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FOREWORD

Recent years have seen rhe radio frequency specrrum analyzer evolve from

a special purpose device into a highly ref ined and versati le measuring instru-

menr, having wide applications in al l  frelds of radio and electronic engineering.

As the world's foremost designers and producers of sPectrum analyzers, we

ar polarad have had a unique opportunity ro cxplore the underlying principles

governing the operation o[ rhe specrrum analyzer and also ro pur.rhe rnstru-

menr ro work in many diverse applicarions, both in the laboratory and on the

production l ine.
'we 

have long felt the need for gathering rogerher some of the available

knowledge on rhe rheory of operation, design considerations and applications

of spectrum analyzers, to form a reference handbook which could be used by

engineers and other technical personnel interested in such information. This

booklet represents our aftempt to meet that need.

'We 
sincerely hope that you wil l  6nd this bookler instruct ive and informa-

tive. If it merits a place in your refefence library, then it has more than served

its purpose.

nfktr
D. L. JAFFE
President

POLARAD ELECTRONICS CORPORATION
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INTRODUCTION

A radio-frequency spectrum analyzer is a device which provides a panoramic
display of rhe signal distr ibution in a selecred port ion of the radio-frequency
band. The display takes the form of a plot of ampli tude versus frequency,
usually on the screen of a cathode ray oscilloscope.

Much useful information can be obtained from such a display. The presence
or absence of signals of inrerest, their frequencies, frequency difierences, rel-
at ive ampli tudes, and rhe narure of their modulat ion, i f  any, may be derermined
froni rhe spectrum analyzer display.

It  is our purpose to discuss the general theory of specrrum analyzer opera-
t ion and to describe some of the many applications in which the specrrum
analyzer has been found to be uscful.

HISTORY

Litr le work was done in rhe f ield of panoramic presentation of radio fre-
quency specrra during the years preccding \ù/orld war I I .  However rhe huge
amounr of organized research and dcvclopment work in the f ield of micro-
wave radar performed as part of the war efforr had as one of i ts results a
trcmendous expansion in the scope of measurement techniqucs and mcasuring
appararus avai lable to the practicing engineer. At rhe Massachusetts Insri tute
of rechnology Radiation Laborarory specrrum analyzers of various rypes were
devcloped for use as rest eguipmenr in rhe design of pulsed osci l j" to.s for
radar transmitters. \ù7ide range panoramic receivers for countermcasures ap-
pl icat ions were designed at the Radio Research Laborarory of Harvard uni-
versiry to faci l i tate che derecrion and analysis of radio and raciar signals.

Despice rhe racher special ized narure of i ts original appl icat ions, the spec-
trum analyzer has proved to be a highly versati le device in rhe f ield of radio-
frequency insrrumenration. I t  can be employed in the <Jesign and adjusrment
of transmitters; in the checking and cal ibrarion of osci lrato.r,  

",r .nrr",o.r,wavemeters' etc. ;  as a sensicive detector in bench test work; as ̂  means of
studying modulated signals of al l  types; and in many orher appl icat ions where
it  is desirable or convenient to have avai lable a panoramic Jsplay of signal
ampli tude and,/or sideband srrucrure.



GENERAL TI.{EORY OF OPERATION
A spectrum analvzer is essential ly a narro*'-band superheterodyne receiver

which is repeatedly swept rn frequency over a selected port ion of the radio-

frecluency band. At the same t ime, the horizontal deflect ion of the spot on a

cathode ray tube moves in synchronism with the sweep. The vert ical deflecrion

of rhe spot is proport ional to the output voltage of the receiver. The resultant

display is a plot of ampli tucìe versus frequcncy ovcr the radio-frequency band

of interest.

Figure I i l lustrates the block diagrarn of a simple specrum analyzer.I t  must

be porntcd out that the diagram shows only the basic elemcnts that are neces-

sary to explain the operation of the analyzcr. A practical instrument contains

many rnorc fcatures, depending on i ts design and application.

Thc wavcform of output voltage from the sweep generator is usually a saw-

rooth, so that rhc loal osci l iator is swcpc betwccn two fre<lucncy l imits rn a

l incar manncr. 
' I 'hc 

samc sa\4/tooth waveform is appl ied to the horizoncal

cìef lctt iorr pl:r tcs of thc cathorlc rav tubc, so that thc movement of the spot

across thc scrcr:n is lrroport ionai to frcquency. The local osci l lator output is

fed intct the mixer, .* 'here i t  combines with the incoming radio-frequcncy sig-

nal I f  t l r t  í-rccluencv dif ference between thc two inpurs to rhe mixer rs equal

to the rntcrrnediate frequcncy of the anaiyzer, rhe result ing dif ference signal

is arnpi i frcd iry the intermediatc-íre<luency ampli l ìer. In order to make the

rl i f Ícrcncc signal volcage proport ional to the incoming radio-frequency signal
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Figure l. Elock Diogrom ol a Sìnple Spectrum Anolyter.



voltage, the local oscillator power supplied to the mixer must be much greater

than the incoming signal power.

After passing through the intermediate-frequency ampli f ier, the signal is

detected and then amplified by the video amplifrer to a level suitable for ap-

pl icat ion to the vert ical deflect ion platcs of the carhode ray tube.

DESIGN CONSIDERATIONS

The foregoing discussion of the basic componenrs of a radio-frequency

spectrum ana,lyzer was not concerned with the design of the various elements
for proper operarion of the instrument. Such factors as the rate of frequency

sweep, the dispersion (range of frequency sweep), bandwidth and cenrer

frequency of the intermediatc-frequency sysrem, rhe bandwidrh of the video

ampli l ier, and the overal l  sensit ivi ty of the sysrem musr be careful ly con-
sidered in the design of a practical specrrum analyzer. The manner in which
these factors affect the prescnration of various types of signals wil l  now be
discussed.

A. C-w Signols.

The trace on thc screen of a specrrrrm analyzer while receiving a continuous-
wave signal is shown in f igure z. I f  rhe sweep speed is very low, rhe trace is
a plot of the band-pass characteristic of the intermediare-frequency amplifier,
and therefore the resolving power R of rhe analyzer is equal ro rhe l-db band-

Figure 2. fypìcol C-v Signal.



w,idth of the intermcdiate-fre<luency ampli f ier. l  As the swecp rare is increased,
the pip bccomes reduced in ampli tude and widened out. Borh the resolving
powcr and thc sensir ivi ty of the analyzer are rhus degraded due ro the l imited
res fonse t imc o f  rhe  runcd c i rcu i ts .

Ir  cen bc shown: thar the loss in sensit ivi ty due to the sweep rate is given by

+0,e , (#) " ]  
Y t

u ' l rc rc , . *  i s  thc  rcsponsc  rc la t i vc  to  thar  o l r t l i nc t l  w i t l r  a  zc ro  s \À . ,eep ra te ,

1l is rhc l-r lb banclwit l th of thc intcrmctl iarc-frcqucnry arnpl i l ìcr in
cyclcs per second,

1; is thc slyecp widrh (dispcrsion) in cyclcs pcr second, and

7' is t l rc swccp t irnc intcrval in scconils. 
' I 'hus 

| /  7'  is thc swccp ratc
in cyclcs lrcr second pcr sccond.

Thc loss in rcsolving fo'* 'cr t luc ro rhe swe€p rarc is given by

#-t, Fo,e1 (#)1 '

1Ì B may bc intcrPrctct l  as t lrc apl)ìrcrìr b:rnt lwiclr lr  of t l rc.spcctrum analyzcr
whcn swccping, rclat ivc ro t lre stcacly-srare bandwidth.

I :qLra t ions  ( l )  and (2 )  a rc  p lo t tcd  in  f igurcs  3  and. i  rcspec ivc ly .
' I 'hus 

a specrum rnalyzer having an i- f  bandwidth of j  kc and displaying2l
m. at a swcc| frc<luency of 20 cps would havc a loss in sensit ivi ty, due to
scanning, of ' )  5 db, '"r , l r i lc thc rcsolut ion I l  would bc 4-1 kc. In ordcr ro obrain
:r rcsolut ion substantial ly equal ro thc i- f  bandwit lrh, the cì ispersion would have
to bc recluccd to below approximatcly 300 kc in this cxamplc. The sensit iviry
would thcn be, for al l  practical purposes, eclual ro the zcro-swecp-rate value.

( 1 )
T

" . .  
- l  I' '  

I

L

( 2 )
t_ : -

G.* 
?

'  Thc  r ì t hn i r i on  o f
playccl  u, idrh of  t f ic  c
po in t s ,  t hc  r cso lu r i on
in f rcqucncy by R rrs
scrcen.

'Sec  Appenc ì i x  A .

4

rcsolv ing powcr is  somcwhar arbi t rary.  R is  takcn to be the t l is-
w pip at  the l -db poinrs.  Thus i f  the pip is  25 kc wide at  the l .db
R is said to l ,e 25 kc.  Two pips of  cqual  arnpl i tude and separated

so t lchned would barely be dist inguishable fnrm each other on the
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B. Ampli tude-moduloted Signols.

The spectrum of a single-tone amplirude-modulated signal can be shown3
to consisr of the original carr ier frequency plus a pair of side frequencies; one
above and one below the carrier. Such a speftrum is shown in figure 1. The
amplitude of either sideband voltage with respect to rhe carr ier voltage is n/2,
where m is the percentage modulation; and the frequency difierence between
the carr ier and either sideband is equal to rhe modularing frequency.

Figure 5. Speclrum of o Sing/e-fone AM 14ove.

I f  the modularing wave is complex, each frequency componenr in rhe modu-
lat ing wave contr ibutes a pair of side frequencies ro the specrrum. These side
frequencies are locared equidistantly on each side of the carr ier, and are spaced
away from the carr ier by the frequency of the modularing wave being con-
sidered.

Note that the specrrum of a complex ampli tude-modulated wave, shown in
f igure 6, is symmetrical abour the carr ier frequency. This is a necessary condi-
t ion for pure amplirude modularion. Note also that al l  components of the
spectrum arc separated by the fundamental frequency of the modulat ing wave.
This is because the Irourier componenrs of a complex wave are harmonical ly
related. Thc relat ive ampli tudes of any pair of sideband freguencies is propor-
t ional to the ampli tude of rhe corresponding Fourier componenr of the modu-
lat ing wave.

A typical specrrum analyzer display of a single-tone amplitude-modulated
signal is shown in f igure 7. Ir  rs apparenr that the resolving power of the
spectrum analyzer affects rhe abiliry of the instrumenr to display the sideband
structure of rhe amplirude-modulated signal. In order to separare ad.;acenr
signals of equal amplitude, the frequency difference berween these signals

's..  App."dix ts, Part 1 frr the derivati .n of single-tone and complex-wave ampri-
tude-modulated spectra.

6
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Fìgurc 6. Speclrum ol o Complex AM Wove.

must be at least equal to rhe analyzer resolution; while for unequal signals
the frequency difference must be greater, due ro the rendency of the large pips
to mask the adjacent smaller ones. Thus rhe lowest modularing frequency
which can be discerned by observation of the pair of sidebands adjacenr to the

Figure 7. Speclrum Analyter Disploy ol Sing/e-fone AM Signol.



carrier is somewhat higher than R. Hence a spectrum analyzer wirh an i-f
bandwidth of, say 2i kc, would nor be suirable for the detailed analysis of a
voice-modulated signal. However, such a signal mighr srill be identified as
being amplitude-modulated by rhe serrated appearance of the carrier pip on
rhe analyzer screen, as illustrated in frgure 8. If the resolution is exrremely
coarse compared to rhe widrh of the sidebands, the signal will appear as a pip
6xed in position and bobbing up and down in amplitude.

Figure E. Spcclrum Anolyter Disploy ol Single-tone AM Signat vith Coorse Reso/ufion.

For wide-band amplitude modulation, as encounrered in television broad-
casting and in ceftain other applications, the specrrum analyzer may be used
to determine the disrribution of sideband energy and to measure rhe modula-
tion bandwidth.

C. Frequency-moduloted Signols.

Unlike the situation in amplitude modulation, where superposirion holds,
the spectrum of a frequency-modulared wave cannor be deduced from the
frequency distriburion of the modulating signal.a Insread, ir is necessary ro
perform a Fourier analysis of the modulated wave irself.s In rhe case of a
single-tone frequency modularion, the specrrum of the modulared wave is

' Tl* rp.at"l case of very small modulation index is an exception; superposition holds
to a 6rst approximation in this case.

