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A TEST OSCILLATOR FOR S-BAND 

MEASUREMENTS 

Wi t.h the TYI'E 13GO-A MicrO\ntve 
Oscilla tor, t he freq uency rallge of 
GOllcral Radio eOll t illliolls iy tuna ble 
oscill a.to r;:; i:s extended to --I: Go. Although 
not it::;clf 0 11 0 of t he Unit Inst ruments, 
it supplement:; this popu la r lillc of test 
equipment th ~t t provides t he uscr wi th 
vC l' tia t ili ty a nd quali ty at a reasonable 
pnce. 

Every eff or t has been made to give 
(,hb 110\\' oscilla tor, \yi t.hill the ci c:-:; ign 
limi t-atioll :-:i di cta ted by tube ehoicc and 
price, lllaximuIll Hscfulll CSi:i :1;:; a dri ver 
for slotted lines, as t he local oscWator 
ill a heterody ne detcetol', and as a 
genera l-purpose power source for Il1cas

UI'Clllcnts 011 compollents a nd sy stems 
a t micl'Owa.ve frequencies. 

T he fl'Cflll CII CY mnge of the oscillator 
is I.i to -U Ge . Output power is tOO 
milli watts or more over most of t he 
frequency range. Internal l-kc sqllare
wa.ve modulation is pro vided, as is a lso 
it na rrow-ba nd sweep a t both I-ke a nd 
the power-lille freq uency. i\!(od ll iation 

from extcrnal sources can be fm , squnre
\\'<'\' \'e, or pulse. 

RF CIRCUIT 

The microwave oscillator in the T Y PE 

l360-A is a TYI' B 583G Refl ex Klyst roll 
in It coaxia l cavity \\'ith a noncon tacting 
tuning plun ger. The frequency ra nge is 
spl it in order to obtain a maximum ra ll ge 
of in te rference-free operation ancl , at 
Lhc sa me t ime, to provide rnaximum 
output power, For the higher freq ueney 
ra llge (2.G--L1 Gc), the cav ity lengt;h is 
U wavelength alld the kly stroll is 
opera.ting in its 2% repeller mode. In the 
lower frequency rallge ( l..i-2.S Go), the 
1lumbers are X a.nd l~ respectively. 
The ra nge swi tching is call t rolled au to
matically by the ma in frequency dial 
(center of pUIlOJ, F igure 1) , a lld , sin ce 
the higher freq uency range req uires the 
longest cavity, t he 1Q\\'cr frequency ra nge 
starts at the top end of t he higher OIl C . 

The t wo ranges nrc sepa rated Oil t he 
dial by di lTerell t colored scales, a nd a 

Figure 1. Panel vi'ew of the Microwave Oscillator. 
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pi lot lamp indicates which scale is to be 
read. The tuning law of t he repeller is 
matched to t hat of the cavity by a 
spccin.lly sh::tped, high-resolution po
tentiometer, and the fina l adj ustmen t 
is made by trimmer rheostats. In series 
\\"i th the I'cpellc}' potentiometer is also a 
small rheostat for finc frequency adj ust
ment (6.F knob), with a range of ap
proximately 1 NIc. However, sin ce 
adjustment of th is rheostat may seri
ously harm the tracking of repeller 
voltage and cavi ty tuning when the 
oscillator is square-wave mod ulated, the 
6 F control is disabled under that 
condition. 

OUTPUT CIRCUIT 

The out put control is at the lower 
right of t he panel. The output powcr is 
a fun ction of frequency, as shown in 
F igure 2, and is morc than 100 milli
w:.t.LL:=; over lIlosL of t.hc frequency range. 
At t hc very low-frequency end of t he 
rango, it may be as low as 20 111iitiwatts, 
which cO l'l'esponds to 1 v into n. 50-ohm 
10[1d. At t he upper end of each frcqucncy 
l'n.ngc, it is possible to overload the 
klystron osci liator, and an output moni
tor is providcd to wurn agai nst this 
cOlldition. '1'he moni tor cnables the user 
to extract the maximum output power 
at n.ny setting of the frequency dial. 
The output power is controlled by a 
retractablc pick-Up loop in the oscil
l[1tor c[1vity. The dial plate on the 
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Figure 2. Typical v ariati o n in output with 
fre quency. 

-attcnuator (pick-up loop) knob is c[1\i- -
brated in arbitrary uni ts (maximum 
coupling is 100), but the divisions are 
eq ui valcnt to decibels except in the non
linear ra.nge of the attcnLU1tO l' where the 
output power is greatest. '1'he area where 
over-cou pling is possible at some fre
quencies, even with a 50-ohm load, is 
indicatcd on the attenuator dial by the 
legend WA'rCB OU'1' I'U'1' M ONl'l'OH. The 
Oll t;pu t monitor is fed from a directiona l 
coupler in such a manner that it is quite 
inscnsitive to load changes. A variable 
resistor in scries with the meter serves 
as a sensitivity control. 

The output conncctor is a 50-ohm 
TYPE 874 Lockin g Connector which wi ll 
permit a. semiperma.nent attachmcnt of a 
cable 01' an adaptor to some other type 
of coaxial con llector. 

MODULATION 

Since the most-used type of operation 
(other than CW) for [1 test oscillator "t 
these freq llencies is l -kc square-wave 
modu lation, this is provided in ternally. 
To facilitate matching the frcqucncy to 
the filtcr in the detector system, a screw
driver adj ustmcnt on the fro nt pa.nel can 
vary the modulation frequency a.p
p\'Oximately ±5% . In the STAN DBY 

posit,ion of the modulation switch, be
tween the cw and 1- KC square-wa.ve 
positions, the rf energy is shut off. 

Narrow-band, linear swecp is provided 
at powcr-line frequency and 1 kc. This 
can be used for check ing receivcrs and 
other narrow-band deviccs, and is also 
very usefu l for rea.ligning the klystron 
oscillator after a change of klystron 
tube. When the klyst\'On is being swep t 
in ternally, osci lloscope synchronization 
ca n be obtained through negative t riggf'1' 
pulses f\'O m t he oscillator. 

Sq uare waves for modulation at other 



-frequencies can be npplied by an ex-
ternal source. Recommended sources are 
the TYPE 1210-0 Uni t RO Oscillator and 
the TYPE 1217-B Uni t Pu lse Generator. 
The latter is also recommended for pulse 
mod ulation. For external frequency 
mod ulation, the modulat ing signal is 
applif' cl across a scries resistor in the 
repeller lead. 

The three block diagrams in Figure 3 
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illustrate how modubt ion IS accom
plished, and it should be noted that 
dilferent methods arc used for pulse 
modulation and square-wave moduln.
tion. For pulse modu lation (Figure 3b), 
the klystron beam current is interrupted 
by application of n. negative voltage to 
the normally positive biased grid. Dur
ing the lirst couple of hundreds of mill i
seconds after the current is turned on 

OUT PUT WONITOII 

Fi g ure 3a. Sch e matic for 
CWo swoo p . and fre 

qu e ncy modu lation. 

Ib) 

PULSE AND STANDBY 

OU TPUT 
@ 
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agaill , the [requelley may shift by as 
mueh as a megacycle. For short pulses, 
the frcqIlC]H'Y shif t clops lIot amoll n t to 
vcry rnuch, a nci , sill ce t he gr id is t he 
pulsing member t hat givps the best ri se 
t ime, it, i ~ used fol' plilsc Ilw ciuiation. 
For square waves, however, ,yhero t he 
on-prriud Illay la st fur n. IOllgol' time, 
the freq uency shift Inay be undesirable, 
and it was fOlltld advalltageous to re
peller-mod ulate the kl.l'struu, The t ube 

is tracked outside and pa rallel to Ihe 
mode patte i'll a nd pu lsed in to the mode. 
Admitted ly, u fl'CCPICIICY chall gc elm's 
takc place at thc cdgcs of the pulse' , hu t 
the t in1c is short com pared to t he period 
of thc most commo nly lIscd squarc-wave 
modulation . If the USCI' so desires, how
ever, shor t pulses can be applied to thc 
repeller, or square w[\.vcs to the g rid , 
after rcndj lls t.menl·s of the symmetry 
control insidr t he inst rument. 

