
I 

THE GENERAL RAD 0 

Experimenter 
AN ELECTR10NIC 

ALSO IN THIS ISSUE: 

0 HIGH DEGREE OF F RE QUEN CY RESOLUTION \/VITH A 

SYNCABLE OSCILLATOR 

0 100:1 SCALER 

0 REDESIGNED TONE-BURST GENERATOR 

VOLUME 42 · NUMBER 10/ OCTOBER 1968 

www.americanradiohistory.com

www.americanradiohistory.com


2 

Page 

:Hig,h Degree of Frequency :Re.solution Ad1ieved tnrougrhi Use ,of Sync,a:ble 
OsciUator in Closed Loop.. . ... • • .• . . • • . . • • • • . . . • .. • • • • • • • • • • • • • • • . 3 

A Calibrated Spectrum Synthesizer., • • • • • • .• • . . • . • .. . • • • •  ,. . . • .. .. • • • • • S 
A l 00: 1 Scaler for Frequency M.easuremenh to 500 MHi:. • • • • . • . .• • •. • . .• 11 
Redesigned Tone-Burst Generator has Customer-Suggested !Features. . . .. 14 

the[;] Experimenter 
V,oflume 42 •No. 10 10etobe1r 196B 

Publii hed mo inthly by the Gen er al Radio Comp'afly 

© 1968- Generol, R'od!o Com,pa.ny, Weit Concord, Mass.,, USA 

The General 1 adio Erp rimenter i::-; mail d ach month without charge to engi­
n r. , .·dentist.", t dinician:-1, e ucator. ancl olher . .,; in r � d in th in t1uments and 
technique, of l ctriiral and el ctronic::. m a:mrement . Addre.·i-; aH ·orrespondene t 
Edit.ur, G, n •ral Radio E.cpnrim.ent r, Genera] Radio o., V> · t oncord, Mas . 017 'l. 

www.americanradiohistory.com

www.americanradiohistory.com


HIGH DEGREE OF 

RESOLUTION ACHIEVED 

SYNCABLE OSCILLATOR 

FREQUENCY 

THROUGH USE OF 

llN CLOSED LOOP 

\Vh n Dr. h n f R' � 11 e. ·p n · ,. ·yn bl " 
Lo·· 

wan 
1 l r onan 

magncti ' a] loy · 

fr0c u nc . tabili r and r �olution not 

\Y.ith a fr qu nc_' :,..; n h iz r l u with 

SYNC 

I PUT 

GR 1310 OUTPUT 

OSCILt..ATOR 

> 
,,. 

o illa or 

Th xp rin n · l sc up i ·h wn m 
FiCTure 1. Yihr tion ar x 1 d in h 

r d by an arb_- coil driv n thr twh an 

amplifi r y th . TYPE 131 'cillat r. 
'I h r d i · sli hUy magn tizcd b · o.n 

CO STA T MAG ETIC 
FIELD 

Figure 1. Block dia­
gram of the experi­
mental setup used by 
Dr. Armstrong to in­
vestigate the me­
chanical resonance 
O·f the clomped-mag-

' PIC UP netic rod. 
COIL -" 

VOt..TMETER 

WINNER OF GR'S "THINK SYNC" CONTEST 

GR District Manager Frank Thoma (left) and 
Soles Engineer Dave McGreenery (right) 

presen 1312 Decode Oscillator to 
Dr. Armstrong. 

At the New York IEEE Show this 
year, General Rodie announced a 
technical contest to discover novel 
applications of the synchronizing ca­
pob ility of GR's low-frequency oscillla-

tor line. The prize was choice of any 
of the five "syncable" oscillators. 