"An example of such an analysis as used to derive equation (1) is given in Appendix
B, Part 2.

8



given by
@

'1t) :ll, (B) cos 2,r (l"l nf*) t

where /, (B) is the 
",n 

,;;;:ff icienr of B,

B is the modulation inar*: 
o*

Maximum frequency deviation of the carrier

and 

:

f ,  is the unmodulated carr ier frequency.

Equation (l) is seen to be composed of the carrier and an infinite series of

pairs of side frequencies. The ampli tude of the nth uPPer or lower side fre-

qucncy is given kly l" ({3), the Bessel coefficient; while the spacing between

adjacenr side frequencies is equal to f,,, the modulating frequency.

Figures 9 and 10 illustrate the spectra of rwo frequency-modulated signals

having the same maximum frequenry deviations but different modulation

indices. Notice that as p, the modulation index, becomes larger, the number

of signiÉcant sideband components increases, and their amplirudes tend to

bccome equal. In the limit, as p approaches in6nity, the spectral energy is

evenly distr ibuted over a band exactly 2Al wide.

It is apparent that, for proper display of the sideband structure of a fre-

quency-modulated signal, the spectrum analyzer should have a resolution

good enough to separate adjacent sidebands. Since these sidebands are gen-

erally of unequal amplitudes, the analyzer resolution should be smaller than

the lowest modulating frequency.

If the spectrum analyzer resolution is so coarse as to include all of the sig-

nificant side frequencies of the modulated signal, the display appears as a

single pip, constant in amplirude and shifting back and fonh in frequency.

fc

FiEure 9. Single-lonc FM Sìgnal vilh p = 5.

( 1 )



Figure 10. Singletone FM Signol vith $ 
- lS.

D. Pulse-modulofed Signols.

Pulse modulation is a special case of amplirude modularion in which the
carrier is on during cenain chosen intervals (pulses), and is off between these
intervals. This is usually done in order to increase rhe ratio of peak ro average
power in the modulated wave. The modulating signal may be used ro vary
the amplitude (PAM), width (PIVM), position (PPM) or orher character-
istics of the pulses being rransmitted.

If the modulated carrier is composed of rectangular pulses of width r at a
pulse repetition frequency f", the frequency specrum is given by,;

e(r) : ,Í,> -t'l;'il" cos 2 zr (f " + , f ,) tL J  f l r l t r
(4 )

where f" is the carrier frequency.

Thus rhe specrrum envelope has a charact.rirri. 
ti!, t 

frequency distribution
x '

as shown in Égure 11. A linear specrrum analyzer however, displays only the
absolute magnitude of the spectrum, since phase informarion is disregarded
by the detector. The presenrarion is therefore as shown in figure 12. Ir is noted

that the minima of the spectrum envelope occur ar frequencies',u, . . . . .
Í T

away from the carrier frequency. Thus a 1 microsecond pulse has a spectrum
whose central lobe is 2 mc wide.

'See Appendix B, Part 1.

l 0
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FiEure l l .  Plot  o l  lhe funcl ion

The vert ical l ines of the spectrum are rhe sideband frequency componenrs,
and are spaccd apart by the pulse reperirion frequency, 1,. They are referred
to as the PRF- or spectral l ines.

In order to display the PRF l ine structure of the spectrum, the resolving
power of rhe spectrum analyzer must bc smaller rhan the pulse repeti t ion fre-
quency. However, the specrrum envelope may st i l l  be adequately resolved even
though the analyzer resolving power is far too coarse to separare the spectral
I ines .  Th is  i s  i l l us t ra tcd  in  f igures  l2  and l l .  I ; igure  l2  shows a  specr rum in
wh ich  thc  PRI i  l i nes  arc  reso lved;wh i le  f igure  rJ  shows a  specr rum wh ich
appears to bc continuous, since thc resolut ion is not f inc enough to display
the spcctral l ines. Notc, howcvcr, that the spectrum c.velope is well  resolved
in both cases.

Expericnce has shown that, for adcquate rcsolut ion of rhe cnvcrope of a
pulse spcctrum, the rcsolving power should bc smallcr than one-renrh the
reciprocal of rhc pulsc length; i .c. for adequare resolurion,

Rr (  o . t ( r )

Fìgurc 12, Anplitude Speclrum ol o Pulsc-modulolcd trf sve .

1 l



Figure 13. Speclrum ol o Pulse-moduloled Wove wilh Adequale
Reso/slioa ol Envelope bul nol o( PRF Lines.

If  R is greater than 0.1r, the minima of the spectrum enveloPe do not go

enrirely ro zero. Thus a specrrum ̂ î lyzer, having a resolution of z5 kc will

resolve the spectra of pulses uP to 4 microseconds in length.

The amounr of derail in rhe specrrum depends upon rhe relationship between

the pulse reperirion frequency and the ^n lyzeî sweep frequency. This is illus-

rrared by figure 14. The conditions here are identical to those of 6gure 13

excepr rhar the pulse feperirion frequency has been decreased from 10 kc to

500 cycles. The vertical spikes are not to be confused with the spectral PRF

lines, which the analyzer is totally unable to resolve in this case. Each spike

represenrs a pulse received ar rhe inpur ro rhe analyzer. Thus N, the total

number of spikes on the analyzer screen, will be equal to the number of pulses

L Z

Figurc 11. Spcclrum ol o Pulc-noduloled Wovc vilh Ad-equole-Rctolulion
& Enrolopcbut Poor Dclinílioa duc lo Ercessìvcly High Svccp Ftcqucacy'



received during rhe sweep t ime inrerval.  Hence,

N : T f , (6)

The definit ion of the specrrum wil l  bc adequate i f  10..or more spikes are
present on the screen. Hence, from equarion (6), the analyzer sweep frequency
should be no grearer than one-Gftieth of rhe pulse reperirion frequency. If
this requires such a slow sweep rhar flicker resuks, it may be necessary either
to use phorographic rechniques or to employ a long-persisrence screen.

Bandwidrlt ol I F Amplilier.

onc of the important considerations in the design of a specrrum an^lyzer
is the center frcquency of the intermediate-frequency ampli fer. Referr ing to
figure 1, it is seen thar the simplesr form of specrrum analyzer is basicaily a
superheterodyne receiver wirhour any selectivi ty before the mixer. This means
that the unclesired image response musr be kept off  rhe screen by using a suflr-
ciently high intermcdiate freguency. This is i l lustrated in f igure r5. Hcre the

A NALYZ E R
S C R E E N

Fìgure 15. Appeoronce ol Imoge Speclro when li : ! .

pulsc lcngth r is chosen so rhar rhe fourrh side lobe of one image specrrum
ovcrlaps the third side lobc of the orher. Ir  can be safely assumed that no
appreciable distort ion of the desired spectrum occurs i f  rhe separacion is this
great. since rhe center frequencies of the two images are spaced apart by rwice
rhe intermediate frequency, ir  fol lows that rhe inrermediate frequency should
be

l i > t
I  N I L ù

where r, , , ;n is the shortest pulse rhe analyzer wil l  handle.

It  is clear from thc foregoing that the analyzer bandwidth derermines rhe
longest pulse that can be resolved, while the intermediate frequency limirs the
shortest pulse that can be accommodared. I f  the reguired range of pulse lengths

( 7 )

r a')



to be handled is too wide, incompatible requirements are imposed upon the
intermediate-frequenry amplifier. As an example, consider ̂  r^nge of pulse
lengths from 0.1 to 10 microseconds. This requires that

(7 )  l , : : ; : "# :40  mc

and

( , )  R:* : :  ,o+;*  :  ,okc

Since i t  is impractical to design a 4}-rnc ampli frer with a tO-kc bandwidth, ir

ís necessary to find an alternate means of accomplishing the desired results.

The problem can be solved by using a double-conversion system;that is, first

amplifying at 40 mc, thus obtaining the required image separation, and then

converting to a lower frequency, say I mc, where the necessary l0-kc band-

width can be readily obtained.

Banduidth ot' Video Anplifer.

After passing through the i-f system, the signal is detected and fed to the

video amplifier. The function of the video amplifier is to amplify the spike

to a level suitable for application ro the vertical deflecting plares of the cathode

ray tube. The bandwidth of the video amplifier should therefore be great

enough so that the rise time of the spike will not be seriously degraded. Re-

ferring to Égure 2, the time duracion of the spike between l-db points may

be taken as

To simplify matters, let us assume that the rise time of the spike is equal to

IY

7. 
Making use of the fact that the rise time of a Gaussian amplifrer is given

by

0.5 RT,,:fr:;T (9)
where Af is the l-db bandwidth, we obtain, for the minimum allowable band-
width of the video ampliÉer,

. o . rFA l : ; : T (  1 0 )

Thus a spectrum analyzer having a 2)-kc resolution, with a maximum disper-

sion of 21 mc and a maximum sweep frequency of 20 sweeps per second, the
video amplifrer bandwidth should be at least 20 kc.

r4

v, -+ ( 8 )



APPLICATIONS
Thc lrrcccding scction has bcen .oncerncd wich thc ge.crar rhcory of spec-

trum analyzcr oPcrarron, wirh spcrial crnPhasis bcing given to thc cffects of
varrous clcsign Paramctcrs uPorì rhc Prcsentation of ccrtai l ì  typcs of signals.
I t  is thc purposc of t l rc prcscnr sccrion to cxplore somc of thc prarr icar appl ica-
t ions of t l tc s|ccrrum analyzcr in orclcr to i l lusrratc i ts grcat vcrsati l i ry as a
usefu l  too l  in  c lcc r ron i t  cng inccr ing .

A. Trouble-shooiing o Pulse-moduloted Tronsmitter.
()nc of thc .hicf trscs of rhc s1-rcctrurn tni lyzcr is to chcck thc operation of

pulsc-modrletc(i  rransrnirrcrs. In |art icular, thc s1.rcc-trum analyzcr may be
usc( l  i s ; r  scnsr t i vc  in , l i t l ro r  o f  cx tcss ivc  f rcc lucn< 'y  rnodu la t ion  r lu r i r rg  thc
pu lsc .  I Ì rcc ;ucr r ry  rno , lu l r r ion  l ras  t l rc .  c f fc r t  o f  [ r r<xr icn ing  thc  spcr r ru rn ;  t r ra t
i s ,  rcmov ing  1ro* 'c r  l ro rn  t l rc  tc r r r r ; r l  lobc  r r l rd  l r lac ing  cxccss ivc  powcr  in to
rhc  s i< lc  Iobcs .  

' l  
l r c  g rc : r rc r  r l rc  f rcc lucnry  rno t lu la t ion ,  thc  g rcarc r  i s  t l r i s  c f fcc t ,

as  i l l us t r l t c< ì  in  l igLr rcs  Ióc ,  f ,  e r r r l  g .

Notc  tha t  t l t csc  s l rc t t ra  e rc  sy ln tnc t r i ca l . ' l ' h is  i s  a  c l ra rac tc r is t i c  o f  purc  l incar
frc<lucncy moclul:rt ion. Howcvcr, i f  l incar arnpl i tu, lc 'odulat io, oi thc pulse
is also Prcscnt, r lrc slrcctrurn lrctorncs unsymrnctr ic;r l ,  as i l lustratct l  in l igures
l(r i  anrl  j .  In lxrrh crscs, r lrc Pulsc arnPli tudc is highcsr whcn thc frcgucrrcy
is l 'wcst. Hrncc t lrc sl)c(rruln arnplrtut lc is highcr on rhc low-frcgucncy sir ic.