Figure 4 . 
In terior view. 
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The internal narrow-band S\\"CCP at 
Iinc-frequency or l -kc rates is produced 
by appl ication of an interna lly gencrated 
8fl wtooth vol tuge to the repeller . O\\"ing 
to t he inherent characterist. ics of the 
klystron , the sweep is practica lly linear 
in frequency. 

External modulation voltage for fm 
is applied to the repeller through 0. 

O.047-~f capacitor. T hc inpu t impedance 
is 400 kilohms shunted with 70 pf. 

POW ER SUPPLIES 

Both the cathode a nd rcpcller of the 
klyst ron arc fed from well-regulated 
supplics. The repeller heater is fed from 
a dc supply, \I'hieh, like the pO\l'er supply 
for the modula tor circuit, is ull regu lated 
but adequately filte red. The bias vol tage 
for t he klystron grid is taken from a 
ZOllOI' diode in Dreier to make the voltage 
constant und independent of the grid 
current, \\"h ich varies considerably from 
tube to tube. 

MECHANICAL FEATURES 

The TYPE 13Ga-A is packaged in a 
7-inch relay-rack cabinet and can be 

JANUARY . FEBRUARY, 1962 

obtained either wi th end frames for 
bench lise 0 1' with sllpport fi ttings fo r 
rack mount. F igure 4 shows t he instru
ment with the cabinet removed. Almost 
all the electronic components are 
moun ted on etched boards \\,hich are 
easily accessible from both sides. T ube 
replacements, including the klystron, do 
not require any too ls, and precautions 
have been taken to prevent service per
sonnel from accidentally touching high
voltage te rminals. 

T he nOli contacting t.uning plunger is 
supported by a. ca rriage with long-life 
reinforced T eflon bearings, a nd t he rack 
a nd pinion drives for t he t un ing plunger 
a nd attenuutol' require a minimum of 
lubrication. 

- PEn A. 13ERGSTAD 

CREDITS 

The '1\ ' 1'1': 13fiO-A :\lif'rowl\ve OS" illn tor w:tS 
developed by Per A. BerJ,ts lad, aut hor of lhe 
foreJ,toill~ de:wriptive :I1·t iele. William C . 
Cooper, Edllard I\arpitl s, C h:lrles S. Kennedy, 
I3clleciif,t O ' I ~r i e l l :111(1 ! ~obcr t :\ . Soderman 
ha vc alll;01ltri1t1l1cd to t. he final design. George 
A. Clemo\\' w:tS responsible rO I' t he mechanical 
design. 

- EDITOR 

SPECIFICATI ONS 

FREQUENCY 

Ran ge: l.i to 4. 1 Cc in two ranJ,tcs, l.i to 2.8 Ge 
:lIld 2.6 to 4. 1 Ce. 
Fine Fre qu e nc y Cantrol (6 F): Order of I \ I c, hut 
not. funclioni ng for squarc-wave modulalion. 
Accu rac y: ± l %. 
Stobility : Warm-up d rift is approximately 
0.\&% during thc first. hour, to lal drift ap
proxim:lteiy 0.25% . Aftc r wa rm-II Jl, frequcncy 
is sbtblc within approximately 5 ppm. 
Re sidugl FM: Approxim:llc1y 0.5 ppm in the 
lower frequcncy r:lnl!C Illid 0.2 ppm i t. t.he higher. 
Dominan t frcqucneies nre 60 and 120 cps (with 
GO-cycle line freq uency). 

OUTPUT POWER 

Typica lly more t h:tn 100 IllW above 2 Cc. 
Totnl vnriat ion in ma ximum 01ltp1lt with fre
quency is 20 to approxima tely 300 mw. 
Ane nugtgr: Relative calibrat.ion only . 

INTERNAL MODULATION 

Ngrr gw -Bond Swee p: 1 to 3 l\ lc maximum a.t 1 
kt· :I nd power-line freq uency. Kegat.ive trigger 
p1lbie s1Ipplied. 
Squaro- Wav e : 1 kc, adjustable approximately 
±5%. 

EX TERNAL MODULATION 

FM: Sensit ivity approximately 0.2 Me pCI' volt, 
inpu t impcdallee, 1100 kilo hms a nd iO pf 
(ac oll ly). 
Squgre- Wg ve : 50 cps to 200 kc, 12-v (rillS) sinc 
wa ve or 20-v (peak- to-pcnk) squarc wa.ve; 20% 
mi ll imllm du l.), cY" !e from cXlern al source. 
Input. impcd:lIH"e g:reat e r t hl1 n 100 kilohms. 
Pul se: Rise and fall times approximately 0.2 
¢3CC, min imllm leng th a pprox imately 0.5 ¢lee, 
jitter Illa y he 0.2 j.lSCC. T!l pn t impcd:uH'c 100 
kilohms; driving-pu lse am plitude, 20 \' (pc:tk
to-peak); maximum duty cycle 20% . 

7 
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SPECIFICATIONS (Cont.) 
GENERAL 

Terml nols: RF output, T\,l't: 874 Locking Con
nccto r. Modu illtioll , hinding posts. 
Mounting : Bench o r relny r:lck . 
Po wer Input: 105 to 125 (or 2 10 to 250) volts, 
50 to 60 c p s, 85 "·II Lts. Instrumcnt. will opcmte 
sat.isfactorily (excepL for line-frequcncy swccp) 
at Jlowcr-lill c frequcncics up to -100 c. 
Tub e Complemo nt: Two c:lch 6HJ7 nnd 12,,\1'7, 

T!lpe 

1360-AM 
1360-AR I Mlc rowove Oscillotor, Bench Mount . 

Mlcrowovo O sci llator, Rack Mount .. 

U.S. I~utcnt No. 2,5018 ,'157 

O IiC c:lch 6A~8, 6AV5CA, 12AX7, 1231-17A, 
5651,5836 (Hene;..: Klys t.ron ), 5965. 

Access ori es Supplied: TY l' f; 874-1l22 Pa tch 
Cord, TY l'f; 87--1-C58 Cnb le Conncctor, T\,N: 
CAP-22 Power Cord , and sp:lre fuscs. 
Dime nsions: Width 19. h e igh t 7 .J..1. d epth 15 .J..1 
inches (485 by 195 hy 3ni) mm) , ovcr-:1 l1 j panel, 
19 by 7 inches (485 by 180 mm). 

Net Weigh': 38 pounds (17.5 kg). 

Corle IVord 

n u n !.\' 
BA SSO 

Price 

$1100.00 
1100.00 

MORE AND BETTER PULSES 
FROM THE UNIT PULSE GENERATOR 

The TYPE 1217-A Un it P ulse,.! was, 
like its companion instrulllents in the 
uni t li ne, dcsiglled for maximum util ity, 
millimum co mplcxil.y, and low cost. 1'hc 
thousands of these compact, high per
formance devices t hut a re now in use 
have shown thut l.hc design was indced 

III . w. Fml1k, " l 'ulllClI in 1\ Smnll Pnckn~e- A P\l lse 
GClIcmWr for the 1111 il Linc," G~,umll /(mlio E.I;I,eri. 
,wmler, 21:1, 10, ;\Inrch , Ina·1. 

a successfu l blend of these often con
flicting fact.ors. "'rime has made available 
new circuits and components, and ex
perience has show n where improvements 
wou ld be both desirable and pmct.ical. 
In the redesign tho gon.ls set wore simple : 
to makc every possib le improvemcnt 
compatible with the two conditiolls of 
no incl'cnsc in price and no increase in 
power supply requirements. 

