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NEW, COMPACT, OCTAVE-BAND ANALYZER 
OPERA TES DIRECTLY FROM PIEZOELECTRIC MICROPHONE 

_\n odan'-band analysi.- hai' bC'com 
th 1noi' widely us<:'d met hod of detN­
mining the frequ('llr�r di:.;tribution of 
arou. ·tical noi.·e, bcram;e it yieldi-; , \Yi th 
nummum ffort, . ·uffi ·ient information 
to . ·ofre mo.'t noi.'c probk1n.·. 

::\lost octavP-band filter sets are fairl�· 
cmnber.'ome a11d opprate from the out­
put of a sound-lC'vd m<'t<'r, which ,'NYC':' 
af' nn acoui-;ti c pickup and high-imp<'<l­
au ·e preamplifier. In Held applicati< ns 
this arrangc>mPnt is oftC'n ineonYc>nic>nt 
mYino- to th<' necP.-;sity of handlinu· t\Yo 
in:-;trument.-. Th(' ne"· TYPE 1558 
OrtaYc>-Band � oisc .\nalyzN \Yeighing 

l s.' than 9 pound., inc·lud<'. thC' ampli­
fication and high input impedance 
nC'c>ded for dir<'ct usp ''"ith pif'zoelectric 
microphone's. 'Vith it;.; UCC('f.l:'-;Ory TYPE 
15() -P-l PZT :::\1icropho1w � ssembl , it 
indicat<:>s dirc>ctl. octave-band . ound­
prC'i-;;.;nrc level.· from -l-l to 150 db re 
2 X 10-4 µbar, a range that i. d<:>­
quatC' for the majorit�' of use.-. Whe11 
th<' analyzer i.· opC'ratC'd from the output 
of a :-;ound-l<'v -1 metf'r, hO\Y<'Ver, low<'r 
l<',·Pl� cau be mea.-urPd. 

The new uualyzer i:-; available in hn> 
mo<l<-'l�. 'I hf' TYPE l 55 -A is de. ·ign<'d 
to meet the requirenwnt.- of the curr<'n t 

Figure 1. View of the Type 
1558-A Oct a v e-B a nd 
Noise Analyzer with the 
Type 1560-P4 PZT Micro-

phone Assembly. 

; 
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A, A p ificati n for tave-band filter 

set.· (Z2-!.1 0 1953) in all re pect . The 
'I'YPE 155 - P ha band· centered at 
th ...::\. A pref rred fr qu 11 i for ac u ·­
tical measurement ( 1.6-1960).1 Ten 
one-octave band.· arc included in each 
inod l tog ther ,,·ith an all-pa s, or 
fla characteristic. In addition, h 
A-model ha.· a low-pass filt r at 75 cp. · .  

The el trical ·ircuit · arc de iglled to 
rcdu c xtru.t cou . 'ig1 al. . :;.vricrophoni 
are' hdd a a minimu1n through the u e 
of traru;i ton.;, rather than vacuun1 tube., 
and pickup from cxtC'rnal magn ti · fi Id 
i :  avoided b RC-acti,·e filt r ·, which 
contain no indu tor . 

The 'I'YPE 1558 0 tc. ve-Band � 01se 
Analyzer has a built-in, feedback-t pe 
calibration sy�t m for a imple che k 
of the over-all clectri ·al . y ·tern. A dial 
.·ctting renders the in strument direct 
reading in lb re 2 X I0-4 µbar for piczo­
cle ctric mirrophoncs rano·ing in cnsi­
ti vi ty from - 52 to - 62 db re one 
volt I µhar. Power ii'\ supplied by recharge­
able nickel-cadmium batt ries. 

The analyz0r join. th OTO\Ying family 
of GR i rn;;trume11t packaged in th 
flip-tilt cabinet. 

USES 

Speech-Interfer ence Level 

The reactions of in lividual. to 1101. c 

dep nd on n1any factor . An onb th . c 
i:-; the amplitudc-frequency character-

l..\l«o specified by I.'() Recommendation 402 au l German 
• 'tandard DI:\f-l;)--101. 

TABLE 1. 

Speech-Interference Levels (db} 

Voice Level 
Distance 

Very 
(Feet) 

Normal Raised Loud Shouting 

0.5 7 l 7, 83 8H 
1 G5 71 I I 3 

2 5U 65 71. 77 
3 55 (j 1 G7 73 
-l 53 59 65 71 
5 51 57 63 6ri 
() 4\) 55 (j J 67 

12 43 -rn 55 61 
2-l 37 -1-3 -W 55 

OCTAVE PASS BANOS IN CYCLES PER SECOND 
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FREQUENCY IN CYCLES PER SECOND 
Figure 2. Typical octave-band pressure levels 

encountered in industry. 

i tic of th noi e. I i. · well known f r 
example that high sound-pres ure levels 
in the o tave band 600-1 200, 1 200-
2-±00 and 2-!00 800 p int rf re with 

peech on-i1nunication. The av rage of 

the band leYels in db for these three 
band, i. · called pee h-interferenc l vel 
and for ati fa ory int lligibility of 
diffi cult spe ch n-iaterial this leYel should 
not exceed the values given in Table 1 .  
Wh r . pe h annot be heard, n t only 
d e effici ncy . ·uffcr but th danger of 
accidents i. incrcal'ied ecause houted 
warning ina n t b under ·to d. 

Hearing-Damage Risk 
Th T ·pE 155 0 av -Band NoiR 

Anal zer i particularly uitable for 
determining the probability of hearing 
lo due to noi e expo ure. The noi. c 

pc tra produced b3 evcral indu tria l 
activitic ar ho\\ 11 in igur 2. ile 
th r are no tandard for 
a. e ing the po .. ibilit hearing 
damage in term of o tav -band anal­

y e , it i g nerall. r ac epted that th 
octa v -band pr . sur level in any of the 
bands from 300 to 4800 cp hould not 
exceed 85 db for daily expo ure over a 
period of year . Thu. ear protection 
·was pre. cribed for operators of the 
pneu1natic chipper and cabl -braid ing 
rnac:hine of Fio-ure 2. 
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Many organi zation endue 
h a.ring te t and maintain r 
nm expo. ure of their 1nplo 
a progrmn i re on1n1ended wh r ver 
employee ar expo ed to high-le l 
n01Re. guid to r commC'nded proce­
dure i a ailablc. 2 

Off ice Noise 

Difficulty in h aring sp h can r sult 
in poor offic fficiency. �.\n o tav -band 
analy.·is taken in an offi allow th 
noi.·e to be rated by u e of a noisc­
criterion (NC) rating. Like pe ch-
intcrfcrence 1 v l an T I ,. 1 att mpt 
to valuate the noi ·e environment by a 
single num.ber. Figure 3 and Table 2 
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2". Guid for Con ervation of Hearing in Industry," 
• 'ubcommitt e on �oi. e of the ommittec on on en·a­
tion of Hearing, American Acad my of pbthulmology 
and Otolaryngology. Available from the Research Cent r, 
i':l11l c mrnitt e on �oi e of the American cadcmy of 
Ophthalmology and Otolaryngology, 327 '. Ah·arado 
::ltreet, Los Ang les 57, California. 

Fi g ure 3. Curv es; f or use wit h  Tabl e 2 in dete rmini n g  
t h e  per m is s i b l e  s oun d - p re s s u r e  l e v e l s  i n e i g ht 

oct av e  band s .  