_ l f  
thc rc  i s  

"  
I ' r c t luc .cy  rno t lu la t io r ì  Prcscr ì r  dur ing  r l rc  Pu lsc ,  thc  p rcsencc

of  inc idcnra l  l rnp l i tu . l c  rno . lu la r ro ' l ras  on ly  a  s l ig l r r  c f fc r t  u1>on t l , "  sp" . t rum.' l 'hc 
sPcttrurn rcrn:r i .s syrnrncrr icr l ,  and the shaPc of thc l i rain lobc is prac-

t i ca l l y  unaf fcc rc r l . ' l ' l r c  on ly  s ign i r i tan t  d i f f c rcncc  bc twccn t l rc  s l . rcc r ru rn  o f  a
pu lsc  w i rh  inc i . l c ' te l  AM and rh r t  o f  a  rcc tangu l r r  pu lsc  l i cs  in  rhc  rc la t i ve
amplicudcs of rhc sidc lobcs. I ì igurcs l(ra, b, r,  d and h i l lusrratc rhis poinr.
Notc  r l ra t  r r ia 'gu l , r  and t ra l rczo ida l  a rnP l i ru t l c  modu lar ion  rcsu l ts  in  a  rcduc-
tron in thc width ' f  rhc spcctrum. Notc also rhat thc spccrrum of an crror-
func t ion  r ra r rs ic ' r  (hgurc  lód)  l ras  thc  sarnc  fo rm as  rhc  t rans icnr  i rse l f .
Th is  fac t  i s  usc fu l  in  rhc  ana lys is  o f  thc  charar . tc r i s t i cs  o f  e  sc r ics  o f  s ing le -
cuncd circuits, sinrc thc rcsultant sclcct ivi ty curvc a1>proximJtcs ( lrc crror-func-
t ion.

A cornm,n ly 'bscrvcd  fo rm o f  spccr rum is  s l rown in  l igurc  l ( rk . ' l ' hc  pu lse
rs trapezoidal ly amPlirudc and fre<lucncy moclulare<j. ' I 'hc 

ccntral porr ion of
thc pulsc rs unmodulatcd; hencc rhc sPcctrum has a ccntral lobe icscmbling
that of a rcccangular pulsc. The fre<lucncy separation bcrwccn r lrc l i rst rninima
is about I  mc, indicari  ng an cffecúve pulsc width of approximarcl y rJ.7 micro_
sccond. Sincc the fregucncy modularion cause,s a downward shif t  in frcqucncy
at the bcginning and rhc cnd of the pulsc, the ro*'- frc.1ucn.y si, ìc of t l r" rp.. .
trum contains praccical ly al l  of rhe sidcband enerE;y.
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A M P L I T U D E
M O O U L A I I O N

FREOUE NCY
M O O U L A I I O T

^ f  = 2  M c / s l c

FiEure 16. Represenlolive Pulse Speclro
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Lf = 6 ìtc/sec

N,

@

Represen lo î i ve  Pu lse  Spec l ro  (con l inued) .



B. Use of ihe Spectrum Anolyzer os o Sensit ive Receiver.

Another important use of the spectrum analyzer is as a sensitive detector in

bench test work. The spectÍum analyzer is far more sensitive than a crystal

or bolometer detector, and can therefore be used to measure a far wider range

of power when used in conjunction with a cal ibrated r-f  attenuaror. This makes

the analyzer part icularly well  adapted to standing-wave measurements, espe-

cial ly where high standing-wave rat ios are involved. A block diagram of a

typical test setlrp is i l lustrated in l igure 17. By adjusting the cal ibrated r-f

attenLlator to give a constant refcrence output indication on the analyzer screen,

the standing-wave rat io may bc derermincd by the dif ference between rwo

sett ings of the attenuator. I f  a signal generator is used as the signal source,

the standing-wavc rat io may be determincd by noting the dif ference between

two or.rtpì.rt  rcadings; the cal ibratcd r-f  attcnuator is therefore not recluired.

f igure  17 .  Typ ico l  Tes t  Se lup  fo r  S lond ing-vove Meosuremenls  v i lh
o Speclrum Anolyzer qs o Deleclor.

T'he high sensit ivi ty of the spectrum analyzer can be used to í ìdvanraéle in

cal ibrat ing attenuators by comparison with a standard attcnuator, as shown

in  f igure  18 .

f igure  18 .  Typ ìco l  Tes t  Se lup  lo r  Use o l  Spec t rum Ano ly te r  os  on  At tenuo lor  Co l ib ro to r '

In measurcmcnts of these rypes, the spectrum analyzer has rhc addit ional

advantages in that accurate tuning to the frequency of the signal source rs

unnecessary  (because o f  the  panoramic  d isp lay)  and a lso  o f  p rov id ing  a  con-

t inuous check on the spectral puri ty of the source.
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C. Checking AFC Action.
The automatic frequency control action in a radar ser may be readily checked

by observing rhe manner in which the radar local osci l laror pip rracks the
transmitter specrrum on the analyzer screen. However, the problem of gett ing
the two signals to appear on rhe screen simulraneously requires special design
rechniques, inasmuch as the normal J0- or 60-mc radar inrermediare frequency
is greater than the maximum sweep range of the usual rype of spectrum
analyzer.

one solut ion is to selecr a suirable center frequency for the analyzer i- f
amplifier, such rhat the resulting image separarion insures rhat a radar loca.l
osci l lator pip wil l  always be close enough ro a transmitter specrum image ro
al low simultaneous display of the two signals on the analyzer screen. By using
a frequency of 22.5 mc for rhe analyzer intermediate frequency, a radar local
osci l lator pip wil l  be 15 mc away from a transmitter specrrum, regardless
whether the radar sysrem uses a J0- or a 60-mc intermediate frequency, or
whether its local oscillator operares above or below the transmirrer frequency.
This is illusrrared in 6gure l9 for each of rhe four possible arrangemenrs.

T R A N S M I f I E R
I M A G E  N O  I

f R A N S M I f T E R
I M A G E  N O . 2L O  I M A 6 €

N O .  IL O  I M A G É
N O  2

I R A N S M I T T E R
I M A G E  N O  2

T R A N S M I T T E R
I M A G E  N O .  I

L O  I M A G E
N O .  2

3 O  M C I 5  M C

4 5  M C
3 0  M C

4 5  M C  - -

A .  n a o a n  r  r
L O  S E L O W

3 0  M C

T R A N S M I T f È R

I R A N S M I T T E R
1 M A G E  N O , 2

B . a a o l n  t F  =  3 0  M c
L O  A B O V E  f R A N S M I T I E R

D . n l o l n  r F  = 6 0  M c
L O  A E O V E  T R A I S M I f T E R

I R A N S M I I T E R

I M A G E  N O .  IL O  I M A G E
N O . z  \

L O  I M A G E

N O  1

4 5  M C

6 0  M C

C .  n a o a a  r F  =  6 0  M c
L O  S E L O W  f R A N S M I I f E R

Figure 19. frcnsmiller qnd Locol Oscillolor Displays lor 30- and 60-nc Rodor lF.
Speclrum Anolyzer lF is 22.5 nc.

I R A N S M I ' T f E R
I M A G E  N O , 2

T R A N S M I f  T E R
I M A G E  N O .  I
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Another method for achieving simultaneous presenrarion of two signals
which are farther apart than the maximum sweep range of the spectrum an-
alyzer is to ampli tude-modulate rhe analyzer local osci l laror ar an appropriate
frequency. Sideband componenrs of local osci l laror ourpur are thereby pro-
duced, which beat wirh the incoming r-f  signals to produce responses on the
analyzer scrcèn. As an example, consider frgure 20a where the radar inter-
mediate freciucncy is assumed to be l0 mc, and rhe analyzer local osci l laror is
arnpl i tudc-modulated ar a frequcncy of 7.1 mc. Figure 20b i l lustrates rhe case
of a (r0-mc radar inrermcdiate frequency. For this case, the analyzer is ampli-
tude-modu la tcd  a t  a  f rcqucncy  o f  22 . i  mc.  In  borh  i l l us t ra r ions ,  thc  var ious
sicìeband spcctra are shorvn reduced in ampli tude.

U P P E R
S I  D E A A N D

---/

T E R

R A D A R  l F  =  3 0  l v l  C

A N A L Y Z E R  L Q C A L  O S C I L L A T O R
A M P L I T U D E  I v I O D U L A T E D  A T  7  5  t v l C

L O W E  F ì
S  D L I ] A N O

l _ o w E  R
S ì D E E A N D

U  P P E R
S I D E A A N D

\

__l-
.. u '. -_.f

_ _  6 0  M C

B .  R a o a R  r F  = 6 0  M C
A N A L Y Z E R  L O C A L  O S C I L L A T O R

A M P L I T U D E  - M O D U L A T E D  A T  ? ?  5  M C

Figure 20.  Tronsmi l ler  and Local  Osci l lo lor  Disploys for  J0- ond 60-nc Rodor lF.
The Speclrum Anolyzer Locol Oscìllalor is Anplilude Moduloled.
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D.  Woveme ie r  Co l i b ro f i on .
' f hc  

spec t rum . t n . r l v : z r .  n t . t \  i r c  ì r J r , . ì  . Ls  ; l  s cn ! t t i v c  r i c t cc to r  i n  t he  ca l i b ra t i on
c i  ' . L v r t V  ! À  t \ ( n ì '  { L r .  i i , r .  : , , r  \ ( t i i l  r .  i \  , t 1 } \ \ t r  r n  f i g u r e  2 1 .  T h e  ( , ì v t t y  t .

r uncd  f o r  ! - n : r x r f i l u l n i  r i c l ì t r r i on  o l -  r l r . '  r r - i . r : ke  r  p i p  on  t he  ana l yze r  sc recn .  
' [ i ì (

r . ( r r r i c y  w ' i t h  
" r , h i ch  

r i r c  ' . L r  r r y  r c \ un . r r ì r  t r cquency  and  t he  t r ansm i t t ed  markc r

s rgn . r i  r n r y  r hus  bc  n r . r r t l r t . j  i s  o l  t hc  o rdc r  o f  O .1  Q t . ,  whe re  p , .  i s  t hc  i o . r r i t c l
, . /  o f  r i t c  r . r v r11 , .

R F
M A R K É R

S i G N A L

M A T C H E D
P A O

Figure  21  .  fes l  Se lup  lo r  Wovemeler  Co l ib rq l ion .

E.  De iec i ion  o f  Spur ious  Tronsmi i le r  Frequenc ies .
' I ' hc  

panor : r tn i r  p rgscn l '16 ion  fca turc  o f  rhc  spcc t rum tna lyzc f ,  p lus  t ts  h igh
scns i t r ' i t y  rn r ì  r ' i r l c  t r rn ing  r ; rngc ,  rnakc  i t . r  va lueb le  too l  in  thc  scarch  fo r
, rn , l  mc l rsLr rc rncn t  o f  I re rmon ic  an . l  o thcr  cx t ra r ì rous  ou tpr . l t s  f rom. r  t rans-
mi t tc r .  f  {ou  o , r . r ,  s incc  thc  sPc l ' t ru ln  an l r l yzcr  i s  . r  sLrpcrhc tero t lync  re tc ive  r
u  i t l ro r r t  l r rcsc le r  r ion ,  i t  i s  susccpt ih le  tc l  spur io t rs  rcsponscs .  I t  i s  rherc fo rc
nc(cssr ry  in  th is  ty |c  o f  lpp l i ca t ion  ro  mlkc  surc  rh i ì . r  rhe  s igna ls  be ing  de-
tc ( tc ( l : r rc  t ruc  s ign l l s ,  an t l  no t  spur io t rs  rcsponscs  o f  thc  an l l yzer  i t sc l f .

Spr r r ious  rcsponscs  in  thc  rna lyzcr  a r r  o f - th rcc  gcnr ra l  rypcs :  i rnagc  rc -
s [ )ons( 's ,  h rgh  ordcr  rno t lu la t ion  in  thc  rn ixc r ,  and i f  b rc rk rhrough.  These
mey bc  i t l cn t i f i cd  es  fo l lou 's .

l .  An  in ragc  rcs [ )on \c  mey bc  r l i s t ingu ishcd f ron t  a  t rue  s igna l  by
thc  f 'ac t  t l r l t  i t s  f rcc lucncy  ap l )c r rs  on  rhe  oppos i te  s ide  o f  rhc  loca l
osr i l la to r  f rcc lucncy  f rom the  r ruc  s igna l .  Thus  an  i rnagc  may be  ex-

l .cctcrl  et l  point on rhr spccrrum iìnalyzcr dial spaced from the frc-
glrcncy of t frc rrue signal by an amounr equal ro twice the analyzer
ìnrcrmerl iatc frecluency. \ fhcther or nor rhe image response is above
or  bc low rhe  in< l i carcd  f rc< lucncy  o f  rhc  r rue  s igna l  depends on
rvhc thcr  thc  ana lyzcr  loca l  osc i l la ro r  i s  t racked lower  o r  h igher  than
thc signal f  requcncy. Hence rhis quesrion musr be serr led in advance.
l ìor cxamplc, slrppose the analyzer intermediarc frecluency is 160 mc,
and i t  is known rhat the local osci l lator is tracked higher rhan the sig-
nal fre<luency If  the analyzer indicates responses ar 5,000 and t,1zO
rnc  on  rhe  f rc< lucncy  d ia l ,  i t  i s  apparent  thar  rhe  5 ,120-mc ind icar ion
is che true frequency of rhe signal, and rhat the l ,OO0-mc response
ls :1 sPunous rmaéle.

