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Figure 1. Panel view of the Type 1900-A W ave Analyzer. 

NEW WA VE ANALYZER HAS 

3 BANDWIDTHS, 80-DB DYNAMIC RANGE 

The new TYPE 1900-A vVave Ana
lyzer, hown in Figure 1, i·· on of the 
mo t ver atile measuring instrum0nt 
ever devi ed. 

In it primary function as an electric
wa ve analyzer or eleetive voltmeter 
over the rang from 20 to 54-,000 ep., 

it provid s three different bandwidths 
- :3, 10, and :)0 cp - and a wid0 
sen itivity rang to cover a variety of 
spectrum-analvsi requirement . 

It three meter peeds, tog th r with 
the three bandwidth make it exc p
tionally u eful for noise analy is. 
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figure 2. Block diagram of the analy:z:er. 

The linear frequency scale, the three 
bandwidths, and a high-level, 80-db

dynamic-range output make the com

bination of a T PE l 521 Graphic Level 
< 

Recorder and TYPE 1900-A Wave An-
alyzer a recording analyzer of out

tanding u efulnes . Another output 

for use with 1-ma de recorders i. also 
included. 

The analyzer also functions as a 
tunable filter, and it has a generator 
output that tracks the tuning of the 

analyzer, thus providing both a power 

source and a tuned-voltmeter detector 

for network measurements. 

The additional features of a large, 

mirror-backed meter, in-line frequen y 

readout, preci e frequency settability, 

excellent frequency stability, a con
stant one-megohm input impedance, 

automatic frequency control, and a 
quick calibration test make the ana
lyzer easy to use. 

DESCRIPTION 

General 

The TYPE 1900-A Wave Analyzer i a 

heterodyne type of analyzer. As can 
be seen from the block diagram, Figure 

2, the main filter i a 100-kc quartz
crystal filter. Any frequency in the 

range from 20 to 54 000 cps can be 

heterodyned with the local oscillator, 

which is tunable from 100 to 154 kc, 
to produce a 100-kc difference fre

quency, which i applied to the filter. 

The amplified output of the filter drives 
a metering circuit and supplies a vol

tage for recording. 

This basic analyzing system is ar
ranged to include the features neces-

ary for a wide variety of measurement 

applications; these important features 

will be described in relation to typical 

applications. 

INPUT CIRCUIT 

The input control for the instru
ment is a constant-input-impedance, 
I-megohm attenuator. A 54-kc low
pass filter in the input amplifier re

duces the response to signals beyond 
the operating frequency range of the 

instrument. This filtering i es ential 
to minimize responses at the 100-kc 

filter frequency and at image frequen

cies. These respon es could otherwise 
lead to serious errors, particularly in 

the measurement of wide-band noise. 

3 

www.americanradiohistory.com

www.americanradiohistory.com


4 

GENERAL RADIO EXPERIMENTER 

al 0 

-10 

-20-

z -30>-

"' � -40 
� 
ID -5o a: 

-60-

-70-

llF IN CPS 

Figure 3 (right). Filter ch� racteristics f or the three bandw idths (3, 10, and 50 cps) as plotted automatically 
on the Type 1521 Graphic level Recorder. (left) Photo of trace on storage oscilloscope, show ing detail 
of 3-cycle and 10- cycle bands

: Frequency source w as a Type 1162-A Coherent Dec.ode Frequency Syn-
thesizer. Markers are 1 cps. Vertical scale is linear. 

LOCAL OSCILLATOR 

The o cillator u cs the . eries-tuned 
Vackar circuit1 with a large, high-Q, 
univer al-wound coil and table capaci
tor to achieve a high degree of fre
quency tability_ 'I he frequency-control 
capacitor of the o cillator i haped so 
that the frequency is a linear function 
of the dial rotation. The Jin ar eale 
make pos ible th u e of a combination 
of dial and counter to get high resolu
tion and an in-line readou . But, more 
importantly, when the analyzer i tuned 
manually, thi linearity makes the tran-

ient behavior the am over the full 
range of the dial. vYhen a recording i. 
made and the dial i driven at a con

tant rate the behavior is again uni
£ orm, and the fastest speed of s·weep 

uitabl for a given band,Yidth i ap
propriat over th full frequency range. 
The resulting chart has a linear fre
quency scale, v.-hich has important ad
vantage for analy i . Thi feature '''ill 
be dis us ed more fully below. 