We were impressed by the in­
genuity with which many of the contes­
tants exploited some not-altogether 
elementary aspects of the sync capa­
bility, and from our point of view the 
contest was an edifying success. The 
criteria for selection of a winner were 
originality and usefulness of the ap­
plication. It was the final decision of 
our judges to award the prize to Dr. 
P. E. Armstrong, Los Alamos Scientific 
Laboratory, Los Alamos, New Mex.ice, 
whose application is described in the 
accompanying article. Our congratula­
tions to Dr. Armstrong, who chose the 
Type 1 3 1  2 Decade Oscillator as his 
prize. 
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figure 2. Pilot Qf resonance data for a typiual 
sample. The system turned out to be unstcsbSe 
below resonance, but data for this 1re,gian coumd 

have been obtained, i1f necessary, by reversing 

connections somewhere in the loop. 
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October, 1968 

Tne new Type 1925 Mui ifilter. The model, $hown 
here covers the frequency range from 25 Hx 

to 20 kHz in 1/3-octave bands. 

A CALIBRA ED SPECTRUM SYN HESIZER 
Electronic filters pr,ovide precisely calibrated spectrum shaping 

or equalizing for sound and vibration work 

J arall 1 1" t of n ti uou , o a.,. - Th 
l and or 1 3-o ·ta\- •-hand fill "r hannPb fil r::- < 1 '.30 alihr� L • 

pach iudurlinrr an adj u�l ·11 L a t nuu tr r a.tt nu� tor.·. a.I 
. ·uch a ..:v ·t m, the: ba.'i� f r a. num- \\·ith 1n r 

h r f . p c nu 1-. ynth .j� � t nu· tor. n.n· 
tr tm- na Ly sis t chn iq 1 i-;, is and 1 �-
in GR n w 1. :2.� :\Iultifil r. ( ;igurc 1) conforr l 
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Figure 3. An assem,­
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j ustable attenuafo,rs. 
The setting of each 
attenuator is 'ndl­
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,position of a dot in 
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October, 1968 

Figure S. A more tikely example. When there ,are no abrupt discontinuities or steep slopes, the 'l/3-oc::tave 
analysis (solid black line) departs from the multifilter display by less than the measurement error. 
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t p rime 

S P E C F CAT I ON S  
FILTER S  
C haracter i stics : 

Accuracy of Center F1req u ency: 2( �-
Passband R ipple: . v dB max peak to peak. 
Un1iforrn"ty of levels: At c nter frequencie 
(attcnua or at +25 <lB) ±0.25 dB at r 
±0.5 dB 0 o 50° . 
N o iis.e; <15,u ,. eqnivnl nt input noise. 
Disto rtion: For bt nd c nt r ut 2- Hz nd 
above, harm n\c di rtion at b:ind center i 
< .1:' tt lY out. For bands "ith c nt r 

frequ n y l l > • 2- Hz, di rtion at and 
center is <0.25, 0 at 1 \ out. 
ATTEN UAT O R S  
Range: ' ain in  n h channel adj u able i n  1-dB 

tep from +2- D to -2� dB relative to 
nominal 0-dB J?ain by means of panel control. 
Accu racy: ± . 5 dB relati to +25-dB atten­
uation et ing. 
!R eado u t: Pan 1 di pl� y indi a 

a h hann 1 and rcpr. ,n ran mi i n be­
we n inpu � n . nrnmc 1 outpu . Di pla.'· 

has standard 5 -d B-pc-r-d� ud a.le fo. ·t r; 1 
dB per in ·h vert.ical, fi inchc- p r de ade hori­
z ntal. T, k on pRn l prevents a cidental 
chnng in ti. n t. r ttin 

CHASS I S  (accepts u p  to 30 fi lters) 
Over-a l l  Gain: 0 <lB nominal. 

Gai l'l  Adjustment: +6 to -12 dB, common to 
al ch n el . 
Input J:m pedance : 100 k .. 
I np u t  Voltage: Ac component, 17 \" pk ma..x 
rcferre to c co 1p n n of inpu . De com­
pon nt, ±3-v nu1::-:. 
Scanner: Any singl filter outpu i · a lected b�­
a r ur-1 an 1 p hhutton, external wit ·h 
closur , or by use of n. Typ 1771 'cnnner 

l � ith �1ttenuator ll.ithout ttenuator 

Bench Rack Bencl1 Rack 

Control (available on pccial on] r) which di -
pla�- nnd ou pu ( B 'D) h hannel number. 
Peak M o nit·or : .\ peak d ·t r . nsc level at 
two cir ·ui point· and drive a pauel met r 
·tdibrnt •tl in dB rcferr d to ov rload 1 vel. 