--:--:-
'A t ransmission caviry rs assumed here.  For a reacr i .n caviry,  the adjustment would

be for  minimum height  of  the marker p ip on the analyzer screen.

C A V I T Y
W A V E M E f E R

U N D E R
C A L I B R A T I O N

S P E C T R U M
A N A L Y Z E R
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2. High-order modulat ion in the mixer results from the fact that

the mixer is a nonl inear element and therefore contains in i ts output

frequencies comprising sums and dif fereoces of mult iples of the

signal and local osci l lator frequencies. \ùlhen any of rhese output

frequencies fal ls wirhin the passband of the analyzer intermediate-

frequency ampli f ier, a spurious response occurs. To identi fy these

so-cal led harmonic responses, i t  is necessary to make use of the fol-

low ing  fo rmulas :

\Where the analyzer local osci l lator is tracked higher rhan the signal

frequency,

( l l )

and where the analyzcr local oscil lator is rracked lower than rhe sig-
nal frequency,

1,, , , , ,  -* l  t  +41' '  t  r ;  
- l  

( r2)
n L '  , 1  I

where laint is the analyzer dial sctt ing at which point a harmonic
responsc is found,

/ is the true signal frcquency,

z is an integcr indicating rhc order of rhc mult iple of the signal
frequency,

n ís an integcr indicating the orcler of rhe mulr iple of the local
osci l lator frequency, and

f t is the 'a,oalyzer intermediate frc<1uency.
' I ' l rus, 

i f  a specrum analyzcr having a high-side local osci l lator is
bcing usecl with a transrnit tcr opcrating at 3,000 mc, and indicares
outpu ts  a r  1 ,787 and t , t l9 l  mc,  i t  i s  apparenr  f rom equat ion  ( l l )
that these arc spurious responses (correspondin gro ît :2 and nt-3)
and no t  cx t raneous t ransmi ( rc r  ou tpu ts .

L I-f  breakthrough is causcd by a srrong signal ar rhe intermc-
diate frequency rcaching the i- f  ampli l ier in spire of the shielding
and selectivi ty of the radio-frequcncy circuitry. The response on ihc
analyzer screcn due to this type of signal remains srarionary as rhe
frequency, to which the analyzer is runed, is changed.

F. Use of the Specfrum Anolyzer to Defermine Squegging of
Osci l lotors ond Regeneroi ion in Power Ampli f iers.

Squegging of an osci l laror is characterized by periodic interruptron of rhe
osci l lat ions at an audio or radio-frequency rate. Hence the spectrum of a
squegging osci l lator resembles rhe characterisrrc spectrum of a pulse-modu-
lated wave, and therefore conrains sideband componenrs in addir ion to the
desired oscillation frequency. The spectrum analyzer provides a handy means

2 2
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of checking the spectral puriry of rhe output of a continuous-wave oscillator
in order to determine whether it is squegging.

The spectrum analyzer may also be used ro determine whether parasitic
osci l lat ions are presenr in a power ampli f ier. The method is similar ro rhar
for checking a transmitrer for spurious ourpurs, as discussed in paragraph E.

G.  Ad ius tment  o f  Bo lonced Modu lo lo rs .

The spectrum analyzer may be used as an aid in making adiustments on
balanced modulators for minimum rransmission of rhe carr ier. I t  is merely
necessary to tune the analyzer to the carr ier frcquency, and then adjust the
balancc of rhc modulator for minimum hcight of the carr ier pip on rhe
aoalyzer screen.

H. Checking fhe Modulot ion Choroclerisi ics of o Video-moduloted
Tronsmilter.

Tne ovcr-al l  rnorìuiat ion characterist ic of l  video-rnotlulaced rransmlrrcr
nray be checkcd using a specrrum a.nalyzer in the test setup of f igure 22. F'or
rough checking, thc vidco-frequency signal sotrrce is ser for consranr ampli tude
rt a convcnicnr lcvel,  and the frequency of the signal source is varied over the
band. Observation of the change in hcight of the sideband pips as rhey move
across thc analyzer screcn yields informarion as to the ovcr-al l  modulat ion
characterist ic of the transmitr ing system. Accurate measuremenrs may be made
by insert ing an adjustable cal ibrated r-f  atrenuator ahead of the inpur terminals
of the spectrum analyzer and bringing the ourpur pip ro sorne convenienr
hcight on the analyzer screen. By kceping this height consranr at each fre-
quency and reacl ing the change in atrenuation required to accomplish rhis, the
modulat ion characterist ic of the transmitter is thus <luanti tarively measured.
The advantage of the specrrum antlyzer as an indicator for rhis rype of meas-
urement lies in the fact that, due to the panoramic presentation, it is unneces-
sary to retune the receiver at each frequency.

Figure 22. fesl Sefrp lor Checking
f ideenoduloled

M od u I ql i on C ho rocle risl i cs
T rcnsmilJer.

V I D E O
F R E O U E N C Y

S I G N A L
S O U R C E

T R A N S M  I  T  T E R
B E I N G

C H E C K E O

o l o

2 )



l .  The Ure of the Spectrum Anolyzer os on Aid in Tuning Orci l lotors.

The spectrum anùyzer is particularly well adapted for use as a comparator
where it is desired to accurately tune an oscillator ro a given frequency. The

desired frequency is displayed as a reference marker on the analyzer screen
and the osci l lator is tuned unti l  i ts signal pip is coincidenr wirh that of the
desired signal. Care must be taken that neither pip is a spurious response of
the analyzer (see paragraph E).

The precision wirh which coincidence of rwo c-w signals is indicared by
the specrrum analyzer is very high. If the two signais are srable and if rhe pips

are adjusted for equal heights on the analyzer screen, the error in the frequency

comparison is less than the resolut ion of the analyzer. Thus, i f  the analyzer has
a resolut ion of Zt kc, rwo l0-kmc signals can be compared with an error of
less than 0.00025 percent.
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APPENDIX A

)elerminotion of ihe Degrodolion of Anolyzer Sensit ivi ty ond
Resolul ion os o Funcl ion of Sweep Rote

l-cr us make the assumption that the analyzer selectivi ty curve is given by

, G.russian crror function. This is true to a good approximation for an i- f

. :pi i6cr composed of several synchronously-tuned stages.

The steady-state voltage ampli tude response (normalized) is then

H (,,,) .* l  I  
-, lL ') I  " '  " ' ,  \ '  ( r ), L 

\ rr /\--E-l
' . r  here B is the l-db bandwidth in cps and u,, is rhe angular center frequency

,  sce  f igure  A l  ) .

Figure  A l  .  Normol i rcd  Gouss ion  Anp l i lude  Response Curve
Represenling Seleclivìty ol Anolyzer l-F Anpli l ier.

The swept signal voltage may be represented by

e, ( t )  :  , t t t  (2 )

where d is the instantaneous phase angle; hence the instantaneous angular

frequency is given by

, " , -  
d r ,

" d l

Now, assuming a l inear ly swept s ignal  as shown in

( r )
r

6gure 42,  where:
" t

2 '



Figure  42 .  f ime Yor io t ion  o l  Swept  S igno l  f requency .

is the swcelr rare in cycles per sccond pcr second, and o ,- tr tn at |  0, we have
for or; ;

t , t i - t r t o + T ,

There forc ,  f rom cquat ion  ( l ) ,

e - [  - ,  , ] /  , , , ,  t  +{t .
J  

I r  I  
I '

Subst i tu t ing  in to  ec lua t ion  (2 )  ;

. ( / )  r *0, ( , , , , , ,  ,1 , . )
\  

' 1 " /

Thc frcclucncy spccrrum of e(t) is givcn by thc lrourier transform

r*
L ( , , , )  |  ,  1 r ;  .  

,d t  J !
J a

[ '  , ,  , ( . o , ,  -  a )  , + + , . t  l l
J -

Equation (8) may be evaluated as fol lows: Consider rhe inrcgral

[  , i t , , '  t  r , , t  7 ,
J -

Completing the square in the exponential,

.  /  , \ "  b !

" 1 : r b t : a l t  f : l  - -
\  2a/  4a

2 6

( 4 )

( r )

( 7 )

( 8 )

(6 )

t
I
I
I
I

(e )

(  1 0 )



Let

t  l :  f ú, . r r :  _  I  / , , , r
, , / ^ l ( " I , J t

J o

( 1 1 )

( 1 2 )

€

( 1 1 )

Now,  cqur t ion  (13)  i s  a  dc f ìn i rc  in rcgra l  ra 'h ich  may bc  rcad i l y  eva lua ted

by applying No. .192 of Picrce's Short ' l -ablc of Intcgrals, viz.

L-  ' -d : ' x .  J r :  *$
(  1 4 )

It,_ - t+ t

Substicuting in c<luation

l * * ,  
( t t ) t  / ) t t  

J !

whence

( . , )

,lx

wc ob ta in

1 ,  I
J -

' l 'hus,  
equat ion ( t  3)  becomes

f "  j e t : l b t )  l ;  
y ! ;

I  '  ' l  r  1 ' { '  
I r

J -  1 . 7

Mak ing  the  appropr ia te  subs t i t r r t ions  in  c< lua t ion  ( t , l ) ,  u ,c  ob t r in

t - -
. .  l i t  7 '
l -  ( " , )  

1  l r .  
**P I  ur1,  { , ' , "  , " ) '

( 1 t )

(  1 6 )

Thc outpur volr lgc tr;rnsient of the Gaussian arnpl i l ìcr is givcn by rhe inverse

Iìouricr transform

f @
t t l d l

vU) +/  E( , , , rs \ - ) ,  1 , , ,
- t t  J  h

of  eqr - ra t ion  (1 t l )  rnay  be  s i rnp l i f ied  by  mak ing  thc  fo l low ing

(  1e )

(  1 7 )

(  1 8 )I  l t t  I

,"\î J -,
The evaluation

substi tut ions: Lct

!

I

,# ,",, ,,,. . _ (-*#) (" ,,,)', ,", t,,,

l n l: -
2 r '  D -

7 '/ ' - -' 
4nl:

(  20 )

2 7

and



also let

( 2 1 )

then equation (18) becomes

f q

V U )  :  K  l ,  
* d t u - ' o ) '  

e -  
j c ( u . - , ) '  

r j r ,  d o ,  e 2 )
J -

and

Now

.:+4+

r @
: K e  @ " 2  : d + t , ' ,  

J * r l  

u + i c ) a " * l z d u " { i  ( 2 c @ o + r J l , l d .  
e ) )

Z , : d l i c
(24)

Z . : 2 d u , o l  j Q t u , o ! t )
(2t )

Let

- Z , u t ' l Z r - -  - / , (  , , , -  
t t \ '  

- ' lt ' \ " ' -  ,à )  + fz ,  Q7)

Substi tut ing in equarion (23), we obtain

V ( t ) - K 6  " " ' I  e  
- Z ' u t r Z " d u t  

Q 6 )
J -

V (t1: K, -  a":  ' '  , . ,  I :  ,  - ' ' ( '  f ; )"0.

-  
" o '  d ,  

( 3 1 )

dlY : d.