Figure 1. Panel view of the Unit Pul se Ge ne rator, 
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TABLE I 

Comparison of Major Characteristics of the Types 1217-A and 1217-B 

Characteristic 1217·A 1217· B 

Pulse Rise Time < 50 nsec < 20 nsec (50 ohms) 

Pulse Fall Time <150 nsec < 1 0 nsec (50 ohms) 

Pulse Durotion Continuous 150 nsec - 60 msec Continuous 100 nsec - 1 .eo 
PRF (Internal) Steps 30 cps - 100 kc Continuous 2.5 cps to 500 kc 
PRF (External) Locked 30 cps - 100 kc Continuous dc to 1 Me 

Pulse Amplitude ± 20 v into 1 kilohm ± 40 v into 1 kilohm 
(I.kilohm output impe danc e) 

Input Sensitivity 30 v o t 100 kc 

Accuracy PR F ond Duration ± 15% 
Delayed Pulse None 

Similarity between the new T 'YPE 

1217-13 Un it Pulse Generator and its 
popular predece&,or goes li ttle further 
than the four digits of its type number. 
Signifi cant changes have been made in 
all perforrnance specifications. The most 
important parameters arc listed for 
comparison in Table 1. It ca.n be ~een 
that, in every instance, the performance 
figures a re in creased by at least 2:1 and 
oft.en by more t han 10: l. 

This perforn1ance is achieved in two 
ways: 

(I) The TYPE 1217-8 uses better devices ; 
being neither wholly "tran::-ist.orized" nor 
wholly "vacuum t ube-ized" it takes full 
advantage of t he best. propert-ies of both 
modern t.ransistors and vacuum t ubes. 

(2) The TYPE 1217-13 has com pletely un
cOllventional circuitry for a ll fllnctions
every component works fuJI time. In 
fact. , lhrough a series Hrmngement of 

0.3 v at 1 Mc 

± 5% 
To trigger a second gene rator 

t.iming and output. circuits, t he 55-ma 
input current from t he power supply is 
used to provide ·10 ma of useful load 
current. 

The new design has other Ilew features, 
not clearly shown in Table l , which can 
be better appreciated after some of the 
new circuit chamctcdst ics are more com
pletely explained. These will be discussed 
in the section a ll applica.tiolls, below, 
after the circuits ha.ve been explained 
in some detail. 

CIRCUITS 
Block Diagram 

Figure 2 is a block diagram of the 
circuit. In block form th ings look q ui te 
conventiona l. The input circuits consist 
of a Schmit.t t.rigger circuit driven by a n 
amplifier connected to t he input te r
minals so that t he pulse generator ,,-ill 
be started by a triggeri ng pulse once 
per cycle of any inpu t waveform at any 

Figure 2. Block d iagram o f th e circuit system. 

9 
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frequency from de to over one megacycle 
per second . Conventional- yes, but 
every active pa rt- of this input-triggering 
circuit is converted to a stable RC-con
t rolled oscillator when intc1'1lally pro
duced pulse repetition frequency (prf) is 
desired . This oscillator will produce any 
desired I'CClIlTCncc freq uency between 
2.5 cps and 500 kc. 

The t rigger pulse from these input 
circui ts: (1) operates a syn c-pulse
prod ucing stage to form both posit ive 
and IIcgat,j ve pre-triggers, a nd (2) st.arts 
the pulse-generating and timing circui ts. 

A transistor-bistable circuit, set by 
the t rigger from the input circuit, 
sirnuitancotlsiy opera.tes the pulse out
pu t stuge and the pulse-t iming circui t. 
The outpu t st,ages, producing both 
posit/ivc and negative pu lses, arc a pa il' 
of power pentacles acting as 40-ma 
current sources. The t iming circuits 
arc comprised of a switch t ube, a high
speed clamp and a Schmitt trigger. 
\·Vhcn the t ra nsistor bistable switches, 
sturLing the pulse, t he t,iming switch is 
tUJ'Jlcd ofT. A precision capacitor is 
cha rged to the point where t he Schmitt 
trigger operates, produci ng a reset trig
gel' for the bistable control circuit, 
thereby terminating t he pulse. 

The 40-ma currcnt-sourcc outPl. 
pentodes are directly connected to lhe 
output terminals t hrough a I-kilohm 
a mpli tude con tro l. ~ Forty-volt p,?sit ive 
and negative pulses a re thercby pro
duced at full ampli t ude. Since the con
nection to t he out put te rminals is 
direct, the dc component of the pulses 
is prcsent, and ramp-off can not occur, 
no mattcr how great the pu lse duration. 

Input Circuits 

Figure 3 is a simplified schematic 
diagram of the inpu t circuits and prf 
oscillator. The switchi ng for t he circuit 
is shown here in propel' posit ion for the 
aperiod ic-input-circui t connection. 

In this connection VI a mplifies the 
input signa l, and the voltage divider III 
und variable rcsistor R~ apply the 
a mplified input signal to the Schmitt 
circuit, 1'~ . R2 in this a pplication permi ts 
an adj ustment of t he d e component of 
the input signal either to optimi ze the 
t riggering sensit ivity or to adjust the 
phase of the output pulse with respect 
to the input signal ovor a limi ted range. 

\"'hen t he pHF seiector switch is thrown 
to anyone of its other twelve posit ions 

' Thi9 output circuit (:onfigllmlioll i9 idelu icul to thnt of 
tIle Geneml Rndio Tn' .; 1391- 13 I>ulsc. Sweep. lind Time
Delny Generntor. 

,------T-----~~ ... 150 

INPUT.4-W.~-f-~ 

-150 

!--'"-- TRIGGER 
OUTPUT 
TO START 
PULSE 

FIgure 3. El e mentary schematic of the Input circuits. 



Fig ure 4. WCJr m .up fre q ue ncy drift of prf ci rcu it 
a l 10 kc. 

the input circui t is con verted to an 
oscillator. Th is oscillato l' configuration 
is obtaincd when the switches of Figure 3 
arc thl'own to the "0" position. Note 
that the Schmitt-circui t structure is not 
disturbed-cxcept that the plate voltage 
of the left-hand side is directly coupled 
to the left-hand grid of V, by V, which 
has been convcrted by the switch into a 
CUl'l'ent source t l'llIl slat~ing device.a Under 
ideal condi tions neal'iy the full plate 
swing of V ~A would appeal' at the grid. 
R" II, and C, form a delay circuit so that 
Ct must charge to a voltage equivalent 
to the circui t hysteresis before VIA can 
swi tch to its other stable state, where
upon C, must discharge by the circuit 
hysteresis before switching again takes 
place. Therefore, an oscillator is produced 
whose natura l frequency is determined 
by: the circuit hysteresis, the resistors 
II, and R3 , and the capacitor C,. 

The f" eq uency stabili ty of this oscil
lator is dependent only on the RC 
product a nd upon the stabili ty of the 
hysteresis of the Schmitt circuit. Pre
cision cornponcnts are used to set the 
triggering vol tages (R" R,) and the 
effects of tube chal'llcteristic changes 

l it. w. Frullk IUld H. T . ~l cAlccr , "A FrC(llIcnc}, Coulller 
with n :'.Iemory !lnll w ith Bu ilt.ln Il c1inbili l )' ," General 
Rudio EZ'JJtrimmler. 35. 5. l\iu }" 106 1. p. 10. 
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are minimized by the current feedback 
produced by the large ca thodc resistor, 
R,. This form of oscilla tor is inherently 
stable. Figure 4 shows the warm-up 
characteristic. After 15 minutes, the fre
quency is wi thin 0.1 % of its final value 
alld will remain within 0.1 % for several 
hours, under laboratory conditions. 

Pulse-Timing Circuits 

The pulse-timillg circuits are shown 
in Figure 5. Upon the receipt of a trigger 
from the input circui ts, Ql goes off, 
turning l' a orT, starling the output 
positive pulse. (At the same time Q, 
goes on, turning V 4 on, starting the 
negative pulse.) QI going ofT also turns 
V, off and C, sta rts to charge through 
RI . The resul ting positive-going ex
ponential rises from " level set by the 
clamping diode, D" to the potent ial 
at which the Schmitt trigge,' (V,) 
switches. The transition of the trigger 
circuit turns Q2 ofT, Q, on, stopping the 
pulses, turning V5 back on to discharge 
C'2 , and the process stops, until a new 
trigger is received from the input circuit. 

