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Figure· 2. A partially equipped inslrumen·t, Type 
1162-A4C, top and p·anel view·s. .. 

fre u nf'i h yn h r 
com N\\•eep-frpq uPn<' y rren rat r , capa

ble of bf'ing w pt wi h pr ci ion o r 

frcqucney band ra iging fr ma fra ·tion 

of a cycle to man_ kilocyd :. Fi 
·hi ·h ·il l b di.· 'Ll8 • d in m r 

lat r i' n exampl of this rt of 

appli<'ation. The : -, 10- and ."50- · 

pa . band of h '·R T pe l 000-A 
'\¥a e Analyz rare .·h ' n displav d on 

a torag o ·ill . cop with accom

en t r fr qu ncy and ide 
·m· 11 and pr ci interval' 

a 1.5.rvMARKERS 
3 AJ Pass Band 

b 1.0 rv MARKERS 
3A.Jand 10 r.JPass Bands 

c 10 rv MARKERS 
Jrv, 10.rv,. and 50"' Pass Band'!' 

Figure 3 .  Pas.s bands. ·of the Type 1'900-A Wave Analyzer, with sim·u taneously generated frequency 
mark,ers. The sign·al s.ource for this measurement was a Type 1161-A Synthesizer. 
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G E N E R A L  R A D I O  E X P E R I M E NT E R  

Modu l a r  Construction 

T he circuits of these synthesizer 
have been packaged in modules care
fully chosen as functional elements, 
w hich can be combined in a variety of 
ways to satisfy either general-purpose 
or specialized requirements. The p lug-in 
modules are pictured in Figure 4 and 
are b riefly described in the following 
paragraphs. All modu le circ uitry i 
solid-state and is mounted on one side 
only of he etched boards. For more 
detailed descriptions, see page 7. 

Digit-Insertion Unit-Type 1160-01-1. 

Thi module, basic to all GR frequency
syn thesizer as emblies in this series, is 
used repetitively to p rovide selection 
of each available digit. A DI-1 unit 
is p lugged in behind each of the digit 
dials vi ible in Figures 1 and 2. 

Continuously Ad iustable Decade

Type 1160-CAD. One of these units is 
used in each instrument to p rovide 
continuous frequency coverage on a 
single dial over wide or narrow fre
quency region as selected by p ush
buttons.  It may be o mitt d from the 
assembly where con inuou overag i 
not required . 

Ancillary Frequency Source-AFS. In 

this assembly i the 5-1\IIc ma ter 
crystal oscillator from which all fre
quencieR used in the synthesis are de
rived. It provides an additional o utput 
at 42 Mc/s, w hich is fed to all  the 
DI-1 units and the CAD, and a 
''picket fence'' of frequencies spaced 
100 kc/s apart between 3 and 3.9 Mc/s. 
T his picket fence is used in each DI-1 
u nit for digit-selection p urposes. 

Calibrating Mixer-CM-1. This sim
p le module compares the output fre
q uency of the CAD unit with the 
dialed o utput frequency of any chosen 
grou p  of DI-1 units for self-calibration 
or marker generation. If th CAD unit 
is not installed in a par icular a mbly, 
this mixer i o mitted al o .  

Output Mixer OM- 1 and Output Multi-

plier-Mixer OMM- 1. The modul 
mechanically interchangeable provide 
frequen y t ran lation between th yn
thesizing modu le and the output cir
cuit of the Type 1161-A and 1162-A 
Synthe izer , r p ctively. Rep lace
ment of one by th other in the main 
frame chang the in trumen t from a 
Type 1161-A to a Type 1162-A or vice 
versa. 

. . 

F igure 4. T h e  ba sic m o d u l es o f  a T y p e  1 1 61-A or a Type 1 1 62 - A  Synth esizer. Left to r i g h t  (Front), 
Digit-Insert ion Unit, Cont inu o usly A djusta ble Decad e, Po w er S u p p l y ,  Anc i l lary Frequ ency S o u r c e; 
(rear) Cal ibrating M i x er and O u tput M u lt i pli er- Mixer. D i a l  l i g ht panels for  a Dl- 1 unit  and the C A D  a r e  

resting o n  t h e  respect ive boxes. 

www.americanradiohistory.com

www.americanradiohistory.com


., 
• 

°"' 

� . 

... ... 
" . . 

-� -() 0 .._ • ?O " . � .. 
CE :ax .di: � o,;: � · .::e . 

" 
.., I'll . �· ";' . • 2- . ?· Sc-·�� .. ., 

" . . "' ., ... ., Q ., ,, ,. A (> f\ • .. "' 
f) ..., .. " .... ,. 

.. .. "' �<.'o ....,.. 

fig ure 5. Top view of the Syn
th esizer cha ssis. 

. 

� 

. 

Power Supply-PS-1. This unit ac
cepts ac power from the line or de 
from a 20- to 28-volt battery and up
plies 18 volts, regulated, to operate the 
syn the izer. 

Figure 5 shows the main frame into 
which the modules listed above are 
plugged to make up either a Type 
1 1 61-A or a Type 1 1 62-A Synthe izer. 
I ts deck is of "sandwich" construction,  
with banana plugs protruding down
ward to engage the power supply and 
the AFS and upwards to connect \vith 
all other module . The frame contains 
the push-button switches that control 
the functional position of the CAD, the 
monitoring circuits, and the final output 
amplifier. 

PANEL CONTROLS 

Frequency Selection 

As may be seen in Figure 1, eight 
frequPncy-setting dials, with illumi
nated numbers on seven of them and a 
continuously calibrated scale on the 
eighth, provide an in-line readout of 
the synthesized frequency to nine or 
more significant figures. Behind each 
dial is a digit unit. The ignal flows 
through this yn thesizing portion of 
the instrument from right to left, enter-

S E P T E M B E R 1964 

Ing and leaving each digit unit In 
sequence. 

Below each digit dial is a p u  hbut
ton. When one of these buttons is 
pushed (and automatically latched), an 
rf switch behind it in the sandwich 
deck perform the following two f unc
tions: 

1) The output from the digit unit 
above the actuated button and from all 
unit to the right of it is connected 
to the Calibrating Mixer. (An output 
of the CAD unit is permanently con
nected to the other input of this mixer. )  

2 )  The main output of the continu
ous u nit (CAD) is connected to the in
put of the group of digit units to the 
left of the actuated button. The CAD 
thus functionally replaces the discon
nected digit unit , a regard their 
contributions to the output freque.ncy. 

Operation of the pushbutton also 
controls lamp switches behind the 
panel to extingui h the illumination 
behind the r placed dial numbers, so 
that the output fr quency is read from 
the illuminated numbers at the left, 
followed by the continuous Clial read
ing, with little c hance for error. 

Monitor Switch a nd Mixer 

The MONITOR witch,  in its counter
clockwise position (CAD CAL), applies 
the calibrating-mixer output to the 
monitor meter. The meter behaves like 
an analog frequency meter when the 
CAD output frequency differs ub tan
tially from the output frequency of the 
replaced group of digit units, indicating 
upscale from center. As the CAD is 
tuned to within a few cycles of zero 
beat, the meter follows th beats di
rectly. The CAD unit can thu be ad
justed to the frequency of any group 
of  replaced digits on the main dials. 
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G E N E R A L  R A D I O  E X P E R I M E N T E R 

The beat frequency from the cali
brating mix r also appear· at all times 
on th binding po t marked BEA'r. 
Whenev r this b at frequency is below 
50 /.· the 1AD fr quen y i equal to 
tha indicated by at lea t hr e figur 

of the digit dial u ed for calibration; 
if the beat i below ;) c/ , the CAD dial 
may be r lied on to four figure . 

When the MO IT OR witch i. in its 
central po ·ition (OUTP �'I' VOLT. ) , th 
meter measure the voltage at the main 

output connector, with a scale range 

from 0 to 2 volt , rm . With a 50-ohm 
load or higher, the output can al way b 
adj u ted to 2 vol ts or more, by means 

of the OU'I'PUT LE EL ontrol, at any 

frequency above �30 / . 
As will be di cu sed mor fully later , 

the ma t r cry tal o cilla tor may be 
phase-loC'ked to an external frequency 
standard. 

vVhen a locking signal i introduced 
(through a ja k at the rear of the in
strument) and the MONITOR swit ·h is in 
it cloekwise po ition (Lo K 'I'O :JDXT 

TD), the meter verifies proper pha e 
lock of the cry tal o cilla or to the 
standard. 

Externa l  CAD Control a nd Deviation 

Indication 

'I'he Continuou ly Adju table Decade 
(CAD) can op rat in ither of two 

mode a 1 ctcd by the C'oaxial lever 
switch at th right of it dial. vVhen thi 
switch f'leC't the INTERNAL LOCK mod e, 

the CAD is highly table, ince it · 
output frequenC'y i a ynth i of a 

relatively large ry tal-locked frequency 
and a ·mall contribution from an Le 

oscillator. 
In thf' EXTER r_\L co TH L mode , the 

CAD output is derived completely from 

a C'ontinuously tunabl LC o cillator. 

Part of the tuning capa itance i sup
plied by a voltage-controllable silicon 

capacitance diode. The control ir uit 

is de-coupled to the EXTERNAL CONTROL 

binding po t at the left of the pan 1 .  
When the CAD is switch d to the E ... TER

J. AL COK'l'ROL mode, th dial light of the 
CAD is dimm d as an indication to the 
operator that the switch i in thi 
po ition. 

A marked on the , anel a control 

signal of -0.3-volt de will shift the 
CAD frequen ·y upward , by an amount 
equal to one major dial division, from 

a n utral po ition set by the AD dial 

itself. The unit can be wept ± 10 
major divi ions from any tarting point 

within the d ial range. vVhen uch lec

tronic control is used, the beat fre

quen y appearing at the BEA'!' binding 
po t is tric tly proportional to the 
deviation of the CAD frequency from 

the digit on th replaced dial and 
increases at the rate of 10 kc/ per 
maJor CAD dial divi ion. Since the 

major (numbered ) divi ion on the AD 
dial corre pond (Erectly to the number 

on the digit dial immediately abov the 
actuated pushbutton, a 10-kc beat note 
indicates in th Typ 11 61-A an output 
frequency deviation ranging from 0.001 
c/ to 10 kc/ in decade st ps, depend
ing only on which pushbutton has been 

pr ssed. In the Type 1162-A the corre
sponding range is from 0.01 c/ to 1 00 

kc/ . (The minimum figure occur when 

the button directly under the CAD itself 
i actuated ; the replaced digit in this 
ca e i 0.) 