-  uo2 Z t  z i  [ '
. ' . V ( t } : Y ,  , î Z l  e

(28 )

hence

Now let

whence

W:a-+ (2e)

( j 0 )

28



Again applying equacion (r4), we obtain for the inregral factor of equacion
( 1 1 )

(32)

Thus,  we have fo r  equat ion  (31) ,

v ( t ) ( 3 3 )

V ( t )  : lV  ( t )  l ,  
'Ó ( ' )

. ' .R "  {  V ( t )  l : lV ( t )  l cos4  ( r )
which has the envelope

A( t )  : lV  ( t ) l

Now c<luation (3a) has rhe form

v (t1 : Z exp [4, e) + i +, Q)] (r8)
where Z is complex, and 6, (t)  and Er(t) are real.  Hence, from equation(37) ,

(34)
Now, ir must be remembered rhar we are acrua'y interesce, in derermining

the  enve lope,  A( t ) ,  o f  the  rea l  par r  o f  Z ( r ) .  S ince  V( t )  i s  complex  in  our
case, it may be represenred by

f t  î @
t  - 2 , v 2  

I  _ z t t v .  l o
J_. ,  dY:2Jo,  ' ' -  , r :12

:
Zt

4 7,r-  u o ' Z r  
,

t =: *1;:,

( 3 r )

( t6)

(37  )

Noq

A ( t ) :  l Z l e x p 6 , Q )

t t---i- /-, --;\ i .tz +t
t l
f f l l Í' l t l :z ; tTG'.  

+d'z)  
'J

(3e)

(40)

(4r )

(42)

29

also

ó ,  ( t )  +  j  + ,  ( t )  -  [ 2 d  o "  I  i .  . Q c a " l  t ) ] ' Ì
q  (d *  lc)  

- -  uoz (d - f  i ' )



Substirut ing equari rns (41) and (4) into equarion (39), we obtain

I  t =  _ dA (t) :  .1+ G, + d:) ' ' .  ,"p -oéTZ\,. 
(.{1)

Ic wi l l  be noced thar A(t) has the form of the Gaussian error function. Now
let '  be the maximum ampli tude of I  ( l ) .  Thus

- I  l Ì , ,  ' ,u -E 
1? t."  + d')  ' '

Substi turing equarions (19) and (20) into equation

whence

whence

( 4 )

( 4 t )

(45) ,  we obra in ,  fo r  c

- t/t

(16 )

(4e)

( t 0 )

( r r  )

":['. (+) '(#)"]
:[ '* ' ' '(+)!)-'^

The rcsolurion of the specrrum analyzer is rhe apparent
output rransient as viewed on the screen. This is given bv

( 4 7  )

bandwidrh of the

n: .,1 . o, (48  )

where l /  is the t ime required ro sweep betwecn the j-db poinrs of thc transient
envelope. Referr ing to equation (44), ir  fol lows rhar

v+:"*p#;+q(+)'
^ , : [ ( 8 r n 2 )  ( = " ) ) "

Substíturing equations ( l9) and (20) into eguarion (;0) yielcls

a,,:4rBl(*1,+(++), ],
Therefore, from equarion (48),

+:[ 'n (:+L)' Gul]"
:[ '* o'|e'(h)1*

( 5 2 )

( t ) )

10



APPENDIX B

Determinotion of Vorious Moduloiion Speciro

Part 1. Amplìtude Modalation. See f.gtre 81.

Let the carrier be represented by

€ " : 6 1 o c l

and the modulat ing function by

er ,  :  Ar ,  ( Í )

rhen the modulated wave is given by

e ( t )  :  4 , ,  ( t )  e  t a ' t

In the general case, Am(t) is complex, and therefore may be

rn the interval - of n,, ,  {  |  {  r f  ut, ,  by the complex l :ouricr serics

@

T a  l t d ù i

c , , ,  A , , ,  ( t \  )  C , ,
.a
i - ú

( 1 )

( 2 )

( t )

rePresented

(4 )

* 'here

l n a n l  ,

( r )  .  d t;: I A,, ( t )

Figure 81. Amplilude Modulalion.

+ t

ar
un

3 r



Hence equation (3) becomes, assuming ot,,  )  )  utn,,

e í t ) 1 ( u ,  I  r a , , l  t

For rhe spccial carc of single.ronc amplirude modularion

At, U) 
-- t + l l cos ot,,1 I

Thcrcforc cquation (.1 ) becomes:

e ( / )  ,  ' ' "  
*

t l @ ,  I  u ^ ) t  I€ t

(ó )

( 71

(rì)
2T

I  l d t )  a ù  |  |
c

Part 2. I:reqtettcl t\lttd nlatiott,

Norc; Sincc rhe lnalysis of cornplcx-wlvc frequcncy modularion is cxrremely
invo lvcr l ,  y ie ld ing  h ígh [y  <onrp l i carc t l  sPccr rum equar ions ,  onry  rhe  s ing le - tone
casc  w i l l  bc  cons idercd ,

In singlc-tonc fre<lucncy rnotlulat ion, t l rc frcqucncy of r lrc clrrícr is caused
to vary rn a sinusoit lal  ln.rnncr rr .r  r . l rc givcn by f , , ,  tbc frc<lucncy of thc
rnocf ulat ing funcion. 

' l 'hc 
maxirnurn frcgucnty dcviat ion al, ,  of the carr ier,

var rcs  w i th  t l rc  ampl i ru . l c  o f  thc  rnodu la t ing  wavc ;  and is  l im i red  by  Iaw or  the
systcrn dcsign ro a ccrtain nrirxirnum valuc, c.g. 7i kc in <nrnrncrcial f-m broad-
cirst ing. Thc inst i inrancous frct luency of t l rc ctrr icr nay thus bc cxpressed by

l, l" + tl (o5 ut,,, r

wbtrc l, is thc frcgLrcncy of rhc unrnodulatc,J carricr, tnrl u,,,,
engular frcqucncy of chc modularing wave.

- l 'hc 
carr icr lnay be rcprcscnrcd by

. .  t t l
c a

wncrc

a 
| 

,,,,tr :

' 
" 1,,,'r,"f 

a/cos ot,,,t) dt

- 2o /ut F + 
sin ur,,, I

z, 
I fdt

^ Í  l
T ; t t n - ' t )  )

(e)

)rf ,,, the

(  1 0 )

( l l )

( t 2 )

(  I  r )

( r 4 )e .= expli <r, Í", +



Let us define the modulation index as follows: Modulation Index

L f:  F :T  ( l t )

Thus

g  :  6 l B  s ì n  o n , l  ,  l a , , r

Equation (16) may be expressed as a Fourier series as fol lows:

a

\-l
e :  )  C ,  ,  t u u n , t  a  t u . t  .

Ll

n =  @

*,herc

= 1,, (p)

@

(  l 6 )

( r 7 )

Let

( r 8 )

(  re )

(20 )

( 2 1  )

\ì
"  (  -  

21 , ,  ( / l )  '  t (u "  t  no ' t r  (22)

. ' .R"  {  ' l :> / ,  (p )  cos  2 , ( f " *n f  , , , )  |  (23 )

T / @ n l

r
c  -  

u ) t l '  
I  t o  t ' n  t . ,  i l d i l , t  ) ,

) -  I  €  É  a I' "  
J
r / a n

T

1 l

C , ,  - -  +  l ,  r , P s i n x  -  n t t  1 l y
t n J

- Í

Then

3 3



Figure 82. Envelope ol Pulse-moduloled Corrier.

Part 3. Palse Nodalatiott.

Refer r ing  ro  equar ions  ( l )  rh rough (6 )  and f igure  Bt ,  lec  A , , , ( l )  be  as
shown in 6gure 82. Thus,

A, , ( t ) : l  fo r  -+at<+

4"" (t) : 0 elsewhere in the interval _ vz l, to yz f ,

Substituting in equarion (1) we have

y2 Í.

f
C n -  l ,  

l n ^ ( t )  
r  t ; r n t . t d !

t- y, l,

-  s i n  n n  f  , ,  : ,  1 , s i n  
n \ f  , ,

l t n  
' t r  

n o Í  , r

Equation (6) becomes

e( t )  : ,  f  , ; 'Xy  c i2 t  o ,  +  n t . )  t

. ' .  R,  {  e ( ty l : , f  , ;#ycos2,  ( f  " * , f  , )  t

34

(25 )

(24 )

(26)

( 2 7  )

( 2 8 )

(2e)



SPECTRUM ANALYZERS
BY

POLARAD

Polarad Electronics Corporation produces a complete line of spectrum an-

alyzers. A program of constant research and development makes Polarad an

outstanding leader in the field of spectral displays. Many years of specializa-

tion and rigid quality standards have resulted in accurate and reliable spectrum

analyzers designed to satisfy the most challenging requirements. Polarad's

spectrum analyzers have gained wide acceptance in military laboratories as

well as in leading commercial laboratories and manufacturing plants.

Polarad spe{trum analyzers currently available are briefly described in the

following pages.
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APPL!CATIONS
o Displays the power spectmm of mocl-

ulated signals (amplitude, frequency,

or pulse modulation ).

. Detects and rÀasures the frequency of

IowJevel r-f signals.

o Checks magnetron output spectrum

and determines width of main lobe,

double moding and misffring.

. Compares two r-f signals having n

small frcqucncy separation.

o Nleirsrrres attenuation, insertion loss

ancl gain of r-f components,

o Sensitiyc indicator {or VSWR mcas-
rrrernents.

. Measures bandwidth of noisc gencre-

tors.

FEATURES
o Single knob UNIDIAL@ tuning control.

. Direct-readiDg lirear frcqucncy dial,

. Adiustable frequency dispersion.

o Self-containccl frequency marker

for rncasuring srnall frequency clif ierences,

. Trning of microrvave klvstron oscil lators
accomplishecl by non-contactiug shorts,
asstrring long equipment l i fe.

o Wide range of srveep spcecls.

e Fivc-i lch cathode-ray tube display.

r Electronically regulated power supplies.

. hlternal variable-frequency marker,

o Logarithmic display for relative amplitude
measurement over a large dynamic range,

o Video fflter provided for observation of
closely spaced signals,

PoLARAD ELEcrRoNrcs GoRpoRATroN . a3-2o 34rh srREEr, LoNG TSLAND Grry r. N.y.



SPECIFICATIONS
Ptug-ln R-F Tuning Unitg

Xrdcl
Io.

Ír€quemy Range
In nc

sensitiYity
in -dbm

R.F Attenuator
Ralge

Accessories SuDpli€d:
llescrlDlion I Part ilo.

hput
ConnectioI

STU.IB 10to 400
350t0 1,000

90 to 105
88 to 95

0 to 100 db
0 to 100 db

patch cable
rf cable

A24845
8Pl2551

Type N

SIU.2B 910 to 2,200
1,980t0 4,560

85 to 95
75 to 90

0 to 100 db
0 to 100 db

patch cable 8P12551
A24845

Type N

STU.3B 4,370t0 11,m0
8,900t0 22,000

77 to 90
65 to 85

0to 100 db
use extelnal
attenuator
above 12,4 kmc

patch cable
lipe N
adapter
wrench kit
rf cable

424845

su1700
A25109
BP1255I

Type N

mixer-to-
waveguide
adaDler for
12.4 kmc to
l8 kmc c20947

uG-541,/U choke flange for
RG-g1,/t waveguide

waveguide
adapter tor
18 limc lo
22knc 824550

lJG4l5/U CoVer flange î0r
RG-53/u waveguide

SIU4B 21,000 to 33,000 57 to 75 external
attenuator

tic-425/t cover flange for
WR34 waveguide

waveguide
adapter for
2 l  kmcto
26.5 kmc 822330

uc.425lu to
t G381/U cover flange for
WR.34 to WR-96 waveguide

waveguide
adapter for
26.5 kmc to
33 kmc 822331

UG.425IU to
UG-425/U cover flange for
wR-34 to RG-53/u wiveguide

STU.5B 33,000 to 44,000 50 to 65 external
atteíuator

uG-383/U cover flange for
RG.97lU waveguide

adapter 8146207 UG.383,/U to UG.599/U cover flange for
nn.q7 l l l  l ^  Pn-qn/ l l  w .v . r r ide

assembly
Et4620E UG-3E3/U t0 UG.600,/U chole flanre fol

RG-97./u to RG-96,/t waveguide 
-

( l )  S ins l t l v l t y  =  S lgna l  +  No ls€  =  2  x  No ise  a t  mln lnum reso lu t lon  and d lspers lon
(2) Sp€clflcrtlon! sublecl to chrng! wlthout noilcs.