This circuit strllcturc meets practi
cally all the condi t,ions for the production 
of an accurate a nd stable t ime in terval: 

(I ) The t iming elements form an 
integra ting circui t . (Best for low jit ter.) 

(2) The timing is dependent only on 
an RC circuit and an easily controlled 
amplitude comparator. 

(3) The t iming capacitor is di" ectly 
discharged through the t iming switch 
leading to a very short recovery time
hence, maximum duration-control accu
racy even at high duty-ratios. 

A study of the simplified schematic of 
this duration-con trol circuit shows that 
the initial voltage from which C'2 begins 
its charge to determine the pulse dura-

11 
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-----,----;.----,---- +150 

., 

START STOP 

Figure 5 . Elementory schemallc 
of th e pulse .liming ond output 

circuits;. 

_~ ________ ....... ___ "O 

t ion is set by the cathode current of the 
amplitude-compa rator Schmitt in Rs. 
AllY variations in this CUl'rent will affect 
both t he ini tia l and filla l vol tage values. 
Agaill , as in the input circuits, this 
co rnparatol' is stabili zed by heavy cur
ren t feedback a nd the triggering voltage 
is determined by precision resistors. 

Output Circuits 

Figure 5 a lso shows the output cir
cuits. Before a start trigger pulse is 
received frorn t he inpu t circuits Q. is on 
a nd Q, orr. V, is t hcrefore conduct ing at 
(nea rly ) zero-bias and V, is off. When a 
trigger pulse is received Q2 goes on bring
ing V" all. if 3 a.nd 11" a rc a pail' of power 
pentodes which pass 40 ma when on at 
zero-bins. The interruption of plate 
current in V 3 produces a. ~IO-volt positive 
pulsc in its load resistor. Simultaneously 
l' 4 tu rning on produces a 40-volt nega
t ive pulse across its lond resistor. The 
extreme speed of QI a nd Q2 in the t ran
sistor flip-flop switches these plate cur
rents on and ofT very rapidly. A typical 
positive clIrrent t.ransit ion is of the 
order of 15 nanoseconds, while the 

negalive tra nsit ions nrc typic..'l lly 8 nsec. 
(Sec Figure 6. ) 

The very rapid cu rrent t ra nsitions a re 
applied to the I-kilohm output potent i
OInctersand U.1l in terna l st ray-capacitance 
of approxima tely 30 pc. \Vith no externa l 
loading the rise t ime of voltage is " p
proximately 60 nscc. External capaci
tance will in crease thjs rise time by 

O. 12.J.l sec pu lse in 1· 
nsec ri se time sampl ing 
system; 20 n sec/ cm. 

Positive transiti on, 
10 nsedcm 

Negative transition, 
10 nsec/ cm 

Figure 6. Oscillogram showing typical output 
transilions In a so· ohm system. 
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0.4 va ll, peok-to.peok, 
into 10 ohms; 
0.1 J.I sec/cm 

4 valls, peak ·to·peak, 
int o 100 ohms, 
0. 1 J.l seclcm 

40 volts, peok·to·peok, 
into 1 kilohm; 
0.1 J.l sec/ cm 

Figure 7. Open-circuit ris e-and fall-tim e oscilla
grams; 'scope has 12-pf probe. 

approximately 2 nsec/ pf. With this out
put circuit form , no overshoot will ever 
be observed, aud the rise and fall of 
output voltage is purely exponentia.l 
(see Figure 7 where the output pulse is 
shown as presented on n. Tektronix 543 
oscilloscope with 12-pJ' pl'obc). 

\-\then the ultima.t.e curront rise times 
are to be utilized it is necessa ry to 
terminate the pulse generator in an 
impedance appropriute to t he coaxia l 
cable (50 01' 93 ohms) to be used. Fast 
2-vol t pulses in n 50-ohm system are 
show n in Figure 8. 

APPLICATIONS 

T he extremely wide ranges of pulse 
duration and pl'f pl'oduced by th is pulse 
generat or fi t it fur a lmost allY applica
tion in whi ch a pulse is needed. Thore 
nrc so many appli cation s t ha.t it is 
diffi cult to select n. sample group to be 
included here. The new model has 
demonstrated itself to be fa r more useful 
t,han its predecessor because : 

(1 ) Its dura tion control , being morc 
accurately ca librated , can be used fo r 
quantitati ve measurcment of maximum 
and minimum duratioll ~ , fo r cxample, 
over which a flip-Hop wi ll fUllction. The 

JANUARY.FE.RUARY, 1962 ~ 

A 
2-volt, 0.5- ~ sec pul se; 
50-oh ..... termi nation; 
0.1 j.J. sec per divi sion 

• 
2-vah, 5- j.J.sec puis,,; 
SO-ohm termination 

C 
As in (B), but with 
open-circuit termi
nation, AD-volt puIs" 

Figure 8. 
2-volt pulses into SO ohms. 

pulse duration ean be established with
out t hc need to rcad an oscilloscope. 

(2) Since the ampli tude control varies 
output impedall ce, t he instrument 0..'1.11 

be set to pJ'Odu ce a correct driving-point 
impedance for any passive pulse net
work. 

(3) Us lineal' current-source output 
system produces a clean pulse of easily 
adjust;ttb le and equal rise-fa ll t ime. 

(~ ) Since I,he prf can be continuously 
varied it. is possible, for exam ple, to 
establ ish the resolu t.ion failure point of 
a flip-flop precisely. 

(5) The :.Lpcriodic sy nchronizing circll i t 
for externa l cOll tl'o l of t he prf makes it 
possible to drive the instru ment from an 
RC 01' beat oscillator over t he full range 
of that oscillator with no contro l adj ust
ments on thc pulse generator. 'l ' hcrcfol'e, 
the prf accuracy ~LIld stabili ty is t hat. of 
the dri ving oscillator. It is a lso possible 
to prod uce pu lses with a random fre
quency distribution. 

(6) T he sl,abili ty of the in ternal prf 
oscillator makes it possible to use t he 
TYPE l2 17-13 in systems as a precise 
frequen cy divider of high ratio (Figu re 
9, A find B). 

13 
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A 
9: 1 division of l-Me input 
sine wove I JA See/ emi 
pr' .. 111.1 ke 

B 
20: ' division of ' -Mc 
input sine wove 

C 
Comp lex pulse from 
two genero tors 
in porollel 

Fig ure 9. 

(7) The presence of a threshold control 
for the external synchronizing circuit 
makes it easily possible to produce single 
pulses. A 1.5-volt cell and Micl'O Switch 
can also be used to pl'Oduce single pulses 
fl'OIn a hand-held trigger generator. 

(8) The lineal', dc coupled output 

TYPE 1217-8 

~ + 
0 

° 
(0) .., 

TYPE 1217-8 

t(} 

(b) .., 

Figure 10_ Control of pflP tron ,htor ,wltch _ 

permits paralleling to provide compl"x 
output pulses with no external adding 
networks, as shown in Figure 9C_ 

Beyond the general increases in ap
plicability obtained thl'Ough the design 
improvements listed above, experience 
has shown that the TYPE 1217-B is a 
usefu l source for measurements on 
transistor systems_ It can operate satu
rated transistor switches, both npn and 
pnp, without coupling networks. Since 
the pu lse generator is direct-coupled, the 
solid-state switches can be operated over 
it.s fu ll duration-range. Figure 10 shows 
the connections for driving a pnp 
transistor switch. The low output im
pedance of the TYPE 1217-B is normally 
sufficient for hold-back during the pu lse 
off-time_ Figure 11 shows the direct con
nection for switching npn transistors. 

-R. W. FRANK 

--.-- NEG POWER SUPPLY 
< 40 VOLTS 

TYPE 1217-8 

1:5' 0 0=rL 
0 

(0) " 

TYPE 1217-8 

0 

(b) .., 
Fig ure 11 . Control of npn tron ,l,tor ,witch . 