Two oth r control on the front 
panel are scr w-driver operated. The 
CRY ''l'AL FREQ control i a v rnier on 

the fr e-running freq uen y of the ma -

ter cry tal o cilla tor. It may be used 
either to t the free-running frequency 
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F i g ure 6. Signa l tra versing a 
typi c a l  Digi t-Insertion Unit. 

accurately against a r ferenC' or, i · the 
ynthesizer i pha e-lo ked to an ex

ternal tandard, to adj u t for optimum 
lo ·king condition . Th other r"w
driver control op rat a witch that 
change the normal ac-coupl d output 

circuit to de coupling. With de ·oupling 
the output frequency can be adj u ted 
a · lo\\' a desired down to de but th 

output voltage available is only abou 
1 volt, rms. The output voltage monitor 
meter is di connected in thi witch 
po ition. 

With th se points in mind, let us 
now p roceed to a consideration of he 

ynthesizing principle u ed to attain 
tepped frequency increments as mall 

a may be de ired. 

T H E  SYNTHESIZIN P R I NCIPLE 

USED IN G R  SYNTHESIZERS 

Each DI-1 modul in the synthesizer 
rec ives an input ignal at about 5 
J\Ic/s, modifie the frequency of thi 
signal very slightly in two teps, and 
deli ers the modified frequency (again 
near 5 Nic/s) a an input to the next 
DI-1 unit in the train. Figure 6 is an 
elementary diagram showing the essen
tial processes performed in a DI-1 unit. 

In Figure 6 each signal (input and 
output) i shown a. having a frequency 
that for convenience, may be regarded 
as the sum of two component . T'h 
first component is a "carrier" freqncn-
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cy which remain unchanged through 

all the DI-1 unit · a t>OOO ke/ . 
The cond component is the ''signal' 

component. 1- he signal component al
way lie b tween 0 and 100 kC'/s. 

The ignal component is modif-ied by 
pa age through each digit-insC'rtion 

unit in th following very implc \\"ays, 
a indi at d in the figure. If we denote 
1.h total inpu frequency by 

fin = fc + fs;n kc/s ( 1 ) 
and the output fr qu ncy by 

fuat = fc + fsuut kc/ (2) 

then the DI-1 uni performs operations 
o that: 

.{uul 

or 

= .f c + f s fo + ] Q d 
JO 

kc/ (:3) 

r .rs 1n 
• '9out - 10 

+ 10 d ke/s (-1) 
\Vh r 

.fin, .f u1<t = total 1npu 
fr qu n 1 

and output 

fc - carnC'r compon n t, invar-

iant. 

.fsfo - signal component of input. 

.fsu,.t signal component of out

put. 
d selected digit from 0 to 

9 in integral tep . 

For con eniencc in follo\\'ing fre
quency change through th train of 
digit unit w can di regard the C'arrier 
component, ince thi pa e through 

unchanged, and concentrate on only 
the ignal compon nt a in quation (4). 

Figur 7 ·how four DI-1 unit (A, 

B, C, D) each with digit elected as 

indica ed, and th . ignal-componcnt 

fio, through th train, from right to 

l f . b rv the corrc pondenc hc
tw n th ignal omponent of output 

frequ ncy from uni A (2.J...:39 kc/ ) and 

7 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

F i g u r e  7. S i gnal p assag e  
t h ro ug h  fo ur  D i g it-I n sertio n 
U n i ts, i l lustroting synth esis 

of d esired sig n a l  
c o m p o n ent.  

fo•4.39+20 

• 24.39 kC/• 
t 

A.CTUA.L 
OUTPUT FREQUENCY 

• 5024.39 kc/s 

th digit dial settings (2439). It i 
clear that the outp ut frequency from 
any unit in such a train of digit units 
will have a signal component that i , 
in kilocycle p r second : 

.fs = lOd1 + d2 + 0.1 ds 
+ 0.01 d4 + (5) 

wher r/1 r pr ent the dialed digit 
on the unit at which the output fre
quency i m asur d, and d2 through dn 
r p res nt digit dialed on succe s1ve 
units to the right. 

Equation ( 4) define the two funda
mental operation p rform d on the 
ignal compon nt by ea h digit unit 

which permit frequ n y ynthesis in 
t p a mall a may be de ired. These 

operations are: 
1 )  Divid th input ignal com

pon nt by 1 0. 

t •• 3.9+40 

•43.9kc/• 

1 •. fa• 10 +IOd 
- �+30 

• 39 kc/s 

SIGNA.L FLOW 

f •. t •• 1�" + 1od 
• 0•90 kc'-

t 
ACTUA.L 

IN PUT FREQUENCY 
• :)000.00 kc/• 

2) Add to thi a digit component 
that i 10 times the dialed digit (in 
kc/s), and pass the re ult on to the 
input of th n xt DI-l unit in the train. 

This general principle is not new. 
It was di ·lo d in p rint at least 
as early as 19521 and ha been util
ized in a number of modern applica
tion .2• 3• 4• 5 However, the grouping of 
ne sary cir ·uit into a train of id nti
cal digit unit , each of which performs 
the two Ii ted operation , ha made 
possibl the very versatile Types 
1161-A and 1 1 62-A ynthe izer and 
forth oming m m ber of thi family. 

1 Australian Patent No. 1�8.412, "Frequency Synthe
sizer," Accepted 29 eptember 1952, Amalgamated Wire
less, Ltd. 
2 U. . Patent No. 2,829,25.5, "Digital Frequency ynthe
sizer ystem," April 1, 1958, V. W. Bolie. 
3 U. . Patent o. 2,930,98 , "ApparatHs for Generating 
Frequencies," 'Ia1·ch 29, 1960, A. F. Boff. 
• U. . Patent o. 2,93�.716, "Variable Frequency Syn
thesil'-er," April 26, 1960, J. W. Smith. 
" . S. Paten\. No. 3,125.729, "Digit Controlled Frequency 
Synthe izer," fa1· h 17, 1964, Stone & Hastings. 

OPERATING PRINCIPLES 
The Digit-Insertion Unit  (D l- 1 ) 

The principle of the Di.git-In 'ertion Unit is 
the dual of that of the familiar error multiplier 
somC'times u. ed to magnify small frequency dif

fcren · s by sue ssive ubtractions and multi
pliC'ation,. In the Digit.-T n. · rtion Unit, in con
trast, we nd<l and di vidc, t.o manufacture mall 
diff ren ·es. 

AR sho\.vn at the right. of Figure 8, the tota l 
input signal to a digit unit lies b tween 5 and 
5. l fr/s. To thi.:- is added 42 Mc/s generated 
coherently from the master cry tal oscillator. 
To the resulting sum frequency, \V hich lies be
tween 47 and 47.l l\1c/,, is added th . digit 
component. The digit component may be any 
one of l 0 frequencies from 3.0 to 3.9 l\Ic/s iu 0.1-
:\fc s teps. The desired digit component is se
lected by means of a phase lock bet.we n an 

o ciUator rough-tuned to the de ired frequ ncy 
and on component of a picket fence generated 
f'oherently from the cry tal o, cillator. The final 
sum frequency, after this second addition, lies 
between 50 and 51 Mc/s. 

Th' output fr quency from the digit unit is 
one-tenth of this, and therefore lies once mor 
bct�·cen 5.0 and 5.1 Mc/s. Note that the. ignal 
component of the total input frequency has thus 
been divi led by 10, a. required by equation ( 4 ), 
and that a digit component has been added, 
which, in kilocycles p r . econd, is 10 times the 
dialed digit, as specified in equatio n ( 4). 

In the Dl-1 unit the division by 10  i� achieved 
by the u�e of the pha e-lock technique . The 
tenth harmonic of the output o cillator is com
pared in a phase detector with the 50- to 51-Mc 
. ignal mentioned above, and the phase-detector 
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output lock the output o cillator at exac ly 
one-tenth o f  this reference sig na l. 

Both phase loc ks us a utomat ical1y switched 
low-pass filters in the c ontr o l  l o op - wide band 
f or capture , na rro w ba nd as l oc k  i achi ved. 
Aut o matic-sen ing c ircuits extinguish the dial  
lighting if there is no lock. The capture range 
for each oscillator is so far in ex ess of req ui re
ments, however that su h failure is rare. 

Ob erve that the choice of freque ncies u d 
in the above ynthe izing process i s  u h that 
n o  lo w-order sp urious p roducts approach coin
cidence in a ny o f  th mixers. This mean that 
all  i mporta nt spuriou frequ nc ie a re relatively 
far removed from the desired signals and that 
fil tering requireme nts a re the refo r not �evere. 
I n  addition , the si mple RC f ilters in the pha e
lock loop arc able to remove any such products 
n ot comp letely eliminated by the m ixer o utput 
filter. 

I n  Figure 8, a decade dial is shown as th f re
q u  ncy- electing contr 1.  In the remote ly pro
g rammab l  v r i on of th Dl-1 unit, the manua l 
dial has an e leventh p osi tio n mar ked "R." A t  
this Retti ng, contr ol is transferre d  t o  a rear con
nector, which allows digit s 1 ction by clof::u re t o  
ground i n  a biqui nary c od . 

The Continuously Adjustable Decade (CAD) 

The CAD i v ry i mi lar in principle t o  the 
DI-1. The digit e lecti on u ses an oscillator con
tinuott-1_ adju ·tahle from 2.9 to 4. 1 Mc/s (3.0 
to 3. 9 co rre, ponds t.o digit 0 to 9; 2. 9 prov ide, 
range to -1, and 4. l extends the high s id t o  
1 1  ) .  I n  the IN'l'ER� A L  L r mode , a 5.0-M in
put ignal i a dded to 42 Mc/ to ge n rat.e 47 
Mc/s, crystal-locked. The digit oscillator, com
bined with t hi , produce a . ignal ranging fro m  
49.9 to 5 l.l M / (of whi h 47 Mc/ is ti  d to 
the ma ter crystal oci llator). After divi. ion . b 
1 0  by techniq ues simi lar to those in the DJ-], 
the final output frequency lies between 4.99 an<l 
5. 1 1  Mc/s. 

1out 

FIXED 
TUNED 

BUFFER....---''--� 

!HU Mc/a 

CONTROL 

PtiASE 
DETECTOR 

SIGNAL FLOW 

FILTER 

!50-� Mc/a 

CONTROL 
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In the EX:TE.R�AL NTROL m ode the output 
osc i llat or is a l l owed to run free, under c ontro l  
of a se ·ond secti o n  o n  the tw o-gang tuning ca
pacitor. Part of the o c i l lating-circuit capac i
tance is . upp lied by a voltage- var iab le-capaci
tanc e diode , fo r external-contro l  purp oses as 
de c ribed earli r. 