The series tuning arrangC'ment of the 
oscillator circuit ha made possible a 
n w circuit for a calibrated cvclcs-

1 .T. K. Clapp, "Frequencv , table L Oscillators," 
l'.-oce din(ls oftlie IRE, Aug1lst. 193-l. 

increment control that i u eful over 
the entire tuning range of the oscillator. 
Thi control covers the range of ± 100 
cp with r p ·t to the etting of the 
main frequency-control dial. The cy les
increment control is particularly help

ful \vhen the 3-cycle bandwidth is used 
in the mea urement of component that 
are closely paced in frequency, as for 
example, low-frequency ide-band com
ponents about a carrier_ It i al o u eful 
as a vernier adjustment during recording. 

QUARTZ-CRYSTAL FILTER 

'I'hc u e of four low-temperature
cocfficient quartz cry tal ha made pos-

iblc the development of a filt r that 
can be witched to thr c different band
width and which ha excellent charac
teri tics over a relatively wide range 
of ambient temperature . The band
\vidth selected are 3, l 0, and ;JO cps, 
whiC'h are adequate for almo t any 
analy -is problem. 'I'ypical , re pon e 

characteristics are hown in Figure :3. 
The importance of being able to 

select any one of three bandwidths is 
easily demon trated by some imple 
example . If the components in the 

pectrum to be mea ured arc only 10 
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cps apart, the selectivity of the 3-
cycle bandwidth i e ential; the 10-

and 50-cycle bandwidth would not 
ad quately eparate th components. 
If the component are pa ed far her 

apart, the broader bandwidth hould 

ordinarily be used becau e any fre

quen y in tability of the incoming sig

nal i th n le s trouble ome. For ex
ample, in a mea urement of the dis

tortion of a tap recorder the flutter 
may make the pointer of the analyzer 

meter fluctuate violently a an attempt 
i made to tune in the component in a 

narrow band, and no atisfa tory mea -
urement is possible. But the ;'50-cycle 

bandwidth will tolerate the flu ·tuations 
encountered in any good tape recorder, 

and the rnea uremen t is a y. 
Time saving i anoth r important 

advantage of the wid r bandwidths. 

Figure 4. View of the Type 1910-A Recording 
Wave Analyzer, consisting of the Type 1900-A 
Wave Analyzer and the Type 1521 Graphic Level 

Recorder. 

APRIL 1964 

The speed with' hich a given frequ ncy 

range an be wept varie in h limit 
as the quar of the filter band,vidth. 
Thu , if th :)0-C'ycle bandwidt,h pro

vide adequate re olution th ff ·tive 

re pon e peed over a giv n fr qu ncy 

rang can be a much a 2IJ time a 

fa t a it i for the 10-cycl bandwidth. 
Thi increased peed can b very im

portant in recording, but it i al o both 
u eful and apparent \Yh n th analyzer 
i tuned by hand. For noi e ignal , 
the differenc in tim r quired for 
anal i by the differ nt bandwidth 
are even mor significan . Thi point 
I di cu sed further in th 
noise analy is. 

VOLTAGE CALIBRATION 

A voltage from the power line i 
clipped and comp n ated to pro-vide a 
component at the fundamental pow r
line frequencv ·whose amplitude i e -
sen tially cons ant over a wide range of 
input voltage and ambient temperature. 

Thi fundamental component i u ed 
as the reference calibrating Rignal, o 

that the s n itivity of the if.lstrument 

can be ea ily che ked at any time. 'I he 
calibrating ignal i always at th 

power-line frequ nc o hat it can be 
located without difficulty. 

OUTPUTS FOR RECORDING 

The ne'v anal zer ha a number of 
outputs, wo of which are specifically 

provided for r cording purposes. The 

mo t important i the 100-kc filt r <l
and-amplified ignal for driving the 

TYPE 1521 Graphi Level Recorder. 
This ou put ha an 80-d b dynamic 

range and enough power so hat the 
full capabiliti of th recorder can be 
utilized, and the r corder and the 

analyzer shown in Figure 4, make a 
remarkably u eful con1-bination, which 
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is available as the TYPE 1910-A Record
ing Wave Analyzer. 