TABLE 2. R ECOMMENDED NOISE CR ITER IA FOR OFFIC ES 

Noi m a uremeuts made for the purpo of judo-ing th ti -factorinc. of thC' 
nm e 111 an offic by ·ompari on with th e riteria .·hould be performed with the 
office in normal operation bu - \Yith no one talking at the parti ular d k or on­
frrC'ncc table where p h communication i de. ired (i .. , wh re th m a. urem nt 
is being madf'). Backcrround noi. e with the office un c upied hould be lower, say 
b. 5 to 1 0  unit .. 

NC Curve of 
figure 3 

�C'..,-20 to NC-30 

::.-\ -30 to · C-35 

X -35 to X C-40 

X C-..J.O to r C-50 

I'\ C-50 to N C-55 

Above NC-55 

Communication Environment 

ic, 10 to 30 ft; tele-

Satisfactory for conf rencc a n. G- to 8-ft 
table; telephon ns sati fa tory; normal voiec 
G to 12 ft. 

Satisfactory for conferen at a 4- to 5-ft 
table; telephone u 'e occa. ionally .·lightly dif­
ficult; normal voir·e 3 to 6 ft; rai d voice 
ti to 12 ft. 

n. a i factory for conferences of mor than 
two or three people; telephone u e .  lightly dif­
ficult; normal voice l to 2 ft; rai ed voi<'e 
3 to 6 ft. 

"Very noi y ' ; offi<'c enviromn n un ·ati.·fac­
tory; telephone use difficult. 

Typical Applications 

::\Icitium-siz cl office and 
inclu trial bu in s offi cs. 

Large cngin ering andclraft­
in!-!; rooms, ete. 

, ecr tarial ar as (typing), 
accounting areas (bu in •·. 

machines), blueprint roorn , 
etc. 

::'\ o rceommendcd for any 
type of office. 
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are ba:-;ed on th work of B ran k3 and 
his aR oeiates. ::\Ieasur d o av -band 
lev L' are plotted on the grcc ph, and th 

ii-; rated i11 t rm.· of th highe:-;t 
leYel reached in any o tave bard. 

The chart uiv0:-; r romm nd d critPria 
for variou. · type. · of offir 

Loudn ess Level 

Loudn :-:;.' l Y l a m. "l:l ·ure of the 
loudn si-; of . · unds. ·an b dct rmined 
frorn th0 r i-;u]t.· f u octave-band 
analy. ·i:-;. It i. · a eon Yeni nt . ·ingle num­
bC'r ,,·hich agr e:-; '"ith 'Ubje ·tive esti­
mates of loudncs 

Aircraft No ise 

Rercntly a n w 1nethod of rating air­
c·raft nois has comp into use. 4 Thii:i 
m thod rat . · the annoyance Yalu 
n.tth r than th loudnC'ss of a . ·orn d. 
The oeta ,. -baud lcYcl · arP \\·cightC'd in 
a mann r to giY good orrelation ,,·ith 
fo,tencr judgn1 ut of the 'noi.·inc:-;.· ' of 
both r cipro ating- nginC' and jct air­
craft a.· thy pass OYC'rhcad. 

Vehicle Noise 

Yehi le noise, e:-:p cial ly truck nois , 
ha. b eomc a sC 'riou:-.; probkrn. on city 
s t rc t� and in residC'ntial area. . Some 
\\·ork ha.-; bC'eu don by truck m·rnufac­
turprs to anwliorai <' this situation nd 

Ml E 
INPUT 

" [ 
L TO CAl..IBRATIOt..j NETWOFtK 

PRE AMPLIFIER 

lWE'IGHTING 

A -

there i:-: now in 
::\Ianufacturcr::; 
"·hich requir 
measured with 
analyz r. 

Vibratio n 

ff ·t an Autom )bile 
iation 'p cifi.cati n 

hat noi ·c leYels 1 
a\T -band 1101:-; 

Altholwh the trend in Yibrat iou 
a11aly,·is is t ward th u, e of an ana­
lyz r \Yi th narro"·er band:-.; , u ·h a.· the 

; ll ral Radio rJ'YPE 1554-� ' mmd Ull l 
Yibration nalyzer ;, h TYPE 155 
Octa -Band � Tois Analyzer "·ith its 
1 \Y-fr quency octav band.· n-iay al;;;o 
b fou n d useful. The high input im.ped­
anc of the octa,·e-band n >i. e analyz<'r 
p rrnit:-1 direct conn rtion of a piczo­
cl triC' Yibration pickup. 

Acoustical Character ist ics of Str uctures 

The sound tra1v1ni::-;. ·ion lo." of "- . lb, 
partitio11s, und floors ean be <let r mi n e  l 
with the octav -ban 11oir-;c anal z rand 
a widc-bm1d sound ;-; rurcc ·uch a:-: the 

;C'neral R dio rn'E 1390-B Randorn­
Koisc Gen rat r. 6 

SLeo L. Bernnek, " ri teria for >Joie in Building.," _Yoise 
('rmtrol, Yol ;3, �o. 1, pp 10-27, .Tanuary, 10.37. 
4K. D. Kryter, "bcaling Human H.eaction to the 8ounrl 
from Aircraft," Journal of the .•1cousli<-nl SociPf.l.J of 
Anuric·i, \')I 31, �umber 11, pp 1-il-) to 1-129. Kovember, 
lf).)!). 
'"J. .J. Fan.Ln. "A Xew nal�,-z r· for .·ound and \'ibr·ation." 
(;,•ner·•l N1ulio l!,'.r:perimenter, 33. 12, Dec 111be1-, 19.59. 
BA. P . •. Peterson. ".\ Xew Generator of Random El c­
trical ::'\oi c," Generril Rrutio £.r7>erimenl r, 3-l, l, January, 
rn o. 

OUTPUT ANO METER AMPLIFIER 

ATTENUA .... OR {SANO-LEVEL KNOB 
O-I0-2.0-30 db, 
ANO AJti.H'-IFlfR 

-B 

F �5- F" LTEq SECT 0"l SFCONO F LTE:::f SE..-....-IOfJ '91JFF"ER THIRD FillEA SECTION SUFFER 

o.::::=: ....... � 
INPUT 

R-C ..,.uNEO N!TH BAND SWITCH 

I 
·� ,,,.:' � 

.J" 
-.J--., ') 
...... 

\.','.,.-- � L ,. -;! t 

R·C TUNED WITH B�NO SW TCH 
� ""' 

f '• 

� l -? _,._..,_ 

i .:! l 

AMPLIFIER 

� 

�ENUATORl 
(SANO-LEVEL KNOBJ 

_0-10-20db 

R-C 1UNE0 WITH BAND SWITCH AMPUFIER 

Figure 4. Sc h e m atic diagram af t h e  O ctave -Band Noise Ana l y xer. 
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! 
'!';! 'j ! 2>----+----+----' ___ ___,__ 
� ,. 
:; g 16 

'" f----+---'-----'--1 
20r 
22 IO 20 !:iO IOO 200 500 

FREQUENCY 
2ke 51..c. IOlo.c 2-0lu: �O&.c 

Figure 5. Frequency response characteristics of 
the prea mplifier. 

No n-Acoustical Uses 

T'he TYPE 1558 Oct ve-Band :'\ oi.s 
ualyzer can be u ed for purpo. ·e. · other 

han ac u. ti al noiHe analy�is. It is 
ti.· ful for rn.ea uring th ele trical noi�e 
�P ctra g ncrated by amplifier. . tap 
rccordC'rs, and othC'r 1 ctronic d ,-ic s. 