:si�nal proportion� I to rn r intlica j, n i avail­
ablP · t an on put j: k f r ri in a de r corder; 
I 111.\ eorr pond to full- cale readin 

O UTP UTS 
Channel O u!pvts (P ralleJ utput) 
I m pedance: 2 f! 11 minn.l. 
Voltage: ±-l.� \" max C \ rms sine wave). 
Load I mpedance: kR minimum for mo.. output 
·ol aa . 

Scanned O u  p u t: 
I mpedance : 2 .. nominal. 
Voltage : ±  .2 Y max ( : rm ·in wa.v ). 
load Impedance: ' k.l n1inim nl for max outpu t  
volt.ag _ Two ·luu·•i c· n be wired in parallel 
fur up to GO cttnr <l cbann 1 . 
Su m med O u tput ( equalizing and shaping 
applications) 
l mpedon.ce: GOO f!. 
Vo ltage: _ ·""" \" max, op n circuit .. 
Load I mp edance: Any. \ "Hl n t affect linear 
operation of output. 
Weighted and Unfiltered O utputs 
I m pedance: ... Of? nomin� L 
Load I mpedance : ;� kn minimum for max output 
voltacr : 
Gain: 0 dB nominal at 1 kIIz. 
W e i gh ting :  A B and charac 
t.o r quirem nt� of curr nt .\m 
nati nal ·md� rd. i eluding 
1u2: , an IF.C u 79. 
GEN E RAL 

ristics conform 
riean and inter­

_\.' IA, I C 

Accesso�ies Supp l i ed: Power cord, 3 -1,erminal 
plug. (2), p fu , Handbook o...f. 1ois �11eas­
lr ui nl. 

P·ower Req u ired: 1 0- 25 V or 200-250 V, 50_, 0 
Hz 17 \\. 
Mounting: Rack- nch m unt. 

o,imens i ons (width x hei gh t  x dep.U-1): Bench, 
H 'I� x . i,., x 14 in. (.'5 x 2:15 x 355 mm)· rack, 
1. .· 3.£ x 1214' in. ( 5. 22r.: x 315 mm). 
Weigh t:  _�et, 4 lb (22 k ), approx. 

Description 

1925 Mvlfifi.ller 

Price in U A 

lT'ith 
r tl'enuator 

lJ ithout 
Attenuator 

0 ne-Th i r d-O clav·e Bands 
, 925-9700 l 925-9701 1925-9712 1925-9713 25 Hz to 20 kHz $3500.00 $315 0. 00 

925-9702 1925-9703 1925-9714 1925-9715 12.5 Hz to 10 kHz 358 0. 00 323 0. 00 
1925-9704 1925-9705 1 925-9716 1925-9717 3.15 Hz to 2.5 Hz 3680, 00 3330 .. 00 
1925-9706 1925-9707 1925-9718 1925-9719 100 Hz to 80 kHz 3450. 00 31 oo.oo 

O ctave Ba,nds. 
1925-9708 1925-9709 1925-9720 1925-9721 31.5 Hz to 16 kHz 21 1 0, 00 199 0.00 
1925-9710 1925-9711 1925-9722 1925-9723 4 Hz to 2 kHz 22.1 0. 00 2 090. 00 

Note: Rack and bench versions of any model are prjced the same. 
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I ;: \ 4 llWH�I �Pl! fSI !'I 15 ' . 

October 1968 

!Figure 1. T h e  1 li91-Z 5 00-MHr Counter. 

A 100:1 SCALER FOR FREQUENCY MEASUREMENTS 

TO 500 MHz 
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HOW IT WORKS 

Block Diag.ram 

FiD"ur -1 how u implifi d bl k 
dhgram f th 1 i.-7 al r. Th 1n t·u-
111 nt. ont.._,in a. .SO-ohm att nu r ' 
an input Jn t rincr ir uiL wid •-band 
amplifi r, a . nl -of-4 divi •r (:... a -

ad .Bip flop. ) of-2:) divid •r 

(2 cu.-·cad d i v1 -by-f ui ) and 

un output ampli i a-
ur ' f th 11· UI1 ·u "" low. 