The Anci l lary Frequency Source (AFS) 

A disc ussed ab ove, h e  DI-1 a nd CAD units 
al l requir an i np ut at 42 Mc/ , and the DI-1 
unit a dd itionally need a c oherent pic ket fence 
fro m  3 to 3.9 Mc/s. The A FS unit provides these 
t wo inputs to. the digit unit . The AF uni t also 
contain the ma ter 5-l\fo r) tal o cil lat r, 
fro m which these signal are coherently de
ri ved; a l  o included are ir uit. by vvhich this 
master cry tal os i llator can be pha e-locked 
to a ny stable 5-Mc signal, or submu ltiple there
o f. Isolation a mplifiers make available, at re ar
panel nn ctorf::, tandard fr quencie at 100 
kc/s a nd 5 Mc/s for use in a ux iliary equipment. 
Al- 1 output is c onn t d into the and wich 
d ck and brought o ut a t  l o wer p wer 1 v 1 at 
the rear of the dec k. Th 42-Mc signal is a lso 
available at a rear-dec k r eceptac le . 

Figu re 9 is a b loc k diagram of the AF�' unit. 
Th primar sourc , at 5 M /�, i divided to 1 

fo/ , which is then multiplied to 42 Mc/s in 
thr t pR. In a noth r chain, the 1 Mc/ i fur
ther divided to 100 kc/s, where pulse-shaping 
c i rcuits and ba ndpa ss filters and amplifiers 
g nerate th pi kct-fence output. 

I o lati n amp lifier are u. ed liberally to pre
vent u nde ir d reaction among the variou 
inputs and output . 

Crystal Oscillator i n  AFS Unit 

The ma. ter cry. al o c i l lator is designe d for 
tem perature-coefficient turnover near normal 
room-temperature ambient conditions. It is 
n o t  temperature-c ontr o ll 'd but has ad quate 

tability for mo t appli ations ·when operated 

LOW-PASS FILTER 
WIDE/NARROW 

PICKET FENCE 
FROM AFS 1-----t 3.0 TO 3.9 Mc/• 

FILTER 
SWITCtilNG 

LOW-PASS FILTER 
WI DE/ NARROW 

LOCK SENSING 

DIAL LAMP 
CONTROL 

FILTER 
SWITCtilHG 

100-kc SPACING 

F i g ure 8. F u n ctio n al blo ck 
d ia gra m of  D i g it- Insertio n 

U n it, Type 1 1 60-01- 1 .  
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G E N E R A L R A D I O  E X P E R I M E N T E R  

LOCK LIMITING & 5-Mc 
TUNED 

AMPLIFIER 

SCHMITT 
LIMITER 

5-Mc 
TUNED 

AMPUFIER 
SIGNAL IN ------IPULSE-FOIU.!ING 

CIRCUITS 

F i g ure 9_ F u nct io nal  b l o c k  
d i agram of t h e  A n c i l lary 

Fre q u e n c y  So urce.  

I SOLATION 
AM PLIFIER 

5 Meis 

ISOLAnO N 
AMPLIFIER 

CRYSTAL: LOO< 
r.IONITOR 

..._------------�� 5McA> TO OUTPUT M I XER 

ISOLATION 
(OM-I OR OMM-l) 

...._ ____ ___. AMPLIFIERI------- �i{1,ca 6?.-1 TRAlN 

L-----� ISOLATlON L------ 5 M c/s  TO 
AMPLIFIER REAR CONNECTOR 

ISOLATION 1--.------------------ 1 Meis TO 
AMPLIFIER SANDWICH DECK 

ISOLATION 
AMPUFIER 

PULSE GENERATOR & PULSE SHAPING 
C I R C U I T  

under reasonably constant ambient tempera
ture ; a 48-hou r run on one unit, recorded con
tin uously over a weeke nd in winter, w ith build
i ng heat cut back and re-e tabli  hed during the 
period, showed variations of only 2 part i n  1 08 •  

When more stab] operatio n i s  requ ired, the 
phase-lo king ci rcu i try shown in b l ock di agram 
form in Figure 9 can be used to e stablish a tight 
lock to a more table standard, such as the Type 
1 1 1 5-B Standard-Frequency Osci l lator 6 (see 
Figure 1 0 ). The contro l , ignal, a a submul i ple 
of 5 M c /. ,  is fir, t l i mited , and a sharp pulse is 
formed . The 5-M c component of this pulse is 
selected i n  a tuned amplifier, l i m i ted by a 
, 'chmitt trigger circuit and amplified again to 
supply one i nput to the phas detector . The 
l o \>v-pa · filter in the control loop ad quat e ly re
move ' l o w-freque ncy c o mponent that migh t  
contribut e to phase j itter.  

Output Circuits 

As has been seen , t he ou tput of the final unit 
in the train of digit units is a signal between 5 
and 5. 1 M c /s, which may b o n. id r d a car
rier com ponent at 5.0 M /s, plus a ignal com
ponent between 0 and 1 00 kc/s. ln the Type 
1 1 6 1 -A y nth sizer, the Output Mixer ( 01\11 - 1 )  
subtracts 5 . 0  Mc/s fr om this t otal output fre
quency, leaving the signal component as re i
due . Jn th Type 1 1 62-A, the fina l  D l- 1  ou tput 

ignal i multiplied by 1 0 in the O utput M ulti
plier-M ixer ( O M M - 1  ) . From the multipli d fre
que ncy is sub tracted 50.0 Mc/s, so that, i n this 
case, the residue is 1 0  tim s t he . ignal compo
nent from the l ast D I- 1  unit, ranging therefore 
from 0 to 1 Mc/, , d pendi ng o n  dial ettings. 

The differ nee fr qu n cy in this final mix ( 0  

s H .  P .  Stratemeyer, " "The tab i l i ty o f  tandard-Fre
quency Oscillators ,"  General Radio Experimenter. 38,  6 ,  
• Tune 1964. 

.. 

A 2 TU NED OUTPUT 42 Mc/• TO 
MULTIPLIER AM PLIFIER ALL Dl-1 UNITS 

AND CAD 

l-------- 100 k c/s TO 
REAR CON NECTOR 

PICK ET FENCE OUTPUT PICKET FENCE 
AMPLIFIER 3.0-3.9 Mets 

• 0.1 Meis 
TO ALL Dl-1 UNITS 

to 1 00 kc/s or 0 to 1 Mc/s, dependin g on 
whether the O M - 1  or the OMM-1 iR pl ugged i n )  
is fed to the final output amplifier, which is an 
integral part o f  the main frame. The outpu t 
amplifier, when ac-coupled , is flat within 1 d B  
from 3 0  c /s t o  we l l  beyond 1 M c /s. The output 
impedanc is l o w  (approxi mately 5 ohm ) , an l 
the avai lable o utput voltage i nto load of 50 

hms or higher is in excess of 2 volts, rm . 
I n  the de-coupled condition , t he final ampli

fier is eliminated and the o utput i taken, by 
way of t he l evel-control potentiometer, from 
the output m ixe r. In thi case , the o utput i m
pedance i� high and var iable ( from 0 to about 3 
ki lobms, depending o n  l evel-control setting).  
The available open-circui t  voltage i approxi
mately 1 volt. The output voltmeter dis
connected in this mode of o peratio n . 
Power Supply ( PS- 1 )  

The plug-in powe r  supply i onventional, 
supplying 1 8  volts, regulated, to the balance of 
the in�trument. A toroidal p wer tran former, 
in an A-m ta I case, i s  u ed to minimize stray 
fi lds.  

A specia l i n put jack permits operation of the 
. ynthe . izer from batteries, if de ired. The eries 
r gn lator sti ll f u net ions , so any battery voltage 
from 20 to 28 vo lts will provi de normal opera
ti on . 

Fi g ure 1 O. View o f  t h e  Type 1 1 1 5-B Sta ndard 
Freq u e n c y  O s c i l lator . 
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AP PLICATIONS 

Wh n there i a requirement for pre
cision frequencies selectable at wi l l ,  
the combination of a sta ble,  free-run
ning, adj ustable osci l lator and a fre
qu ncy ounter will  often fi l l  the bi l l ,  
providing one i willing to monitor the 
o cil lator for short- or long-term drift 
and corr t it tuning as required . On 
the other hand wherever an adj ustable 
o cillator and a frequency counter can 
do a p reci ion fr quency-generating j ob, 
a decade ynthe izer will do the j ob 
better and more reliably. 

Frequency Mea surement 

I n  addition to its p rimary role of 
frequcn y generation , a synthesizer wi l l  
often be found mo t us  f ul in  frequency 
m ea s ure m e nt by heterodyne techniqu 
A Li saj ous figure between a frequ n y 
to be measured and a standard fre
q u ncy from a ynthesizer wil l provide 
information on a cont inuo u s  basi (and 
without any ± 1 count uncertainty ) ,  
in  tead o f  as av raged over the counting 
interval of a frequency counter.  This is 
particularly useful  in working with low 
frequencies, wher i t  i s  nece ary to 
u e multiple-period mea urements to 
achieve accura y with a counter. 

As an i l lu  tration,  I periodically 
measur the tuning-fork frequency of 
my Accutron* wrist watch (nominal 
frequency 360 cycles p r cond)  by 
forming a 2-10-to- l Li aj ou pattern 
with 6 ,-100 . 00 c/s from a Type l l G l -A 
Syn thesizer. On thi  di p lay, a fre
quency deviation as mall a a part per 
million can be observ d in tan tan ou ly .  

The abov comment and exampl 
could, of ourse apply to any ynthe
sizer capable of u fficientJy fin fre
quency steps. Th G R  syn th iz r 

+ Regist red trademark of t l ie  Bulo,·a \Vatch ompany. 

S E P T E M B E R 1 9 6 4  

how ver, offer operational possi bilities 
not available, to my knowledge in any 
other device of thi general character.  
The e advantage ac rue from the 
unique cir uitry p reviously described,  
which p rmit the CA D unit to replace 
a group of digits (as selected by push
button ) and,  · imultaneously, to pro
vide a highly magniiied measure of the 
departure of the output  frequency from 
that di p layed on the digit d ials, as the 
C A D  frequ ncy i adj ust d either man
ually or electrically.  

Thi feature an be u ed to advan
tage in mea u rem nt of h frequency 
charactcri ti of 1 c ive passive net
work . I i al o mo t u ef ul in the s udy 
of fr quen y drift or of other changes in 
active frequ ncy ource such as p re-

i ion cry tal o i l la tors. 