SPECIFICATI O N S 

PULSE REPETITION FREQUENCY 

Int ernall y Ge nerated: 2 _5 cps to 500 kc with 
calibrated points in a 1-3 sequence from 10 cps 
to 300 kc, and 500 kc, all ±5% _ Continllous 
covcrnge of the runge from 2.5 CpS to 500 kc 
with nn uncalibrutcd control lowering the fre
quency of the calibrated points_ 

Externoll y Controll ed: Aperiodic, dc to 1 Mc with 
I-v rms input (0.5 v at 500 kc and lower); input 
impedn nce, at 0_5 v rms, approximately 100 
kilohms shunted by 50 pL 

OUTPUT PULSE CHARACTER ISTICS 

Du ration : 100 nscc to 1 sec in seven decnde 
ranges, ±5% of reading, or ±2% of full scnle 
or ± 25 nsec, whichevcr is greatcr_ 

Rise Ti m e: 

a. Into terminated 50- or lOO-ohm cables all 
transitions will have rise times less than 20 
nanoseconds (typically 12 nsee). 

b. On high-voltage output (40 v at I k~Johm) 
rise t ime will be limit.ed by load capacltance_ 
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. ' SPECIFICATIONS (Cant.) 

!lise and fall t imes typ ica lly 60 nsee + 2 
nsec Ipf ex t.ernal load capacitance. 

Voltoge: Positive and negative <lO-ma current 
pulses available simultaneously. DC coupled, 
wit.h dc component negative with respect to 
ground. 40 vo lts peak into l-kilohm int.ernal 
load impcdanee for both negative Ilnd positive 
pu lses. Outpu t control marked in approximate 
ou tput impedance. 

Overs hoot: Overshoots and 1I0ise in pulse, less 
Limn 5% of nmplitude with co rrect t.ermiulltion. 

Hamp-ofT: less than I % everywhere. 

Sync hron lxlng Pulses: 

Pre.pulse: Posit ive a nd negative 10-volt 
pulses of 150-nsec dura tion. If posit ive sync 
terminal is short.ed, nega t ive pulse CIlIl be in
creased t.o 50 v. Sync-pulse som ce impedanee: 

posit ive - approx 300 ohms 
negative - approx I kilohm 

Dela yed Sync Puhe: The delayed sync pu lse 
consis t.s of a negative-going transit. ion of ap
proximately 5 volU! und 1000nscc duration 
coincident wi th the late edge of I.he main pulse . 
The durat ion control reads I,he time hetween 
the pre-pube and the delayed sync pulse . T he 
delayed sync-pulse negative tra nsition is im
mediately fo llo\\'ed by a positive transition of 
npproximately 5 volts ampli t.ude It lid 150-nsec 

12 17 ·B I Unit Pulse Generotor . 

~ 
I-p sec pulse in to 
50 ohms with 
delayed sync pulse 

~ -----
---v"---

duration to reset the inpu t circuit.s of a follow
ing pulse genemtor. (Sec oscillogram :lbove.) 

STABILITY 
PRF and pulse-duration ji t ter ure dependent 

on power-supply ripple and regulatioll. 
II. Wi t.h Tn'l-: 1201 Power Supply (recom

mended ), inlHlt terminals shor t-circuited, 
PRF Jit.ter 0.01 % 
Pulse-Duralion ,litter O.Ot % 

b. With '{'YI'F; 1203 Power Supply 
PH F .J itt er 
Pube-Dura t. ion Ji tter 

POWER REQUIRED 

0.05% 
0.05 % 

300 v at 55 ma, 6.3 v at 3 amp. TYl'f; 1203-B 
Uni t Power Supply or Tyl'f; 1201-13 Unit 
Heguial.ed Power ~upply is recommended . . 

DIMENSIONS 
Width 9 ,!.1, heigh t 5%, depth 6 ,!,1 lllohes 

(240 by 150 by 165 mm), over-nil. 

NET WEIG HT 
'1,!,1 pounds (2. 1 kg). 

Code Word Price 

A:'IASS $250 .00 

AUTOMATIC MEASUREMENT OF 

PHONOGRAPH REPRODUCERS 

By B. B. BAUER, Vice President 
CBS l aboratories, Stamford , Connecticut 

Among the latest of manual proce
dures to yield to automation is the 
measurement of phonograph reproducer 
characteristics. This is made possible by 
development of the new CBS Labora
tories Type STR 100 Stereophonic Fre
quency Test Record , which is adapted 
for use with General Radio TYPE 1521-1\ 
Graphic Level Recorder. 

A stereophonic record conta ins two 
related program channels whi ch a re 
identiHed wi th or thogonal modulations 
of t he walls of a single groove. The left 
channel corresponds to t he inner groove 
wali , t he one closest to t he center, and 
the right channel to the outer groove 
wali (a\\'ay from the center). The positive 
directions of these modulations arc at 

15 
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+45 0 and _450 to the record surface, 
respectively (Figure 1) . The pickup has a 
single sty lus nol,ing on :1 pa.il' of trans
ciuCC I's, arranged in !111 o rthogonal fa sh
ion and intended to generate independ
ent voltuges when dri ven by the re
spective groove-wall mod ulations (Fig
uro 2). The voltages 0 , and er generated 
in the transducers drive two amplifiers 
and loudspeakers to reproduce the re
corded information. 

The on ly fea sible way of test ing the 
performance of 11 phonogruph pickup is 
by lI SC of a frequency-test rocord, on 
which tones have been recorded at 
vuriou s fr equencies. Stereophon ic 
frequency-test records have sepal.'ate 
record ings for the left and the right 
channels. T he response vs frequency of 
any given pickUp channel produced by 
t.he cOl'responding rccord channel is 
known as " responsc-frequency charac
ter istic" or simply II response" of t.he 
cha nnel on the pa rticular record. The 
response from thc opposite channel is 
known as Ilcrossta lk-frcq ucncy charac
teristic" 01' simply lIerosstalk. 1I T he 
customary ull its fol' bot h characteristics 
fire db rc I volt rms. The difTerence at 
any OIl C frcquency (or ilxcrnge over a 
group of freq uencics) bet\\'ecn response 
a.nd crosstalk is known as Hchannel 
sepa ration ," ex pressed in db. 

er~&! 

~ 
.£ r 

RtCORO 
COltER + 

I , 
iLEFT I 

'" LEFT RIGHT RIGHT 

Figure 1. "Pie" re p rese ntatio n o f a s te re op honic 
re cord portra yi ng moduloll on a ssociate d w ith le ft 
chann e l, right c hann e l, and combine d le ft and 

ri g ht chonn a ls . 

The STR 100 record has a frequency 
sweep band for each channel, and its 
frequency varies logarit hmicaJly wit h 
time, at a rate of 1 decadc each 24 
scconds. T his corrcsponds to a chart 
speed on the General nadio TnI': 
1521-A Graph ic Level Recorder of 
t hirty ,XI-in ches p CI' minute. T he sweep 
band starts with a 1000-cycle tone of 
sufficient duration to pel'mit t he re
corder pen to be set to the 40 cps ordi
na te and the recording level to be ad
justed to a convenient value. Upon 
cessat ion of the 1000-cycle tone t he fre
quency drops immediately tiO ~IO cps and 

Flg u ro 2. Ty pical a r_ 
ran ge m e nts of s tore o_ 

phonic pickUp s • 

A. Magnetic B. P iezoelecl ric 
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SECOND 

Figure 3 . Au tomatica ll y p lolted response of typical hig h -gra de mognetic pi ckup. Upper 
cu rve is direct response of one cha nn el; lower curve is crou'a lk from other ch a nn el. 

t hen rises cont.inuously to 20,000 cps in 
24 log (20,000/ 40) ~ 04,S seconds, Next, 
an intel'va l is a.llowed for the operator to 
reset t he recorder chart back to t he 40 
cps ordinate, Then, t he right-channel 
I-kc tone is heard , being followed by the 
right-channel sweep. If one channel of a 
pickup unclol' test is con nected to the 
recorder (through a sui table amplifier), 
t hen the response-freq uency and the 
crosstn lk-fl'cqucncy characteristics for 
l he particular channel will be succes
sively recorded. A typica l set of curves 
for :1 magnetic phonograph pickup is 
shown in Figure 3. Two such sets, one 
for each challnel, are req uired to de
scribc the performa llce of the pickup. 