It can aL o function a. a tun d yo) t­
n1 ter or a elective amplifier. 

CIRCUIT 

Th T'YPE 155 Octave-Band _ T oi:-e 
AualyzC'r c01 .:i. t. f a high-imp dance 
n1icrophon pr an1plifier, a tuna.bl filter 
having a noise bandwidth of on octaY 
an output amplifier and a 1 vcl in­

dicator. An el mentary · hcmatic dia­
gram i. �hown in Figure 4. 

Preampl ifier Sectio n 

The preamplifier tion includ R an 
input attenuator, a high-input-in1pcd­
ance , unit:v-gai11 an1plifier a \\·cighting 
n twork. and a ·eC' ond attenuator and 

ampl ifier. It ha a maximum mid­
fr quency voltage gain f 20 dl ai1d 
it. amplitude-frequency har· ct risti · 

can be Ret by n1ean. of an internal 
.·wit h to be either esR ntially fiat from 
20 cp. to 20 kc or C-"Ycighted (i"cc 
Figur 5). B th at t nuat r.� in thi. 
. C'Ctio11 arc controll d by the larg out r 
dial of the coaxial B _ n LEVEL on . tr 1. 

7E. E. ro·s. "lmpro,·ed P rforrnance Plu a Xew Look 
for the Sonnd-Lc,·el :\Ieter," General Radio Experimenter, 
:32, 10, October, 1958. 

�E. E. Oros.«, "TYPE 1551- ound-L vcl let r." Genercil 
R"rlin E.r1>erime11i r, 3J. . A ugu t, 1 61. 

O CTO BER, 1962 

'Ihi. dial is u:-; d to adju ·t th o·arn of 
th prean1plifier i11 10-db . tep to . ·uit 
the oYcr-all amp1itude of the si ·1rnl 
b ino· an lyz 1. 

F ilter Section 

The filt r i. · ;-;ynth ;-;jz d · s n i:-:;olated 
cascade of thrE'e rc=--onant �ection ... Be­
t"· en the .:-:ccond and third section.· is .. 

20-db . ·tep at t mi::t.tor. The reson::tnt 
fr qu n i s of thP scctio11;-; an' ;-;tao-gered 
arou1 d th · 11t r frequency of thC' 
s lectc>d I and to gi,- a Bntten\· rth, or 
"maximally flat,'' charact ri;-;ti ·. Ea ·} 

filtC'r .-;cction use:-; .. l hio·hly stabjliz l 
urrent "mplifi0r and an RC' feedback 

n twork. Both r l'·:i:-;tor:-: and ca acit 1n-: 
in the feedhack n tw rk L r  :o:\Yit h d 
in a nianu r "·hi h �1llow� each capacitor 
·ct to be usC'd for t\\"O band:-:. FigurP 

6 i:-: a functional diagram of a . ·ingl 
. cticm. 

Figure 6. Func­
tional diagram of 
a single section 

of the filter. 

r�----,� 
I r---.- == 'e··" 

l\, v 

Fio·ure 7 :-:how;-; th' lnud-pa:-:s chan.tc·­
tC'rii-;tic of thf> filt r;-; in the -A inodel. 
Thf' -.-\.I modf'l has id<'nti ·al chara t ri. ·­
ti ·s but cliff rC'nt c utcr frequenC'ic>s. 

Output Amplifier a nd Meter Sectio n 

Th<' < utput amplifi<'r �C'c-tion con;-;i;-;ts 
of a :30-db :-:tC'p att('nuator, an an1plifif'r, 
a dC't<'dor. and a, nwt0r. �-\.u iR la ting 
f'tage for the utput t rmi11al:-< pr Ycnt:-: 
an>' loa l from affecting the n1C'tf'r 
indi ation. Th cl t ct H" charactf'ristie 

is qua;-;i-rm:-:i so that the rneter in­
dication i:-: very c·lo:-:C'ly rn1s f r most 
t�rpes of signab . 

The 111 ter i:-: id 11ti ·al to th on<' n:-:Nl 
in the TYPE 1551-C Sound-LeYel :\1etf'r 
and ther fore ha;-; the dyuaiuic charactf'r­
iRtics . ·pecified bv pe ifi at ion for 

G neral Purpo,..;e :'"I uncl L ,. l ::.\let r:-: 

7 

www.americanradiohistory.com

www.americanradiohistory.com


8 

G ENERAL RADIO EXPERIMEN T ER 

tOO '1000 
FREQUENCY IN CYCLES PER SECOND 

Fig ure 7b . L owpa ss a n d  
a l lpa ss ch a ra cte ristics of 

th e Ana l y z:e r. 

.. 
0 
� 
w .. z 0 L :::: " 

-JO 

-20 

-30 

. ·.�. 

(A, �\. IA-1961). Fast or slow n1eter 
.�peed .· cun be 1 t <l b a panel 
coutr 1. 
Calibration Circuit  

To h ck the gain of the analyzer, it. 
output i:-; . wit hed to it.· iuput throu(Th 
·1 filt r li1nitcr and calibni,tcd attenuator. 
\Vh n th gain i:-; adju:-;tC'd to equal the 
known attenuation of thi::; fe dback n t­
work, th . y�tc-n1 o:-;cillatcs. ThC' at­
tenuation of the f edha k network i. 
adjlvtabl by rncan . of an internal 
control, which is calibrated in tcnns of 
microphone se1 l.'iti Yi ty. 

Charging Circuit 

'I'hc 1 attcry a . calcd ni kcl-cadmium 
unit, i, charged throlwh a simple half­
wave rectifier and :-;cric .· resi:-;tor, which 
eonnect direct ly to the pm\·er line. 
During the charg period, th battery 
AoaL' on the line. :\1" either . id of the 
lin i onne t cl to the case nor to any 
other part of th in. trum nt except the 
charging circuit. 

•Ibid. 

Ii ,. • •, .J:,... 

fig ure 7a . Fil te r ch a ra cte r­
istics of the T y pe 1558-A 
mea su re d  with sig nal a p ­
pl ie d a t  INPU T ( SLM } termi­
n al s. T h e  T y p e  1558-AP 
ch a ra cteristics a re ide ntica l ,  
e x.ce p t  th a t  th e ce n te r  f re ­
q ue n cie s a re chang e d, a s  
n ote d in th e Spe cifica tions. 

FREQUENCY IN CYCL.ES PER SECOND 

TYPE 1560-P4 PZT MICROPHONE 
ASSEMBLY 

The 'I'yp1£ 15GO-P-! PZT l\1icrophonc 
A embly \\·as d signed for u. "·ith the 
TYPE 155 Octave-Band Xoi ·eAnalyz r. 
Th mic rophon i., ·1. PZT' pi zo0lectric 
ccra.n1i typ , id ntical to that . tppli d 
with the TYPE 1551 - ound-LC',·el 
l\1etcr and de· ribed in d tail in a pre­
Yi lV article. 8 

A �hown in Figur , the frcqucn y 
r . ponsc of this microphone to .� und 
of random incidence i. Yirtually flat to 
8 kc. Its ten1peratur o ffi ient of 

n:-;itivity is very low ( -0.01 db/0 ) 
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Fig ure 8. Re spon se of the T y pe 1560-P4 
PZ T Microph one Asse mb l y .  
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and i t .  i m.pcdau c  i s  n arly i nd p nd n t  
o f  tcmpcrutur . Dcsio:ncd t o  b dur-1bl 
and d pcn dablc, t his  ini  rophone w i l l  
wit h:-;t aud ,  ·wit hout du. mag , n1p-ra­
t u rcs of - 30 t o  + 95C and r la.t i e 
hu1nidity up t o  1 00 1( .  

