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A TEST OSCILLATOR FOR S-BAND 

MEAS1UREMENTS 

\Yi .h l 
S('i[lal r 

-.\ ).lier wax from xt rnal ur · · n b fm :-;quar -
f wan•, or pul · 

l .i<li 

l �ni In ·trunwuts 

nt.- hi opular lin f t �t 
•q LU pm •1 1 th� proYid h u. r "-i h 

Yersalilit ' aud qualit a r able 
pn ·c. 

En•r eITor ha b" n ma g1 · 

thi · lW\\ J� ·illator within 
limitations didatc<l b · tube C'hoicc and 
price', maXI.mun1 u,·cfnlnc.·.· a. a dri,· r 
f r ,'l t c l lin · a ·  th l al 'C'ill· r 
rn < h t r t a 

u. -

al 

\' r m · 

fr •qucu ·y rano- . IntC'rnal 1-k · ·quar -

wa v mo<lula .i n is provided, ac i:-; a.1 ·o 
a narrow-l an �w ep a oth 1-kC' and 
the p w<:>r-lin fr q en y. "'.\[ dulation 

RF CIRCU T 

Th n'licr wav .·cillat r in · h<' YPE 
13 )0-A i · a TYPE 5 3 · H ft . Klyt">tron 

in Ll ( tlX.itl l c:. \"it r with � noncout ctin 
tuni1 <T plunrr .r_ 'Th frc Lucnc ' range' i. · 
:-pllt in ordPr to ohtain a n1ax.imum raucr" 

in rf -fr p ration and. u 
th .·· n tim to pr ,-idf' n1a ximum 

t tp p w r. F r thC' highN· fr _ u nC'y 

rang (2.G-1.l 'c), th twit.· l ngth i.· 

34 ,·av I ngth a11 h kl .tr n 1s 
o r:i ing iu it. 23 " r p II 'r n d . lu th 
l w r fre 1ttcne · r:.uwc (1.7-2. �c), the 

l r:-; ar 1.l .tn 11 r , p c iY ly. 
Th rang �witching i:-. ntr ll d ant -

mati '" 11. h. h m· in fr u n di I 
( nl r of pan 1, Figure l ), and, �rn 
th hio-l r fre ru n ·. n nge re uir . · lh 

l ng '· ·l ·a vi Y th lower fr(•quency rnug 

starts at the top en<l of the l.¥trhC'r oue. 

Th<' two r .. Ln <T(': ar<' :-;<'J ura tf' on th<' 
di I hy cliff r nt c !or d . c l . .  a1 cl a 

F1igure 1·. Pa nel v i ew of the Micro wa ve Osc i l l atof'. 
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fr quencie can be applied by an x­

ternal ource. R omm nd d our e ar 

the TYPE 1210- Uni R .· i l l at r and 

th 'I PE 1217-B nit Pulse Gen rator. 
The la r i 
modulation. 

modnl tion, 

app li d aero 

repcll r lead. 

al. o r comm nd d for pul e 
For xt r1 al fr qu nc 

th modul ating ignal i 

a n . re i tor in the 

'I he three block diagram m Figur 

JAN UA R Y - FE B R UA R Y ,  1 962 

illu rate 

pli. h d 

cliff ren 

how modulation 

nd it should b 

m thod ar u 

is accom­

not d t hat 

d for pul 

modulation and quare-wave rnodula­
ion. For pul e modulation (Fio-ure 3b), 

h kl . tr n b am urr nt i . .in rr_upt d 

b app li ati n of a n gati e v lt g to 

th nornially po. itiv bia ed grid. Dur­

ing th fir coup} of hundred of milli-

cond aft r th U1T n t i urn d on 

cw OUTPUT @ 
(a) 

CW, SWEEP A 0 FM 

1�C osc 

ANODE VOLTAGE 
REGULATOR 

RE PELLER 

VOLTAGE 
REGULATOR 

I KC SWEEP e I 
LINE FAEO SWEEP • 

. 
EXT FM 

• 

SCHM!Tl ��D_,lf",_F� SAWTOOTH 
GE'-

W NDING 
59 

POWER 
TRANS 

fig ure 3b. Sc hem atic f o r  
pulse m o du l atio n a n d  

st andby o perat ion . 

IINT SWEEP 
TRIGGER OLIT 

EXTERNAL EXT JL MODULATION 
o-:i 

ANODE VOLTAGE 
REGULATOR 

REPELLER 
VOLTAGE 

REGULATOR 

DIRECTIO AL OU PUT MONITOR 
COUPLER/ � 
DETECTOR \61 _l._ 

� 

I'' 
I ' ' 

l 
I EXTERNAL 

MODULATION 

+ 

fi g u re 3a . Sche m atic f o r  
C W, s w e e p, a nd fre­

quency m o du l at i o n. 

(b) 
PULSE AND STANDBY 

OUTPUT 

@ 

\ 
' \ ' '-- ______ �A� __!._U�N�CON�Ok._ ________ _ 1 
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G E N E R AL R A D I O  E X P E R I M E N T E R 

ANOOE VOLTAGE 
REGULATOR 

REPELLER 
VOLTAGE 
REGULATOR 

I KC 
osc 

IKC LI'l EXTlf\ 
Ec;cTERNAL)� 

MODULATION 

(c} 
SQUARE WAVE 

again, the frequency rn· . hift by a 

much as a m ga y l . For hort pul c , 
he fr qu ncy hift doc no amount to 

v ry much, and, since the grid i the 

pul ing m mbcr that give the best rise 

time, it i u ed for pul e modulation. 

For quar wa e , however \Vh re the 

on-p riod may la t for a longer time, 

th frequency hift may be undesirable, 

and it wa found advantao-cous to re­

pcllC'r-modulatc the klystron. Th tube 

@OUTPUT 

-, 
I 
I 

� 
L..---. _ _  J \ \ 

\ 
\ 

---� 

MONITOR 

Fig ure 3c. Sc he m atic  for 
squ are-wave m o d u l a ­

ti o n. 

is tracked ou tside and parallel to th 

mode pattern and pulsed in to the mode. 

Admi tedly, a fr quency change docs 

take place at the edges of the pul e, but 

the time i hort compar d to the p ri d 

of the mo t commonly used square-wave 

modulatior . If the u er o desires, how­
ever, short pul es can be applied to the 

repeller, or square wave to th grid, 

after readju. tm nts of the ymmetry 

control inside the in trument. 

Figure 4. 
I nter i o r  view. 
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The int rnal narrow-band sw p at 
line-fr qu ncy or 1-kc rat i produced 
by ap lication of an in ernally generated 

awtooth voltage to the r pell r. Owing 

to th inherent chara t ri ic of the 

k ly ron, the sweep is practical ly l inear 

in fr qu ncy. 
Ext rnal modulation voltag for frn 

is applied to the r p 1 1  r t hrough a 
0.047-µf capacitor. Th input impedance 
i 400 kilohms hun t  d with 70 pf. 

POWER SUPPLIES 

Both the cathode and r p Iler of the 
kly tron are f d from wel l-rco·ulated 

uppli . The repell r heat r is fed from 

a de upply, which, lik the power supply 
for the modu lator ircuit, is unregulated 
but ad quately filtered. The bia vol age 
for the k ly ·tron grid is taken fr01n a 
Zener diode in rd r to make the voltage 
constant and ind pen dent of the grid 
current, which varie con iderably from 
tube to tube. 

MECHANICAL FEATURES 

The TYPE 1360-A is packag d in a 

7-inch relay-rack cabinet and can be 

J A N U A R Y -F E B R U A R Y .. 1 9 6 2  

obtained ith r "i h end frame for 
bench u e or with upport fittino- f r 
rack mount. Figure 4 how th in ru­
m nt with he cabinet removed. Almo t 
all th el  ctronic component are 
mounted on etched board which are 
ea ily a e ible from both id . Tube 
r pla ment , including the kly ron, do 
not r quire any tool and pr cautions 
have b n tak n to prevent rvi e p r-

onn l from accid ntally touching high­
voltag t rminal . 

he noncontac ina tunin a  plung r i 
upportcd by a carriaae with long-life 

r inforccd Teflon bearing ·, and the ra k 
and pinion drives for the tuning plunger 
and a ten uator r quire a mi11i1num of 
lubrica ion. 