Previously availablc tcs t records used 
spot-frequency tones not adapted for 
automatic recording, The STR 100 
record a lso has such fixed-frequency 
tones for t he left and right chan nels

J 
but 

each tone is preceded by a voice an
noun cement of freq llcllcy, so that t here 
is no doubt as lio whi ch tone is being 
played, The results of the spot.-frequency 
te·ts arc similar lio those obtained with 
tho sweep-frequency bands, but t he 

process is far more laboriolls, and the 
information between the spot-frequency 
tones is not revealed. A syslem that ap
pears fl at when measured with spot
frequencies often has resonan t peaks or 
dips in between the spot frequen cies. 

The spot-frequency blinds in t he STR 
100 record above 500 cps wel'e cut with 
t he same recorder setup as were the 
sweep-tone bands. This permilited an 
absol ute cali bru,t,ion of the sweep-tone 
bands by measurCinent of the spot
frequency bands with microscope and by 
diffraction-of- ligh t patten IS . 1 

Test Record Characteristics 

As indicntC'd above, the reproducing 
characterist.ics of a pick Up or syslem 
under test a re I'cferrrd to t he charac
teristics of a pa rticular test record. 
These may be denned in terms of dis
placement or velocity of groove modu
lation. 

For constnnt-dispi::LceIllCil t rccording ~ 

:1 displ:.t(;emcnt-rcspollsive (piczo-clec-

1;'jg.. IHE.If)·S I • ."t,w""rr/! 011 /tcrorrli lll/ " 'Id He/'rm/uri'lf/: 
,\fet/wils 0/ CII/iI,r,,!;,"! 0/ ,\fer/ .. "lirdl" U rrorrlerl LII/erlll 
i"rctlllc'ICfI H er on/If, III >:I t ituhl of Umlio Eng ineer s, I EUllL 
i!hh Stn:cl, N.Y. 2 1, N.Y. 
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tric) pickup will produce a constant 
output at all frequencies, while a veloc
ity-responsive pickup (magnetic, mov
ing coil) wi ll produce an output directly 
proportiona l to freq uency. On the other 
hand, 11 constant--vclocity recording will 
produce n. constant output with a veloc
ity-responsive pickup, and an output 
in versely proportiona l to frequency with 
a displacement-responsive pickup. 

The STU 100 record has a constant
displacement modu lation up to 500 cps 
and constant-velocity modulation above 
500 cps. This explains the response of a 
magnetic pickup in Figure 3, which is a 
rising straight- line in db vs log frequency 
at G db per octave below 500 cps and 
const"" t above 500 cps. The deviation 
of response from two straight lines de
notes the departuI"C of the pickup from 
ideal performance. The crosstn.lk ClII'Ve, 

which is 20 to 30 db below the principal 
channel outpu t, is ty pical of the channel 
sepuration that may be expected In 

present-day high-gradc pickups. 
Simllal' mC:lSlIl'cmc nts can rcad ily be 

pcrformed on displaccmcnt-rcsponsive 
pi ckups if the gCllC!'a.tcd voltage is 
difrercnt ia ted by cOll llcction across the 

-10 

0 

, 
--0 

V , 
0 / 

" 
v 

---V FR£QUENCY IN CYCl£S P£R SECOND 

pickup terminals of a resistance which is 
small compured to the capacitive re
actance of the pickup. Usually a 10,000-
ohm resistor will suffice. The response
frequency churacteristic of an ideal 
piezo-electric pickup tC l' minated in this 
manner is sim ilar to that o f a magnetic 
pickup. 

Testing Pickup Preompliflers 

Modern 33Y:; rpm !'Cco rds arc recorded 
with a frequency characteristic that is a 
composite of scvern l constant-displace
ment and constant-velocity scgments 
as follows: 

Up to 50 cps - constant velocity. 
From 50 to 500 cps - constant dis

placemcllt. 
From 500 to 2120 cps - consta nt 

velocity. 
Above 2120 cps - eonstttnt displace

ment. 
T he transitions between these seg

mcnts arc not sharply defined, but in
stead they arc blended togethcr, in a 
manner defin ed by the RIAA.' The 
velocity (db)-vs-freq uell cy character-

:,s/IIII,f'1rl1 /(U lmliu(I IIIIIl IlfJWQl/u r ill{1 CIUlmc(t:ri~(ic . 
Hecart! Imlustrictl A>lSocillt iOTl of America Inc .. I En.\lt. 
57th Street, N, Y. 22, ~.Y. 

/" 
/' 

/ 
v 

·10 
100 ,., 

'" '"" IO,CXXI 20.(0) 

POW[R 
AMPlifiER '"V 

Fig ure 4. RIAA rec ordin g 
choroctori5tic on d R- C 

RIA A network. 



isl'ic which is obtained is shown in 
F igure ·k 

Whell the pickup is a t rue yclocity
l'C'spollsive device, it fo llo\\"s tha t the 
pickup preamplifier should have a n in
verse R JAA chnm ctcri:;;ti(' , T his char
nett' l'ist ic of the prca mplificr is most 
eO Il \'cnientiy H' rificd by the inscrtion 
of an H L-\ .r\ gOllcmtor IIctwork bet wccn 
thc oscillator and the amplifier undor 
Ic:-; t , Onc such net.work is sho\\'n in 
Fig1l re 4. If the mpn:-;urC'd rcspollse i ~ 

ull iform wilh freqllcllcy. then t he prc
a mpli ficr i:-i propcrly drsig ll rd fo r repro
duti ng records with a ma,rnct ic pickup. 
A TYPE 1521-,\ Recorder and T YI' E 
130·1-13 B<,a t-Freq uellcy Audio Genera
tor (' :1.11 bc adva ll ktgeo llsly uscd in this 
test. 

O ver-a ll M easurements of Response 
Characteristics 

The ST n 100 record a lld the TYPE 
152 1-1\ Hecordel' ca n also be used to 
measurc lhc Q\·er-a ll rcspulI :-ip-frcqucncy 
charactcl'ist ies of :1 playback system 
I'cgardle:-;s of t he ty pc of pickup 01' am pli
ficr employcd. T he ici r a l rcsponsc
froquency cha ract.e rist. ic of a properly 
adjusted reproducl ion system playing 
a ll STR 100 record \\' ill be simply the 
difl'rrcnce betwcen t he responsc-frc-

Idea l System Response - RIA A Equali zed 

Frequency db Frequency db 

1,000 0 SUO + 0.7 
20,000 - 19,5 000 + I.S 
lS,ooo - IS.S 500 +2.6 
16,000 - 17.7 ·100 + 1. ~ 
1,1,000 - 16.6 300 + 1.1 
12,000 - 15.3 200 + 0,2 
10,000 - 13.7 150 -0.6 
8,000 -1 1.~ 100 - o.n 
6,000 - n.6 80 - 1.3 
5,000 -8.2 60 - 2.3 
11,000 - 0,0 50 - 3.0 
3,000 -1 .S ·10 - 1.2 
2,000 - 2.n 30 -.5.8 
1,500 - 1.5 25 - 7.0 
1,000 0 20 - S.6 
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qucncy charactcrist ic of the record a nd 
the HI AA cha ra cter isti c.: shmnl in F igurc 
4, Subt ract illg these t wo results in j,he 
set of valucs in t he acco mpanying 
table. 

T one-Arm-Resonance Test 

To test rcso nance of tone a rms, loud
speakers, etc., t he STR 100 record pro
vides sweep-to llc ba llds, Ipft a lld right, 
from 200 t.o 10 cps. These a rc sY II
chron ized a lso to lhe T Y P E 152 1-/\ 
HccoJ'cic l". Thc recorder must bc sct to 
operatc in rcvC J':-iC, :us t hc S" ·Ccp tOile 
bcgills a t 200 cps a nd the frequcllcy 
decreases d uring t he g lide. 