Mea surement of Active Frequency Sources 

Figure 1 1  i a block diagram, howing 
how very mal l  frequ n y change in a 
frequency o urce can be tra ked and 
recorded. The unknown frequency, f x, is 
compared in a pha d te t r (on a 
l -to- 1 or n-to- 1 basi , · or by h ter dyn
ing) with the ou put  fre iuency, .f 0 ,  from 
the synthesizer. Th de v l tage gen
era t d in the p ha e dete tor is connected 
to the E XTER TA L CA D ONT R O L  input 
of the ynthe izer so that the syn the-

izer output automatica l ly tracks the 
unknown frequency. 

t .  G R  SYNTHESIZER 

EXTERNAL CAD 
ccf�f>RoL-._ QCXX)QCDQ 

_ __..___ 0 0 0 0 0 0 0  

BEAT 

TYPE 1 142-A FREQUENCY METER AND DISCRI M I NATOR 
r - - - - - - - - - - - - -, 
I TYPE 1521 GRAPHIC LEVEL : 
: RECOROER 1 

� - - - - - - - - - - - - - --.J 
F ig ure 1 1 - Method of tra c k i n g  a nd r e c o r d i n g  t h e  

drift of a n  u n k n o w n  freq u e n c y, fx. 

1 1 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

TO SOOPE MARKER CHANNEL 
f i g ure 1 2. S ug g est ed circ u i t  for  
g e n erat ing c enter-fre q u e n c y  
m arker a n d  sid e  m a rkers, for 

�F W �  I� � �  BEAT �o-��---.,.,,..,,_...,.� 1-=---�----.,.;v---4.--�+---+-��� 
(APPROX t .3v IN PUT 

BEH I N D  4ktl>� 
OFF 

FROM SI DE- o-----/.,...._,.,...3_.,,·9,..,..k�A......_--Dt_--1>--i 1---1'--C>t---use w ith slo w  s w e e ps. 
MARKER SIDE OSCILLATOR ,? MARKERS ( 3.5v APPROX)j_ IOk.n 

The moni or frequency from th B E  T 
terminal i measured or record d .  A s  
the syn thesiz r output frequency va ries 
in respon e to c hang in the u n k no wn 
frequency ,  the beat o utp u t  varie · p ro
portionately,  at · what may be a very 
highly magn ified rate, dep nding upon 
which button ha been push d.  For 
example, if the d rift is smal l ,  the X 1 
C PS bu tton might be u ed . I n  thi case 
a chang of 1 c /s in the ynthesizer 
o utput wo u l d  prod uce a 1 0-k change 

in the r corded b at fr q uency a 
magnification of 1 04•  mal ler or greater 
magnifi ations can be used as re
quired m rely by operation of other 
p u  hbu tton . 

Mea surement of Pa ssive Selective Net
works 

Fig u re :3 was noted briefly at th 
beginning of thi  arti c le a an example 
of wept freq uen ·y analysis of harply 

electiv circuits, with elf'-g nerated 
markers. The tra · of Figur 3 were 
obtained with the help of the circuit 
shown in Figure 12.  This circuit was 
bread boarded for the p urpose and i not 
available i n  pac kaged for m ,  b u t  it can 
be easily d u p licat d.  In Figure l 2 ,  the 
sign.al from B EA T, after a low-pass fil ter, 
is rectified to p roduce h e  cen ter
frequency marker occurring when the 
CA D freq uency equal the replaced 
digit fr quency. 

Side markers are p roduced w h  n the 
frequency a t  B E A T  i equal to a fre
que n cy inj ected from the side-marker 
oscillator. Since we have the genera 

rule t h  t th freq uency at BE A 'l' change 
at the rate of 1 0  k c /  p r maJ or A D  
d i v i  ion (see page 6) a id -marker
os ilia tor frequency of 1 0  k /  c.,, w i l l  
produc a condary ma rker whenever 
the CAD fre q uency i removed b on 
maj or division from that hown on the 
replaced digit dials .  (A 1 6-k id -
marker signal thus p rod uc markers a t  
:±: 1 . 5  d i  vi i o n  , t · ) . 

To produce the trace of }"'igure :3 
a slowly varying d voltage (o btained 
from a batt ry conne ted a e ro a va
riable re i tor with groun ded enter 
tap) wa applied to the EXT E R  A L  C A D 
c oN 'l'R O L  connector and a lso to th hori
zonta l  i n p u t  of a torage o cil lo cope . 
The outp u t  of the yn the izer f d the 
Type 1 900-A Wa e Analyzer, and the 
analyzer output,  re ·tified aft r pa ing 
thro ugh the internal le tivi y was 
connected to the ver ical i n p u t  of the 
o cilloscope on ·hannel N o .  1 .  The out
put of the marker generator wa con 
nected to chann 1 � :  o .  2,  at the bottom 
of th o ·cil lo cope face. 

For the d isplay of the :3-cycle pa 
band in Figure 3a,  the pu hb u tton 
under X 1 C PS wa op rat d and th 
side- mark r oscillator wa et a t  1 ;) 
kc/s , o that the fir t pair of ide 
markers occurred at ± 1 . 5 c/s. (The 
second and third pair of marker are 
at ± :3 c/ and ± -1..5 c /  , by harmonic 
mixing in th mark r generator. ) 

I n  1' igure 3b (showing both the 3-

and 1 0-cycle pa ba n d  ) the id -
marker o cil lator wa et to 10 kc/ , 

www.americanradiohistory.com

www.americanradiohistory.com


S E P T E M B E R  1 9 6 4  

-- --- - ---- " �  0.5db -·- -= -
t- '-� _2.5db :::I--

___ c_ I 

' ,_ -l -

ID do - . .._ 

->---'- -=  

- \ -
-- ··- -1--

-• -
-3 -2 -I 1 320.5 +I +-2 +3 

• 
CYCLES PER SECON D 

-20 -IS 
-�OYCL�� 1�7EOR5 S��ON�IO +15 +20 

Fig ure 1 3 . 3 -c y c l e  p
_
a s s  ban� of t h e  Typ': 1 900-A Wave A n a lyzer  recorded by t h e  Type 1 52 1 -B G r a p h i c  

level R ec order, e q u i pped w r th a n  e x per i m entc:i l p l u g - i n  f o r  g e n erat i n g  a s w e e p i n g  vo l tage.  Freq u e n c y  
m arkers w ere g e n erc:ited a uto m a t i c a l l y  by u s e  o f  t h e  c i r c u i t  s h o w n  i n  F i g u re 1 2 . 

and marker thu occur at 1 -cycle in- the record r deft c tion i trictl p ro-

tervals. The weep width i the a m  portional to frequ n y ,  independ n t  of 
as in Figure 3a. variation or lack of linea rity in the 

In Figure 3 c ,  th only chang i sweeping i n p u t .  

that the b utton u nder X 1 0  Cl S h a s  

b e  n p u  hed , s o  that the weep width 

and marker spacing are 1 0  time a 

great as in Figure 3b.  
Permanent records on trip chart · 

can a l  o be obtained by th e methods.  
Figu re 1 3  shows the :")-cycle pa band 

of th Type 1 900-A W ave Analyzer 

re orded in this way . The ou rc of 

weeping voltage was an xperimental 

p l ug-in for the Type 1. 52 1  G raphi L vel 
Recorder, consi ting of a variabl re-

i tor gear d d irectly to the paper 
d riv . I n  this arrangement, the wide

range logarith mic output of th r -

corder ca n be u ed to record th k i rt 

1 ctivity . 

i milar record ings can be mad e  with 

h h lp of an x-Y recorder. T he de

ft cti n on one axis can be mad p ro

portional to the freq uency appearing 
at BE A T  ( by a frequen cy-to-vol tage ·on 

verter uch a the G R  Type 1 ]  2-A for 
in ta n c  ) . The defl ection on thi axis 
i thu p roportional o h freq 11 ency 

d(fference from that hown on all  the digit 
dials with calc fac tor as selected by 

pu h b u tton . Th AD can be · wep 

man u a l l  r e l  c rical ly · in ei ther ca. p 

Other A p p lications 

Th availability of vers tile y n

the iz r u c h  a tho here d e  ribed 

and their lin al  de c n dant wil l  un
d o ub tedly gen rat a myriad of u e b e

yond th impl exampl noted a bove . 

For in tan c  , they can be i ncorporated 

in p ha e-lo ked loop to con rol the 

fre q u  ncy of micro¥. av o cil lator . 

N a rr w-band fre q u  nc or pha e-mod u

l ation application repre ent a nother 

fertile field .  T ran mitt r- x citer or re

ceiv r-local-o illator u are, of our e,  

obvious.  By relatively impl circui 

mod ification , two-pha outp u t  or 

outputs with fixed-freq u n c  d i ffer nee 

can be achieved . A h yn h i zer 

come i n to general u neral R adio 

Co mpany will w lco m  ugge tion for 

auxiliary equip ment tha will facilita 

till  more varied appli  ation . 

- ATH E R'l'OK � - O Y E  J R . 
CRED I TS 

The Synthesi zers des ribed here \\' O u l < l  not 
have been po si b lc ·w i t hout t he e n t h u  iast i c  
eff rt s of  Geoq�P H .  LohrPr and harle · C.  
bvans, w ho ar

_
e re. ponsi b l e  fo r a maj or port i o n  

o f  the p ]ect ri c a l  desi gn . \\�i l l i a m  F. Evers 
has also be 1:1 an . ac t i ve pa r t icipant i n  

"
t hi s  

progra m ,  part i e u la r l .'- i n  o n n  t i o n  w i t h  t h ings 
.'-P t to come . 
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

S P E C  F I C A T I O s 
F req u e n c y  Range : Ty ]W 1 1  '2-. , o 1 . l e /  ; 
T.\· µ 1 l U l -. , o I ke / . 
C A D  D i a l  C a l i b ra t io n : Type 1 1  '2-.\ , .00 1 ( ' /: 

<·I .  P<'r pC'r d iv i iol l ; Type 1 \ G l -.\,  0 .  I 
di Yi 'io n .  
O t h er O u tputs : TypP 1 1 G2-A, . 1  
;o ). k /.· : .5 . 0-; . 1 und .')0-.5 1 -:0. I c· /  
T, ·p • l l f ' l -.\ , 0 . 1 ,  1 ,  ii, and 42 
). k /. ; 1 n l t · dt' .  
S p u rio u s  F req u e nc ies : 
i <lB dow n .  T.\' J · 1 1 () 1 -. , at I � i 

H a rm o n ics : l<>a� -1- d ll <l1 1 \\ ll . 