-PER A. BERGST D 

CREDITS 

The TYPE 1360- 1icrowave Oscillator was 
developed by Per A. Berg tad, author of the 
foregoing de criptive article. V illiam G. 
Cooper, Eduard I<arplus, harles S. Kennedy, 
B nedict 'Brien and Robert . oderman 
have all contributed to the final de ign. George 
A. lemow was responsible for the m hani al 
de ign. 

-:-EDITOR 

SPECIFICATIONS 

F R EQ U ENCY 

Range: 1.7 to 4.1 Ge in two ranges, 1.7 to 2. Ge 
and 2.6 to 4.1 Ge. 
Fin e  Frequ ency Control (6 F): Order of 1 !\,f , but 
not functioning for square-wave modulation. 

A c c u r a c y: ± 1 %. 

Sta bility: Warm-up drift is approximately 
0.15 0 during the first hour, total drift ap­
proximately 0.25o/c. After warm-up, frequency 
is table within approximately 5 ppm. 

R e sidua l F M: pproximately 0.5 ppm in the 
lower frequency range and 0. 2 ppm in the higher. 
Dominant frcqu ncies are 60 and 120 cps (v.rith 
60-cycle line frequency). 

O UT P U T  P OW E R  

Typically more than 100 mw above 2 Ge. 
Total variation in maximum o itput with fre­
quency is 20 to approximately 300 mw. 

Atte n u ator: Relative calibration only. 

IN T E RN AL M O D ULA TI ON 

N a rro w - B a n d  Sw eep: 1 to 3 Mc maximn1n at 1 
kc and po"·er-line frequ ncy. egativ trigger 
pul ·e supplied. 
Square-Wa ve: 1 kc, adju table approximat ly 
±5 O• 

E X T ER NAL M OD UL ATI ON 

FM : en i ivi y approxjmately 0.2 �Ic per volt, 
input impedance, 400 kilohms an l 70 pf 
(ac only). 
Squ are -Wa ve: 50 cps to 200 kc, 12-v (rm ) ine 
wave or 20-v (peak-to-peak) quare v ave; 20 0 
minimum dut cycle from external ource. 
Input imp dance gr ater than 100 kilohm . 
Pulse: Rise and fall time approximat ly 0.2 
µ: ec, minimum Ieng h approximately 0.5 µgee, 
jitter may h 0.2 µ ·ec. Input imp dance J 00 
kilohm ; driving-pul amplitu le, 20 v (peak­
to-peak); maximum duty ·y le 20%. 

7 

www.americanradiohistory.com

www.americanradiohistory.com


8 

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

SPECIFICATIONS (Cont.) 
G EN E R A L  

T ermi nals : RF output, TYPE 874 Locking Con­
ne tor. :\Iodulation, binding po ts. 
Mounti n g: Ben h or r lay rack. 
P o wer I n p ut: 105 to 125 (or 210 to 250) volts, 
50 to 60 cps, 85 watt . In trum nt will operate 
sati factorily (except for line-frequency weep) 
at powcr-li n frcqu ncie up to 400 c. 
T ube Co m p l e m e nt: Two ach 6197 and 12AT7, 

Type 

one each 6AN8, 6AV5GA, 12AX7, 12BH7A, 
5651, 5836 (Refl x Kly tron), 5965. 
A cce s sories Suppl ied: TYPE 74-R22 Patch 
Cord, TYPE 74-C5 Cable onn tor, TYPE 
CAI -22 Po\'>er Cord, and pare fu e . 
Di m en s i ons:  vVjdtb 19, height 7Y2, depth 15Y2 
inche (4 5 by 195 by 395 mm), o::..er-all; panel, 
19 by 7 inches (485 by 180 mm). 
Net W e i g ht: 3 pounds (17.5 kg). 

Code 1Vord Price 
1 360- A M  
1 360- A R  I Micro wav e Oscil lator, Bench Mou nt ...................... . 

Micro wav e Oscil lator, Rack M o u nt. . . . . . . .. . . .. . . . . . . . . .. . 
BURLY 
BA. 0 

$ 1 100.00 
11 00.00 

U. ·. Patent No. 2,54 ,4-7 

MORE AND 

FROM THE UNIT 

BETTER PULSES 

PULSE GENERATOR 

The TYPE 1217- Unit Pul cr1 "·as, 

like its companion in trument in the 

unit line, design d for maxin1um utility, 

minimum complexity and 1 w o t. The 

thou and of the ompact, high per­

f rmancc device tha ar no\\' in use 

ha e hown that the design wa ind ed 

1R. \V. Frank, "Puls i n  a mall Package - A Pu! e 
Gen rator for the L'nit Line," General Radio Experi­
menter, 2 , 10, :\larch, 1954. 

a ucce f ul bl nd of the e often con­
fli ting factors. Time ha made available 

new circuit and con'lpon nts, and ex­

perience ha hown where improv ment 

would be both de irable and practical. 

In the rede ign the goal et wer in'lp le: 

to make every po ible in1provement 

compatibl with the two condition of 

no increa e in pric and no i11cr a e in 

power upply requirement 

fi g u re 1. Panel vie w of the U n it P u l s e  G e n erator. 
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J A N U A R Y - F E B R U A R Y , 1962 

TABLE I 
Comp arison of M a jor Cha racte ristics of the Types 1217-A a nd 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 Duration Continuous 1 50 nsec - 60 msec Continuous 1 00 nsec - 1 sec 
PRF (Internal) Steps 30 cps - 1 00 kc Continuous 2.5 cps to 500 kc 
PRF (E:io;ternal) Locked 30 cps - I 00 kc Continuous de to 1 Mc 
Pulse Amplitude ±20 v into 1 kilohm ±40 v into 1 kilohm 

(1-kilohm output impedance) 
Input Sensitivity 30 v at 100 kc 
Accuracy PRF and Duration ±15% 
Delayed Pulse None 

Sirnilari y b tw n the new TYPE 

1217-B Unit Pul e Generator and it 

popular predeces or goes little furth r 

than the four digi of i yp nun-ib r. 

Signifi ant hang ha e b n mad in 

all p rform nee pecification . Th mo 

important parameters are li t d f r 
compari on in Table I. It can be een 

hat, in ev ry in tance, he performan 
figure are increa ed by at lea t 2:1 and 

often by more th n 10:1. 

'Ihi performance i achi ved in two 

ways: 

(1) The TYPE 1217-B u e b tter devi 

b ing neither wholly" ran i riz d" n r 
wholly "vacuum tub -ized' it tak full 

advantag f the be t propertie of both 

modern tran i tor and vacuum tub 

(2) Th TYPE 1217-B ha comple ely un­

conv- n ional circuitry for all function 

every component work full time. In 

fact, hrough n arrangem n of 

0.3 v at l Mc 
±5% 

To trigger a second generator 

timing and ou put CH' uit the 55-ma 
input urr n from he pow r upply i 

u d t pr vi de 40 ma of u f ul load 

current. 

The n w d ign ha oth r n  ' f atur s, 

not cl arly hown in Tabl I, whi h an 

be b tter appreciated after om of the 

new circuit hara ri ·ti ar inor m-

plet ly xplaine . Th c ' ill b di ed 

in the se ion on appli atior , h low, 

after the cir uit have been explained 

in som detail. 

CIR CUITS. 

Block Diagram 

Figur 2 i. a block diauram of the 

circuit. In blo k forin thi1 g 1 k q iit 
conv n ional. Th input ir uit consi t 

of a chmi t trigger circuit dri en by an 

amplifi r conn ed o th input ter­

minal o ha th pul g n ra tor will 

be start d by a trigg ring pul e once 

per cycle of any input '"'aveform at a J.Y 

cxr 

INT 
rs r--;-;SY ;:;;N-:;-C -f-----0 ../1._ POS SYNC �-------------..; AMPLIFIER 

INPVT 
AMPLIFIER 

t>F 
8 

THRESHOLD 

SCHIJfTT 

CIRCUIT f------i srARr ,,­
srOP 

AMPLITVOE 
COMPARArOR 

SCHMtrr 

SWEEP 6£N 
S CLAMP 

L_ ___ j------oY NCG Sl'WC 

POWCR 
AMP 

AMPLlrUD£ fl 0Vr,Pt,1T IWPCDANCC 

Figure 2. Block d i ag ra m  of the c ircuit s y stem. 
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GENERAL RADIO EXPERIMENTER 

fr q u  I y from de to over on e  megacycle 
p r . ccond. Conven ion al-ye , but 

ever active part of thi · input-trigg ring 

cir ui is convert d o a . tab l  RC- on­

trol lcd . cil lator ,,-h n int rna lly pro­

du d pul r p ition frequency (prf) is 

de. ir d. Thi o cil lator wil l produce any 

d . ired recurrence frequen y between 
2.5 cps and 500 kc. 