Display and Power Supply Unlt Model DU.trA

Sp0ctrum Display ,.,.,.,...,.,.,.,,.,....Si9n41 amplitude 0n vertical axis'  
{ log or l inear) velsus flequency 0n
horizontsl axis.

togslthmlc Display ...............,...3 db per graticule, t0 24 db.

variatti ' lanìwtfn .................. I kc to 80 t(c.

Sws0D frequency nato ..............1 t0 30 cps, adjustable.

[rsqusnoy 0isperslon:
Below 55 mc tuning range .... 100 kc lo 5 mc, adjustable.
Above 55 mc tuning range .,. 150 kc to 25 mc, adjustable.

nÍ Altonuati0n nangs ................0 to 100 db, 10 mc to 12.4 kmc.

lÍ Attanuatl0n Rang0 .................0 to 50 db contlnuously variable.

Mdlmum Power Input ................250 milliwatts.

Sylchf0nlzation .,....,...,...,...,.,,.,.,..EIter[al, l ine frequency,0r free run.
ning,

Variahle Marter oscillalor
nanga ..........................................1 14 mc.

trilitiss for Camera
M0unting ....................,......,.......,Provided on CRT bezel.

8nT Craticuls lllumirad0n ........Edge lighting provided.

0lsDlay Tuùa ...............................,5 inch flat face cRT.

Power n8qIiremenls:
Modet tSA ..............................115/230 vac, t 10%, 50/60 cps,

500 watts.
Model lSA.t 

'115/230 vac,:110%, 50'1000 cps,
500 watts.

Dfmensions ..............................181+' wide x 20r/2" hìgh x 257a'
deep Flush Panel mounting avaiF
aDle.

[r0ighl ...........,...,.......................,135 1bs, including one tuning unit.

Accessories supplisd:
1. one wrench kit No. A25109.
2. one amber filter No. 827336.1.
3. one Dower cable No. 8111144.
4. Dust covers for túners when more than one r'f tuning unit is

0r0ereo.
6, Handbook on "Spectrum Analyzer Techniques".
7. lnstructìon manual.

Accessories availahler
1, Model DA"4 open channel instrument d0lly for convenient

handling of equipment.
2. l4odel SB-1, rack-nounting brackets tor mounting the Model

TSA with the cabinet partially projecting from front edge of
ract.

3, lvodel SB-2, rack.mounting brackets tor mounting the Model
TSA with its control panel flush with front edge ot racl.

4. Switching Unit allows operation of two 0r more Ff tuning units
without plugging the units in separately.

@ Polqrdd EfécùonLs corporction, 1962



FEATURES

o Linear frequency calibration, with UNIDIAL@
tuning of microwave oscillato$.

APPLICATIONS

. Com.plete siglal analysis (AM, FM or pulse) as
a l-unction-of time (sy[chroscope operàtion) ns
well as of frequency'(spectruir an^alysis oper_
anotr.l.

. M(.asurcments of Prrlse repctit iolì r i l tr,s. puls(,
widths and prrlsc- rire times. 

'

. Measurem_ent of spectral charncteristics of ptrlse-
modulated signals.

. Sensitive pu-lse and-cw receivcr npplicutions, such
rÌs propagation studies ancl aDtcnnn pattern plots.

. W&veform monitoring.
o FM identiffcation !ìncl me!ìsurcrrìcrÌr.
o Checkingof microwave oscil lrrtors, irrtìrrclirr{ rnrLt-

,l:t],ol: 
"ul 

klystrcns..for puJliIg.,do,rble. ri,,dirft
i lnd othcr types of malfunctionirrg.

. Detection_ ancl identiffcatiou of spurious AM aDd
FM signals.

o Simultaneous observation of seycral signals, such
as tracking of signals within a radar slsteí.

. Measurements of microwave component charac_
teristics, such as attenuation, inseition loss, gain
and VSWR.

. Countermeasures analysis.

Non-contacting shuts in tuning cavities, assuring
long equipment life and noise-free tuning.
Lou. i- f rmpl i f f rr  noise f igure. contr ibut ing to high
sensit iv i ty.

Wit lL ' rarrge ol  barrt ìwidths for opt imizecl  sensit iv_
i ty rnt l  brrrr lwidth chrrrctcr jst iàs.

Triggercd, calibrated sweep and video delay.

Irttental, externrl, and power line triggcr and sync
operirtion.

S o l f - c o n t r r i r r t d  l r e r l u e r r c y  r n r r k e r .  l o r  m e a s u r i n g
smiì l l  f  rcquency cl i f {ercnces.

Vi, leo. sqtt . l l .  i r rd tr igger uut l tuts i tv i r ihblc at
front panel jacks for x-y iecording and tr iggering.

Modet TSA_S

43-20 34ih SL, Long t i tond Ciry l ,  N. y.  .  ÈXerer 2_4500
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'senìtttvttyl$-tgmi-+ mne - 2 x Nolse at mintmu; É;óiutbn and dlspersion)

s0nsitivlty ,.,,........,.,.,,.,..,.,.,........Figures given in the above table are' 
for a minimum discernable signal.

tre[uencv Dlal Accufacy .,.........: I% of dial reading; except for' 
[4odet STU.I which is =l% 0f the
local oscil lator frequency.

Shietding Attenuati0n ...............Greaterthan 100db

Dieplay and Power Supply Unit' Model DU-3

0isplay,.........,.,,.,.,.,............,.,..,.signa1 amplitude 0n the.,v€rtical
axas versus lrequency 0n rne noÍl '
zontal axis,

Resoluli0n. Variaùle ,.....,.,.,,...,...5 kc, 50 kc, 500 kc, 0r 5 mc, de'
Pending uPon baIdwidth selected.

Swee! Rate of soectrum
Analyier .........,.,-,.,...........,....,..,.1 to 30 cps adjustable.

Swee! Periods Det
sriecn 0iamòter ...................2 to 100,000 microseconds in six

steDs.

Sweep EIpansi0n ....,..,..,.,..........Three scleen diameters.

Freouency 0isoersio[:
Bàl0w 55 mc .........................400 lc to 5 mc.
Above 55 mc .--...............,.,..400 kc to 25 mc.

l.F Attenuation ............,......,..,....,0 to 50 db continuously variable.

Trigger and Syncr0niation ........External, internal, or l ine frequency.

lxternal Tricser and Svlc
Voltages Required .....-............... 15volt minimum.

Vertical o[tnut Availahle.,........+ 1 volt into 1,000 ohms imped'
ance at maximum gain.

Hdzontal outp[t Avaitable ,.,,.,..10 volts p'p into 5,000 ohms im-
oedance.

Trigger Pulse Amplitude ............+ 5. volls into 1,000 ohms im-
pedance.

SPECIFICATIONS

0isIlay Tube ..,..,................,.........5 inch flat face, with graticule i l '
lumination, and bezel provided with
facil i t ies tor camera mounting.

Power netliremelts:
Model ÌSA.S ........,.,.................115/230 vac t 10% 50/60 cps

500 watts;
[4odel TSA.SF 115/230 \ac, È10%, 50-1000 cps,

500 watts,
0imensiols .............,...................78./q' wide x 20y2" high x 253/4t'

deep,..Flush panel rack mounting
availaDte.

Weight . , . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,135 lbs incfuding one tuning unit .

Accessories Sutplied with Easic M0del 0ll.3A:

one wrench ki t  No.425109

one amber filter No, 82i336"1

one power cable No, Bl l1144

Dust covers for tuners when m0re than one tuning unit is ordered

lnstruction Manual for Model ISA-S

Handbook "Speckum Analyzer Techniques"

Accessodes AYailable,

Instrunent Dol ly M0del DA4 . . .open..chamel dol ly.  for convenimt
handl ing of the equipment.

Rack Mountilg Braclets
M0del SB.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .F0r mounting with the cabinet par '

t ìal ly proiect ing from front edge 0t
rac(.

Rack Moulting Brackels
M0del SB-2 . . . . . . . . . . . . . . , . , . . , . . . . . . . . , . . . . .F0r m0unting with the control  panel

flush with llont of edge of rack

Switching Uri t  . . . . . . . . . . . . . . . . . . . . . . . . . . . .A110ws 0perat ion of two oÍ more Ff
tuning units,  without Plugging the
unit in separately.

Plug-in n-F Units

ilodGl
l{0.

Freqùency nange
tn mc

ùe[sr[v[y"
ir -dhm

R-t Attenuator
Raoge

AcDessorict
Descriptiol

Sup! l ied,
Part No.

Input
CoInection

STU-18 l0 to 400
350t0 1,000

90 to 105
88 to 95

0 to 100 db
0 to 100 db

patch cable
rf cable

424845
8Pl2551

Type N

STU.2B 910t0 2,200
1,980 to 4,560

85 lo 95
75 to 90

0 to 100 db
0 to 100 db

rf cable
Datch cable

8P12551
A24845

Type N

sfu.3B 4,370t0 11,000
8,900t0 22,000

77 to 90
65 to 85

0to 100 db
use external
attenuator
above 12 kmc

patch cable
lype N
adapter
wrench kit
Ff cablg

424845

su1700
425109
8P12551

Type N

mixer-to-
wavegur0e
adapter for
12 kmc to
l8 kmc c20947

UG-541/t choleflangefor
RG"gllu waveguide

waveguide
adapter for
18 kmc to
22knc 824550

uu-4zllu cover fange
RG.53,/U waveguide

STU.4B 21,000 to 33,000 57 to 75 exlernal
attenuator

UG425,/U cover flange for
WR34 wavegujde

waveguide
adapter for
2 l  k m c l o
26.5 kmc 822330

U4.425lU to
U0.381,/ll cover flange for
WR-34 to WR-96 waveguìde

wavegurce
adapter for
26.5 kmc to
33lrmc BP2?33I

uu-+zblu t0
uc-425/u cover flange lor
WR.34 to RG.53,/u wàveguide

STU.5B 33,000 to 44,000 ó0rt0 65 external
attenuator

UG.383,/U cover flange for
RG-97/U waveguide

adaptef,
assemDtv

8t46207 UG.383,/u t0 UG.599/U cover flange for
RG-97/U to RG-96,/t wavesuide

assembly
814620E UG.J6J/U t0 UG-tiUU/U chol{e îlange î0r

RG-g7,/U to RG-96,/U waveguide

O Poldrod Eledronict Corporqtion, l9ó2
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APPLICATIONS

. Spectrlrm analysis requiring narrow or wide dis-
persion range, high sensitivity and resolution.

. Measuring spectral characteristics of pulse-
modulated signals.

. Simultaneous observation of several signals, such
as tracking of signals within a radar sfstem.

o Frequency-modulation identiffqation and meas-
urement.

o Checking microwave oscillators. including mag-
netrons and kìystrons-for pulling. doublenodin-g.
and otner types oi malfunction.

. Detecting and identifying spurious signals.

. lvleasurements of microwave components chuac-
terls!i-c^1-_s3ch as attenuation, insèrtion loss, gain
and VSWR.

. Compaing two r-f signals having a small fre_
quency separation.

FEATURES
. Wide frequency dispersiorr for displaying spectra

ot narrow pulses.
o High resolutíon, enabliug analysis of wicle pulses.
. Logarithrnic display for relative amplitucle meas_

urements over a large dynamic range.
o Wide range marker oscillator, calibrated in fre_

querrcy difierence and pulse width.
o UNIDIAL@ tuning oI microwave oscillators.
. Improved sensitivity.

*100 nc  us€ob le  d ispers ión  ovo i tqb te  on  spe. id l  o rdè . ,

o Low i-f ampliffer noise ffgure.
. Vernicr marker oscil lator dial, yieìding high scale

rcsolutton.
r Efiective pulse intensiffcation circuit, for bright

qrsplay.

. DC operation of sweeper and klystron fflaments
for minimum incidental FM.

r Sweep and video outputs provided for x-y re-
cording,

r Video fflter provided for observation of closely
spaced signals.

Model TSA-14

PoLARAo ELEcrRoNrcs coRpoRATroN . a3-2o 34rh =îREET, LoNG rsLANo crry r. N.y.



gPEGIFICATIONS

Plug-in R-F Tuning Unitg

Model
llo.

trequelcy Ralge
io mc

sensiliYity
in -dbm

R-Í Atten[ator
nange

Accessories SopDlied:
0escriptior Part No.