1 ,  5 .  -12, and 
; 1 volt d C' .  
f 1 · /.· ;  5 .  -.) . 1 

O u t p u t  L ve l :  • dju. t a hl c • ,  n 2 Yolt · i 1 1 l o  5 
ohm . ( ul pu t  r·on rol :rnd nwt 'r i ndu<lt ·J . 
O u tput R es po nse : I c l B ,  � · /. t o  111. l '\'. i l l l \ l l l l  
frc'c uc•nc·y . ( ) u t put al.·o : 1  a i lable d o w n  o d · at h i  r l l  i rn pc• I a n ( ' . a nd l o w  • r  vol t a  r . 

60 a n d  1 20 - Cyc l e S ideba n d s :  .\ t l •a ; d ll 
dov n ( Ty pe l l li2-. ), a I : . B down ( T.YI)(' 
1 1 0 1 -.\ ) . 

J n terna I Standard : f, o m- m.p ru ' U r  • cry tal 
u i l la tor .  T �n t p  ru. t u r  · u ffici •n t of fr0quen '. · 

i apprcvi mately 1 .- I -7 / 0 ' u room m 
p •ral u re . •  \ fr mt -pn1 1Pl  frp 1u n <·y ac.lj u t m en t. 
i · J rov i cl . ry, t: L I  fr iueney ·u 11 l ' 1 JC' k 
t o  ( x rnal tan l a rd .  

P o w e r  R eq u i red : 1 1 / 1 5 /2:�0 v ii o G 
<' / '  o r  I (· /. , -

- wat t , or 2 - o 2 -vol t 
ba l t l •ry,  1 .  a m p< ·r -. . 
C a b i net : Hnc ·k-h ' f l <'h ; t>U l fr:t mf'. for ben c h  
1 1 1 0 L H 1  a n d  fi t t i n g · f1 >r nu · k  n 1 ou n a r , i n 
el udcd . 
D imens ions:  B ' I H ·h T l \ O  , l  - ·id h rn 
5 1 4  l " J  h 1 I 2 i r u·h ( 1 ,  :i l v 1 :� .
m m  ), over-ni l :  r:1  ·k n w<lel - panf'I  
5 1 1 i n eh ( 1 '.') hy 1 :�.- nun ), p h 
pan I t ;� in< 'h '- ( :  :�o m m ) .  
N e t  W e i g h t :  :�, potl l ds ( I I . - k g;  
S h i p p i n g  We i g h l :  4 �  p >Und ( 0 .5 kg) .  

e i  h t  
h v  : 7 

1·0 bv 
h h i n· 

TY PE 1 1 62 - A  COHE R E N T  DECA D E  F REQUENCY S Y NTHE S I Z E R  0 to 1 M c/ s 
( 'alilJraled Diyit.s mall .-f • "t p 

Tyµ 1 ·n ·1. I 11d1tt/pr/ Dl'l'ade Onl!J Demdt• · CA D ( Diyit · Only ) Pric 
1 62 - A 7 C  7 D I  U nits C A D  7 9 0 . 1  c/s $ 56 0 0 . 00 

11 1 6'2 - A 6 C  6 D I  Units t- CAD 6 8 I c/s 5 1 60 . 00 
1 1 62 - A S C  5 D I  Units  + CAD 5 7 1 0  c/s 4 7 20 . 00 
l 1 62 - A 4 C  4 D I  U nits + CAD 4 6 l 00 c /s 4 2 8 0 . 00 
1 1 62 - A 3 C  3 D I  Units + CAD 3 5 l k c/s 3 8 4 0 . 00 
1 1 62 - A 7  7 D I  Units  7 0 . 1  c/s 5 1 0 0 . 0 0  
1 62- A 6  6 D I  U nits 6 1 c/s 466 0 . 00 
1 U 2 - A 5  5 D I  U ni ts 5 1 0  c/s, 4:220 . 0 0  
1 1 62 - A 4  4 D I  U nits 4 1 00 c / s  3 7 8 0 . 00 
1 1 62 - A 3  3 D I  U nits 3 l k c / s  3340 . 00 

TYPE 1 6 1 -A COHERENT D E C A DE F R E QUENCY SYNTHE S I Z E R  0 to 1 00 kc/s 
( 1alif1ml1 d Diyit · 

'/' !1 µ l ' n il · l 11 1'l111/ d D cw/ ;o; (),, f 11 J)1 1·wi1 . + ( '. 1  J) 
1 1 6 1 - A 7 C  7 D I  Units  + CAD 7 9 
1 1 6 1 - A 6 C  6 D I  Units - C A D  6 8 
1 1 6 1 - A 5 C  S D I  U n its + CAID 5 7 
1 1 6 1 - A 4 C  4 D I  U n i ts + C A D  4 6 
1 1 6 1 - A 3 C  3 DI U n i t s  C A D  3 5 
1 6 l - A 7 7 DI U n i ts 7 
I 1 6 1 - A 6 6 DI U n i t s  6 
1 1 6 1 - A 5 5 DI U n i t s  5 
1 1, 6 - A 4  4 D I  Units 4 
1 1 6 1 - A 3 3 DI U n its 3 

i ref' t rt'u.d n l! .  I f  ' \ I >  1 c"t l t hr·• ed u t f'rlll . 1,f t h  
a l  leu l 1 111P nHHl' "<t"{n t lw n 1  h!!111e 1·1tn h t•  urlr f,.,L p J Uk.I • 

Tyµ< 
1 1 60 - 0 1 - 1  
1 1 60 - C A D  

l ' . :-. . PntP11t . ·u . ::!,.> f  .-n7. Pn. 

D E CA D E  M O D U LES 

Step D e c a d e 
C o n ti n u o u s l y  A d j u ua b l e  D e c a d e  

(Inc l u d i n g  C a l ibrating M i x er} 

s P ndin . 

,'-,'ma /le.·/ Slf p 
( Diyif.· ( 1 1l11 

0.0 1 c/s 
0.1 c / s  
1 .0 c / s  

1 0  c / s  
1 00 c/s 

0.0 1 cfs 
0.1 c../t. 
1 .0 c/s 

1 0  c / s  
1 00 c /  s 

Price 
$ 4 5 0 . 00 

5 1 0  . 0 0  

Pri · 

$ 5 460 . 00 
5 020 . 00 
4 5 8 0 . 00 
4 1 4 0 . 00 
37 0 0 . 0 0  
4960 . 00 
4 5 2 0 . 0 0  
4 0 8 0  .. 0 0  
364 0 . 00 
3 2 0 0 . 00 
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N EW TALENTS 

S E P T E M B E R  1 9 6 4  

FOR TH E GRAPH I C  LEV EL  RECORDER 
The 'I ype J :)2 1 -A G raphic Lev 1 Re

corder1 has, in the fi ve y ar. sin ce its 
i ntroduction ·een service in many 
branches of p hy 'ical  ci  n e and engi

neering . A S U C' ( ' C  or i n  trumen t the 
T pe 1 .)2 1-B,  n o w  offers sp cialist i n  
a o ustic vibra i o n  n d  on ar a l o w

freq uen cy re pon sc <'x tcndcd d o wn to 7 
cycle per sN·ond . . 'cvcra l  n e w  a -

cessories are a l  ' O being added to he 

growing l i n e  of cquipme>n t  d igned to 

en ur p ro per u ·c  of the record 'r  \Yi t h  

va rio u ' G n ral R ad i o  a n alyzPrs a n d  

signal so u rce · .  T o  i mp l ify t h e  j ob of 

choosing the righ t ac· cp, o ric ·,  w arc 

no w li t i n g  und r d i . t in c t  type n u m

be r. , measurement y tern. in cl n d in g 

an a l y zer or osc i l l a t or recorder, a n d  the 

1'. 1 .  C .  Holtje and l\ I . .J . F i t z morris, " A  C: raµhi LeYel 
Re order \\" ith IT i1:d1 8enl"i t i ,·ity and \V ide R an�e , "  
Gt•neral Radio Experimen ter,  3 3 ,  G ,  .J u ne 1 9.5U .  

appropri a t  l i n k  and d rive u n it" chart 

paper, a n d  other accc one . 

T he 'T'ypc L'52 1-B i- raph ic Lev 1 R -

corder i::3, l i ke i t  p red C'ce sor, a. com-
p letely tran i torized ingle-chan nel 

n· o- t pe record er w h i c h  p lo t  h 

rm magn i tude of a n  ac vol tage on a 

l oga rithmic ( d B )  . ca l c .  Pl u g- i n  pokn 

t iometer p rovid e f u l l - a l  ra ng of 

20, -1-0 and 0 d B  a. w d l  as a l in ear 

ra nge for de re ·ording .  R cord i n gs can 

be mad as a f un c tion not only of ti me 
b u  a h;;o of freq u ncy i f  he record r i 

mecha n ical l .v  coupled to a n  o ci l la tor 

o r  a na l ' Z C' r.  1: h i� tech n iq ue prod uce 
freq ue n cy-re ponRe p l o k  ant matica l l  

i n  a mat r f eond ' .  

Frequency Response and W riting Speed 
The l o w- frC'qnc n c y  respon c of t h e  

new recorder i '  lC' .\� than 0 .  J d B  d ow n  

F i g ure 1 .  V i e w  of  t h e  T y p e  1 5 21-B G r a p h i c  Level  R e c order .  

1 5  
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FREQ U E N C Y  I N  CYC LES PER SECOND 
f i g ure 2 .  L o w -freq u e n c y  r es p o n s e  o, f  t h e  G r a p h i c  L e v e l  R e c o r d er f o r  v a r i o u s  p o, s i 

t i o n s  o f  t h e  l o w - f r e q u e n c y c ut o H  s w i t c h .  

2 < ' /'::' . 1 :-:.· t ha n  1 tl I low n  at 7 e :-. ,  
an l ; j  lB d o w n  at _ ;) c s (:P • Fig n r  :.. , . 
rrhi.;; xt nd( d l o w- fr q nc vy rc•:-;pons ' 
r ·q uire•:-; a gn a t  r l0 t c· « t or t imf' con

::->tan t ,  rc-d U( ' it  g; t11e a bility of th r 
·orckr t fol low ra pid · h a 1  gf's i u  I v 1. 

Th r<'fo r ' . wri iug; , p d a n d  <l t etor 
it · <·ou:-d u u t  < l'C' .· wi ·h  l t W<' h 'r,  ;:.; 

t ha t  t h f' us r l'Ull  1mpr . \'(' k)\v-frc

qu n c·.v res p o 1 1,.; a hP xpe n. e of 
--������ TABLE 1 ������----. 