Th trigger pul from the e input 

ir u it. : (1) oper t a ync-pul 

producing stage to form bo h positive 
and nco-ative pre-trigger , and (2) tart 
the pulsc-rrenerating and timing ir u it . 

A transi. tor-bi t bl ir u1 t b 

the trigg r from th input cir uit, 

imultan ou .Jy p rat the pul e out­
put , tag and the pul e-timing circuit. 

The output t· gc , pr ducing oth 

po itivc and nega iYe p u l  ar a p ir 

of pow r pentod a ting a 40-ma 

c UT n t . ire Th ti1ning circuits 

ar compris d of a witch tube, a hio-h-

pc d clamp and a hmi trigger. 

When the transistor bistable wit hes, 
tart ing the pul , the 1m1n g wit h i 

turned ff. A pr 1 i n pa it r i 
harg d to th p int where h chmi t 

tri ger opera e. , produ ino- a res t trig­

ger for the bistable control cir uit 

ther by terminating th pu l e. 

-150 

The 40-ma curren - ource output 
p ntode are dir ly onn cted to th 
outpu rminal through a I-kilohm 

amplitude control.2 For y-vol po itive 

and neo-ative pul e ar th r b pro­
duc d at ful l  mp l itude . ince th con­
ne tion o the utput errn.inal I 
dir h de compon nt of the pul e 
i pre en and ramp-off can not o cur 

no matt r how great the pul e duration. 

Input Circuits 

Figure 3 is a simplified chematic 

diao-ram of the input ircuit and prf 

o cillator. The switching for th cir uit 

is ho\Yn her in prop r p sitior for th 
ap ri die-input-cir uit nne i n. 

In thi conn c ion V1 amplifi th 
inpu ignal, and th vo ltage <livid r R1 
and variabl r i ·tor R2 appl h 
a1nplified input signal o the chmi 

cir uit, V 2. R2 in hi. ppli a ion p rmi 

an adju. ·m n of th d compo n of 

th inpu ignal eith r to optimiz 

triggering en itivi y or to adju the 

phase of the output pu ls with respe 

to th input ignal ov r a l imi d ran 

Wh n he PRF l ctor wi ch i hrown 

to any n of it. h r w 1 e po i i n 

2Thi output circuit configuration i identical to that of 
U1 nen1l Radio TYPE 1391-B Pul e, weep, and Time­
Dela.v Generator. 

----TRIGGER 
OUTPUT· 
TO START 
PULSE 

figure 3. Elementary schematic of the input circuits. 

.. 
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Figure 4. Warm-up frequency drift of prf circuit 
at 10 kc. 

the input circuit i converted to an 
oscillator. This o cillator configuration 
is obtained when the switches of Figure 3 
are thrown to the "0" position. Note 
that the Schmitt-circuit structure is not 

di urbed xc pt that th plate voltage 
of the left-hand ide i directly coupled 
to the left-hand grid of V2 by V1 which 
has been converted by the switch into a 
current source transla ing devi e.3 Und r 
ideal condition n arly the full plate 
swing of V 2A vvould appear at the grid. 
R2, R3 and C1 form a delay circuit o that 
C1 mus charge to a voltage equivalent 
to the circuit hysteresis before V1.11 can 

switch to its oth r table tate, where­

upon C1 mu t di charge by the circuit 
hysteresis before switching again take 
place. Therefore, an oscilla or is produced 
who e natural frequency is determined 
by: the circuit hystere i , the re i tor 
R2 and R3, and the capacitor C1. 

The frequency stability of thi o cil­

lator is dependent only on the RC 
produ and upon th tabili y of the 

hy t re i of the Schmitt circuit. Pr -
ci ion components are u ed to set the 
triggering voltages (R4, R5) and th 
effects of tube characteri tic changes 

3R. W. Frank and H. T. l\1cAleer, "A Frequency Counter 
with a l.\1emory and with Built-In Reliability," 'General 
Raclio Experimenter, 35, 5., [ay, 1961, p. 10. 

J A N U A R Y - F E B R U A R Y , 1 9 6 2  

are min1miz d by he current f dback 

produc d by th large cathode r i tor, 
R6• This form of oscillator i inh rently 
stable. Figure 4 shows the warn'l-up 
characteristic. After 15 minutes, the fre­

quency i wi hin 0.13 of it final value 
and will r main within 0.13 for everal 
hours, under laboratory conditions. 

Pulse-Timing Circuits 

Th pul e-tin'ling cir ui t are hmvn 

in Figure 5. Upon the r eipt of a rigger 
from the input circuits, Qi goe off, 

turning Va off, starting the output 
po itive pulse. (At the same time Q2 

go on, urning V 4 on, tarting the 
negative pul. e.) Q1 going off also turns 
V5 off and C2 starts to charge through 
R1. The resulting positive-goil g ex­
ponential ri e from a level et by the 

clamping diode, D1, to the potential 
at which the S hmitt trigger (VG) 
switche . The tran ition of the trigger 
circuit turns Qz off, Qi on, stopping the 

pul es, turning v5 back on to discharge 

C2 and the proce s top , until a n w 
trigg r is r ceived from he input circuit. 

. 
Thi cir uit ructure m et practi-

cally all the condi ion for the production 
of an accurate and stable time interval: 

(1) The timing elements form an 

integrating circuit. (Best for low jitter.) 

(2) The timing is dependent only on 
an RC circuit and a.n ea ily controlled 

amplitude comparator. 

(3) The timing capacitor i dir ctly 
di. charged thr ugh he timing ''ritch 
leading to a very hort recovery time­
hence, maximum duration-control accu­
racy even at high duty-ratio 

A tudy of th im plified h ma tic of 
thi dur ion- ontrol circui hows that 
the initial voltage from which C2 begins 

its charge to determine the pul e dura-

11 

www.americanradiohistory.com

www.americanradiohistory.com


12 

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

DELAYED 9 !]'----­
SYNC _L_ 

Figure 5. Elementary schematic 
of the pulse-timing and output 

circuits. 

_l_ 
----4 1--.._ .. �-----3.___� 
START 

tion i et by th cath d urr nt of the 

amplitud -comp rat r ' hmitt in R8• 

Any variations in thi curr nt will aff ct 

both the initial and final voltage alue . 
Again, a in he input circuits, this 

comparator i tabilized by heavy cur­

rent fe dba k and the trigg ring voltage 

i determined by preci ion resistors. 

Output Circuits 

FiO'ure 5 al o how the output cir­
cuits. Bef01e a t rt trigg r puls is 
received from the input circuit Q1 is on 

and Q2 off. V 3 i therefore conducting at 
(nearly) zer -bias and V 4 is off. When a 
trigger put i. re cived fih goes on bring­

ing V 4 on. T 3 and V 4 are a pair of power 

pcntodes which pa 40 ina when on at 
z<'ro-bias. The interrup ion of plate 

curr nt in V :i produces a 40-volt positive 
pulse in it load r ist r. Simultaneously 

V 4 turning on produce a 40-volt n ga­
tive pul e aero· it load r i tor. The 
extr me speed of Qi nd Q2 in the tran-

i. tor flip-flop switches these plate cur­
r nt. on and off very rapidly. A typical 
po iti c urrcn tran. ition is of the 
ord r of 15 nan nd , while th 

� 

negative transition are typically 8 n ec. 

(Se Figure 6.) 
Th very rapid curren tran ition are 

applied to the I-kilohm output potenti­
ometers and an internal stray-ca paci tan ce 
of approximately 30 pf. With no external 
loading the ris time of voltage i. ap­
proximately 60 nsec. External capaci­

tance will increase thi rise tim by 

0.12-µ sec pulse in 1-
nsec rise time sampling 
system; 20 n sec/ cm. 