O C T O B E R , 1 9 6 2  

'I h e  nucrophone i 1n u n t ed ou one 
end of n. flexibl  c n du i t .  dctc ntcd 
S\Y i  1 con nector on t h  o h r end of 
t he con duit  plug in t o  a reccpta · Je o n  
the panel  of t h  in t run1 nt. 

- W .  R .  I� X D ERT 

S P EC I FICATIONS 

B a n ds: Ty pe 1558- A  

Lou· r Cutoff [ pper ulojf 
Frequ ncy - Frequency -

«ps cps 
1 . 75 37.5 
3 7 . 5  75.0 
75.0 1 50 

1 50 300 
300 GOO 

·oo L 200 
1 200 2+00 
2+00 + 00 
-l- 00 � )()00 
\)( )00 l \ J , 200 

LP 7 5  
.\ L L  PASS 

*Geome t ric :\ J ean 

Cenler 
Frequ ncy*­

cp 
26.5 
53.0 

1 06 
2 1 2  
-:1:2-l 

4 
1 G 96 
33!)2 
678-l 

1 3, 570 

For Ty 1 c 1 5 8-.-\ P <' •n t er fr 'q ucncie ar 3 1  . 5 ,  
6 3  1 25, 250, 500, 1 000, 2000, +ooo, ooo, 
l (j 000. 

F i l te r  C h a r a cter i sti c s*: Lev l at cen t e r  fr -
q uency in band · rrom 37 .5 t o  U600 ps i 
u n i fonn ,,; i t h i n  1 d b .  � I ax i m u m  l '-'vi a t ion from 
_.._ LL PA"'· le vel at 'nter freq uency in any band 
i · l lb .  For ba n d  from 37 . 5  to H600 re. p o 1 1 .-e 
a t  Homi nal  c u t o ff  freq uene r j • (3.5 ± l )  dh 
below rc.-pon ·e at n t er freq neney . A t t e n u a­
t ion i at l a t 30 dh at on ·-h a l f  t he l o wer 
nominal f' u t o ff  frequency and t wi «  t h  r q J ) "r 
nomi n a l  cut  off freq ucn · f r a l l  octa vc ba n d s .  
A t t P 1 1 ual ion i a t  l t>ast 50 d b  at o ne-fo u r t h t h e 
]ow "r nom i nal c u t off f requency a n d  fo u r  t i 1ne 
t hP u pper nominal <"l l t o ff fr  qu ncy fo r u l l  
oct ave ba nd . . 'Th 75-cyel low-pa ·. fi l t er has 
· it  l 'a 30-db attcrrn�ttion a 200 cps a n d  at 
1 ast 50-d h atten u a t i on at -!00 cps. 

S o u" d- Pre ssure L evel R a" g e :  -l--l- to 1 50 d b  
a b o  · c  0.0002 µba r i n  a n  band w h e n  t he T Y P E  
1 560-P-! P Z T  :\ 1 icrophone A cm h l  is u c l .  

I n put s: Im.peda nee at �I I K E t rmi nal · i s  
appro x i mal l y  50 pf i n  para l l el with 50 i\ 1  n. 

* :'\ [  a:<ured with ignal a ppli d a t  I K P  T (sL�•) ter m i nal"-

Type 

It i i n t end L for u c \v i t h h i g h-imp da n ec 
tran duc r . 

I m.pedanc a t  1 �  P T (SLl>l ) t rm i na l 
a pproxi mately 1 00 k n. l\ [ axirnum i n pu i 
vol t .- .  Low-i n p u t  t "rn1 i n n l  i.  con n ect d t o  c a  . 
Thi  j n pu t  i '  i n t ·nde I for con n e t i o n  to t h " 
out p u t  of a o u n d-l cvel mPtcr. 

Pre a mpl i fi er Fre q ue n c y  C h a ra cteri sti cs: 'l"'\\·o 
frequency charact eri  · t i c ' ar av.1 i l ·  bl . Th se 
a re - weight i n g  which i.  .-pec- i fi <l b t h  
American t a ndard A soeiation ( A  1 . -±-
1 96 1  S L j\ I) and 20 kc an en t i a l ly fl. a t  
rcspon. e .  

O ut put s: p0n-ci rcu i t  o u t 1  ut i at l east l vol t  
f r f u l l- ·a l nlC' t er i n d icn(,i.., n . Ou t p u t  i m p  l­
a n ce i 6000 oh ms. ny load c>u n b connect d 
a c To.- t h  o T l '  T t c rm.ina L .  

M e ter R e spo n se :  l .. A S'I' r :-; L  r w  rn t er rc.-ponsc 
·elec t  d by pan 1 con t rn l .  These c> h a 1"teter­

t ic u r  a ·p ei ficd i n  t ht' A merlc"ll1 Sta n d a rd 
pcei fiea t ion for Gen era l Pu rpo e ou n d  L vel 

:;\ [ t r , A A l . 4- l UG l . :\ T eter i n d icat ion i ·  
clos 1. rrns for fflO t wavcfonn . 

I nter n a l  C a l i brat i o n :  .-\ b u i l t -i n  rc fere n c  
a l lows t he gai n  of t he ana lyzer t o  he ca l i l ra t l 
for use w i t h  pi zoelect rie mi r ph n ::> havi n g:  
·en ·i t i v i t ie from - 52 t o  - 62 d b  re J v':•µba r.  

T h -· al ol u t  acc u raey for A L L PA."K i t hen 
n .- u red w i t h i n  I d b  ov r n. wid ran g  of 

at mo. 1 heric con l itions. 

B atter i e s: Tw � .6-vol t  r c h ·  rg able n ic kcl­
cad m i u m  bat t  ri . (Gou ld T pe n . 6 \ - ..J.50 B )  

i ve 3 0  hou r op rat ion . 'T hey ar r e  harged I ::•• 
con 1 1  �et ion t o  a ,  l 1 5-v (or 230-v) 25- to 60- :V< ' lc 
pov.- •r l i ne .  Full  c harge f a. k es ahou t, 1 4- h o u r.-. 

A cc; e 5 5 o r i e s  S uppl i e d: 'arry i n ,. st rap pO\H'r 
cord shielded ea.blc a. sem h l y .  

A c c e ssorie s A v ai l a b l e :  T Y P £  1 5GO-P4 P Z T  
::.\ I i c - rophon A .-eml ly.  

D i me n si o n 5 :  F l i p-t i l t  ea. : I ngt h 10 ,%'., h i g h t  
9 .%: , d p t h  7 :>i  i n< ' h  (260 b y  235 b y  1 85 m m ) ,  
over-a l l ,  i n d u d i n g  handle. 

Ne t W e i g ht: % pou n d  (-1 kg). 

ode 'Word Price 
1 558-A Octa v e - B an d  Noi5e A n al y x er . . . . . . . .  . A B ATE 

A LAR1I 
TA A T�  

$725.00 
725.00 

80.00 
1558 - A P  O cta v e - B an d  No i se A n a l y z er . . . . . _ . .  . 
1560- P4 PZT M i c r o ph o n e  A sse mbl y  . . . . . . . . . . .  . 