W RITI N G  SPEED AN D 
LOW - FREQUENCY C U T O F F  

1 1  • ri�ill!J • 'µer·d 
ltl s , .  

20 
1 0  

3 
l 

I.ow-Fr 1111 1 1 < ' •/ 
( "ulo.ff r· . ·  

(HP.pnn se doicn 1 dl:!) 
1 00 

20 
7 
7 

wri t ir)O' sppe• J or v ie  y c rsa . Tn hie 
;-;Ii w,' h f u r  \\Ti t i n r-. ·pC' <  d ositions 

ancl t l  n· eorr ::;pon ling e u toff freq w·u-
·ie::-; . '1'h i..., inform::i t i  on if': cugnn·cd o n  

th . .  f l'Oll  p I L 
Th ' �irH'-wa v frrq nf• 1 u ·y n.•:.-pon --;  for 

th h re 1 ) \\·-fr q u  ·n ey c · u t offs i . ·  :·h o w n  
1 n  Fig u re :2 .  F r a u d i o- bu n <l � \,·0eping, 

he :..0-c:yd ' c u t off posi t io n  is u s u a U>· 

·a frfo. c-tory. 'or grea C'I" n c c u ra <'y a . 
I w fr i u  n · i  s ,  ,he 7-< · vc l e  c u  < ff n1 a�t 
b Uf:l <l , but t h  r d ue d w ri j i n g  l"'P<'C'd 

r q uires c IT spo1 1dingly lo"- . ,,·ec-p 
. ·p c' I s  . .  \ b ,- .� ( 1 <'/:-> , t.h wri ti ng sp d 
and p s1 " (' ( l  "" n h i n c l'<'as  d 
ch ri 1 g s' ·, p to minimize o\·c·r-a H 
s w p t.,imC' a.�n er ·or. 

;j ·h w the rcsp,on ::;  of .h 

,o a �3- c - t aYP l a nd of n >i:-:-0. 

fig u r e 3. lo w -freq u ,e n c y  r e s p o n s e  o f  t h e  G r a p h i c l ev e l  R e c o r d e r- to '/:i - o c t a v e  b a n d'  
o f  p i n k  n o i s e, w i t h  a w r i t i n g  s p e e d  o f  ] i n /s e c .  
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A CCESSORIES 

Potentiometers 

A 40-dB potentiometer is supplied ; 
20-dB, 80-dB,  and l inear potentio
meters are available as accessories. 

Motors 

Ace ory motor (50-cycle and 60-
cycle) are available for slow-speed and 
medium-speed chart drive. The slow
speed motors produce chart peeds of 
2 .5  to 75 in/hr, a r du tion by a factor 
of 60 from the sp eds available with the 
standard high-speed motor. The new 
medium-speed motors, Type 1 52 1 - P23 
(60 c/s) and Type 1 52 1 -P24 (50 c /s) , 
are especially recommended for use with 
analyzers .  The speed at which an 
analyzer can be swept is inversely 
proportional to its bandwidth. The 
Type 1 900-A \Vave Analyzer has a 
constant bandwidth of 3 ,  1 0 , or 50 c/s 
and therefore requir s a constant sweep 
speed over the full 0- to 50-kc band
width of the instrument. These new 
motors provide chart peed of 0.  5 to 
15 in/min , speed id ally uit d to the 
1 0- and 50-cycle band width . 

With the constant-percentage-band
width Type 1 564-A Sound and Vibra
tion Analyzer, the slowest speed of the 
medium-speed motor (0 . . 5 in/min) is 
recommended for w eping n ar 4.5 c/s. 
The sweep speed can then be increased 
to 5 in/min or more on the 2.5- to 250-
cycle range. 

The mounting of the n w motor has 
been designed to reduce the coupling 
of the motor noise to the gear box . 
The resulting acou tic noi e i prac
tically inaudible, an important con
sideration for acou tical measurements . 

Drive a n d  Link Units for Autom a tic P l otti n g 

The new Type 1 52 1 -P l OB Drive 

Unit (Figure 4) is designed to couple the 

S E P T E M B E R  1 9 6 4  

r corder to a ll General Radio oscillators 
and analyzers .  Wh n attach d to the 

front of the recorder, it i u ed in con
j unction with a link unit to couple the 

c hart drive of the recorder to the dial of 
the frequency source or analyz r ( e 
Figure 5) . A continuous-adj ustment 
clutch permit the record r to be syn
chronized with the oscillator (or anal

yzer) dial in the idle position and hen 
engaged in the DRI V E  or .,. o  '- L I P  
position . The DRIVE po ition include a 

lip feature that will protect an instru
men t  containing a dial stop (e .g . , the 
older Type 1 5.5-!-A ound and Vibra
tion Analyzer and older models of the 
Type 1 304-B Beat- Freq uency Audio 
Generator) . The N ON- LIP po ition i 
recommended fo1,;- use with the Type 
1 900-A \Vave Analyzer and other in
struments requiring greater driving 
torque. 

Cam-operated witches in the new 
drive unit turn the re order motor off 
at the beginning and end of a sweep.  
A witch in the recorder can engage or 
disengage the Microswitche

,
. The e 

cams are easily set and do not have to 

F i g u r e  4. V i e w  o f  
the T y p e  1 5 2 1 -P l OB 

Drive U nit .  

1 7  

www.americanradiohistory.com

www.americanradiohistory.com


l 8 

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

be di� ng ged m ehan i  al y w h  n th . 

ar no i ng u� d. 

'The ne·w Typ I :>- 1 - P J. >  Lin k Lr it i · 

to onnPet th r c rde r  and d riv 

unit t t h  Type 1 :�04- B B · t - F r  -

q u  n cy \ u  i 

i .- .54-.A or I :;o-±- , Olm l 
� nalyzer. (ThP Type 1 � 
Analyz r i · coupled l y t.hc 
1 9  0- P l  Lin k  r n it . )  ThP u ·w l i n k  u i 
i1 c l ud · :.. 1 - o t h  . prock t prov i 

a cal fac tor of :10 BI 1 adP .  ( 

fa · or. for a l garithrnic ·h ·  rt . i the 

produ t f B,' ir1 on th v rti cal � · I 
a cl ' n/d C'ad of f r  q u  n ·y n t h  

horiz n a l  · ·ale . d i n  / d  c-
d . ) T'h i: ·cal 

the ne\ u n it f r a 'Y i n  

f .·pr ckPts.  and w a r  

TA BLE 

In r/11. ·try Sia nrlanl 
In 1 u t  o f  I igh 

Fid l i  ._ · _ f an ufac u r  
Pr o ·  <l l n  r a i i  n a l  

f-ita H t ·  rd 
El d ro niC' I n d u.' t ri � 

AH:->nC'i ,  tion 

I n. ' t i t u t  o f  H i  h 

Fid l i ty :\ I a 1  ufo.c· lr r. 
H f'n ring Aid I n cl u:st r · 

Prop �C' < l  I n  tern, i o n  al 

S t a nda rd 
P rop ·- nt  rn:: tionc I 

, ' ta nda rd 

I I  INDUSTRY 

'Ni le Factor 
dB /<l ca de ) 

:_() 

') -- · >  

:)0 

2 
4,) 

,J 

F ig ure 5 .  
V i e w  o f  t h e  Type l 3 5 0 - A  

G en erator - R ecorder  A ss e m b l y .  

abl a 1 (Typ L)2 l - P l G ) ha i n -
pr k ' i h 1 3 

ai d -+ te th.  Th 
u.'c<l with th Ty 

i n  a 

fa · to r:-; (' lT -
spon j ng t the \'ariou.·  .·proeket: in the 
'Pr eke it, al o- wit h h i i  l us ri , '  

SCALE FACTO R S  

D ca rle 
T.-engt h ( inch<'� )  .for , pr·ockf'f. Pof 

Typ /;304 Generator (t eth ) ( 1/fl ) 

1 ( )  .JO 

- · [J  -!O 

:J .0* 2--l- -+O 

1 . 0 :3:! �o 
--± . :;.  :· r n  40 

5 . 0  4 0  4 

5 . 0** J l } - �  
• ('tmrt. paprr Jl.\' f\ i l nblH for T.�·p 1 :J0-1- R  Re:�t-F'rec1 1 1("  "Y A udio ienerot or.  
· • Dec· d!' lPnP: It pplic· Lo 1'ypl" l :if}l-A ' un n Vili rnticm An \Jyz r ;  d ari paper uYai lablr. 
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supporting these scale factor . Although 
we currently catalog chart paper for 

only the 30- and 50-dB/decade scale 

factors, we shall be glad to recommend 

S E P T E M B E R  1 9 6 4  

other suppliers to users sending us a 

description of the chart desired ,  in

cluding decade length, vertical scale ,  

etc. 

M EASU R I N G  AND R ECORDING ASSEM B LI E S  

The recorde r can b e  u ed i n conj unction 
w ith an osc i llator or ana l yze r to plot directly 
frequen cy-response data of networks or sys
tems. The setup for these mca ·urements re
quires the recorder, an osc i l lator or analyzer, 
a drive unit, a nd a li nk u nit. This e quipment 
is assembled and u pplie d a a complete system 
under a se parate type nu mbe r .  The user w i l l  
find i t advantage ous t o  purchase the syste m 
in this manner, si nce our re • ommended com
bination of in truments,  parts, and chart paper 
w i l l  automatically be supplied. 

Type 1 3 50-A Generator- Recorde r  
Assem b ly 

This i a mo t use fu l automatic syste m  for 
measuring the audio-frequency characte ri tics 
of filters, attenuators, networks, loudspeakers, 
micropho nes, transduce rs, and c01nplete acous
tic sy te rns (see Figure 5 ) .  The Type 1 304-B 
Beat-Fr quency Audio Gene rator is an ideal 
oscillator for such mea uremen ts, since it ha 
a truly l ogar ithmic freqnency dial and an out
p ut-voltage variation of le s t han 0.25 dB as the 
oscillator is swept. Examples of measuremen ts 
made with this system are s hown in Figu re 
� otice the impracticability of a point-by-point 

frequency-response plot of the sound level in a 
roon1. 

I n  addition to the ge ne rator and recorder , 
the Type 1 350-A Gen rator-Recorder includes 
drive and link unit , a kit of sprocke ts, and a 
muting switch.  T he switc h  hort-circuits the 
output of the osci l lator during the blank part 
o f  the dial or at low freque ncie , so that loud
speakers or systems can be protected while the 
recorder is continuously swept. Because the 
blank parts on the c hart paper corre pond to the 
length of the blank portion on the dial succes
s ive charts can be recorded w ith synchron iza
tion of the chart and the dial frequency . 