Positive transition, 
10 nsec/cm 

Negative transition, 
10 nsec/cm 

Figure 6. Oscillogram showing typical output 
transitions in a 50-ohm system. 
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0.4 volt, peak-to-peak, 
into 10 ohms; 
0. 1 µsec/cm 

4 volts, peok-to-peak, 
into 100 ohms, 
0. 1 µsec/cm 

40 volt s, peak-to-peak, 
into 1 kilohm; 
0. 1 µsec/cm 

Figure 7. Open-circuit rise-and fall-time oscillo­
gra ms; 'scope has 12-pf pr obe. 

approximately 2 nsec/pf. With this out­

put ircuit f rm, no ov r hoot will ev r 
be ob rv d, and the ri e and fall of 

output voltage is purely exponential 

( ee Figure 7 where the output pulse is 
hown a pr n d on a T ktroni 543 

o cillo ope with 12-pf prob ) . 

When the ultimate current rise times 
are to be utilized it is neces ary to 
terminate the puls generator in an 

impedan e appropriat to the coaxial 

cable (50 or 93 ohm ) to be u d. Fa t 

2-vol pul in a 50-ohm system are 

shown in igur 8. 

APPLICATIONS 

The extreinely wide range of pulse 

duration and prf produced by this pulse 

generat r fit it for al mo t any appli a­

tion iI whi h a pul i n <led. Th re 

arc o 1nany application that it i 
difficult to select a sample group to be 

included here. The new model has 

demon trated itself to b far 111.0r u ful 

than it pr de es or becau e: 
(1) It durn.tion control, b ing 111.0re 

accurately calibrated, can be used for 

quantitative rn a ur ment of maximum 

and minimum duration , for exa1npl , 
over \Yhich a flip-flop ' ill function. The 

J A N U A RY- F E B R U A R Y , 1962 

A 
2-volt, 0.5-µ sec pulse; 
50-oh'TI termination; 
0.1 µsec per division 

8 
2-volt, 5-µ sec pulse; 
50-ohm termination 

c 
As in (B), but with 
open-circuit termi­
nation, 40-volt pulse 

Figure 8. 
2-v olt pulses into 50 ohms. 

pul e duration can be establi. hed with­

out the need to read an o ·illo cope. 

(2) Since the amplitud con rol vari s 

output impedance, the instrument can 

be s t to produce a correct driving-point 
imp dance for any pa sive pulse net­
work. 

(3) Its linear current- ource output 
sy tem produces a lean pul of ea ·ily 
adjustabl and equal ri e-fall time. 

(4) inc th prf can b on inuously 

varied it i pos ible, fol'l exampl , to 

e tabli h the re olution failure point of 
a flip-flop preci. ely. 

(5) Th ap riodic synchronizing circuit 

for ternal control of the prf makes it 
possible to drive the instrument from an 

RC or beat oscillator o er th full range 

of that o illator w·th no control adjust­

ment on the pul gen ra r. Therefore, 

the prf accuracy and tability i that of 
the driving os illator. It is also po. ible 

to produ e pul es with a random fre­

quency di tribution. 

( ) Th tabili y of the internal prf 

oscillator makes it possible to u the 

TYPE 1217-B in system a a preci e 
fr qu ncy divid r of high ratio (Figure 

9, A and B). 
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A 
9: 1 di vi sion of 1 -Mc input 
sine wave 1 µsec/cm; 
prf • 1 1 1 .  1 kc 

B 
20: 1 divis i on of 1 -Mc 
input sine wave 

c 
Complex pu l se from 

two g enerators 
in paral l e l  

Figure 9.  

(7) The presence of a threshold control 
for the external synchronizing circuit 

makes it ea ily possi ble to produ ce i ngle 
pulses. A 1 . 5-volt cell and Micro Switch 

can also be used to produce single p ulses 

from a hand-held trigger gene rator. 

(8) Th linear, de coupled output 

- Ecc POWE R SUPPLY 
� o  

+ Eee 
TYPE 12 17-B 

� + -0 C">-1--+-1 
0 

(a) 

-u- o  
+Ecc 

T YPE 12 17-B 

IC} 
0 

(b) 
Figure 1 0. Contro l  of pnp transistor switch. 

permits paralleling to provide complex 

output pul es with no external adding 

networks, as hown in Figure 9C. 

Beyon d  the general increa es i n  a p­

plica bili  ty obtain d through the design 

i mprovement listed a bove, experie n ce 
has sho\: n that the TYPE 1217-B is a 

u eful ource for measurements o n  

tran i t o r  sy terns. I t  c a n  ope rate atu­

rated transistor switches, both npn and 

pnp, without coupling networks. Sine 
the pulse generator i s  direct-coupled, the 

solid-state swi tches can be operated over 

its full duration-range . Figure 10 shows 

the connections for driving a pnp 
transistor switch. The low output i m­

p dance of the TYPE 1217-B is normally 

sufficient for hold-back during he pu l e 

off-ti me .  Figure 1 1  shows the direct con­

nection for switching npn tran i tors. 

T Y PE 1 2 1 7-B 

� 

(a) 

T YPE 12 17-6 

1(5\ 

(b) 

0 

- R. w. FR K 

--....--- NEG POWER SUPPLY 
< 40 VOLTS 

0 -=r-L_  

Figure 1 1 . Control  of npn transistor swit c h .  

SPECI FICATIONS 

P U L S E  R EPETITI ON F R E Q U EN CY 

Internal l y  Generated :  2 . 5  cps to 500 kc with 
calibrated points in a 1 -3 sequence from 1 0  cps 
to 300 kc, and 500 kc, all  ± 5 % .  Con t i nuous 
coverage of the range from 2 . 5  cps to 500 kc 
w i t h  an uncalibrated con trol lowerin g  the fre­
quency of t he calibrated points. 

External l y  Controlle d :  A periodic, de to 1 Mc wi t h  
1 -v rms input (0. 5  v at 500 kc a n d  l ower ) ;  input 
i mpedance, at 0.5 v rms, approximately 1 00 
kilohms shun ted by 50 pf. 

O U T P U T  P U L S E  C H A R A CT E R I S TI CS 

Durati on: 1 00 n ec to 1 e i n  even d cade 
range , ±5 of reading, or ±2 0 of ful l  cale 
or ± 25 nsec , whichever is great r. 

Rise Time: 

a. I n to terminat ed 50- or 1 00-ohm cable all  
tran i t ions wi l l  have rise t imes less than 20 
nanoseconds (typically 1 2  n ec ) .  

b .  On h igh-voltage output (40 v at 1 kilohm) 
rise time will be l imited by load capaci tance. 
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J A N U A R Y - F E B R U A R Y ,  1 9 6 2  

SPECIFICATIONS (Cont.) 
R ise and fall times typically 60 n ec + 2 
n ec /pf external load capaci tance. 

Voltage: Positiv a. nd negative 40-ma current 
pulse, available i multaneously. D ou pled , 
wit h de componen t negati v with respect to 
ground.  40 volt peak into 1 -kilohm i nternal 
load impedance for both negative and positive 
pu l es. Output control marked i n  approximate 
output impedance. 
Overs h oot: Overshoot and noise in pulse, less 
than 5 0 of amplitude with correct termination .  

Ramp-off: less than 1 % everywhere. 