Dynamic Range 

The 80 db or more of dynamic range 
in the filtered output is obtained for 
signals of 0.3 volt or higher. The term 
"dynamic range" is used here to signify 
the linear range from maximum output 
to the noise level without readjustment 
of the control . This range in many 
oth r instrument i ignificantly le s 
than the analysis range one obtains 
by re etting the attenuator that con
trol the meter reading. In this analyzer 
the two are similar, since the meter 
attenuator covers a 70-db range, which 
combines with a 20-db range of the 
meter to give a 90-d b analysis range. 

Writing Speed and Bandwidth 

When the output of the analyzer is 
recorded, much detailed information 
about the spectrum of a signal can be 
obtained automatically. The detail that 
can be obtained is illu trated ·by the 
charts reproduced in Figure 5. In one 
instance more than 3400 components 
of a parti ular signal were recorded, 
and each of the components was clearly 
defined. 

Such a recorded analysis can proceed 
with little attention after it is once set 
up. But it often pays to consider care
fully how the analysis should be done, 
because the time required varies greatly 
with the bandwidth and with the re
corder characteristics. When a periodic 

Figure 5. Plots of pulse waveforms made on the re cording analyze r: (a, above) 100-µsec pulse at 1-kc 
re petition rate . Pulse was amplitude modulate d from Y4 to full amplitude by a 200-cycle, non-cohe re nt 
sine wave . (b, below) 20-µse c pulse at an ave rage repe tition rate of 200 cps. The pulse was position 
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FREQUENCY IN KC 

APRIL 1964 

FR·EcQUE CY IN KC 

Figure 6. Charts of modulation noise on a 1-kc tone for two different types of magnetic tape. N ote thar 
one is about 10 db better than the other. Such measurement can be made easily with the recording 

analyzer, owing to the 80-db dynamic range. For these re.cords, chart speed was 2.5 inches per minute; 
writing speed, 10 inches per second; bandwidth, 10 cps. 

signal is analyzed, the recorder's fastest 
writing speed should be used to speed up 
the re ording. Its fast writing speed 

makes the TYPE 1521 Graphic Level 
Recorder particularly useful. 

The widest bandwidth that provides 
adequate selectivity should also be 
used, since the inherent response time 
of the filter is inversely proportional 
to the bandwidth. Here the three band
widths make possible a near-optimum 
choice for most analyses. The time re
quired to analyze over a 25-kc range 
is approximately 2 minutes, 20 minutes, 
and 2 hours for the 50-, 10- and 3-cycle 
bandwidths, respectively. 

Linear Scale 

The recorded display from the TYPE 
1900-A Wave Analyzer is linear in fre
quency. This linear display has the 

important advantage that harmonic 
components of a periodic signal are uni
formly spaced, so that the harmonic 
relations are obvious. If the signal is 
more complex, for example, a modu
lated carrier or other combinations of 
signals, where there are component 
frequencies that are sums and differ
ences of other component frequencies, 

such relations are also readily apparent 
on a linear frequency scale. 

PC Output 

The second output for recording is 
in series with the indicating meter so 
that a simple, 1-ma de recorder can be 
used. This arrangement provides a con
venient method of recording, but the 
recording is seriously limited in speed 
and in dynamic range, compared to the 
one made from the 100-kc output. 

NOISE ANALYSIS 

Mete r Speed 

The new analyzer is well suited for 
the analysis of noise. The slow meter 
response is one essential feature, and 
the choice of band widths and the linear 
frequency scale simplify many noise 
analyses. 

Three different meter speeds are 
provided. The fastest time constant 
is essentially that of the meter alone, 
about �-6 second. This speed is always 
used for measurement of components 
of periodic signals. The slowest time 
constant provided is about 5 seconds, 
and this and the intermediate value are 
used for noise measurements. The im-
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Figure 7. Chart of a
.
naly:zer meter curre� t (de output) as a function of time for rando.,.; noise, with 50-c cle 

bandwidth, as recorded with FAST, MEDIUM, and SLOW meter switch setting s. 
y 

portance of the e slower re pon for 
nois mea ur m nt can be readily ap
pr ciated when the problems a ociated 
with noise analysis are reviewed. 