+ 

I s1.7a 

fnput Amplifier 

Figure 5. Simplified 
t,chemOJ11c dia191ram 
of •he, emitter-peaked 

cas:codle amplHier. 

In hi amplifier ". rein,. n d l 
a.· d ·ir uit but with a. new tw'i 1 

I� igure 5 . h w. · a �i plih i . h m_ati 
d]a rarn of on tarr of th n.mplifi r. 

Th' srnall ri01m r • ,p._ it )I' , onn cted 

fr m th 11 •ct< r of th ] \V r ( c m­
n on- miit r) ran i or t ground ·om-

with tl 11n-
of ) 

r 
h fr qu ncy 

r f an ordjnar r ·ascod ircuit 
fr01n 20 ::\!Hz, o to "'r 500 .:\I Hz. 

u h stag · int"r •onn ct d by a 

' H. T. :'.\fcAle r, "Em]tter Pt>akiniz Pu h s Ra.ndwidtlt 
to 500 .\I Hz.'' Electronics, ept 4, 1907. 

·Ot.rl-� 100 

1 IS7-1Q 

October, 19,68 

Figure 4. Sim p lified 
block diagram of the 

1157 Scale'r. 

shunt p a.king n twork ur u ed m the 
mplifi r. 

Scale-of-4 Divider 

l� i''LI re G .sh w:-; a. sim.1 Wi <l h nm ti 

mgrG 111 f n of th wo flip-flop · in 

th livi l r. Th c1rc 1 ll · · a hirrh-
p d tunn 1 diode in mbinution with 

a r� n. i. ]ff r n ·iatin<T ·ir ·ui to 

produce a nan . · ontl pul · w] i h 
p rat H h following unn 1-diod 

·ircui a. a. c mpl r :1. n d fii -fl p.  
Thi sin: pl flip-fl p •ir ·uit5 ha· p,r \' d 
v -y u ful in both low- and hi h­
fr qu ncy <livid r appli 

Scale-of-25 Divider 

The scale-of-25 'ivi wo .s-
ci d 1 � n<r}pmann Ring , n. unique 

co1 bin i f ,) i- a le hmitt 
ir uit :s riallv onn cl d Lo fonn a ring 

c unt r. 

Output Amplifier 

'] h output amplifier in ·'1ude.· a 
hmit circui an pro\'i h rp 

:q Lrnn wu ,,. '-' of ahou t 7 Y lt. I ak- o-

�\V. F_ how-. "Tt1nnl'l-Diod Digital ircuitry." 
I U.E Transm:tion.� an Elertron.ic Computers, EC-fl (3), 
21:15-301, µt 19 10. 
" I u lol1 h F.nl!:I m nn. "fii-quiuary ca.ling: .\ccuracy 
and 'implicity at -oo ).le," F:lectronica, p 3·1, .1. O\·ernhrr 
1.5, 19(i3. 

+ + 

Fig1ure 6. High-speed flip-flop - simplified 
schematic diagram. 
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4 

the[;]E p riment r 

p ak am )litu l (op n ir uil). Th 

� lnplifi. •r m 1 Ii,· r :.20 11L\. in <- low 
imp danc•p and thu · e: n . uppl_ • l ·ol 
p ak-to-penk t< a .-0-ohrn load. 

- H. T. :\le. L1',BR 

in 

A C KN OWLEDG M ENTS 

1157 cal r was lone by 
killing and n. L. ;\foyni­
r .  a � f <l v lopm nt. 

SPECI F ICATIONS 
I N PUT 
Frequency : 1 to 500 .:\!Hz. 
Sensitivi y: B I r han 0.3 YI k-pk (0. 1 Y rm·) 
over entire range. 
Impedance: -on. 
At enuaitor: 1-2-- equenc for ignul up o 5 

r rm . 
Max Input: - Y rm�. 
O UTPUT 
Frequency: 0.01 o 5 l\IHz. Appro.· quur -wa 
output, 2 m. pk-pk; > 5 V pk-pk open-circuit, 
1 v pk-pk into son. 
Impedance: 250D. 