Automatic-Start Circuit 

The 1000-cycle tO iles :I t t he beginning 
of each glide serve 1I0t oli ly for lC'vel 
adjlls tmC' nt, but, a lso rol' key il1 g:t1l a ut o
malie-s1.a rt cirelli ! fol' 1 he reco rder . This 
circuit" dcveloped by 1\ lessrs. A, 
Sch \\"a rtz a.nd A. l;\lst of C BS La bora
to ries, is show n ill F ig\l]"(, 5. 

The 1000-cycle k('y illg tOile precod ing 
thc s\\"ppp ini tiat('s ,·hr cycle. All relays 
arc ini tially dr-ell C' J'gizl'd :I f.:. shmnl in t.he 
schema t ic d iagra m. Lprt n.nd righ t cha ll
nel inputs nrc ('ombillC'd ill the ca thoue 
of ' " i n ~ lI ri ng t ha l t 11(' kC'y ilig t one wi ll 
be p r(,~C' ll t fo r either d irC'C'! or tross!a lk 
measurements, 'I'h(' cat hodC' follo \\"o r 
outp" t is fC' eI to the 1'2 high ga in 31l1pli
fic !" I hl'Ough :l high-Q LC 1000-cycle 
filt r l' nllo\\·ing only 1000 cps t.o fced 
through. Followillg this ~ t ag:c is :1 cal,h
ode follow('l" l'.3 em plo.vC'd as a po\\·cr 
a mpl ificr to dri vc fl. sellsit i,·c relay f(, 

(Elgin Ad ,'a ncc) nHe'!' I'cc t ificat·io ll by 
the t,,·o 1 '\2-182 d iodes. A Zeller diode 
a nd clippi ng-m ngc cOllt l'o l PI'C' ·Cll t high 
signa l levels f!'Om overhca.t ing thc sellsi
t ivc rpiay. 

\Vi th J(, encrgizcd , re lay 1(2 is Cll

crgizcd a nd locks itse lf :lCroSS t he powcr 

19 



20 

GENERAL RADIO EXPERIMENTER 

" • SET • .11.. FOR • 3.7~ VOLTS 
RELATIVE TO 128Y7 PL :'TE 

9101 " 0 .0 7 

r-------------------l 
I GR TY"E 1~21-A I 
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: I 
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o '0 

f ---l.---~ 

_ RANCE 

o i . , MAN RUN 
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Figure S. Automatic control circuit for the recorder. 

supply through cont,act 1. At the cessa
tion of the keying tone, [(1 is de
energized - thereby actuating 1(3, 
wh.ich starts the recorder motor at t he 
instant t he sweep begins. At t he termi
nation of t he sweep band, the reset 
swi tch is manually set at RESE'r momen
tarily to dc-energize /(2, and t he circuit 
is t hen ready for the next sweep. 

Economics of Automation 

The economic value of n.utomation in 
testing phonograph reproducers de
serves particular mention. The develop
ment of a phonograph pickup or com
plete player involves considerable ex
perimental work in which the device 
under test is modified by successive re
arrangement or modification of com
ponents until the desired performance is 
obtained_ Each modification is followed 

by response and separat.ion tests. Spot
frequency tests require t he better part 
of one hour. It has been estimated that 
one-third to one-half the manpower 
used in pickup and phonogrnph develop
ment is expended in this tedious en
deavor. Delegat,ing t,hese meaSUl'en1ents 
to an automatic device whi ch does not 
mind tedium and makes no error re
leases trained ITln.npo\\"cr for more crea
tive tasks and &'lves thousands of dollnrs 
annually . In one instance, changin g 
from manual to automatic recording has 
been shown to save t he cost of a recorder 
in a single month, a.nd the cost of t he 
new record in a single test . 

Use by Audiophiles 

While the STR 100 record hilS been 
designed especia lly foI' the professional 
liSeI', the requiremen ts of the audiophiles 
have a lso been kept in mind. Complete 
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instrllctions arc included wi th each 
rccord for testin g frcqllcncy rallge of the 
rcproducing systcm, channcl separation, 
pickup complian cc and t racking, tOIlC
nnn resonan ce and sty ills "·C;1r. 

The STR 100 record is priced at 88.50 
and C"II be obt"ined from CBS Labora
tories, Stamford, Connccticut, 01' from 
Columbia Records dist ributors "nd deal-
el's. 

MORE TALENTS, NEW DRESS, FOR THE 
OUTPUT POWER METER 

In the nearly thirty years since its 
first announccment, the GCllel'a l lU1dio 
THJO 583-A Output Power Meter has 
served as a ,york-horse of the audio
freq uency industry. During this timc, 
!:iigllifica nt adva nces in materia l and 
techniques have mndc possible its rc
plneelnent by a new instrument, based 
on the same general theory, but im
proved in all respects. 

Both in struments a re basically multi
tapped audio-frequcncy t ransformers 
that, by transformat ion ratio, reflect an 
essentially fixed secondary load as a 
variable primary impecinncc. They difTor, 
however, in sevent! respects, ,,·hich 
make possible t he new illstrumcllt's 
grcater frequency, irnpeciunce, and po,,·cr 

ran ges and its improved accuracy on 
complex waveforms. 

The TYI>E 583-A used a mu-mctal core 
to securc high ini t ial pcrmcability 
(nccessa ry for impedance accuracy at 
low power inpu t) , but wns limited to n. 
5-wat,t maximum inpu t by t he low 
satul'at,ion Icvel of mu-mctal. '1'hc 1 'Y P E 

l840-A securcs high ini tia l pcrmcabili ty 
thl'Ough thc lise of grain-orien ted silicon 
stccl in a lami llation specifically designed 
to talc ndvantnge of grain-oricnt.ation, 
and thcreby in crcases its maximum in
put to 20 \\"[ttts with but li ttle incre!!se 
in core size, since grain-oriented silicon
steel is a. t rue "pO\yer" Il1atc ria l. 

The TYPE 583-A had ten secondary 
taps to y ield tell impedance values 

Fig u re 1. Pa nel view o f t he O ut put Power Mete r. 

2 1 
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. 10= spaced , approxnnately, at V 10 (tenth 
root of 10) in tervals a nd fOllr-primary 
taps to provide multiplication by powers 
of 10 (0.1 , 1, 10, 100). This yielded for ty 
impedance values between 2.5 and 
20,000 ohms. T he TvP" 1840-;\ has six 
secondary taps to yield six impedan ce 

values, spaced , approximately, at -\14 
(sixth rout ,of 4) in te rvals. Nole that t he 
two in b: l'vals a re comparable 

ytiO ,.,. V4 ~ 1.26. 

The TYl>I~ 1840-A, however, has eight 
identical primaries, each tapped to pro
vide a rnu1i;iplier of 250/ 1, which prima
ries are switched from a ll parallel to a ll 
series in foul' configuratiolls, each (:011-

figul'nJ iotl in troducing a ITHll ti plicl' of 
4/ 1. The six seconda ry taps and four 
primary cOllllections are all controlled by 
a single twenty-foul' posit ion rotary 
switch yieldi ng six t imes fOll r, or twellty
foul' , discrete impedance values. The 
taps 0 11 a ll eight primaries arc switched, 
sim ultaneously, by t he ohms-kilohms 
switch·. 'The ohms range lies betweCl I 0.6 
and 128 ohrns. The kilohms range multi
plies these' values by 250, 1>0 yield 0.15 to 
32 ki lohms. The net resul t of a ll t,hese 
shenannigans is more effi cien t use of the 
transformer windings, " ' hile! III the 

older instrumcnt, up to forty percent of 
the inpu t power was dissipated in t he 
windi ngs, in the new model it is reduced 
to less than eight percent . T'his fivefold 
decrease in winding dissipation so re
duces t he winding'S contribu tion to in
put impedance that a ll TYI'" 1S40-A's 
lise the sume accurate resistors in con
trast to the ha lld-tailored resistors 1'0 -

quil'ed for eetCh TYPE 583-A. 
A furthcr advantage of primary 

switching is apparent in the improved 
frequency response . Since a ll primaries 
a.re a lways active, and a rc in ter leaved 
with the seconda ry windings in two pi 's, 
a n octave improvement, in both high a nd 
low frequen cy response has becll 
achicved. 