The indicated met r reading pro
duced by an appli d random-noi e 
signal, whether it is electrically gen
erated noise or a ou tic noi e tran -
formed by a microphone into an el c
trical ignal, fluctuates considerably. 
These fluctuations reflect the irr gu
larities in the proces of noi e produc
tion. In fact, all ignal contain some 
random-noise energy, and many con
tain enough so that the indication i 
not at all steady. 

The charts of Ii igur 7 how graphi
cally the behavior of the pointer of the 
indicating in trument a a fun tion of 
time wh n amples of the ame ran
dom noi e w r mea ured 'vi th the 50-
cycle bandwidth and the three different 
meter speeds. It is clear that the aver
age value i e en tially the am for 
each ampl , but the flu tuation are 
markedly greater for the faster meter 
speeds than for th low one, and the e 
differen es ar inh rent in the nature 
of the mea urement. It is obviou ly 
much easier to obtain a good estimate 
of the average value 'vi th the low m ter 
sp ed. The chart illu trate al o that 
a maximum or minimum reading for a 

noise signal has little ignificanc . 'I h 
extent of the flu tuation does have 

ome ignificance, however with regard 
to the stati tical e timate of the onfi
den e to be given to th 1 cted average 

alu .2. a 

Bandwidth 

If the narrow r bandwidth are u d, 
the fluctuation are even greater, and 
only the slower meter pe ds can be 
u ed to obtain a ati f tory av rag 
valu . A relati ely imple principle 
applies here. The narrow bands are 
u ed to get finene s of detail. The 
finer the detail that i de ired the 
more time i n ded to obtain the re-

ul t to a c rtain degree of confidence. 
The averaging time required i e en
tially inversely proportional to th 
bandwidth. 

If the analyzer is swept through a 
range of freq uencie in ord r to ob

erv the spe trum, it i nece ary to 
tay in each bandwidth along the fre

qu ncy pan long enough to get a sati ·

factory measuremen . This factor com
bine with the averaging tim to mak 
th requir d total we p tim inv r ly 
proportional to the square of the band-
2 R. B. Blackman and J. _ \ . Tu k y, The -�1 easw· m nt 
!jf Po•l'e•· pecti·�· Dover, e"·. York, 195 . 

H.. P .. Hona, Instrumentation for Random Yibration 
Analys1 ," PP 7-27 to 7-30 in Random ribraUon, edited 
by . H. Cra,ndall, Technology Press, ambridge ?-Iassa
chu ett , 1958. 

.. 
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width again pointing up the importance 
of having three bandwidths available. 
If only the detail of the .50-cycle band
width i needed a relatively hort time 
for the analy i suffice . If the d tail 
of the narrower band i n c ary, the 
required time i corre pondingly longer 
and a fa t can i u le or, even 
wor e, mi leading. 

1-7 nless these a pects of noi e analy i 
are under tood, one can ea ily be led 
in o using an analyzer hat i entirely 
unsuitable to the pro bl m, u ing an 
analyzer incorrectly, ac epting data 
that are mi leading, or even r jecting 
useful data. 
Spectra I Density 

In order to compare mea uremen t of 
random noi e made with different band
widths, it is cu tomary to convert the 
measured value to an equivalent one 
for a bandwidth of one cy le p r econd. 
Thi equivalent value is often called the 
spectral density. The conversion for a 
measurement made on the wave ana
lyzer is simple, because it i independent 
of the center frequency and depends 
only upon the particular bandwidth 
used. 

AUTOMATIC FREQUENCY CONTROL 

In one mode of operation of the an�
lyzer, the lo al-o cillator frequency is 
con trolled by the filter d ignal by 
means of a quartz- rystal di crimina tor 
and reactance diodes. When a com
ponent ha been tuned in, it can be 
locked by means of this automatic fr -

q u ncy control to ·tay within the pa 
band of the analyzer t>ver a wid r fre
q uen y range than he normal pa 
band. The characteri tic of th control 
circuit, however, limit the rate at which 
the frequency can chang without drop
ping out of lock to a relatively low one, 

APRIL 196 4 

and the control circuit is not effective 
for a noise 'ignal. Thus, whenever pos-

ible it i preferable to u e the 50-cycle 
bandwidth rather than automatic fre
qu ncy control. If a component is to be 
ob rv d for a long time and might 
drift b yond the 50- ycle pass band, the 
afc i u eful in compensating for such a 
drift. 