Synchr oni z ing Pulses: 

Pre -pulse: Positi ve and negative 1 0-volt 
pulses of 1 50-nsec duration . If positive sync 
te rminal is shorted , negative pu l e can be in­
creased to 50 v. ync-pul e ource impedance : 

positive - approx 300 ohms 
negative - approx 1 kilohm 

Delayed Sync Pulse: The delayed sync pulse 
consists of a negative-going t ran ition of ap­
proximately 5 volts and 1 00-n ec duration 
coincident with t he late edge of the main pul . 
The duration control r ad th time betv,reen 
the pre-pulse and the delayed sync pul e .  The 
dela. ed sync-pul e negative tran ition i im­
mediately follo'vve<l by a positive transition of 
a pproximately 5 volts amplitude and 1 50-nsec 

Type 

,.-----1 -µ sec pu I se i nto 
50 oh m s  w ith 
delayed sync pulse 

� ����� 

� 1'--, , ': 

duration to reset the input circuits of a follow­
i ng pulse generator. ( e o cillogram above. )  

STABILITY 

PRF and pulse-duration j itter are dependent 
on power- upply ripple and regulation . 

a. vVith TYPE 1 201  Power upply (recom­
mended ) ,  i nput terminal short-circuited, 

PRF Jitter 0.01 % 
Pulse-Duration Jitter 0.01 % 

b. With TYPE 1 203 Power Supply 
PR F Jitter 
Pulse-Duration Jitter 

POWER R E Q U I R E D 

0.05 % 
0.05% 

300 v at 55 ma, 6.3 v at 3 amp. TYPE 1 203- B 
Unit Power Supply or TYPE ] 20 1-B Unit 
R egulated Power Supply i recommended. 
DI M ENSI ONS 

Vi idth 9 7-2, heigh 5 % ,  depth 6 7'2  inches 
(240 by 1 50 by 1 65 mm ) , over-all. 

NET W E I G H T  

4 7'2  pounds (2. 1 kg). 

Code Word Price 
1 2 1 7 - B  Unit Pulse Generator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . AMA $ 250.00 

AUTOMATI C  MEASUREMENT OF 

PHONOGRAPH REPR ODUCE R S  

By B. B.  BAUER, Vice President 
CBS L a b oratories, Sta mford , Connecticut' 

Among the latest of manual proce­
dures to yield to automation is the 
mea urem nt of phonograph reproducer 
characteri tics . Thi is made po sible by 
dev lopment of the new CB Labora­
torie Type STR 100 tereophonic Fre­
quency Te t Record, which is adapted 
for use with General Radio TYPE 1 521-A 
Graphic Level Recorder. 

A tereophoni r cord contains two 
related program chann l which are 
identified with orthogonal modulations 
of the wall of a single groove. The 1 ft 
channel corre pon d to the inner groove 
wall th one clo st to the center , and 
th right channe 1 to the outer groove 
\ all  (away from the c nt r) . The po itive 
directions of th e mod ulation are at 

15 
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+45° and - 45° to t he record surface , 

r spc tivcly (Figur 1 ) . The pick u p has a 

ingl ylu  a t ing on a pair o f  tran -
due r , arrang d in an or hogonal fash­
ion nd i n t  nd d to generate i ndepend­

en vol tage when driven by he re-
pe t ive groove-wal l modu l at ion ( ig­

ur 2) . Th voltag e i  and er o- n rat d 

in th t ran d ucer drive two amplifier 
and loud peaker o reprodu th r -

corded information.  

The only feaRibl ' ay of ting the 

performance of a phor ograph pickup i 

by u e of a fr qu n y-t t r cord1 on 
whi ch ton have been r cord d at 
v a r i o u  fr q u e n c i e  . S t e r  o p h o n i c  

fr q u  n y-test records have sepai:-ate 
r rding for the left and h right 

chan nel . The respon s  v fr q u  n y f 
any given picku p chann 1 p rodu c  d by 
the corresponding record ch ann l 1 .  
kno,vn a " re p n -fr qu n y charac­

terL tic ' or imp ly ' r  p n e" of the 

channel on th partic i lar r rd . The 
respons from the oppo. ite chan ne l i. 

known a. " ro alk-frcq uency charac­

t ri ic  ' or .imply " c ro tal k . "  Th 
cu t mary unit f r bot h haracteri t i  
ar d b  re 1 vo lt rm . . The diff c r  n c  a 
any one freq uen cy (or av rag v r a 
gr up of frequenci . ) between re pon e 
and cros. tal k  i k n own a " channel 
s paration 1 "  expre ·cd in db.  

e ,�&L 

\\�\ 
.,.e r 

RECORD 
CENlER + 

ANO 
UFT R I GHT R I GHT 

Figure 1 .  " Pie" repres e ntat i o n  of a stereop h onic 
rec ord p o rtraying modulati o n  a s s ociated wit h left 
c h a n n el, rig h t  c han n el, and c o m bi n ed l eft and 

rig h t  c h a n nels. 

The TR 1 00 record ha a fr quency 
each han ne l , and i t  

logarit hmicall w ith 

of 1 d ad ach 24 
pond t 

on Gen ral TYPE 

Graphic L v 1 rd r of 

hir y 74-in che per min ute.  The weep 

band . · tart with a 1 000- y 1 tone of 
u ffi cient durat i  n to p rmit th re­

corder pen to be t to th 40 cp. ordi­
nate and th recording level to be ad­
j u ted to a convenient va lu . Upon 

ce at i n of the 1 000-cycle tone the fre­
quency drop imm diately to 0 cp and 

F i g u r e  2.  T y pi c a l  ar­
r a n g e m e nts of stere o ­

p h o nic pic ku p s  • 

A .  Mag n et ic B .  P iezoe l ect r ic 
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.· 

'""° 2.0 ()O 
FREQUENC Y fN CYCLES PER SECOND 

F i g u re 3. A ut o m at i c a l l y  p l otted res p o n s e  of t y p i c a l  h i g h -grade m a g n et i c  p i c k u p .  U p per 
c u rv e  i s d i rect res p o n s e  of one c h a n n el ;  l o w er c u rve i s  crossta l k  fro m ot her  c h a n n el .  

th n n continuou l y  to 20 000 p in 
24 log (20,000/40) = 64. ond . �ext, 
ar int rval i al lO\ ed for the operat or to 

re et the recorder chart ba k to h 40 
p. ordinat . Th n ,  th righ -channel 

1 -kc  ton i h ard, b ing followe d  by t he 

right- hann el -vve p .  If  on chann 1 of a 
pi k i p under t i. conn cted to he 

r c rd r (throuo-h a uitabl mplificr) , 

th n the r pon e-fr qu n cy an d he 

ro stalk-fr quency haract ri tic for 

the particul r channel ' i l l  be 

i ely recorded . pi cal t of u rve 
for a magn t i  phonograph pickup i 

hown i n  Figur 3. Two su h et one 

for each channel,  are requir d to d -
ribe th performance of the pickup. 
Previou ly avai lable te t re ord u cd 

pot-frequency tone no adapted for 

automatic r cording. Th T R  I 0 
r rd al o ha such fix d-fr qu - n y 
t on for t he 1-f and right chan n l but 

a h ton i pr d cl by a voic an­
n ouncem nt of fr quen y so that h re 

i no doubt a to which ton i bei ng 
played.  Th re ult of t he pot-frequ ncy 

te t ar imi lar  t o  thos obtained with 
the wccp-frequ n cy band , but the 

pro c i far more laboriou. and t h  

infonnation betwe n t he p t-fr q u  n y 

ton t r veal cl .  t m th ap-

pear v.rh n m a u red with pot-

freq u n i of n has r onan p k or 

dip in between th po frequenci 
Th pot-fr qucncy b nd i n  h TR 

1 00 r ord abov 500 cp Vi" r u t  ·with 
t he a1ne r cord r tup a '" r th 

w p-tone band . Thi pcrmit t d an 

ab o lute calibra ion f t h  "' w p-ton 
band by m a u r  m n t  of the . pot­

fr qu n y band \Yi h 1nicro cope and by 
diffraction-of-light pat rn . . 1 

Test R ecord Cha r a cteristics 

A indicat d above, t h  r produ in .O" 
chara tcri t i  f a ' pickup or , y tern 
un d r te t are referred to t h  harac­
teri tic of a parti ular t r ord. 

Th may b defin d in  t rm of di -
placem n t  or velocity of g roov rn. du­

la  ion. 

For on tan t -di p lacemen 
a di placem nt-re pon ive 

recording 

(piczo- 1 

t5 - I RE- 1 9- 1 ,  tandards on Recording and Reproducing: 
JI{ thods of alibration of iY.fechanically Recorded Lateral 
Frequency Records, I nsti tute of Radio Engine r , 1 East 
79th treet, • .  Y. 2 1 ,  N.Y. 
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t ric) pickup will  produce a con tant 
output at a l l  fr qu n i , whil a veloc­

ity-responsive pickup (magn ti , m ov­

ing oil)  wi l l  produ ce an output directly 
proporti nal to fr qu ncy. On he other 

hand , a con tant-v lo i ty r cording will 

produce a constant output with a veloc­
ity-r pon ive pickup, an d  an output 
in r ly proportional  o frequency with 

a di. pla 1nent-rc pon ive pick u p .  