U.S. Patent Xo . . 3,0 1 2 . 1 !)7 ; 2 .\J66.257 ; and D l 87. 740. 

9 
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1 0  

G E N E R A L R A D I O  .E XP E R IME N T E R 

TH E TYPE 1 21 1 - C, 
AN I MPROV E D  U N I T OSCI LLATOR 

F i g ure 1. V ie w  of th e T y p e  12 1 1 - C  U n it O s c il l ator.  

T h e •  T Y P J·: 1 2 1 1 ,. n i t  0.Ti l la t or, 1 0. 5 
to 50 � I (· vh i c - h \\·a. · fi rst a1 1 1 1 ou n c·cd i n  

, 'c •pl  P m l )(' I", J n.�� .  ha, '  1 1 0\\' bCC ' l l  mod i fied 
as a fi rst sfrp i n  a program of C 1 1 i t ­
( )s<"i l la t o r n'dPsi µ;1 1 w h i c h  . ·hou l d  m a ke 
t h C'sc · popu l ;. u· r f  powPr . ·m irC'cs c n'l l 
morf' 1 i .·d1 1 l  i 1 1  t lw fu t u re .  T'he cha r­
a c·fr rist  fr J ,-shap< '<l moun t i n g  panel of 
1 h<' l " n i t  Os<'j l lat or;-; and thPir  opc11  
< ·0 1 1 s( ru e t ion , ,,· h i e h  gi \·p C'xee l l  nt . · hicld­
i 1 1 g and h ra t  d i ssipat iou at a r n i n i m u m  
p ri eC' ha VP hPP l l  re t ai 1 w<l , h u t  t he pa1 1 C' I  
o f  I l w  l l <'". osc · i l lat or, rl ' Y P E  ] 2 1  l -C ,  has 
hPP l l  redu c ·pd 1 o 7-i n c h  heigh t (fou r  
st n Hda rd rc lay-raek u n i t s) . Pan<' ! ,,· idth 
i s 8 i 1 1 c h c:-; C'orrcHpo n d i u g  to oup half  
rc la. -raek w i d t h for mou n t i n g  side- by 
s i c lP i n  a rP l ay raC"k with other GR ha l f-

' A. G .  Ho1 1sq urt . ".\ U n i t  Oscillator for t ho O •• 'l- to 50- �Cc  
Han!'!'."· "  r;,.,,,.rn/ Urulio /'.'Jperimen/er, 2 , 4, , 'cpternber, 
rn:;:�. 

rack i n st n.1ffLCnt . .  1\ Iou n t i ug in a re la:--· 
rack is hy mea n s  of sim p l e ,  i nexpen. · iY 
adap t o r  panC' b: ( 'CC Figure 2 ) .  

Frcq uen y rang , i n pu t p w r r qu ir -
mcn ts, and out put pm,·er remain es-

0 

0 

F ig u re 2 .  ( Top ) Vie w of t he oscil l o t o r  wit h o da plor 
set i nstolled for rel a y - ra c k  m o u nt i n g .  ( S�low} 
S k et c h  s h o wi n g  a rr a n g e m ent of osci l l ator a n d  

a m plit u de - re g u l atin g power s u pply 
for relay-r a c k  m o u nti n g .  
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:-; n t ia l ly u nchn. n g  d ,  but di�t ort ion ha. 
been reduced con . · i de rably.  The 1 00-t o- 1 
frequC'n cy rn. ngc of t h i .  · osci l lator i·· 
·o,·ered in two 1 0- t o- 1  ran ges , 0 . 5  t o  

5 l\1c a n d  5 t o  5 0  :'.\1 c .  The r q u i red 
1 00-t o- 1 variat ion in t he L ' p roduct 
on each ran ge i8 o b t a i n ed l ) \r c ha nging 
t 11C' induct a n ce a. · we l l  a . ·  t he capaci t a n ce 
of the t u ned circui t .  The capacitan ce i. · 
Yaried from 20 to 00 pf (40-t o- 1 ) ,  a n d  
�imu l t a ncotvly t h  i n du · t a n ce Ya lue i �  
a lt e r  d b y  ickle-8hapcd ·ore. , inounted 
0 1 1  t he capaci t o r  . haf (. ·cc F i gu re 3 ) .  
( ) n c  core' i f;  made o f  a l u m i n u m  t hC' ot he r 
of i ron dust . the frequency d i a l  is 

Fi gure 3 .  Reot" v i e w  o f  t h e  U ni t  O s c i l l a t or, w i t h  
c o ver removed, sh o wi n g  tun ed circ uit  i n d u ctor s  

o n d  si c kl e - sh o pe d  cot"es. 1 

rot a t C'd , the act ive' core rn.at rial \\·i t hi n  
t h C' i n du ct ors YariC's smoot hly from. du.  t 
core for maximum i n d u ct a n c<' t o  a fu l l  
a l  u rn.in u m. core for minimum i n ductan 

2 . 5-to- 1 hang i n  i n d  1 et n c  i .  
rca l i zC'd , from 1 25 t o  50 µ h  for t h e  0 .5-

• �'. F. B;.·er . " i\  New , �-stem for .-\ 1 1tomatic Data 
DiF<play , "  General Rridio E:r:perimen ter. 2-1. 1 1  . .  \ pri l .  19.')."). 
3 \V .  F. Dyers, "TYPE 1263-B A rnplitudc- R e,gulating 
Power Supph· , "  Generol T?rrtlio EJ'/lPrimenter , 3.), 9,  
l-\cptemb r. 1 96 1 .  

O C T O B E R ,  1 9 6 2  

t o  5-:'vk ru 1 1 �c ·  a 1 1 < l  from 1 . 2.') t o  0 . 5  µ I i  
for t he .=5- 1 o - o- M <" rangf' . T h e  con':-­
a n d  th<' C"apac: i t or p l at f'. an' . ·hapC'd fo r 
loga ri t h m i ( • fn'q l l <  1 1 < ·y ch a 1 1 gc wi t h  n n gu ­
lar rot a 1  i o 1 1 .  

�[ I I I f i g ure 4. Ty p - --+ 
i c a l  o u t p u t  � 

� 
c u rves o f  the 

� 
� .. 

T y pe 1 2 1 1 - C ,. O •  
U n  i t  O s ci l -

l a t  or. 
o �  ' " l l O ?  

O >  2 . 10 20 jQ S'J 
F-R�l'JUEl'-.-Y Mc 

Pc )\\· c · r  o u 1 pu 1 o n · r  t he •  frC'( i lH ' J H 'Y 
ra n g<' ,·a r ip. · a p p rox i ma t e !)' a . · . h o w n  i 1 1  
Figu n' 4 "· }w 1 1  t l1<'  i 1 1 cxpcn. · i ,-c T Y P E  
1 203- B l " 1 1 i 1  Pmn'r , ' u pp l y  i s  U HC'd . 
\Vi t h t h e ·  p l a l <'- n•gu l a t C'd TY P t·� 1 20 1 - B 
l �n i t  H f 'µ;1 1 l a t C 'd Po\\· < 'r . ' u p p l:'-' , ( h f' o u 1 -
pn t f rN f l l f 'n <·y· as "·0 1 l a . ·  t he' ou t p u t  
pO\\' C 'r  i s  . · 1 a b i l i zc ·d agai 1 1 . · t l i r t c'-vol t a µ;c 
C ' h a i q-1;< '  hu t 01 t 1 p u t  i . ·  rNl u c·c'd t o  a ho1 1 t  
t h n·0 q uar1 Pr .-; of t h a  1 shcnn 1 .  