TUNABLE FILTER 

The analyzer also function as a 
tunable, selective filter and amplifier. 
This type of operation is achieved by a 

econd heterodyne opera ti on in which 
the amplified and filtered signal at 100 
kc is beat with the local oscillator to 
restore the filtered component to its 
original frequency. The tunable filter 
has the excellent selectivity character
istics of the particular bandwidth 
chosen and the output amplitude is 
proportional to the component ampli
tude. 

The applications for this mode of 
operation are generally those for a 
highly selective filter, for examp e, sepa
rating out an individual compon�nt of a 
complex signal for tudy. The study 
1nay consi t of an accurate determina
tion of the component frequency stabil
ity by means of a digital frequency 
meter (counter), or it may simply be 
det rmining the exi tence of a particular 

, 
component in the mid t of interf ring 
·omponents. 

If a signal from the TYPE 1390 Ran
dom-.i � oi Gen rator i applied to th 
input of th analyz r, th output will 
be a narrow band of noi . The center 
frequ n y of thi noi an be et by 
m an of th analyz r frequ ncy con
trol. vVhen thi typ of noi ·e is made 
audible by m an of a loud p aker, it  
can be u d for acou ti  al  tran mi ion 
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•c 
FREQUENCY IN C 

Figure 8. Chart of 0- to 20-kc output of Type 1390 Random-Noise Generator as recorded with SO-cycle 
bandwidth. 

tests, for reverberation measurements, 
and for some psychoacoustical tests. 

TRACKING GENERA TOR 

In one mode of operation the local
oscilla tor voltage is heterodyned with 
a 100-kc crystal-oscillator voltage to 

produce a beat signal whose frequency 
is always the same as that to which the 
analyzer is tuned. As the local oscillator 
is tuned from 100 to 154 kc, the fre
quency of the beat signal varies from 
zero to 54 kc. This beat signal is ampli
fied to provide a maximum of at least 2 
volts across 600 ohms. This output can 
be used to drive a network, amplifier, 
tape recorder, impedance bridge, or 
other system to be tested. The output 
of the device to be tested can then be 
measured by the analyzer, and the ana
lyzer will stay in tune to the f unda
mental component as its frequency is 
varied. In this way the effects of hum, 
distortion, and noise are essentially 
eliminated from the measurement. 

When an accurately known signal 

must be applied to the device under 
test, the output from the generator is 
sufficient to drive a TYPE 546-C Audio
Frequency Microvolter. Alternatively, 
the wave analyzer can measure its own 
output but, of course, not at the same 

" 

time as it measures the output of the 
device under test. 

The 100-kc output for driving the 
TYPE 1521 Graphic Level Recorder can 
be used at the same time that the track
ing-generator output is used. Thus, the 
response characteristic of a device can 
be plotted automatically with the wave 
analyzer supplying the signal, the de
tector, and the output for recording. 

SUMMARY 

The TYPE 1900-A Wave Analyzer, 
with its three highly selective filter 
bandwidths covering the frequency 
range from 20 to 54,000 cps, its high 
sensitivity, its high and constant input 
impedance, its three meter speeds for 
noise analysis its linear frequency 
scale, its tunable filter, its tracking 
generator, and its afc, provides a new 
degree of versatility in measuring in
struments that will make it one of the 
most widely used analyzers in elec
tronics. 

- ARNOLD PETERSON 

CREDITS 
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TYPE 1910-A RECORDING WAVE ANALYZER 

Th R cording vV ave Analyzer 

T'vpe 1 900-A Wave Analyzer 

Type 1 ;)21 Graphic Level Recorder 

Type L121-P 10B Drive -nit 
Type J 900-Pl Link -Cnit 

10 Rolls Type L321-9-!6-1 Chart Paper 

10 Rolls Type 1:'52 1-9-!f5 Chart Paper 

Type L3�1-P�) 80-db Potentiometer* 

of the following it m : 

Both bench and rack models are 

available. 'I he bench model i shipped 
·ompletely assembled. The rack model 

is supplied ·with supports for installa

tion in a standard 19-inc:h rack. 