The TR 100 rec r d  h a  a c o n  tant­

di placement modulation up to 500 p 

and con ant-velocity modulation above 
500 p . Thi explain the re ponse of a 
magnetic pickup in Figure 3 ,  whi h is a 

risin g s rai gh t-lin in db vs 1 g frequency 
at 6 d b  p r octave b lm 500 cp and 

con tant above 500 cps. Th deviation 
of r pon e from two straight line de­

note th depar ure of the pickup from 
ideal perform .. n . 'I h  ro talk curve, 

which is 20 to 30 db below th prin ipa l 
c anncl output , i typical of the channel 

s para ion that may be expected in 
pre ent-day high-grade pickups . 

irnilar mea urement can r adily be 

performed o n  di pl  m nt-r pon ivc 
pi knp if the generated vol ag i 
diffrr ntiat d by con n ection across t h  

+ZO 
+15 

+ 10 
+5 

pickup terminal of a r i tance which is 
ma l l  compared to the capac itive re­

actance of th pickup. U uall a 10,0 0-

ohm re i tor will uffi.ce . The re pon 
frequency charact ri tic of an ideal 
piezo-e l ctric pi kup terminated in hi 
manner is i mi lar to that of a magnetic 
picku p .  

Testing P ickup Pre a mpliflers 

Mod rn 33 73 rpm r cords ar - r corded 

with a fr quen y hara ri i that i a 
composite of severa l  constant-di plac -

ment and constant-velocity segments 

a fo llow : 
Up o 50 p - con tant velocity. 

From 50 to 500 cp - con ta nt dis­
placement. 

Fron'l 500 to 2 1 20 cp - con tan 
velo ity . 

Above 2 1 20 cp - con tant di plac -

ment . 

The t ra nsitions b tw n th e s g­
ments are not harply defin d ,  but i n­

stead they are blended toge her , in a 
mann r defined by the RI . 2 The 

velocity (db ) -v -frequency character-

28tanrJ.nrd Recording and Reproducing Clmrru:teri tic, 
R rd I ndustric A o ·iat ion of America I n c . ,  1 East 
57th ' t r  ct, K . Y .  22 ,  N . Y .  

/ 
/v 

� 
----� 

9 
co 0 -5 ::!:. 
.... "" -10  z 0 a.. Vl - 15  .... C>: 

------� 
-20 50 

----
� 

./" v 
FREQUENCY IN CYCLES PER SECOND 

100 

Zgenera1oi"' 30Q 

lCXXl 2000 
. 029µ1 

�uv�-- . 01 1Jf 

lOQ 'R I AA 

JO. CXXl 20, CXXl 
F i g ure 4. R I A A  record i ng 
c h aracteri st i c a n d  R - C 

RIAA network. 
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i ic which is obtained i shown in 
Fi�ur 4. 

W hen the pi kup i a t ru elo city­
r ·po n ive devi ·c, it fol low that the 
pickup preamp l ifier ochould have an i n­
ver e RIAA characteristic .  'Ihis char­
act ri tic of the pr amplifier is most 

onveniently v rified by the in ertion 
of an RIAA gen rator n - twork b tw n 
the o cillator and th e amp l ifier u nder 
te t .  One such n twork is ho-vvn in 
Figure 4. If th m a ur d r pon e is 
u n iform -with frequency, then the pre­
amplifier is properly designed for repro­
ducing r cord with a magn tic pickup. 
A TYPE 1 52 1 -A Recorder a r  d TYPE 

1304-B Beat-Fr quency Audio Gen ra­

tor can be advantageously used i n  this 
test. 

Over- a l l  Measu rements of Response 
C h a r a cteristics 

Th STR 1 00 record and the TYPE 
1 5 2 1 -A Recorder can al o b u d to 
mea ure the over-all  rcspon e-frequency 

haracteris ics of a p layback y tern 
regardless of the type of pickup or amp li­

fier employed. The ideal respon se­

fr quency characteri tic of a prop-rly 

adj u ted reproduction y tern playing 
an ST'R 1 00 r cord wi ll be imp ly th 

diff rence between the response-fre-

I d e a l  System Response - RIAA Equal ized 

Frequency db F r e q u ency d b  

1 , 000 0 800 + o . 7  
20, 000 - 1 9 . 5  600 + 1 . 8 
1 8,000 - 1 8. 500 + 2 . 6  
1 6,000 - 1 7 . 7  400 + L9 
1 4 ,000 -1 6.6  300 + 1 . 1 
1 2,000 - 1 5 . 3  200 +0.2 
1 0 ,000 - 1 3. 7  1 50 --0. 6  

8,000 -1 1 . 9 1 00 --0 . 9  
6,000 -9. 6  0 - 1 - 3  
5,000 -8 . 2  60 -2. 3  
4,000 ---6.6 50 -3 .0 
3,000 --4 .8 40 -4. 2  
2,000 -2 . 6 30 -5. 8  
1 , 500 - 1 . 5  25 -7_0 
1 , 000 0 20 - . 6  

J A N U A R Y - F E B R U A R Y ,  1 9 6 2  

que n cy hara teri ti c  of the record and 

the RI charact ri ic  sho,•;rn in Fio-ure 

4 .  ubtracting the e two re u l t  in  the 
set of values in the accompanying 

table. 

Tone-Arm- Resonance Test 

To te t r onance of tone arms, loud­
spealrers etc . ,  the T 1 00 r cor pro-

id s S\ p-tone band , left and rio-ht, 
from 200 to 10 cp . These ar yn­
chronized al o to th TYPE 1 52 1 -A 

Recorder. The recorder m ust b set to 

operate in r ver e,  as the sweep tone 
begins at 200 cps and the frequency 

d crea e d uring the glide . 

Autom atic-Sta rt C i rcuit  

The 1 000- ycJe tones at the beo-i n nino-o b 
of each glid crve not only for l vel 
adj u tm nt,  bu al o for keying an auto­

matic- tart circuit for the recorder.  This 

circuit, dev lop d by Me A. 
Schwartz and A. G u  t of CB 
torie , i hown in Figure 5. 

The 1 000-cycle keying tone pre ding 

the S\veep in itiate the cycle. Al l relavs 
are i nitial ly de-energized a hmn1 in the 
schematic diagram. L ft ar cl right chan­

n l input are ombined in h a h de 

of V1 in 'uring tha th k yin o- to ne "·ill 
be p re nt for either direct or ro talk 

rnea ur m n . The ca tho de f ol lmver 

ou put i f d to the V2 high gain ampli­
fier through a high-Q LC 1 000- ycle 

filt r allowing only 1 000 cp to feed 

hrough . Fol lowing thi tage is a ca h­

ode fol low r V mp lo d a a pow r 

am.plifier to drive a n i i e r l ay J(l 
(Elgin Advance) after r cti fication by 
the two 1 N 2482 diod . A Zen r diode 
and clippino--ran o-e control pr v n t  hio-h 

iffnal lev ls from ov rheating the en i­

tive relay. 

With 1(1 energized , rel ay 1(2 i en­

ergiz d and lock it  If across the power 

1 9  
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B +  B +  " S E T  ' A '  FOR + 3.75 VOLTS 
R E LATIVE TO 1 2 8 \' 7  P L A T E  L E F T  400 µ u t  

I N  P U T  
o---( 1---V-1-------"-� 

12 A U 7  .-"1+-------'"+-
F � ���o---( f--..---=+-� 

4 0 0 µ µ !  

