rminals. 
Re$idual Capacitance (at low frequencie ) : 2. 3 
pF, t ·pie 1, \Yi.th er w. 
Accessories Required: 0 0- • r.1 recision hort 

ircuit, \V 4 Preci i n p n ircui f r 
establishing reference plane. 

Weight: Net, 
(315 g). 

Catalog 
- umber 

0900-9540 

oz (23 g); shipping, 11 oz 

900·-M Component 
Mount 

Price 
in U 

$70.00 
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COMPLETE PROGRAMMABILITY fOR 

GR SYNTHESIZERS 

h h 
I-:.., 

nit, 
u n y- yn h "�iz r lin i ·on 

programm bl from lo-\v t frequenc 

t higl e t (7 i\IIT z). Th 11 4-RDI-3 

STANDARD-FREQUENCY OSCILLATOR 

FOR USE WITH SYNTHESIZERS 

'or many < p lica ions h c ry -· al 
illator uilt. ii: a GR fr q u n ·y 

ynth iz r pro,,i a. qua.t tabihty. 
The \Ya to hi h r tabilit , for Lho 
\ ho n d it, i:-" • ph e I , k ' i J n 

extei·n 1 fr quenc slandnrd such a· 

GR'· TYPE 1115. Kow, fm· ho· ap-

plic::t ions r c uirin l h n K ulti-
ma in - nbi li r U an Lhe 

yn h ·iz r · lon 
ol u i n i � , i. a.c-

ta n d rd-fr qu n s illator 
unt - in· n pi "uou ly on the 

r ar of h ynth iz ,r without adding 
to o\ er-aU heigh .. 

Accessory s.tQodc11rd-frequency os­
cill<ator mou1nts nearly· oo re·ar of 
synlhe·slxer, requires oo addi­
tio1nal relay-rack height. Separate 
power •conin-ei;to1r allows oscillator 

to rU'n i1ndependen,tly of 
synthesizer .. 

!February, 1968 

i a plug�in r pl c 1 ent f r h h i ghest­
fr quen (X-10 lIIz) module in a 
TYPE 1164 ·yn he 'iz r. nv r 10n 
from nonprogrammabl to program­
n1 ble i · ju t, a few rninuLe ·' work. Of 
c ur , an yn th ·iz r can ord red 

u1 p d with p.rogramma le decad, 

The o eillutor (TYPE 1160-P3) us s a 
5-11£ z cry al in · t mp ra ure-con­
trolled ov n a 1 uffer amplifier, and i 

'Nll power ·upply ( ,o thu it an be 
d from h po\ver line inde­

f th ·yn he iz r). 
iHator hold frequen ithin 

1 par in 10 f it r n1-t mp r t re 
frequency f r an n.mbi n t mp rature 

b tw •n 0 and 50° . ging i les than 
3 part: in 1 9 pe:r day . This p rformance 
put, h 11 O-P3 �io-nifi •antly ah a 

f · ' bar foot" n1h sizer l ut sill 
b h ind the yn hesizer pha -locked 

t a freq en y t nd· rd uch as the 
GR TYPE 1 115. 

aw.log Price 
umber De�cription in A 

1164-9489 1164-RDl-3 Programmalble DlgU-lnserti.on Unit, $575.00 
110 MHz/step 

1160-9650 Hookup cab!le, 50-ft, 12-conductoir, shielded, for 15.00 
above unit·. 

1160-9603 1160-P3 Standard-Frequency Osdllotor 525.00 

l 1 
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GE A ADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 01'781 

S LES AND SERVICE 

Area Telephone 

Albuquerque 505 255-0611 

*Boston 617 646-0550 

*Chicago 312 992-0800 

Cleveland 216 886-0150 

Bridgeport 203 377-0165 

Dallas 214 E7-2240 

Dayton 513 434-6979 

Denver 303 447-9225 

Detroit 313 261-1750 

Houston 713 622-7007 

Huntsville 205 883-2077 

Indiana polls 31 7 636-3907 

Los Angeles 213 469-6201 

Montreal 514 737-3673 

New Haven 203 377·0 65 
.. ew York ( Y) 212 964-2722 

( J) 201 943-3140 

Orlando 305 425-4671 

Ottawa 613 233-4237 

Ph1ladelph1a 215 646-8030 

San Diego 714 232-2727 

San Francisco 415 948-8233 

Seattle 206 GL4-7545 

Syracuse 315 454-9323 

*Toronto 416 247-2171 

*Washington/Baltimore 301 946-1600 

•Repair services are available at these offices. 

GENERAL RADIO COMPANY (OVERSEAS) 

CHI 0034 Zurich 34, Swlt�erland 

GENERAL RADIO GMBH 
00 Ml.inchen 80, West. G rmany 

GENERAL RADIO COMPANY (U.K.) LIMITED 
Bourne End Bucklngl'lam&h,lre, England 

REPRESENTATIVES IN PRINCIPAL 

OVERSEAS COUNTRIES 
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