G ENER AL 
Power Required: 10- to 125 or 210 to 250 Y 
.5 t i Hz, 25 \\-. 

ataloa 
.Yumber 

1157-9801 
1157-9811 

1191-9900 
1191-9901 

1191-9902 
1191-9903 

Price 
Des ription 1·ri. .11 

1157 Scaler 100:1 
Bench Model $650.00 
Rock Model 650.00 

1191-Z Counter (100 MHz) 
Bench Model 2040.00 
Rock Model 2040.00 

1191-Z Counter (500 MHz) 
Bench Model 2190.00 
Rack Model 2190.00 

REDES G ED TONE-BURST GENERATOR HAS 

CUSTOMER-SUGGESTED FEATURES 

Wider frequency range 

lncreosed suppression 

of signal during off period 

More output 

Timed or counted intervals 
may be selected independently 

for both on and off periods 

111 
for 
P�Y 

Th n th TYPh I. 

h n.c 

'�a fir t in rodt 

pron1pUy er a 
in s nar 

l 

h u. ur n r t of 
t 1 ur of co­
l w •rf ul t :� ir g 

t ehni ue.1 Th cot . i rabl nurn bPr o 

�l 1 

unf re n · "'to which th 1:�. wa � 

.·1 n for in hoi 
he pro,·i­

f i h r 

1 .I. 1 •. kiUing. " G ncrator of A Transient • 

1R Hrperimeni r, .l\lay, 1! 4; ""T ing , ; h Ton -bur: 
�ie;na ," Th Elet:'tronic Hngineer, Dec mbcr, L GG (Ch. 
R prin Al30). - , .. The Fr quency pectrum of 
a Tone Burst," GR Instnnnent . 'otes, L -105. 
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co un t d r im in t n' J 
th on and off peri d. · .  Thi · 

w i l l  b foun l u · f ul in 
p y cho· cou tic appli · n 

f r bo h 
flC'xihiht 

ar nd 

'\Yher a 

Oct o b e r ,  1 968 

Ion bur t i o ten :r quir d .  Th addi-
10n of a .·ingle-1 ur bu on fa i lila e 

t 0 app licn. ti on hy iolog r nd 
xp rim ntal p y y that r quir 

h of a ingl he 
r comma n d .  

H re a :r  . om<' of t h  ppli a ion 

to vhi h th tone- ur t t h n ique i 

uniquely r e ting in 
he p re nee of r flee ions, elf-reciproc­

i y ran du r calibration mea uremen t 
of room cou ti n1 a ur m n of ac 

alli tic , re overy-fron1- v rloa 
n1 u ic-p w r inca ir in nt n -

ration o f  ow r-line t ran ient . 

S P E C I F I C A T I O  S 

) 

T i m ed Mo d e :  ( n and off i 1  t.er al 
ind pend n Uy, for duration of l µ. to 1 . 

n and off time occur a rlr t prop r pha e 
poin t  of ntrol l i ng ignul occurrin aft r time 
i nterval t on controls ; one i n t  r a.I ·an b 
t i m  d wh i l  othc>r i count d .  

Sw i td1 i n 9 P has e :  I n  abov mo e , i npu con­
t rols determine ph a e of iming ignal at 

h i c h  on and off ·witching oc urs. ' L  p,� 
ont rol • I cts ei her po itive or nc a ive 

slope of t i m i n g  signal : TRI ; • R LEVEL 
ontr l � t. vol t . lev l a which b th n 
nd ofT wi tching oc ·ur .  

Di rect E x terna l  Co n t ro l :  .\ 1 0-\- pul e appli d to 
r ar-p· 11 l C'on n ction will dir c l con trol 

wit hing. 
SYN C H R O N IZ I N G  P U LSE : A d ·- oupl pulse that 
a l term ' between approx + Y f r output on1  
and - ' \. " hen off . •  · urce re> i lane ppr . · 
0 .  ku for p it ivc utpu and 2 kn for ne n.tivc . 
G E N E R A L  
Power R e q u i red : 1 00 t o  1 2 - or 200 t o  250 V, 5 
t 100 H z ,  1r \\-. 
A ccesso r i e$ Su p p l i ed :  Power cor . 
M o u nt i n g : onv rtibl -B ·nch 'ub i n  t .  