9 1 0  k 

r- ------ ---- - - - -- - - - 1 
I GR T Y P E  1 5 2 1 - A I : GRAPH IC L E V E L  I 
1 R E CO R D E R  I 
I I 
I I I I : TD I NTERNAL I 

RELAY 
POV/CR 

SUP PLY 

+ 

47 

2 

I POW E R  SOURCE I : I 
L - - - --· ·-- - - - - - - -- - - ·  _ _ _ _  J MAN 0 

o RESET 
RUN 

B L A C K  ,. 
r '"  
I 

R E S E T  ! R E S E T  
0 I 0 ;--- l.. - - -� 

... 
c t:: ... :r 

... 
0 .... MAN R U N  

IC ;o: 
... ::c IC ;t: 

R U N  MAN 

F i g u r e  5. A ut o m a t i c  c o n trol  circ u it for t h e  rec order. 

upply through con act 1 .  At th ce. sa-

1011 f th keying tone, } 1 i d -

nergi zed t h  reby a uat i ng ](3, 
which -t arts the recorder motor at the 

in.  tan t  t he weep b gin . At t he t crmi­

n at i n of t he sweep band , he re et 

\vi t ch i rn.anually e a R E  ET momen­

ari ly to d - n rgize I<.2, and h circuit 

i . ·  then r-ady for the next wee p .  

Econom ics o f  Autom a tion 

Th e onomic value of automation in 

t st ing phonograph reproduc r de-

erve . · part icular men tion . The d vclop­

men of a phonograph pi kup or com­

plete play r i1 volv con id rabl ex­

p riment a l work i n  whi h th d vice 

under te t i modified by ucce ive re­

arrangemen t  or modifi at ion of com­

pon nt until  the d sired p rforman ce i 
obtained . ach modifica ion is follow d 

by re pon e a n d  c pa ra t ion t est . po -
fr q uen c t e  t r q u i r  h bet er part 

of one ho u r .  t ha been e t in at d t h  t 

one- t h i rd to o ne-ha lf t h n1anpo\v r 
used i n  pickup and p honooT ph deve lop­

men t i exp nd d i n  h i  tediou n -
d e a  vor. De legat i n g  th me "urern.ent 
to an auto mati devi ce whi h doe not 

mind tedimn and m ake no e rror r -

lease trained man power for more c rea­
tive tasks and save. t hou ·a n d  of dol lar 
annual l y .  I n  on in.  t a n ce han gi n g  
from n1an ual o au om.a t i  re ord i n g  ha. 
been hown to av t he �t of a r corder 

in a in D"l inonth a n d  the co t of t h e  

ne' ' r cord in  a i n gl te t .  

U s e  by Aud iophi les 

While t he T R  1 00 r ord has b en 

d sign d e ·p cia l l  fo r t h  profe . ional  
u -r t h  r quirem n ._ of h audi ophile 

hav also be n kept in mind . Com.plete 
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in t ruction are included with ach 

record for t ting fr qu n y ran ge of the 

r prod u ing sy. t e rn ,  chan nel separ t ion,  

pi  kup compliance and tracking, tone­

arm rcsonanc and ylu ''° ar. 

J A N U A R Y - F E B R U A R Y ,  1 9 6 2  

The STR 1 00 record i priced at $8 . 50 

and ca.n be obtai n  d from CB Lab ra­

tori , tan1f ord , Conn ti cut, or from 

Columbia Records di trib utor and deal­

e rs .  

MORE TALENTS, 

O UTPUT 

NEW D RESS, FOR THE 

METER POWER 

I n  the nearl t hirty year since i ts 

fir t announ m n t ,  the General Radio 

TYPE 583-A Output Pow r 1\1eter ha 

s rved a a ,,·ork-hor e of t he audio­

fr qu n y i n  du. · t ry .  During thi time, 

sign i ficant adYan ce in mat rial and 

techn ique have made po. i b le it  re­

place ment b a ne\Y instrument, ba ed 

on the ame g ncral theory, but im­
prov d in al l  r p t . 

Both i n struments are ba ically m ulti­
tapped audio-frequency transformer 

that , by ran. formation ratio, reflect an 

cs. n tia l ly fixed secondary load a a 

variabl primary impedan . They differ, 

howev r, i n  several respects, which 

make possib le thC' n w in trument's 

great r frequ n cy, impedance, and power 

range and its improv d ac uracy on 

compl x wav forrru . 

The TYPE 5 3-A u d a m u-m.c t a l  core 

to secure high i u i t ial  permeabi lity 

(nece ary for impedan ce a cu racy at 

low power i nput) , but was limi t ed to a 
5-watt maxim.u m input by th low 

saturation 1 v 1 of mu-metal .  Th TYPE 

1 840-A secures high i n iti  1 p rmc· bility 

through t he u of grain-ori nt  d i l i  on 

teel in a lamination pc i fically de.  igncd 

to take advan t age of gr i n-orientat ion, 

arid thereby i 11 r a c it maximu m i 11-

put to 20 watts with bu little i n C'rca e 

in core i ze i t1 ce grai 11-ori i1ted ilicon-

el i. a tru " power" ma rial. 

The 'rYPE 583-A had ten econdary 

tap to yield ten impedance val ue 

Fig u re 1 .  Panel  v i e w  of t h e  O utput Power Meter. 

2 1  
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sp CC'd, approximately, at Vlo (tenth 

root of 1 0) i nterval and fo ur-primary 

tap , o provid m u l  ipli  a io n by power 
of 1 0  ( 0 . 1 1 1 0 ,  1 00) . rlhi. yie l ded forty 

imp d n c a l u b tw en 2 . 5  and 
20,000 ohm._. The TYPE 1 -10-A ha. ix 

ondary tap to yi ld ix imp dan ce 
6 -

valu , , . pac d, approxim t ly a V 4 
(, ixt h r ot of 4 )  i n t rval . N o  that th 

wo in t rval are comp r blc 

v 1 0  f"'. '  v4 ,....., i . 2 

The 'I'YPE 1 840- how ver, ha ight 

i n tical  primarie ea h tapp d to p ro­

idc a mu l tip l ie r  of 250 ' 1 , which prima­

ri . c re . wit h d from a l l  p ra l l e l  to al l 
ri s in four n figuration each con­

figu rat io n i n t rodu ·ing a 1nu l  ip lier of 

41 1 .  Th six ondary tap and fou r 
primary con n c: 1 1  n tro lk•d by 

a . in lC' twenty-four po iti n rotar 

\Yit ch yie l ding i x  ti1n . f ur, or tv\: nty-

four,  discrete i m p  clan va l u The 
ap · o n  all C'ight prin�ari arc \\'! hcd, 
i m u l tanC'ou ly , by he ohn1 - kil hm 

wit ch . The ohm. ran o-c l ies b tw n 0 . 6  
a n d  1 28 ohms. The k ilohm. range m u l  i­

p Jie . ·  th . value by 250 to yie ld 0 . 1 5  to 

32 ki l  hm. . Th<' net resu l t  of a l l  the. e 

h nan n igan. i. more effi. ·ien t u e of th 
tran ·former winding . While,  in  the 

older inst rum n t ,  u p  to for y p r n of 

he i npu t p w r wa. di  i pat d in th 

windin g  , in h n w m d 1 it i r d u e  

o les than i g h  per nt .  Th i . fi fol d 
d crease in win d i n g  di ipa i 1 

duces the winding ontrib ition o i n-

p ut impedan ce t hat a l l TYPE 1 40- ' 

u e the ame accurate re i tor i n  con­

tra t to the hand-tai lored r si tor re­
quir d for each T Y P E  583-A. 

A advantage of primary 

appar n in the i mproY d 
r pon i nce al l primari s 

activ , and are interleaved 

ondary windin ()' in ''' pi ' ,  

an i m prov m n i n  t high and 

low fr qu n y r , p n ha b 1 1  
a hiev d. 

The qua. i-rm 

1 840-A tolerates 

meter i n  the T Y P E  
con d and thi rd har-

mon ies u p  to 20 0 i n the ignal with u 

d parture fro m a true rms indi  ation . 
The new Gen ra l Radio rac k-ben b­
in trument cabi net pro vide co 1 1 ve n -
1 n , acce and an adj u stable  ti l for 

ea y r  adin g . 

T-n " or k  nuator, de c ribed in 

th u ion book p rmit xt e nsion 

of pow r l · v l t 20 watt for any 

par i ular imp dan t ing . 