Tl' e  fn'q rn· 1 1 c ·.v c l i t i l of t l w T Y P I·: 

1 2 1 1 -C '  l " n i t  O. · c · i l la t or c·a n l w  , ' \\'<'P 1  
ha e k  a n d  fo rt h nwc·ha 1 1 i c·a l l>· h. H w  

'l� Y P I·: 1 7 .50-. \  ;-o; \\·c ·cp I ) r i v<' . 2 t h  T Y r J<: 
908- P S,v1 1 d 1 ro 1 t ol 1 �  D i a l Dri \"PS, o r  nw 
1T Y P t� 908- H �Hi  Dial  D ri vC' , a.nd const a 1 1 t  

u t pu t  o n' r  t h< '  fr q u < ' t 1 <· ' ra. ug<'s c a 1 1  be• 
obt a i n c ·d \Y i 1  h 1 h<' T Y P E  1 2( ):)- B A m p l i ­
t n < l<'- H <'µ;u b 1  t i 1 1 g  Po\\·p r  8 u p p l y . 3 T l w  

com h i 1 1 a t i o n  of l " 1 1 i t  0. ·e i l l a t or,  S wC'<'P 
or D i a l  D ri \' C ' ,  a 1 1 d  . \ m p l i t u d 0- R C'gu l a t  -
i 1 w  Po\\·c ·r  Sn p p l .\' i s  u �c·d fo r r<'cord i n g  o r  
fo1· o .  ·e i l l ogra ph i c - d is p b1 :'-· o f  fr q u  , 1 1 c · . 
c h a n1<· t < · r i :-d  i c ·:-: ( . ·< c ·  

'
c ·o\"(' r p h o t ogra p h ) .  

Ttlf' T Y P E 1 2< l�- B . \ n 1 p l i t u dC'- R <'µ;u l a t i 1 1 �  
Pmn' r S u p p l ,v w i l  I a hm  be' f ou 1 1 c l  U f-;du l for 
m a n u a l op<'rat i o n  of the C n i t  0f'ci l l a t o r .  

- E .  K .\ IW L l  f.; 

SPECI F I CATI O N S  

FREQ UENCY 

Ra n g e: 0.5 to 50 �le in two ranges. 

Colibrotion A c c urocy: ±2 percent at no l oad. 

Wo r m up Drift: 0.4% ± 0.2%, larg st at t h  
h igh-fr0q 1 1Pn f·�· end o f  each range. 

Contr o l s: .\ 1 wo-po�i t io 1 1  ra 1 1�e s w i l C' l 1 ,  a 
ix-inC'h dja l wi t h  approxi mat el.v l oga ri t hm ic 

calibrat ion , and a slow-mo t ion dia l t o  ind if 'at l• 
fr •qu<'t W.Y i n nr-rnC'n t f;  f 0.2 p<•rr·0n p<'r d i a l  
d i  iHion . 

1 1 
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1 2  

G ENER A L  R A DI O EXP ERIMEN T E R 

S PEC I FICATIONS (Cont
.
inued ) 

O UT P U T  

S y st e m :  Out put a vailable at a TYPE 87-1 Co­
axial  onnector (locki ng) at rear of i nstru ment. 
Adjacent ground termi n a l  aI.�o pe1·mit con­
necti o n  by TYPE 27-1-- :\ [  Double Plug.  Ou t p u t  
is eon t rol led b y  a 250-o h m  resis t i ve voltag 
d i vider.  The d ial i s  cal i b rated i n  1 00 arbitrary 
1 1nits.  

P ower: \ i th the TYPE 1 203- B -nit Pow r 
UPI ly,  at J ast 200 mil l i w  tt i n t o  50-ohm 

l oad at any fr quency. Over the 0 . 5- o 5- :.V c 
rang , average ut put i appr x i ma ly 1 wa t ;  
ov r th -- to 50-:.r range, 0...J: watt. ee Figure 
4- for typieal outpu t chara • teri tic . 

G ENERA L  

Cir c u i t :  Ha rtley osei l lator coupled d i rect ly t o  
o u t pu t. apaei t ance and i n duC'tance are i rn u l­
t:.meou ly <'hanged for frequ ncy vari a t i o n .  

Modu l at i on :  Plate modu lat i o n  of 30 % a t  
a ud i o freq uencies can b e  produ C'ed b y  external 
sou rce of 50 volts. Input i mpcda nC'e is about 
. 000 ohms. For a mpl itud e modu lation free from 
i n < ' idental fm, a T Y P E  1 000-PG rystal Diode 

Type 

J\ I od u l ator can be used at e ar ner frequencie 
above 10 ::\1fo . 

P ower S u p pl y  R e q ui r e m e nt.s: 320 volts, 50 
milliamperes de ; 6.0 volts, 0 . 75 am.pere, ac or 
de.  TYPE 1 203- B n i t  Po\'rnr Su pply, TYPE 
1 20 1 - B  Unit Regulated Power Suppl v ,  or 
TY PE 1 263-B A m p l i t u de-Regulat i n g  Power 

upply is recommended . 

Mou nt i n g :  cil lator on alumin u m  a, ting i 
hield d with a pun alum i nu m  cover ; a mbly 

i mou n t  d on an L- haped panel an d ha . i . 
Adaptor panel for r lay-rack mou nti ng are 
ava i lable.  

A cce..s sor i e s  S up p l i e d: TYPE 874-R22 Pat h 
Cord , TYPE 874-Q2 Adaptor, telephone plug. 

Ot her A cce ssor i e s  A v a i l a bl e :  TYPE 1 750-A 
Sweep Drive, TYPE 908 Dial Dri ves, T Y PE 87-! 
Coaxial El men ts, TYPE 1 000- P6 Crystal Diode 
::\-Iod u lator, TYPE -!80 ll ela · -R ack daptor 

e t  . 

Di m e n si on s: 'Wi d th 8, height 7 7'2, depth 1 2  
inche (205 by 1 92 b 305 m. m) , over-a l l .  

Net Wei g ht :  1 1 }2  pounds ( 5 . 5  k g ) .  

Code TVord Price 

1 2 1 1 - C 
480-P408 
480 - P 4 1 6  

U ni t  O sci l l a t or . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . ATT�AS 
EXPA N E LJ AG 

$ 3 0 5 . 0 0  
8.0 0  Rela y -r a ck A da pt or S et (for osci l l a t or on l y )  . . . . . . .  . 

Rela y - ra ck A da pt or S et ( f or osci l l a t or a n d  T y p e  
1 26 3 - B  A m pl it u de -Re g u l a t i n g  P ower S u p pl y) . .  J-JX T'A S E LS IT 

U . . Pa.tent :-;o. 2 . .'>4 ,457. 

U S I NG A PHOTOC E LL 
WH E R E  I T  CO U N TS 

For th . e wi. hin g  t o  n1ea. u re the 
speed of rot a t i n g  bject and t pre ent 
t he re. u l t s  a. a continuou d igit a l  dis­
play, "·e rec nunen d the ombi nat ion 
of the new TYPE 1 536-A Photodcctric 
Pickoff and the 'I YPE 1 1 50-A Digi t al 
Frequency Mcter. 1 

f f  

I N T ERMEDIATE 
R O D  

ADJUSTABLE 
C L AMP 

6.00 

The pickoff consists of a l ight source , 
an optical y ·t m a photo e l l  an output 
cable and a flexible l i n kage system. 
LiO"ht from_ t he ,'our e i:;; reflected,  eit her 
hy th rotating obj e t or by r fl c t ive 
tape att ached to i t ,  back to the photo-

+--- BAS E  ROD 

1 1 ,  which end electricaJ pul es to the 

tR. \Y. Frank, .J . K. Skilling, " A  Fh·e- Digit , olid- tate 
Counter for Frequency :\ I easurem ents to 220 kc," 
Genl'l'rtl Rn.rlio E:rper;111enler, 36, --l,  A pril,  1062. 