InDut
ConÍectiol

STU.1B 10to 400
350t0 1,000

90 to 105
88 to 95

0 t o l m d b
0 to 100 db

Datch cable A24845
;f  cable 8P12551

fype N

STU-2BW 910 to 2,200
l,980to 4,550

85 to 95
75 to 90

0 to 100 db
0 to l0O db

rf cable 8P12551
patch cable 424845

Type N

STU-3BW 4,370t0 11,000
8,900t0 22,000

77 to 90
65 to 85

0to 100 db
use extefnal
attenuator
above 12.4
kmc

patch cable A24845
Ivoe N
aîaoter SlJ1700
wrench kit M5109
Ff cable BPl255l

lype N

mtxerto-
wavegulde
adaDter for
12.4 kmc to
18 kmc C20947

UG'541/U choke flange for
RG-91/U waveguide

mtxeFr0-
waveguide
adapter for
18 kmc to
22knc 824550

uG-42b/U CoVer lange
RG-53/lJ waveguide

stu4Blll 21,000 to 33,000 57 to 75 exl€rnal
atlenuator

t G-425llJ cover llange for
WR-34 waveguide

waveguide
adapter for
2l kmc to
26.5 kmc 822330

UG-425/U to
u0-381/U cover flange for
WR-3410 WR"96 waveguide

waYeguide
adapter for
26.5 kmc to
33 kmc 822331

UG-425/u to
UG-425/U to cover llange for
WR.34 to RG.53,/u waveguide

STU.5BW 33,000 to 44,000 .50 to 65 external
attenuator

uG-383/lJ cover llange lor
RG"97lu waveguide

adaDter
assèmbly 8146207

uG-383/U to UG-599,/U cover flange for
RG-97,/u to RG-96/U waveguide

8146208
IJG-JEJ/U l0 UU-bW/U Cnofe fanSe

RG-97/U to RG.96,/U waveguide

Soacllcatlons suDlocl to chanSo wlthout notlc6.

Dl.play and Power Supply Unlt' Model DU-24!

Senslt lv l ty . . . . . . . . . . . , . . . . . . . . . . . . . . . . . .  .  Figures given in the ab0ve chart  are
lor Signal T Noise :  2 x Noise at
minimum resolut ion and dtsperslon.

frrqurncy 0ial  ̂ ccurac! . . . . . . . . .+ 17.--of dial  reaí jngi  excep^t,  for
[4odel STU-I$/A which is j tolo 0l
local oscillator frequency'

ShíGlding Attenuat l0n . . , . , . , . . . . . . . .GIeater than 100 db

Srsctral  l l ls[ lay .  . . . . . .  . . . . . .Si lnal  ampl i lude. on ! ! t , --"- ' . l i ' - t^ ' i
axis (log or linear)' versus Îrequency

Qn the holizontal axi9.

Lolilithúlc 0isDlay . q. db per graticule division, to 24
0D-

Variabl0 Bandwldt[  . . . . . . . . . . . . - -  l lkc to 80 kc, cont inuously var i '
a0le,

Sweet treq[elcy Ra14 . ........ ...1 t0 30 cps adjustable'

t requencY 0islerslor:
Below 55 mc 25 lc to 5 mcl

iúr; is il tà l,ooo mc . 25 kc to 2! mc;. - .î.odii ;; i; 44,000 * "" i3 pS î3 il:,'l'.'oyffTil * ,..

l -F Attenuat io[  Range . . . .  . .  . . . .  0 to 40 db, cont inuously var iable

Inlernal Mai lerc . . . .  . . . .  . .  . .  Variable.. .marker cal ibrated in fr€ '
ouencY'or i lerence from 160 mc' in
6oth ìncreasing and decreasint ìn'
crements, with adjustable amplltude'

. . . . . . . . . , . , . , . . . . . . . . . . . Ixternal,  f ree running, or l i re fre-
qu€ncy.

hput . . . . . . . . . . . . .250 mil l iwatts.

. . . . , . , . . . . . . . . . . . , . . . . .5 inch f lat  face, with edge l ight ing
on f fal icule'  and camela mountlng
faciìlties on the CRI bezel.

Power Requireqgnts:'ifi,r"iti:w'1.-.-...." -" àà3,11?,,1,. 
r r07. 50,/60 cps

M0del fSA.Wt ....,.,...........,....1T5/2-30-vac t 10o/o 50'1000cps
500 watts.

Dimensions ,.........,.,.... . ll9VL" w.ide x 20V2" high x 253/a"
ldeep. Flush panel rack mounting
gla!!ab!q,

WeiCht .,......................,.,.,...........135 lbs-with one tuning unit.
lccàsiorici Slnplied f,iti Basic Model 0U'24:
0ne wrench kit No. A25109.
gff ;it'ii Jlffi ilr8îi îî'€','f
óurt'.ourrt tot tuners when m9re than ole tuning unit is ordered'

lnstruction lvanual for Model ISA-W.
Handbook 0n "spectrum Analyzer lechniques",
mCessuies Avàiiable,
iil,iiifiàii óoitv'lVoriéi DA+ tor convenrenl handling of the

equrpmenr.
Rack lMoulting Brackets Model SBI lor mounting with the cabinet

partially projecting flom front edge 0Î racx.
Rack lvlountins Brackets lModel S&2 for mounting with the control

Danel l lush with lront edge of rack
Switchins unit to allow operation of two 0r more tuning units with'

out Dlugging the units in separately.

Synchrolitation...

Marimúm Power
CRr Èisplay Tube

O Polordd EI6dtont3 CorPorotion, l9ó2
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APPLICATIONS

. Detemining:
- Presence and level of r-f signals.
- R-F signal chaacteristics.
- Attenuation, insertion loss and gain charac-

teristics of r-f components.

. Checking. observing and measuring:
- Spectrum associated with pulse_modulated

signals.
- Output spectrum of magnetrons for width of

main lobe, and malfunctioning due to double-
moding or misffring.

- The tracking of r-f components within a radar
system.

. Comparing two r-f signals having a small
rreqllency separation.

. Sensitive indicator for VSWR rneasuremenrs.

FEAIURES
o 10 to 40,880 mc frequency range in a single

tuning unit.

r Unique band selector shows only the bancl in use,
eliminatirìg operator reading error.

o Expanded direct-reading slide-rule dial.

o Intemal r-f attenuation, l0 to 12,400 mc.

. Stable local oscillators covering more than one oc_
tave reduce required number of frequency bands.

. Expanded frequency marker with graduations
every 200 kc permits measurement of very small
frequency difierences.

o Provisions for multipulse spectrum decoder.

. I)irect waveguide inputs in addition to Type N.

. Non-contacting shorts to tune klystron oscillator,
assrrri lg lolg equipment l i fe and noiseless tunirìg,

o Flat 5-irìch cathode-ray tube display.

o Rugged cùìstruction meets government equip-
ment speciff cations inclucling shock, e*vi.orme.lt,
vibratiou aud interference.

Model SA-84

F.,LARAD ELECTR.,NICS GOR'.,RAIION .43-20 3.rh sîREEr, L.NG T.LAND Grry r .  N.v



SPECIFICATIONS

fr0qusncyRang€............. 10 !0 40,880 mc, covered in eight
Danos

Band1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 to  4 l0mc)Lowf requency
Band2. . . . . . . . . . . . . . .  . .  . . . . . . . . . . .  250 t0  980mcl lo@l
Band 3.......................... . ........... 700 to 2,120 mc) oscil lator
Band4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 ,000t0  4 ,400 mc\H igh
Bard5...................................... 4,200t0 8,900flclfrequency
Band 6....................................... 6,300 to 13,500 mc )klystron
Band 7.... ..................................12,800 to 27,200 mc t local
Band8. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .19 ,250t040,880mcrosc i11ator

Sp0ctrum 0isp|ay.........................Signa1 slrenglh on the.veriìcal axis
.versus frequency 0n fie norEonlsl
axts

nosolmion Bandwidlh
htthe 3 db oointd...........,.......20 kc at all froquencies

frooùenGY lllsrofsion
iittoÉ5 mi-.-........................500 kc to 5 mc, adlustable
55 to 40,880 nc.......................500 kc t0 25 mc' adiustable

SwG€l n0p0titior nat8,.,..............1 to 30 cps adiustable
Synchronirlt|on...,.,.............,.........1nt8rna1 lins f requsncy

SD0clrum Gallblat0r trrquoncy....160 mc center-frqmncy with a
tuning rangg ff =lz.l mc

Sllctrum Geliinl0r Accrraoy ...È5% of the availabls display.or- 
il mc for the maximum dlsplay

tr0qrcncy Ùal AccuÌacy...............10 qo 2,000 mc, i1%.of.tho
fundamental local oscillatot
froquencyi above 2,000 mc, É1%,
of dial frequency.

l.f 4t1aru41i0n....,...,...............,.....Fr0m 0 to 60 db, stop'variable in
nominal 6 db increments

Crthods-Ray T[b0...,,.,.......... . . 5 inch, phosphor coating, flat facs

Facllltlss l0r Ctm0ra llolntirg..Provided on Cnf berel

Clt Gntlcúlr lll[minatl0r...........Edge lighting provided

Oplrltlng l0mp0ntura Rangs.....o-dsgrees C (32 d€groes F tq- 
55 degrees C (131 dogrees R

P0w!r no[u1r0msnti............... .....103'5 l0 126 5 volts rms a'c' 50 t0' 
1,000 cPs.' 380 watts Pow€r
mnsúmPtlon

01m0nr10nt....................................199t high by Uzl wids bv
2616 inches deep

Í{019ht.........,...,.........,.,........,..,.,.,.145 lbs.
Srnsltivitt (Signal + Noise = 2 x noise at minimum disperslon)

froq[i[oy Scnsltlvitt
lrdlm

n.t Flan[g
îemlnallnn

l0 to 400 mc 65 to 90 0 to 100 db Tvoé N

400 to 980 mc 57 to 80 0 to 100 db Tvné N

1.000t0 2.000mc 50 to 75 0 to 100 db TYoe N

2.000 lo 12.000 mc 65 to 90 0 to 100 db Tvoe N

12,000 to 40,000 mc 40 nominal oxternal
attenuators
available

Type L
wavegur0e:

uG -4r9/U
uG-595/U
uc- 599/U

locosso]iss sulpllod wlth nodal:
ono set of colored filters
one wrench kit
one alignment iool
Cable ;ssombly ................ 6 feet ...... . .Ìype N . .. .. . .4 1098U
Cable assembly ................18 inches . . Type N.... . . . .A 109816
power cable ................................A 10981E

AGce3sories AYaileble:
l(u Band Attenuator C 105314
K Band Àttenuator C 105341
Ka Band Attenuator C 105342
Rack Mounting Brackets
DA.3 Instrument DollY
Bandpass Filters
TC-84 Transit Case

@ Polo?ad El.ctoni<5 Cotporotion. l9d



Complete frequency coverage, l0 to 40,800
mc, in a single unit. Choice of dispersion
bandwidths for narrow and wide pulse analy-
sis. | , to 80 kc variable resolutì0n.25 kc to
80 mc dispersion range.

APPLICATIOilS
o Checking, observing and precise measurement of:
- Spectral characteristics of wide or nurow pulses.
- FM characteristics.
- R-F signals with relatively wide frequency

separation.
- Harmonic and spurious content of sigDals.
- Interference and leakage.
- Tracking of r-f components within a radarsystem.

o Secondary frequency standard
- Frequency rheasurement of high trnd low level

signals - pulse, FM cw, etc.
- Frequency difierence between two closely

spaced signals.

. Sensitive, accurate indicatorl
- Precise attenuation, insertion loss.
- VSWR meter with large dynamic range.

FEATURES

. 10 to 40,880 mc frequency range in a single tuning
unit.

. Calibrated dispersion over 80 mc.*

. Minimum clispersion 25 kc.

. I to 80 kc variable resolution.

..01% crystal frequency calibrator markers over
complete R-F range.

. Accurate i-f attenuator.

. Expanded direct-reading slide-rule dial,

. Unique band selector shows only the band in use,
eliminating operator reading error.

,100  mc useabre  d lspere ion  ava i lab le  on  spec ia l  0 rder

Model SA-84W

. Internal r-f attenuation, to 12,400 mc.