I 'he quasi-nTIS meter in t he TYI'I'; 
1840-1\ to lerates second and third ha r
monics up to 20% in t he signa l without 
departure from a true rms indication. 
The new General Radio rack-bcnch
instrument cabinet provides conven
ience, access n.nd a n adjustable t ilt for 
easy reading. 

AT-network attenuato!", described in 
the instruction book, permi ts extension 
of t,he power level to 200 watts fol' any 
particular impedullce setting. 

- G ILBERT S MILEY 

SPECIFICATIONS 

Po wer Ronge: 0.1 milliwa.t.t. to 20 wails . 
Auxiliary db senle reads from - 15 to +43 db 
re 1 Illilliw ~l . t.l. 

Pow er Accurac y: :\'laximllll1 erro r in fu l1 -.scale 
power indication docs lIot, exceed 0.5 db from 
50 to 10,000 cps ; does not exceed 1.5 db from 
20 La 20,000 cps. 
Impe dance Rang e : 0.6 ohm to 32 kilohms in two 
ra nges; y ielding 48 indi vidual impedances 
spaced {lT apar l. 
Impeda nce Accuracy: i\'rnx imum error does not. 
exceed ± 5% from 100 to 10,000 cps or ± 50 % 
from 20 to 30,000 cps, 

'l'!I1JC 

1840-A I OUlpul Pow e r MeIer . 

Wav eform Error: A quasi-rms meter is us ed which 
will indicate true rms with itS much as 20% 
second a nd third harmonics. 

Cabin el: Hack-bench instrument cabinet, 
aluminum pa nel. C:lbinet h:15 extension legs t.o 
permit. inst,rument to be used in a t il ted posit ion. 
Pllnel extensions lire available for relay-rack 
mounting. 

Dim ensions: Panel, width 12, heigh t 3 -'1 ill ches 
(305 by 89 mm); dep th behind panel , 6 Y2 inches 
(170 mm). 

Nel Weighl: 10% pounds (4.9 kg) . 

Code Word Price 

BEI.O W $210.00 
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THE MEASUREMENT OF THE BALLISTICS OF 

INDICATING INSTRUMENTS 

The ballistie characteristics of Illo\-il lg
coil electrical indicating instrument::; arc 
important in rnany appl ieations, for 
exam pic, III V U meters, sound-I<,yel 
met.ers, a nd modll la t iOlI mOllitol's_ ' l'lwy 
call be uniquely ddim'd in terllls of ( 1) 
dc rcsistance, (2) lime to til'sl rise loa 
specified poin t, \yhen encrgi:wd from a 
high-irnpedance SOllI'GC, (3) o\'crsl! oot, 
and (4) t ime to fa ll from OIl C poi nt, tu 
a nother with the instrulllcnt termin als 
short-cil'clli ted. 

Strobo~cop i c light ofTers a means of 
determining (2), (3). a nd (4), while ( I) 
is £'a~ily measured by a cOll vc ll tiona l 
bridge. One method of measurement 
prC\-iously described l lIsed a cont illlloUS
film camera In co nju nction with a 
stroboscope. 

Fi gure 1. Block diagram of th e meter test system. 

A new technique of IllCaSlIl'emcll t" 
permitting direct observat ion,:! has b(,(, 11 

made possible by the short, Iligh
intensity fla sh of the General Hadin 
TYPE 1531-A Strobotac@ Electronic 
Stroboscope. F igure ! is:1 block diagram 
of t,he test setup. The nccessa ry t in1e 
1" .. \ Note 011 the ~ Icasurelllent of ~Ieler S]lI;I;" S." (;r" cml 
{((I(/io Experilllenter. 10, ti. Novcn,bcr, 1\):\,;. 
~H . G. Fu!kll' lIml H . C, l .i ttlciohn. "A Dirl;ct Obs(:rl'lLl io n 
of IllS1T11l1lcn l nnJli ~ lic;," AlEE Pal>e r ;';0. CP02-~liU, 
prellCnted nl tbe "\l EE Wi nter General ~lee ti ng . N . Y .. 
X . Y" January 28 - February 2, 1')02. 

delays arc supplied by tll'O TYPE 1217-B 
Cni t Pu lse Generators. 

'rhe electrical indieating instnlment; 
is clwrgized simultancously ,,-i t.h t he 
I riggcring of one pulsc gcncrato r. The 
pulse generator f'ires the Stl'obotac a.t a 
timc Intcr than the initial event deter
mincd by thc setting of t he pu lsc-d\lra.
t ion dia l. The pointer is seen by a single, 
mi cl'Osccolld flush of ligh t fl'Ol1l the 
st robosrupe aftor the poin te r has moved 
for t'l1e length of t ime that t he st,l'Obo
st:ope firing impulse was delayed. A 
series of such observations :Lt d ifTercn t 
delay Limes will provide data for p lots 
such as that in Figure 2. Tb.e deta il:, of 
the init'ial accelcratioll , th-e ra te o f rise 
:1lld thc OVCl'tihoot with its dccaying 
oscilla tion arc readi ly appa ren t,. Thc 
hallistic paramcl'ers of the instrument 
mechanism call be deri ved by analysis 
of curve!; plott<>d by t his method. 

Production quali ty contl'O l is an im
port.ant, usc of this deJa y-generaJor
stroboscopc technique, For our own in
strument specifications we hn,ve def'illcd 
rise t ime as lithe t imc, in seconds, for t he 
pointcr f'it'st t.o reaeh 0.9, ± a sppeif-ied 
lolcl':\lIcl' ! of thc elld scale "' }I(' II con stall t 

" 0 

0 

0 

0 
I 0 

0 / 
0 I 
0 

0 

'~I/ 
I 

. 0.1 o, ~ O,J O. 0' 0 ,;; 0 ,7 08 0 .9 1.0 
S(CONOS 

Figure 2. Plot of meter defl e ction vs tim e from data 
tok e n w ith th e test system of Figure 1. 
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electric po\\'er is suddenly applied from a 
high impedance source"; likewise, fa ll 
t ime ns "the time, in seconds, for the 
poin tcr to reach 0.1 , ± a specified toler-. 
anco, of end scale from a steady cnd
scale deflect ion wholl t he instrument is 
short cil'cll i tcd.' J~ 

For production testing two delay 
generators a rc used, one energized when 
the electri ca l instrument is CllCl'gizcd and 
the othol' when t he electrica l instrument 
is short circui ted. One gcncmtol' is set 
to the specified rise t ime, t he other to the 
specified fa il t ime. An operator then 
~Dclil1 i tiQns 10 be ill(.'orporat cd in p rOllOs(''<\ re vis-io n of 
AS .. \ C:~!l-l .-I mr rir fln S/wH/ll rrl /lC(1" i relU cllt8 f or EIIXIr-ielll 
,1{ens llrirl !J In $l r umr ll /8. 

simply places the instru ment to be , 
tested in n. fix ture, which ma kes the C011- .........,..,.. 

ncctions and indicates the spread a llowed 
in rise-time deflection and fa ll-t imc de
flection . By the flipping of a switch once 
for rise t imc and again for fall t ime t he 
inspection is completed. 

Our sys tem of direct observation of 
instrument ba llist-i cs will scrve t he re
search engilleer and t he q ua li ty-con t rol 
man a like. 

- H. C. Ln"TLEJ O FI N 

CREDITS 
This melhod or les t was developed b~' R . G. 
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QUANTITY DISCOUNTS FOR 

COAXIAL CONNECTORS AND ADAPTORS 

P rices of T)""IO SH Adaptors listed in 
t hc t"ble on page 10 of t,he October, 19G1, 
EX1Jerimenter are subject to domest ic 
,quan tity discounts as listed below. 

This schcd ule a lso appLies to qU:.Lll ti-

t ics of 10 to 99 of the connectors listed in 
t he table on page 9 of t he same issuc. 

Quanlily D iscou.nl 
10 - 19 5% 
20 - 99 10% 

100 and over 15% 
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