C C L AM P  

fig ur e  1.  View of the P h ol oe l e ch' i c  Pi ckoff 
wit h  com p on e nt p a rt s  i de nt i fi e d. 
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frequen cy meter. Thi. in. · t ru m  nt cou n t s  

t he n u mber of pu l .�c. ' arri v i n g  p r 
seco 1 1 d  (or 0. 1 . ·ccond or 1 0 . econds ) a n d  

di:-<phyR that n u m bC'r on a n  in-li n e  
dio'i t a l  rC'adont .  

The cy l i n der con t ai n i n g  t he phot ocC' l l  

and l ight ource mu. t be placed fairly 

do. ·C' to t he object l eing observed . The 

maxim u m  distan ce depends on t he con­

t ra:;;t bet ween t he re Acct iYe and non­

refl ct ivc part: of t he rot at i n g  obj ect.. 

The> ·mal l ,'i ze of t he p i ckoff h ead a 1 1 d  

t he d o u  blc-j oin t ed l i n kao·e as:'\ern bly,  
mou n t ed on e i t her a - l a m p  or a 
rnao·n et (bot h su ppl ied) permi t the 

pickoff to be m aneuverC'd clo e enotwh 

t o  out-of-t he-way rotat i ng part . .  
\Yi th he cou n t er set for a one-. E'Cond 

gat e ( i  . .  , ou n ting) pcriod , t he digi tal  

d i . ·p lay "·il l  be i n  r volution per 

secon d .  For greater accuracy, t he cou n t ­

i n g  period can b e  . et t 1 0  econds an d 

t he d igit a l  readou t ivided by 1 0 . By 
obt ai n ing mor t ha n  o ne pulse per 

revol ut ion (a , for in .:t ance , by at taching 

more t han one rc ft c ti n g  . t rip t o  the 
rot at i n g  u rfacC') one can incr a c t h  

O CT O BER, 1 9 6 2  

F i g u r e  2.  T h e  P hot o ­
e l e ctric P i c k o ff  s h o w n  
w i t h  t h e  T y p e  1 1 50 - A  
D i g ital F re q u e n c y  M eter 
( top) , as arra n g e d  to 
m e a s u r e  the s pe e d  of a n  

e l e ctric m ot o r .  

d i:;; play pos:;;ibi 1 i  t ieR : '\ri t h �1x rcftc>et iYc 
. · t rip.: and a 10-:-<ec nd ou n t i ng pC 'riod , 

the cou n t  r i n  d i  •a t e. ·  rpm . If 60 :;;t ri p . ·  

can be a t t ached , Ol l C' c a n  ob t ai n a d i rect  

rpm statement o n ce a . eco n d .  \ .  · mor 

st rip. · arc used , t he pi ckoff mu ·t be 

p laced n earer to t he ohj c>ct. 

1o. ·t mac h i 1 1c . ·pC'C'ds are '"C' l l  "·i t h i n  
t he range o f  t he pickoff-coun t e r  com­

binat ion . T he' h icrh-frcqu�ncy l i mit  of t he 

cou n t er i;-; O\'C'l" 1 3  m i l l i on rpn1 ,  RO t here' 

i .  n o  problem. from t hat quartC'r .  ThC' 

l i m i t i n g  fact or i:-< l l Rt ui.. l ly the capaci t a n ce' 
of t he cable con n C'ci i n cr t he pickoff t o  
t he cou n ter.  r n <ler fayorable cou d i t iou:-< 

. ·peed. u p  to 1 00,000 rpm can he 

mca. · tirC'd. 

Two rol l .  of pre. ·su rc-. cnsit i\'e t apC' 

arC' ·u pplied . on refie · t i n o· and o n e  1 1 0 1 1 -
r<:' flf'ct ing. Th lat ter can be URe<l ff i t h 
objf'cts t hat ar t h  m elve high ly 

rp flect ive . 

"CRe. of t h  TYPE 1 536-A Phot o­

C'lect ric ickoff COYE'l' a lmo. t a l l  rotat ing 

ma hinery. but it iR  e pec ially de:-;ira h l e  
for lo"·-torqu deY i '.('. ·, t o  whi h n1E'-

han i ca l  con t a c t or. ca n not be at t ach d .  

1 3  
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1 4  

G E N ER A L R A DI O EXP E R IME N TER 

SPECI FICATIONS 

L i g h t  S o u r c e :  ( : E  T y pe 327 h u l l > , 28 vol t !' , or ro 1 1 nd )  or 1 1 �-i n c h  magnet , bot h u pp l ied . 
lO m.il l iamp •res. Di me n sio n s : Pickoff head, 1 �(6-i n  h d iamet � r ,  

Po wer S u p p l y :  Po wer i . ·  s u p p l  it'd for ho t l  2 i n e hes long. Linkage co nsist. o f  two :-J 16- inch-
l a mp and phot oC'l• l l  l >y t he T Y P E  I 1. 50-A Digi ta l d i ameter s t a i nle.,;s-s t eel rod , G and 6 7,i  inches 
Fr q uenc·y :\ I e> � er .  long, · o n n  t , l  h y  an adju. ·table chun p .  eco n d  

A c ce s s o r i es S u pp l i e d :  1 0- f t  n > l l of ;j - i 1 1 e h  cbm p at t a che.-; pic!<:off a ,�cmbly. Ca b l  (pickoff 
black tape ; I O-f1 rol l of 3 - i 1 1 c · h  . · : J vc · r  t a pe ;  t c·ot m t  r )  i .· feet long, termina t ed i n  I h o n e  
currying c ·aHP. p l ug. 

Mo u nt i n g :  C-c · l a m p  (t ·apac·i t y  I ;, (6 i n l ' l 1 < 'H ,  f lat N e t  Wei g ht:  ounc s (0.6 kg ) .  

Type + I Code l Vord 
1536 - A  P h ot o e l ectric  Pi c ko ff .  . . . . . . . . . . . . . . . . . l"OTOF 

Price 
$65.00 

S T R O B O - T R A C K I N G  G R AV I T Y  

Th • ·on:-;t a n t  acc- • lcra1 i o n  of a freely 
fa l li n g  object i. · n owhere more grap hi ­

cal ly cle m o n . · t rat c l  t ha1 1 a t  Lo. · .A ngel . · ' 

Oceicle n ta l  .,ol lcge w h  re a T Y PE 1 53 1-.... -\. 
:-;;t robot ac 1Y f;�l<'et r o1 1 ic St robo. ·<"ope L i 

' '.\I .  .J . FitzuwrrL..,, C. ,) . Lahana,,, and \\' .  H.. Tl i 11ri:;ton, " . ew Eyes for :\ I o d  rn T nd 11-.try , "  r.eu e,.al Nn.dio K.cperi­
menler, 3 l , !) ,  , 'epternber, 1060. 