M I LEY 

SPECIFICATIONS 

P o w er R a n ge: 0 . 1 m i l l i w a t  t o  20 watt . 
u.·il larv db s ale read from - 1 5  to +43 db 

r l rn i l i i wat t . 
P o w er A c c u r a c y :  ::\ I n.x i 1n u m  erro r  i n  fu l l- cal 
power i n d i ca t i o n  d not e.-c ed 0.5 d b  from 
50 t o  1 0 .000 p · do s no t exceed 1 . 5 db from 
20 t o  20,000 cps. 
I m pe d a n c e  R a n g e :  0 . 6  oh m t o  32 ] ·ilohm. in two 

ran :re. ; yieldi n iz;  4 i n  di vi ual i mpedan 
pa c -ed • 4 apart. 

I m pe d a n c e  A c c u r a c y :  '.\1aximum error does not 

exc d ± 5 1 from 1 00 to 1 0 , 000 cps or ± 50 
from 20 to 30,000 cps. 

Type 

W a v efor m Error:  A q ua i-rms met er i u d which 
wi l l  i n dicate ru rms v.- ith as mu ch as 20 0 
second and t h i rd h armo n i cs . 

Cabi n et:  R ac k-ben ch i n st rument cabi n t ,  
al u mi n u m panel . ab i net ha ext.en i on l egs t o  
perm i t i n strument t o  b u. ed in a il t ed pmii t i on . 
Pan e l ex - nsious ar avai lable for reluy-rn.ck 
mou n t i ng . 

D i m e n s i o n s :  Pan 1 ,  \Yi d t h  1 2 , hei gh t 3 ;!.1  i n e he 
(305 by 9 mm) ; d ept h beh i n d  pan 1, 6 3-1 i nc h  s 
( 1 70 m m ) .  

N et Weig ht:  1 0 %  pound (4 . 9  kg) .  
ode lVord Price 

1 84 0 - A  O ut p ut P o w er M eter . . . . . . . . . . . .  • . . . . . . . . . . . . . . . . . . . . . . . . .  J B E LO W  $ 2 1 0.00 
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T H E  MEAS U R EM E NT O F  T H E  BALLI STI CS O F  

I N D I CAT I N G  I N ST R UM E NTS 

The bal l i  ti hara t ri ti of mov ing­

coil lcctrical in d i cat ing i n st rum n t  ar 

im portan t m. many app l i C 'at ions, f r 

xam pl e , i n  V U  inctcr. ound-levc l 

rr etC'r , and modu lation m.on itor . They 

can be uniquely d fined i n  t erm of ( 1 )  
d resi. t an ce ,  ( 2 )  t i 1n to fin;;t ri, c t a 

peci ficd poi.n , when nergi zcd from. a 

h igh-im pPdance o u rc (3) overshoot 

ud (-!)  ti me to fall  from one poi n t to 

another \vi t h  the i n .  t ru1nent rm i n a l 

hort -c i rcu i t d .  
• t robo:-;copi ligh off r a m an of 

dct0rmi n i ng (2) , (3 ) ,  and (4) , 'vh i 1e ( 1 )  

i cas.i ly measured by a conv n t io n a l  

bridg . O n e  method of m e a  u remcnt 
prC'viou.  ly de ribed L u. ed a onti n uous­
fi hn camera 1 1 1  c u j n n  t i. o n  "· i t. h  a 
. t r  bm.;cope . 

IOO k n  

ADJUSTABLE 

DC SOURCE 

I 

R I SE TIME 1 f  
FALL T I M E  

I N ST RUMENT 

UNDER 
TEST 

GENERATOR 

T R I GG E R  

GENERATOR FALL·TIME 
DELAY 

TRIGGER GENERATOR 

STROBOSCOPE 

TYPE 1 5 3 1 -A 
STROSOTAC@ 

F i g u re 1 .  B l o c k  d i a g r a m  of t h e  m eter test s y st e m .  

A nPw te hn i q ue of m c a  u re m  n t  

perm i t i n g d i re t ob ervat ion 2 ha been 

made po . .  ible by the hor , h i gh­
intcnsity ft.a h of the en ral Radio 

T Y P E  1 53 1-A trobotac® Electroni c  

, ' t robo cope . Figu re 1 i s  a b lock diagram 

of the test tup .  The nc c ary t ime 
l " A  Not o n  the ?\1oa u r  m e n  o f  l'.feter Speeds, "  General 
Radio Experiment r, 1 0 ,  6. November .  1 935. 
2R. G. Fulks and H .  . Lit tlejoh n , " Direct Observat ion 
of In truruent Balli tics , "  A I EE Paper o.  P62-370, 
pre o ted at the AIEE \\' inter General ;.vieeting, . Y. , 

• Y.,  January 2 - February 2, 1 962. 

d l ay are supp liPd by two TYPE 1 2 1 7-B 

n 1  Pu l nen crator . 

'I'h e lectrical i n di cating i n  r u m  n t  

i .  enP rgizcd i m u ltancously w ith the 

t rig()" rin g of one p u l  gen rator . The 
p u l �  gen e ra t o r  fi r s th S robotac at a 
t i me l ater t hu.n the i n i t ia l  e en dct r­
n1i n cd by the . C'tt in g  of th p u l. C'-du ra­
ti n d i a l .  Th poi nter is seen by a ::;i n gl e , 

ini r on fla. h of l i  CT h fr01n t he 

st r b . op af t er the p i n t  - r ha moved 

for the l en gth of time tha the t robo­

. ·cop firing i m p u l  e wa d l ay d .  A 

. ·cri c . of su ch ob r at i on at different 

de lay t i 1n wi l l  p ro i d  data f r pl t 

. ueh a, hat i n Figure 2 .  T h  d c t ai b of 

the i n i t ia l acccl ration , th rate' of rise 

a n d  t he o er hoo w 1  h i t  dcca i n g  

o .  c i l lat ion are readi l y appar n t .  'I'he 
l a l li ic paran et r of th i n  r u ment 

mC'chan i · m  can b dC'ri v d by analy ·is 
of c u r  es p l  tt d b h i · m t hod . 

rodu c t ion q ua l ity con t: Fol i a n  i m­

port ant u e of t hi dda -aenerator­

. ·t robo cop te hnique.  For our own i n­

strum nt pec i fi ·at i o 1 1  we have de fi n C'd 
rise t i me as " t he t i m  i n , c o n d  , f r t h  
poi n t er fi r, t t o  reach . 9, ± a pcc i ficd 

t olc ran <' f t h0 end . cu. le \Yh n con.  ·Lant 

� ·  
100 
90 
80 
70 
60 
50 
40 
30 
20 
1 0  
0 

/ ......... 
v ..... r-..... 

I ...... ...__ --� 
J 

I 
I 

I 
I 

./ 
o 0.1 o 2 o ?> o 4 o s o.s 0.1 o a o.9 1.0 

SECONDS 

F i g ure 2. P l ot of m eter d e fl e ct i o n  vs ti m e  fr o m  data 
taken with the test s y stem o f  F i g ure 1 . 
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I ·tri ''" r i. u applied from � i m ply h m r im n t  
high irn y la  n 

' t h  t i r 

fa l l  

h 

·le in a fi. ur , w hi f'h m a ke. · t he 011-

11 d i  1 ,' an it d frat s h . pr "a<l all  '" d 
r ach 0. 1 ± SJ deft< . ti n aud f ::t.11-tim· d -

ud .·ca lc frorn a �tea<lv fl 11 
c fi  ' C't i n wh u t he inst nu n I '  th 

:h n·t i rc ·uit d . '  3 1 1 1 :-i  
Ii' r pr 1 u  · t i n tc. ti 1 1g tw dcla:v 

g n ra tort" are u�N l ,  n 11 rgiz •d w n 
L h  · l<'d ri r ·ul  i n �t rrn l n i '  n r(r iz  d a 1  d 
t h  otl r wh n t h  •1 d ri f'ul  i n �t nun 1 1  

n r  
in . t n m  

o btS rvi t io1 of 

wil l SE'rv t h  r -

i...: . h r i rcuil  'd.  rator i · · t 
' u ( . t th 

ra l r th n 
• Oefini t i1Jn to b• inc:orpornt d in pro1 t l-"ed re,•i ion of 
A -lA C ": 9- 1 • l ,,, , r•r "" . 11,,1.Junl lt'"'I " iremerzts far EF ..tric" I 
\fl-·u�urinr1 I ll8lru uH 1d • 

a r  h c n�ri n 
nrn n  alik . 

r and h '  q t a.l i t\ -

- H . L1TTLEJ T J. 
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