Type 1 9 1 0-A Record ing W ave An a lyzer 2 
Th linear fre que ncy s ale ,  the three band

w idths (3, 1 0, and 50 c/s ), a nd the h i gh-level 
80-d B  dynamic-range output of t he Type 
1 900-A Wave Analyzer make it an id al  com
panio n in trument for the Type 1 52 1-B Graphic 
Level Recorder (see F igu re 6 ) . A n  example 
of a measure men t  made with the Recording 
\.Vave Analyzer is shown in F igure 9. 

2 Arnold Peter on , " New Wave Analyzer Has 3 Band
widths, 80-dB Dynamic Rango," General Radio Experi
menter, 38, 4,  April 1 964 . 

Fig ure 6. View of t h e  Type 1 9 1 0- A  
Record i n g  W a v e  Analyzer. 

F i g ure 7. V i e w  of t h e  Type 1 9 1 1 - A 
Record i n g  S o u n d  a n d  Vi bration A n a l y z er ,  

1 9  
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40 

.. 
D ! 

10 

F"RltOUi:NCY IN CYCLES PER SECOND 

figure 8. R ec ords o f  t h e  freq u e n c y  resp o n s e  o f  a pu bl ic  address s y stem, taken with ( top) m a x i m u m  
writ ing  speed a n d  (be/ow) m i n i m u m  wri t i n g  s peed . 

.. 
D ! �20 
$ 

0 .. Rl'.QUIENCY IN CVCU!:S PER SECOND 

o .. IZ:ONTAL SC:AL.�: 11!!. IN /01v 

- 1 0  

2 0  

0 

RECORDED I - kc TONE 

MODULATION NOISE 

FREQUENCY IN KC 

3 

RECORDED I kc TONE 

:::: RESPONSE IN DB 
MODULATION NOISE 

••• 
0 2 3 

FREQUE NCY IN KC 

Fig ure 9. Ch arts of m o d u l at ion  n o i s e  o n  a 1 -k c  t o n e  for two different types of m a g n etic  tape.  Note that 
o n e  is a bo ut 1 0  dB b etter t h a n  the oth er. S u c h  m ea sure m ent c a n  be m a d e  e a s i l y  w ith the record i n g  
a na ly z er, o w i n g  to the 80-dB dy n a m i c  r a n g e .  F o r  t h e s e  records, ch cut speed w a s  2 . 5  i n c h es per m i n ut e ;  

writ i n g  speed, 1 0  i n c h es per s eco n d ;  b a n d w idth, 1 0  c/s.  

Fig ure 1 0. C h art reco rd o f  a vi brati o n  a c c e l erat ion spectru m m e a s u red o n  t h e  c h a ss i s  of a c a l c ulatin g  
m a c h i n e. F o r  th is  m e a s u r e m e n t  a h i g h -frequency v i brat ion  p i c k u p  is  used.  
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0 10 20 !O "° 50 10 SECONDS 
figure 1 1 . R ecord i n g  of noise  level i n  a cafeteria with both fast a n d  s l o w  writi n g  s p eeds a n d  40-dB 

potentio m eter. 

Type 1 9 1 1 -A Record ing Sound and Vibra
tion Ana l yzer 

This asse mbly i based on the Type 1 56-1--A 
Sound and Vi brati o n  Analyzer3, w hich has 
constant-pe rcentage band w idths of 73' and 1 / 1 0  
octave a nd a frequency range of 2.5 t o  25,000 
c/s (Figure 7 ). This analyzer in l udes two 
features especially i mportant i n  recording: a n  
automatic frequency-range-c hanging device and 
a built-in mu t i ng switch that short-c i rcu it<; the 
output duri n g  the blank part of the dial. T he 
exte nded low-frequency re pon of th new 
recorder greatly e nhances i t  use w ith the Type 
1 564-A 'ound a nd Vibratio n  Analyzer for 

J W. R .  K undert, " Ne w  Performance, New Conye11 ience 
with the Tew ound and Vibration Analyzer, ' '  Gen•-rai 
Radio Experimenter, 37,  G and 10, September-October 
1 963 . 

vibration measu rem nts . The r corder can be 
used down to 4.5 c/s (3 d B  down ) if a response 
plot of the recorder it e li is first made and then 
co mpared w i th t he r .c rding made with the 
analyze r.  Figure 10 is an e xample of a reco rded 
vibration mea urement. Anot her e xample is 
onr reduction of the acou.·tic noi�e i n  the c hart
drive syste m of the rec orde r it e lf. The recorder 
analyzed i ts own acou, ic nois w ith the Type 
1 564-A ' ound and Vi bration A nalyzer and 
a sound-level meter. The resulting data were 
observed for peaks in sound leve l .  Th se were 
found to be the fourth and fifth har moni o f  
the motor pinion ge ar mesh, ampl i fie d  by the 
gear-box mounting plate . Isolati ng the motor 
fro m  the gear box olved th probl m, reducing 
the noi,e until  it was pra tically i naudi ble m 
a quiet room. 

Fig ure 1 2. View of the Type 1 52 1 -B Gra p h i c  Level Recorder 
with the Type 1 5 5 1 -C S o u nd -Level Meter. 

Figure 1 3 . View of t h e  Graphic  Level Recorder 
bench-mou nted with the Type 1 1 5 1 -A P  Digital  
T i  m e  and Freq uency Meter and th e Type 1 1 36-A 
Digita l-to-Analog Converter. 

2 1  
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G E N E R A L  R A D I O  E X P E R I M E N T E R  

level-vs-Time a n d  DC Recordi n g  

The Typ 1 52 1 -B G raph i c Leve ] Recorder ,  
l ike its predece �or, can al o be u ed for level
v -time recordings, a , for i n  tance , i n  t h  meas
uremc:>nt of . ound leve l over long periods of 
time (see Figu res 1 1  and 1 2 ). In addi i o n .  the 
Type 1 52 1 -B G raphic Lev 1 Rec ord r ca.n be 

converted to a 1 -mA de reco rde r by mean o f  
t h e  T pe 1 52 1 -P4 Li near Pote nti o meter. T h e  
h igh spee l a n d  accuracy of this servo-type de 
recorder make it  u efu l w i th the T pe 1 1 36-A 
D igital-to-Analog Converter and th e  Types 
1 1 50-A P and 1 1 5 1-A P ount r (see l"igure 1 3 ) .  

- M ARTI w. BASCH 

S P E C I F I C A T I O N S  
Record ing Rang e :  s supplied, 4 0  d B  f u l l -scale ; 
20-d B and 80-d B rang s are also avai lable . For 
de recording,  0. to 1 vol t ( 0 . 8  to 1 . 0 m A )  
ful l- •ale, with zero input position adj ustab le 
over ful l  scale. 
Freq uency Response and Wri t ing Speed 

Level Rec o rdin g : H igh -frequen cy .response 
±2 d B  to 200 kc/s . Low-fr qu n ·y sme-wave 
response d pends on w ri ti ng speed , as shown 
in fol l owing ta.ble : 

1 V riling Speed (approx) Low-Freq u ency 
-in/sec with 0 . 1 -inch Cutojj' c/ · (less 

ove rshoot than 1 dB down ) �����- -����-t--����-
20 1 00 
1 0  20 

3 7 
( 3  d B  down at 4.5 c/s) 

7 
(3 d B  down at  4.5 c/s) 

DC R ecord i n g : 3 dB down at c/s ( peak-t -
peak amplitude l ss than 25 % of ful l  scale) .  
Potent iometer L i n ea rity 

20 - , 40 - ,  80 -d B  Potentiom eters : ± 1 % of 
ful l-scale dB value plus a frequency error of 
0.5 dB at 100 kc/s and 1 . 5 dB at 200 kc/s. 

L inear Potent iometer :  ± 1 % of ful l  sen. lo .  
R eso lutio n :  ± 0 . 2 5 % of fu l l  scale . 
Max imum Input Volta g e :  1 0 0  volt ac.  
I nput Attenuato r :  60 dB i n  1 0 -d B steps . 
I nput  Im p e d a n c e :  1 0,000 ohms for ac l evel record
i ng ;  1 000 oh ms for de record i ng . 
M a x i m u m  S en s it ivity:  1 mV at 0 dB for l ev 1 
re ording ;  0 .8 V ful l-scale for de recording.  
Pa per Speeds 

H i g h - s pe e d  m otor ( n orm a l l y  s u p p l i e d ) :  2 . 5 ,  
7 .5, 25, 75 i n/n i n .  Us d for hi gh-speed-transient 
measurements and prod uction testing with 
Typ 1 :304 Audio Generatl r.  

M ed i um - s peed m otor ( s u p pl ied on r e q u e st) : 
0 . 5 ,  1 . 5,  5, 1 5  i n / m i n .  U s  d w i th analyze rs and 
i n level-vs- im r c ordi ngs . 

Low-speed m otor (suppl ied o n  req uest) : 2 . 5,  
7 . 5 ,  25,  7 5  in/hr.  Used for level-vs-tim meas
u remen ts of long d urat i on ( 1 to 2 +  h ours ) . 
E x tern a l  DC Referenc e :  An external de reference 
vol tage of from 0 . 5  to 1 . 5 V can be appl ied 
i n ternal l y  to correct for variati ons of up to 3 
to l i n  the signal source of the system under 
te t .  
Detecto r Response : Rms wi th in 0 .25 d B  for 
multiple si ne waves, squ are waves , or noise . 
Detector operating level is 1 volt.  
C h a rt Pape r :  4-in 'h r 'Cordi ng width on 5-in ch 
paper. A l l  rol ls  are 1 0 0  feet long.  ee ful l  l ist of 
charts at end. 
A ccessor ies S uppl ied : 40-dB potenti ometer, 
2 pens, 2-ounc bottl of red i n k, 2-ounce bottle 
of gre n i n k , bottle of pot ntio meter cleaner, 
1 rol l of Typ 1 52 1 -9428 p aper, droppers for 
f i l l i ng pens, Type CA P-22 Power Cord , spare 
fuses, adaptor cable for connection to sound
measu ring equipment and to other devices 
h aving telephone j ac k s .  
A ccessories Ava i l a b l e :  Poten tiometers , harts , 
ink ,  h igh-, medium- and s low-speed motors, 
d rive and l i n k  units ,  as l isted in pri ·e tab l e .  
Power R eq u i rements : 1 05 t o  125 ( or 2 1 0  to 250 ) 
volts, 60 c /s, 35 watts . 50-cy cle models are 
avai l able. 
Cab i n e t :  Rack-bench . 
D im e n s i o ns : Be n ·h m odel - width 1 9, height 
9, depth 1 :3 ).1 inches ( 485 by 230 by 350 m m ), 
over-a l l ; rack m odel - panel 1 9  by 8 %'.  i n ches 
( 4 85 by 225 m m ), depth behi nd panel  1 1 7.;,( 
i n che ( 290 mm ). 
Net We i g h t :  50 p o u n d s  (2:3 kg ) .  
Sh i p p i n g  Weight : 62 pounds ( 29 k g ) .  