u. ·cd in a cla . roon1 d m.0 1 1 H t ra t ion . AR 

. hown in :B igure 1 a ba l l  i s  dropped so 
that it fal ls  along a u n i formly cal ibrat0d 
·cal e .  D u ring i t  fal l  t he bal l  i. · phot o­

graphed by t h  l ight of the . t robo. · ·.ope , 
flashi n g  a t  a con t a n t  rate. T'h re. ·ul t  i .  · 
t he m u l t i p le-im.ag photograph of Figure 
2, in w h i ch the bal l is shm,�n at fixed 

{Left) Fig u r e  1 .  V i e w  of t h e  c l a s s ro o m  de mo n strat i o n ,  wit h b a l l  a bo ut lo be dro p pe d . 
(Right) F i g u re 2. Photo g r a p h i c  r e c ord of t h e  t ra v e l  of t h e  b a l l . 
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time i n terval on the ·way dm n .  The 
widening gap. between i mage a ·  the 
ball drop proYc. · the rule of on. t ant 
a lerat ion t o  eYen t he most �kcpt i ca l  

ophomore.  
The setu p at 0 i d  n t a l  u. e .  · . · imple 

C'quipment, and i .  ea.:i ly duplica t  d .  
Th<" Polaroid camera u. c s  P la roid 

O C T O B E R ,  1 9 6 2  

Type 46-L t ra n .  ·pa n · 1 H ·y f i l m ,  a n d  t he ·  
t ransparc:>n cy i .  · proj c ( ' ( < '<l fo r d u. ·:-; 
a n a lyr-;i , · w i t h i n  t \\'O rn i 1 1 u t Ps a ft C ' r  

xposur . 
Our t hm 1 k.· t o  H, x IL >: c l .·0 1 1 ,  Assi s t ­

a n t  Profr. ·sor of Physi c ·s a t  0<'c · i < l l • 1 i 1  a l  
for tel l i ng u :-;  a l  o u t  h i . ·  i n t P n ':·d i n g; 
d monst rat i o n . 

G EN ERAL RADIO AT S EATTLE WORLD'S FAIR  

(Right) G r o u p  o f  f ca irg oers l i sten i n g  cattenti vely t o  t h e  s catell ite -trca c k i n g  d e m o n strat i o n .  ( Lefl)  
C l o s e - u p  v i e w  of the c enter ra c k .  T h e  S y n c ro n o m eter w ith its 2 4 - h o u r  c l o c k  face i s  near the 

t o p; t h e  sta n dard -freq u e n c y  o s c i l lator and fre q u e n c y  d ivider are at t h e  base . 

The accompanying photograph s  . how 
t he Tran.  i t  Sat H i te D mon ·trat ion 
Track i ng Sta t i on u. d in the L .  S .  
, ien c<" Exhibit a t  t h e  Seatt l e  "\Vorld 
Fai r .  Th<' frequency tandard for t he 

. t a t ion i:-i c G nC'ral Ra<l io T Y P E  1 1 1 3-A 
Standn.rd-FrN 1 ucn cy Osei l l at or, :-;how n 
a t  t he bot t om of t h<' cc• n t P r  rae k  \Vi t h  
it . ·  com pan ion , tlw G R  TYPE 1 1 1 -1--A 
Freq ien y D ivid€'r . A t h i rd member of  

1 5  
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1 6  

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

, . 1 ' frpqucn '. -me suring l iu  q 
'1'y E 1 1 03- �·yncro11 >me t e r , h' s n 

uudien <'<' and d ru n :-; t  ·:.. t r.� ,  
, s · t irnc r { ·r 'U ·c f 01· r , ·or 
(.ht a. .  

� l d R  . •  8 
d l ppl  r 

high 'I up in h . a.J rack . 
rrh .5- T c  u put >f the l' YP E 1 1 1 �-. 

is 1 1nlt ip JiP l up i n t o  t he l H F  ·elJ'io1 1 f 
1 1 :-:  as u loea l >�c1 I l ,1t<  r fo · r ·1s10 
dopp)(  r re ·eiYN:-:: . •  \ m u l t idrn.1 mC' l  t a  
record r rc•c ·or k . ·a ! l i t  . · ilJ'n<ods a lo 1 1 0-

wit h a. 50-k<' refer n c  si 0·n a l  from a 
�e1 wrator <lriv<' l l  1 . ' t h  . T Y P £  l 1 1  -�\. 
Ii r qu n ·y l 1 v 1  r. Tl , ' y n cr nrn 1C t <'r 
prov1 t i 1 1 d i �1 lay for 

Th . ·n.t 0l l i t  t rc. ck i 1 w  l rn n :-itra t ion 
i.· .me f he• mo;-;l pop l t  r d i. ·pluy.· a t  t h  
ft i r .  The. ri rrht·-ha 1 1 d  phoh wr:.. ph . ·hO\ . ·  a 
g;ronp < 1  fa irgo r:-; 1 aying arncst n t  tPl l­
l ion l o  a t ra · 1 - i n g  d<•u otvt ra t i  11 .  'l'his  

em 1 i.· t ·c.t l ic m ,\· · v  lC's.i...,.ued a nd l 1 1 i l t  

b:v t l  _ \ p ]  1 1  c l  Phy. ·i . ·  L · i l  orat ory a 
J h n f'  H opk i 1  . .  · l"n i\· n;;it  • .  

N E R E M 1 9 6 2  

N O RTH EAST EL ECTR O N I CS R ES EA R C H  AN D EN G I NEE R IN ,G M E ETIN G 

CommonweO l th Armory, Boston,  November 5-7 

At NEREM you w i l l see the new G e n e r o l  R o d io i nstruments tli at hove b een 

d escribed i n  recent issues of the Experimenter, o imon g them 

Typ e  1 1 50-A D1i g1 i ta1 I  F re q uency Meter 

Typ e  1 1 30-A D1i 9 i ta l  T1ime and F req u,ency Meter 

Typ e  1 1 33-A fr·e q uency Co verte r 

Type 1 1 34-A D i g i ta l  to A n a l o g  Converter 

Type 1 52 1 -A G ro phic L ev e ll  Record e r  

Ty p e  1 536-A P hoto e l e ct r i c  Pi ckoff 

Ty p e  1 55 1 -C Soun d - l evel M ete r 

Typ e  1 553-A Vibra tion M eter 

Typ e  1 558-A Octave - B and No i se An a lyze r 
Typ e  1 360-A M i crow ave Osci l l a to r  

Typ e  1 840-A Outpu t Power Meter 

Typ e  l 608�A I m p e d a n c e  Bri d g e  

Typ e  1 620-A C a p a ci t a n c e - M e a su r i n g  Ass e m b l y  

Typ e  1 630-A L Ind ucta n c e - M e a suring Assem b ly 

S e e  Experimenter for 

Apri l ,  1 96 2  

M a y, 1 96 1  
* 

O ctoh e r, 1 96 l 
J une, 1 959 

O ctob er, 1 962 

Au,g ust, 1 96 1  

Nov e m b e r, 1 96 1  

O cto b e r, 1 962 

J a n u a ry-Feb rua r� 1 962 

J a n u a ry - Feb r u a ry, 1 962 

M o rc h ,  1 962 

A u g ust-Septem b�r, 1 96 2  

M o y, 1 96 2  

"'To b e  d·escrib c:I in  n e  Dec.ember, 1 962 inue. 

Drop in at Booths 9 and ·ro Commornvealth Armory 

G e n e r a l  C o m p a n y· 
¢i\IN T1fo 

I 
"· 5� ... 
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