Dimens i o n s  ( \\·idth X h ight X dept h ) :  Bench, 
1 � x 5% x 10 1 1  in. ( 220 x 1 - 15 X 2 ·o m m ) ·  

ra · k  � 2  X 5 1- 1 X ' %  i n .  (220 X 1 3 - X 255 
mm ). 
W e i g h t :  . -et., H ( 3 . i  k '" ) ; hipping, 1 2  lb 
(5.  - kg).  

ataloy 
.1.Yumb r D scription 

----

1396-9702 
1396 -9703 

1 396- B To n e - B u r st 
G e n erato r  

Bench Mod e l  
Rock Model 

Price 
in SA 

$55 0.00 
572.00 

1 5  
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G E N E R A L R A D I O  C O M P A N Y  
W E S T CO N CO R D .  M A S S A C H U S ET T S  0 1  7 8. 1  

6 1  7 369- 4400 

SALES AND SERV I C E  

Al b u q ue rq u e  

At l a n  a 

* Bo s t o n  

B ri d ge port 

*C h i ca go 

C l eve l a n d  

C o coa B e a c h 

" Da l l a s  

Dayton 

D e n v e r  

D e t r o 1  

H o u sto n 
H u n t s v i l l e  
I n d i a n a p ol i s  

'" Los A n ge l es 

o n t r e a l  

N e w H ave n 

"' N e w  Y o r k  

O t t a w a  

P t 11 t a d e l p h i a  

S a n  D i e go 

S a n F r a ncisco 

S e a tt l e  

S y r a c u se 

* T o r o n t o  

Telephone 
505 2 5 5-06 1 1  

4 0 4  6 3 3 - 6 1 83 

6 1 7  6 4 6- 0 5 5 0  

2 0 3  3 7 7 - 0 1 6 5 

3 1 2  9 9 2 - 0800 

2 1 6  88 6-0 1 50 

800 2 4 1 - 5 1 2 2 

2 1 4  M E? - 2 2 40 

5 1 3  4 34 - 69 7 9  

303 4 4  7 -9 2 2 5  

3 3 2 6 1 - 7 5 0 

7 1 3  6 2 2 - 7 0 0 7  

8 0 0  2 4 1 - 5 1 2 2  

3 1 7  6 3 6- 3 9 0 7  

2 1 3  469· 6 2 0 1 

5 1 4  7 3 7 - 3 6 7 3  

2 0 3  3 7 7 - 0 1 6 5 

( N Y) 2 1 2 9 6 4- 2 7 2 2  

( J )  2 0 1  9 4 3 - 3 1 40 

6 1 3  2 3 3 - 4 2 3 7  

2 1 5  64 6-8030 

7 1 4  2 3 2 - 2 7 2 7  

4 1 5  948- 8 2 3 3  

2 0 6  G L4- 7 5 4 5  

3 1 5  4 54 - 9 3 2 3  

4 1 6  2 4 7 - 2 1 7 1  

*Wa s h i n g  o n / B a H i mo r e  3 0  94 6- 1 600 

• R e p a i r  se rvi ces a re ava i la b l e  a t  these otf i c e s .  

G E N E R A L  R A D I O  C O M P A N Y  ( O V E R S E A S) 

C H  8 0 3 4  Z u r i c h  3 4 .  S w i t z .a ri a d 

G E N IE R A L  R A D I O  G M  B HI  
c a  M Li n e li & l'I  e o .  w e s t  G e r· m a. n y  

G E N E R A L  R A D I O  C O M PA N Y  ( U . K . ) ILI M llT E D  
B o u r n e  E n d  B u e 1< i n 9 n. a m s n 1 .-e ,  E n g l a n d  

R E P R E S E N T AT I V ES I N  P R ll N C I P' A L  

O V E R S E A S  C O U N T R I E S 

� . 
- - - -
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