• A  .:J.0-db potentiomet r i installed in the recorder. The 
0-db unit is upplied in addition. 

SPE CI Fl CATIONS 
T YPE 1900- A WAVE ANALYZE R 

FREQUENCY 

Range: 20 to 5-t-,000 cps. The frequenc.'" is indi
cated on �L counter and a dial with a Jinear 
grnduu.tion, l divisi n/10 cp . 

Accuracy of Calibration: ± (Yz% +5 cp ) up to 
50 kc;± 1 % beyond 50 k · .  

Incremental- Frequency Dial (b.F): ± 100 cps. 
Ac ·urn. ·y is ± 2 cps below 2 kc, ±5 cps up to 
50 kc. 

Automatic Frequency Control: At fr q1 1 enci S b -
low 10 kc, tot al ranJ.:;e of frequenc.\" lock is -!00 
cps for the 50-cycle band and 150 cps for the 
10-cycle band, as defined b.v :3-db drop in re
sponse from full- en.le dcHcetion. At 50 I c the 
lock ranges decrease to one-half these values_ 

SELECTIVITY: Three bandwidths (:3, 10, and 50 
·ps) selected by witch. 

3 -Cycle Band: t. lea t 30 db down at ±6 cps 
from center fr 'q ien ·y, at least (j0 db ow1 at 
±I 5 cps, at least 0 db down at ±25 cps and 
beyond. 

10-Cycle Band: At least :m db down at ±20 cps, 
at least ()Q db clown at ±-i5 cps, at least 0 db 
down at ±. 0 ·p and l eyond. 
SO-Cycle Band: At. Jca t :m db down at ± l 00 
cps , at least GO db down at ±250 cps, at Jeast 
80 db duwn at ±500 cps and beyond. 

Effective bandwidth for noise equal to n om
inal bandwidth within ±10% for 10- and 50-
cyclc bands and ±20% for :3-cycle band. 

INPUT 

Impedance: One megohm on all ranges. 

Voltage Range: 30 microvolts to 300 volts full 
seaJe in 3, 10 series. A de ·ibel scale is also 
provided. 

Voltage Accuracy: After calibrati n by internal 
source , the accuracy up to 50 kc is ±(;� % of 
indicated value + 2% of full s ale ) exc pt for 
the effects of int rnal noise when the attenuator 
knob is in the maximum-sensitivity position. 

In that posit.ion he intern al noise is abo11t 5% 
of full scale for the ;3_ and 10-eYclc bands and 
10% of full s ·ale for the 50-<·.\'c'·le band. From 
50 to 5-.1- kc, the above :�% error becomes ul/'. 

OUTPUT 

I 00-kc Output: Amplitude is propm·tional to 
amplitude of selected component in analvzer 
input signal. "-ith the TYPE 1521 Graphic 
L 'v l R cord r connPct 'd through the adaptor 
cable su,pplied, at full-scale meter deHection 
output is at least:{ volts. Dynamic rang• from 
overload poin to in ternal noi e is > 0 db with 
attenuator knob full clo ·kwise. 

Recording An.alyzer: Th analvzer in combina
ti on with the TYPE 1521 c;aphic Level Re-
·orcler prod 1 •es con t,i nuou , c nvenicn t records 

of frequ nC'y spectra. ov r the complete range 
of the analyzer_ The nd fra1}1.es of the bench 
mod Is can be I olted toge th "r t form a rigid 
:ts embly. 

DC Output: One milliampere in 1500 oh ms for 
fuJl-scale meter deflection, one side Trounded_ 

Filtered Input Component: utput at least 1 volt 
aero.: 600-ohm loud for full- calc meter de
fic ·ti.on with output control at maximum. 

Tracking Generator : 20 cps to 5-1- kc; output is 
at least 2 volts across (jQO-ohm load with out
put c ntrol at maximum. 