u pply Paper 

2 2  

Type 

1 52 1 - B R  
1 52 1 - B M  
1 52 1 - BR Q l  
1 52 1 - B M Q l  

D R IVE 

1 52 1 - P l O B  
1 52 1 - P 1 5  

1 52 1 - P 1 6  

1 900- P l  

,1 fou nting Frequency Speed 

Rack 60 c/s 2 .5-75 in/min 
Bench 60 c/s 2.5-75 in/min 
Rack  50 c/s 2 .5-75 in/mi n 
Bench 50 c/ s 2.5-75 in/min 

A N D  L I N K  UNITS F O R  C O U PLING TO G EN E R A T O R S  AND A N A LYZE R S  

D r i v e  U nit to  operate any l ink  unit 
L i n k  U n it for coup l ing to Type 1 304-B  Beat-Frequency Audio Generator 
or to Type 1 554-A or Type 1 564-A Sound and Vibration Ana lyzer 
Spro cket K it for a bove link unit .  These sprockets offer a choice of the fol
lowing scale factors (ratio of d B/inch vertica l  scale to decades/inch on 
horizontal  sca le) :  20,  25,  45,  and  50 d B/decade. 
L i n k  U n it for coupl ing to Type 1 900-A W ave Ana lyzer 

Price 

$ 995.00 
995.00 
9 9 5 . 00 
995.00 

$ 7 2 . 00 
26.00 

1 5 .00 

3 5 . 00 
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S E P T E M B E! R  1 9 6 4  

C H A RT P A P E R  

Calibration 
Type Horizontal Vertical ( Di" )  

1 52 1 -9427 20 c/ s-20 kc/s, log 80 
1 52 1 -9464 0 - 1 0  kc/s, l inear 40 
1 52 1 -9465 0-50 kc/s, l inear 40 
1 52 1 -9493 2.5-25 norma lized, log 40 
1 52 1 -9469 2.5-25 norm a l ized, log 40 
1 52 1 -9463 2.5 c/s-2 5  kc/s, log 40 
1 52 1 -9429 25-7500 c/s, log 40 
1 52 1 -9428 Continuous � - in d iv 40 

1 52 1 -9466 Continuous o/a -in d iv  50 

Chart Length (in )  
Calibrated Blank 

9 4 1/2 
20 0 
1 6  0 
7 1/2 I 1/2 
5 1 

1 8  3 
1 2 1/2 1 

continuous 

continuous 

A ssociated 
I nstrument 

1 304-B Generator 
1 900-A Ana lyzer 
1 900-A Ana lyzer 
1 564-A Ana lyzer 
1 564-A Analyzer 
1 554-A Ana lyzer 
760-B Ana lyzer  

1 1  34-A, 1 1 36-A 
D/ A Converters 

Pric e 
$2.7 

2.7 
2.7 
2 . 7  
2,7 
2.7 
2.7 
2.7 

2.7 

5 
5 
5 
5 
5 
5 
5 
5 

5 

Type 
M O T O R S  

Price 

1 52 1 - P 1 9  
1 52 1 - P 2 1 B 
1 52 1 - P23 
1 52 1 - P24 
1 52 1 - P20B 
1 52 1 - P22 

(h igh-speed, 60 c/s) for paper  speeds of 2.5 to 75 in/min 
(hig h-speed, 50 c/s) for p a per  speeds of 2.5 to 75 in/min 
(medium-speed, 60 c/s) for p a p er speeds of 0.5 to 1 5  in/min 
(medium-speed, 50 c/s) for p a p er speeds of  0.5 to 1 5  in/min 
( low-speed, 60 c/s) for p a per speeds of 2.5 to 75 in/hr 
( low-speed, 50 c/s) for p a per speeds of 2.5 to 75 in/hr 

$59.00 
65.00 
59.00 
65.00 
59.00 
65.00 

R EC O RD ING ASS EM BL I ES 

Factory assembled and ready to use. End frames a nd rack supports 
suppl ied for bench or rel ay-rack mounting. 

Type 1 91 0- A  R e cording Wave A n a ly zer 

Component Units 
Type 1 900-A W a ve Ana lyzer 
Type 1 52 1 - B Gra phic Level Recorder with me
dium-speed motor and recorder a ccessories 
Type 1 52 1 - P l OB Drive Unit 
Type 1 900- P l  L ink  Unit 
Type 1 52 1  -9464 Chart Pa per, 1 0 ro l l s  
Type 1 52 1 -9465 Chart Pa per, 1 0  rol l s  
Type 1 52 1 - P3 80-dB Potentiometer ( ina dd ition) 

to 40-dB Potentiometer i ncluded with record er) 
Type l 560-P95 Ada pter Cab le  ( phone to double 
p lug)  

Type 

1 9 1 0- A  Record ing W a ve Ana lyzer 
(60-cycle supply) 

1 9 1 0- A Q  Recording W ave Analyzer 
(50-cycle supply)  

Price 

$3500.00 

$3500 .0 0 

Type 1 91 1 - A  Record i ng So u n d  a n d  V i bratio n  A n a l y z er 

Component Units 
Type 1 564-9820 Sound and Vi bration Analyzer, 
Rack Model 
Type 1 52 1 - B Graphic Level Recorder with 
medium-speed motor and recorder accessories 
Type 1 52 1 - P l  OB Drive Unit 
Type 1 52 1 - P l  5 Link Unit (with interchangeable 

1 6- and 24-tooth sprockets) 
Type 1 52 1 -9469 Chart Pa per, 1 0  rol l s  

Type 1 560-2 1 4 1 Ada ptor Ca ble, double p lug  
to  offset phone p lug  

Type 

1 9 1 1 - A  Record ing Sound a nd Vibration 

Price 

Analyzer (60-cycle sup ply) $23 1 5.00 

1 9 1 1 - A QI Recording Sound and Vi bration 
Analyzer (50-cycle su pply) $23 1 5 .00 

Type 1 350- A  Gen erator-R ecorder A s s e m b l y  

Component Units 
Type 1 304-B Beat-frequency Audio Generator 
Type 1 52 1 -B  Gra phic Level Record er and re-
cord er accessories 
Typ e  1 52 1 - P l  OB Drive Unit 
Type 1 52 1 - P l 5 Link Unit 
Type 1 52 1 - P l 6 Sprocket Kit 
Type l 304-P  1 Muting Switch 
Type 1 52 1 -9427 Chart Pa per, 1 0  rol l s  
Type 1 560- P95 Ada ptor Ca ble, phone to dou ble 
plug 

Type 274-NP Patch Cord, dou ble plug to d ou ble 
plug 

Type 

1 350- A Generator-Recorder Assembly 

Price 

(60-cycle supp ly) $2000.00 

1 350- A Q  Generator-Recorder Assembly 
(50-cyc le  supply)  200 0 .00 

The Type 1 30+- P l  1\. f u t i n g  " i tch suppl ied w i th the Type 
1 3.30-A assembly is ai:ailahle separately for $37 . 50 .  

2 3  
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G E N E R A L R A D I O  E X P E R I M E N T E R  

Coming in September 

E LECTRON I C  INSTRUMENT MAN UFACTU RER S' EXH I B IT 
Boston to W a shington, D.C. 

N ine leading manufa turer of el c
tronic in truments have j oined together 
to pre ent the Fifth Annual Elec
tronic I nstrument M an ufacturer ' Ex
hibit ( E I M E) ,  which will  open Septem
ber 2 1  in Nl assachus tts, make six 
one-day stands in New York, New Jer
sey , and Pennsylv ania , and clo e in 
Wa hingt n D . C .  on O ctober 8 .  

A s  before ,  E D vl E  will offer operating 
di plays of the latest in in trumenta
tion , p l us the chan ce to discu s meas
urem n t  problems with factory engi
neers . A n w featur of thi year's 
E I 1VI E  is a series of technical e ions, 
at  which engineer from the nine par
ticipating companie will give short 
formal talks on various instrumentation 
and measurement subj ects. These talk 
will run con ecutively throughout the 
day . 

G eneral Radio will  exhibit its new 
Type 1 1 62-A Coherent Decade Fre
quency Synth izer, Type 900- LB Pre
cision Slotted Line (and recording sys
t m) , Type 1 1 50-BH 1 - M c  Digital 
Frequency 'Ieter, Type 1 396-A Tone
B urst Generator,  Type 1 806-A E lec
tronic Voltmeter, Type 1 900-A Wave 
Analyzer, Type 1025-A tandard 
Sweep-Frequency G nerator, Type 
1 44-A Megohm Bridge, and Type 
1 1 1 5-B Standard-Frequency 0 cillator. 

Sponsor of EI l[ E ,  i n  addition to 
G R ,  are : A mpex Corporation,  B rush 
I n  truments, Keithley I nstruments, I nc . ,  
Lambda E lectro nics, Non-Linear S y  -
terns, I nc . ,  George A .  Philbrick Re-

earche , I n  . , Singer Metrics Division 
( Panoramic In trument and Sen itive 
Research Instru ment ) . 

The complete E I M E  sched ule : 

Lynnfield,  Massa chusetts Monday,  Sept 2 1  Colonia l  Country C l u b ,  Route 1 2 8 

Syracuse, N ew York W e d nesd a y, Sept 2 3  Ra ndol ph House, Exit 37, 
N. Y. State Thruwa y 

Beth pa ge,  long Isl a nd Mon d a y, Sept 2 8  Hol i d a y  Ma nor, H icksvi l l e  Roa d ,  

south o f  Gru m m a n  

Ceda r Grove, New J e rsey W e d nesd a y, Sept 30 Fr i a r  Tuck, Route 2 3  

North P la infi e l d ,  N ew J e rsey Thu rsd a y, Oct 1 W a shin gton House, Route 2 2  

Phi l a d e l phia,  Pennsylvania Monday,  Oct 5 Ma rriott Motor Hotel 

Red Ba nk, N ew Jersey Tuesd a y, Oct 6 Mol l y  Pitcher Hotel 

W a shington, D. C . Thu rsd a y, Oct 8 Interna tion a l  Inn 

G e n e r a l R a d i o C o m p a n y  
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