GENERAL 

Residual Modulation Products and Hum: At least 
75 db down. 
Terminals: Input, TYPE 9:38 Binding Posts ; 
ou put, t lephone jacks. 
Power Requirements: 105 to 125 (or 210 to 250 ) 
volts, 50 to ()Q cps, :.tppruximately -1-0 watts . 
Accessories Supplied: TYPE 1560-1'95 Adaptor 

able Ass�mbl. , I h ne plug, TYPE AP-22 
Power Cord spare fus s. 
Other Accessories Available: TYPE 1900-Pl Link 
Unit f r coupling tu 'IYPE 1.521 Graphic Level 
Hecorder. 

l l 
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G E N E RA L  RA D I O  EXP ERI ME N T E R  

S P E C I F I C A T I 0 N S (Cont) 
Cabinet: Hack-b nch. 

Dimensions: Bench model - width 19, height 
Hi}i, depth 153-i' inches (-185 by 4J5 by 390 
min), over-all; rack model - panel 19 by 15'.h'. 
inches ( 4 5 by .mo mm), depth behind panel 
13�i inches 0�-10 mm). 
Net Weight: 56 pounds (26 kg). 
Shipping Weight: 84 pounds (39 kg). 

Type 

TYPE 1910�A RE CORDING WAVE ANALYZER 

Dimensions: Bench model - width 19, height 
25.!i, depth 15.�;1' inches ( 485 hy 645 by 390 
mm), over-all: rack model - width Hl, h ight 
24,Yz ( 485 by 625 mm), d pth behind panel, 
13 !i inches (3-lO mm). 
Net Weight: ll6 pounds (53 kg). 
Shipping Weight: 190 pounds (87 kg). 

Price 
1900-AM 
1900-AR 
1910-AM 

Wave Analyzer, Bench Model 
Wave Analyzer, Rack Model 

$2150.00 
2150.00 
3500.00 Recording Wave Analyzer, Bench Model 

(for 60-cycle supply) 
1910-AR Recording Wave Analyzer, Rack Model 

(for 60-cycle supply) 
3500.00 

1910-AMQl Recording Wave Analyzer, Bench Model 
(for 50-cycle supply) 

3500.00 

1910-ARQl Recording Wave Analyzer, Rack Model 
(for 50-cycle supply) 

3500.00 

1521-9464 
1521-9465 

Chart Paper, 0-10 kc, 100-foot roll 
Chart Paper, 0-50 kc, 1 00-foot roll 

2.75 
2 .75 

USEFUL FORMULAS, TABLES, AND CURVES 
FOR RANDOM NOISE 

Under the above title we have pre

pared a 6-page publication Ii ting ·rela

tionships and data that are commonly 

u · d jn working with random noise. It 

will be found p articularly u eful by 

tho e who deal wit h 1101. e phenomena 

only occa ionally and n d a handy 

reference to refresh their memories. 
Free on reque t; a k for publication 

IN-103. 

CORRECTION 
Several eagle-eyed reader. have 

pointed out that th .·chcmatic of a 

pulsed bia supply for use in transistor 

mea.·urements (E�-i;perimenter, Febru

ary, 1964, page 7) ·how · that the bias 
ourc 1 • horted when the relay oper

ates. This is quite true, but, as u ed by 

Cl rk Divi ion, Tational mic nduc

tor Corporation, who clevis d the cir

cuit, the horting does no harm since 

th y u a ·on ·tant-curren bia upply , 
rather th.an a battery. 

W apologize to our puzzled reader. 

for omitting thi fac . 

SWIEEECO 

This ancient A pache rallying cry sta1 ds for Southwestern IEEE 
Conference and Show, now in it 1 6th year. eneral Radio will be 

ther , in boo h,· 301-302-303. On di �play will be the new in trumen t 

shown at IEEE - Nmv York and described briefly in the March i ·sue 
of the Experimenter. General Radio engineers will b on hand to wel

come you and to demon"trate the new equipment. 

Dallas Memorial Auditorium April 22-24, 1964 

General Radio Company 
WE S T  C O NC O RD, MA S SAC HU SET T S, U. S.A. 
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