. Stabler local oscillators covering more than one oc-
tave reduce required number of frequency bands.

. Expandecl variable frequency marker covering a
range of :t 40 rnc.

. Provisions for multiptrlse spectrum decoder.

. Direct waveguide inputs in addition to Type N,

. Non-contacting shorts to tune klystron oscillator,
assuring long equipment life and noiseless tuning,

. Vidco fflter provided for observation of closely
spaced signals.

POLARAD ELEGTRC)NIGS CORPORATION . a3-2o sath st . ,  Lons rsrand ctty 1, N.y. .  Exetér z-4soo



SPEGIFIGATIONS

hlrt lalgr..--..................-...--"...........10 to 40,880 mc, covered in nine
Dan0s

H I --.-..........-......................-.--....10 to 240 mc
fra 2 -.--............--......"...........-....--.240 to 640 mc
H3 -.--.....-............-...-.-...........".--640 to 1,440 mc
lrdl --............"..................-.-.........- 1,040 to 2,240 mc
lrd 5 --*.-...........................-............- 2,000 to 4,400 nc
H6 ---.-..............-.............-...-....-..4,200 to 8,900 mc
lrd 7 --.-...........-............................... 6,300 to 13,500 mc
hd8--........-...-................"............. 12,800 to 27,200 mc
lrd 9 ---..............................-............. 19,250 t040,880 mc

Fr 0isDlay .................-.......-................. Signal st-rength, .log or lin, -on
the vertical axis versus Îre-
quencY on the horizontal axis

t|fLh DisFlty -------......,..........rAppr0x. 3 db per gratìcule divi-
sion, to 24 db. l\4aximum log dis'
PIaY 36 db {40 db available on
special order)

ìilar S.ndwidt[
Èa lh 3db points)..................-.-......--- I to 80 kc variable

ÉrFrct oisperslon
l0 to 240 mc..........................----.----25 lc to l0 mc, adjustable
ilt t0 40.880 mc..................................,.,.25-kc to 80 mc, adjustable (2

rangell
h.' Irtc --..."....,..,.,....................,.,"..,.-.,..,...1 to 30 cps adjustable
Frialion .....,,.,.....,............,..,.."-..,,..,.......Inlernal line frequency, external,

ÉÈlibralor 
olrree runnlng

i0 - uD to 240 mc,.,.............-.,.........,......1, l0 mc
2m to 2.240 mc.......".-..-.,...,.,..,.,..,.,..-."-.50 mc
AIn to 40,880......,....,,.,.,..........-.........,..,... 100 mc
tú*y ................".,."---'.......,..,..,.,..,.....0.0 I %

Iri_a lrillr nanl0 ........_...,......,.....,..... a40 mc
Hlr Accuracy.:...........,........,.........-..... = 5% maximum displsy

trF*t 0i.t Accuracy .................-.,.....,...10 to 2,000 mc, = l% of the f un-
damental local oscillatot
above 2.000 mc. :tloz of dial

lfibrulion 
frequ€ncy

Iri-le -......................................................... 0 to 40 db
*o --...-............................,.......-.....-.........0 to 20 in I db stsps' 

Gccuracy 0 l db Per db)
C-ètry túù! .........,.,,.......,.-.-..,,..........-..5 inch, P7 phosph0r coating, flat

face with edge lighting Provided
(other phosphors available on
soecial order)

ffi tor Cam0ra M00[tir&..............Provìded on CîT bezel

SFci0@rlon. .ebl.d to chqng. *lthout nlrlo.

0DeratingTenperature Range........0 degree. C (32 degrees R to
r50 degrees C {122 degrees n

P0wer Requirements-SA'04w...........115/230 wlts rms AC, 50 to
60 cps.,,500 v*tls power con-
sumDtion -*

S4.84Wt.........115/230 volts rms AC,50 to
1000.cps,, 500 watts power con-
sum0!0n

Dimtnsions (overall)....... .................-20r/2 high by l8y4 wide by 25ya
inches deep flush panel rack
mounting available)

Weigbt................................................140 lbs.
SensitÌvlty (Sjgnal + Noise : 2 x noise at minimum resolution

one wrench kit 425109
R-F Cable A109816
R-F Cable A109817
Lìne Cord Bll1144
Instruction Manual

Accessories Availatle:
Ku Band Attenuator
K Band Attenuator
l{a Band Attenuator AT-IG
Rack l\4ountins Brackets, flush or non.flush
DA.4 lnstrume-nt Dollv
R-F BandDass Filters it"Serles)

F-750 (750-1,260 mc) F.3550 (3,550-6,900 mc)
F-l180 (1,180.2,120 mc) F-6300 (6,300.11,800 mc)
F-2050 (2,050.3,650 mc)

Af-Ku
AT.I{



APPLICATIONS
. Checking, obscrving and precisc measurement of:

Spectral characteristics of wide or ntrrow pulses.
- FM characteristics.

lì-F siguals with rclttively wicle frequcncy
sepiìration.
I{armonic and sprrr'ous content of signals.
lnterfercncc and leakrgc.

- Tncking ofr-f componcnts within î radirr system.

. Seconclary frcquency stnndrrd
-- Frcquency mcrsuremcnt of high rnd ìorv lcvel

signals - pnlse, FM, cw, ctc.
Frequency dificrencc betwecn two closcly
iplctrd sign1115.

. ScDsitivo, accurrto indicator:
Prccisc lrttenuiìtion, inscrtion loss.
VS\ \ ' ì ì  rnc tc r  w i th  l rùq ' . , l l r r i rm i<  r i rng t . .

FEATURES

r l0 to 63,680 mc tieqrre|cy range in a single tuning
unlL

o Calibrnted dispersion over 80 mc.*

. Minimum dislrcrsion 25 kc,

o I to 80 kc variable resolution.

o .0Ì/r crystal frequency calibrator markers over
complete R F range.

. Accurate i-f attenuator.

. Expanded direct-reading slide,rule dial.

o Unique baud selector shows only the band in use,
eliminating operator reading e[or.

I  1 0 0  m c  u s e n b l e  d i s p e r e i o n  a v è j  a b l e  o n  ! p e c t ó t  o r d e .

. Internrìl r-{ îttenurìtion, to 12,400 mc.

. Stable local oscillators covedng more than one oc-
tave reduce requircd numbcr of frequency bands.

o Expanded variable frequency marker covcring a
range of :! 40 mc,

o Provisions for muÌtipulse spcctrum decoder.

r Direct rvaveguide inputs in addition io Type N.

. Non-contacting shorts to tune klystron oscillator,
assuring long equipment life and noiseless tuning.

. Video fflter provided for observation of closely
spaced signals.

P()LARAD ELÉCTRONICS GORPORAIION .43-20 34rh St.  Long t i t .nd C1y t ,  N.y..  Exetor 2-4600



SPECIFICATIONS
FEque[cy Range...............................10 to 63,680 mc, c0vered in ten

bands
Band 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .10  to  240 mc
Band 2................................ ............240 t0 640 mc
Band 3....................... .. ............ .... 640 to 1,440 mc
Band 4.............................................1,040 to 2,240 mc
Band5. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .  . . . . . . . .2 ,000 to  4 ,400 mc
Band 6............................................4,200 t0 8,900 mc
Band 7............................................6,300 to 13,500 mc
Band 8..... ... ................. .................12,800 to 27,200 mc
Eand 9......... ..................................19,250 to 40,880 mc
Sand 10.... .. .... .. . .........................40,000 t0 63,680 mc

$ectrum l)isDlay... ... . ....... ..Signal strenglh, Log 0r Lin, on
î{ote 5" usable display the vertical axis versus frequen-

cY on the horizontal axis
bgar i thmic  D isp lay . .  . . . . . . .  . . , . . . . .A lDrox imate ly  3  db  per  g ra t i cu le

dilision. over 24 db-maximum
log disdlaY 36 db

lesolution Bandwidih
(a t  the  3  db  po in ts ) . .  . . .  . . . . . . . .  1  t0  80  kc  var iab le

frequency 0isoersioI
l0 to 240 mc . . . . . 25 kc with exoanded H gain to

10 mc, adjustable
240 mc to 63 kmc....... ......... .... ... 25 kc with expanded H gain t0

80 mc, st'd., 100 mc on special
order, adiustable (2 ranges)

Sreep Rate . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1  to  30  cps ,  ad jus tab le
strcir0nizati0n............................... lnternal l ine.frequency, external,

0r Îree runnlng

Cath0de-RayTube.. . . . . . . . . . . . . . . . . . . . . . . . . . .5 inch, phosphor coat ing, lat
face with edce lighting Provided

tacilities fol Camera M0[[ting.........Provided 0n CRT Bezel
0perat inglemperature Range.. . . . . . . . . .0 degree C (32 degrees R io

+50 degrees C (122 deglees R
P0wer neqúirements.. . . . .  . . . . . . . . . . . . . . . . . . . .115/230 volts rms AC, 50 t0 60

cps,500 watts Power consump-
tion

0imensions (overall).......

ADcessories súpllied with model:
one set of colored lilters 827336-1

20Y2 hi9h bY 183/a wide bY 253À
deep

Crtshl Calibrator
l0 mc up to 240
240 lo 2,240 nc.
2,000 to 40,880
Accuracy . . . . . . . . . . .

mc. . . . . . . . . . . . . . . . . . . . .1  o r  10  mc
.  . 5 0 m c

mc. . . . . . . . . . . . . . . . . . . .  . . .100  mc
. . . . . . . . . . . . . . . . . . . . . . . . .  . . .0 .01%

Variablé Mark€r Ran9e......... .............+40 mc
Marker Accuracy..........................È5% maximum display

Ínq[oncy Dial Accúracy.... .......... 10 to 2,000 nc, t1% of lhe
fundafrental local oscìl lator fre-
quencY or 2 mc, whichever is
gle!!er. Above 2,000 mc, È1%
0î  u ta l

l{ Attenuatlon
Var i8b |e . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . .0  to40 db
Steo. . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .0  to  20  in  1  db  s teos

(Accurscy 0.1 db per db)

Line Cord Bll1144
lnstruction Manual
R.F cable Al098U

[ll'/*[*,r, r'**, rush or non"rrush
DA-4 Instrument Dolly

Sp.ci0cqtion! wbi.d to <hdns€ withoui nollc.

one wrench kit 425109
R-F cable 4109816

Accessories Availahle
fu Band Attenuatof
K Band Attenuator
Xa Band Atteouator

'Minimùm dLp.Éion qnd r.rolùtlon ..rtinsr

Weight . . . .  . . . . . . - .  . . . . . . . . . . . . . . . . . . . . . . . .135  pounds
.sensitivity (Signal 4 Noise = 2 x noise )
rrsquEtroy
Range {mcì

--fi 
iiiii-

R-t flalge
Terminalion

lu l0 î0 t l5 IUU O

YU IO db 'De N

75 to 100
Irs. Wave

0uide tlangl
50 to 4l 60 to 95
100 to 6i 45 lo E5 available quenc

t2.4 to
t8 kmc

lG-
l t /u

uti
419/ll

16 kmc tu t/u
26 to
40 kmc

ìG-
t6/u

uG-
599/U

J kmc
tu-
t7 /u ,/u



APPLICATIONS
r  N, lobi le spcctral  Ìncasurcìnents.

.  NlcasurjDg i-pcctral  chiui ìct(r . ist ics ol  pulsernocl_
ul l ted ald FNI signr ls.

.  Dctoct ing ancl id<Ìt i fv ing spru. iorrs sigùîÌs.

e ( jhccking micLoltvc osci l Ì r tors,  inchrcl iug ntag_
rrctrons i rncl  k lystrors for prr Ì l i lg,  dorr l l lcrnodirrg,
rrr<l  ot l rcr tvpcs oI rnaìfrrnct iols.

.  Olxrcking tho trnckir ìg of rr( ì i t r  systcnì corrpo_
tcnts.

o i \ l r r lsur jrrg t ì ro l ì .cr1rr<'rcy <ì i f lcrqrcc ol  t rvo r- f
s igl l ls.

r  ( Ì rurt t t r : tcasrrrcs al i i ìysis.

FEATURES

r  Trrursistor izccl  l ì1.  nobi lcr opcr i ì t ion.

.  Covcrs cornl t lete freqrrency rarrgo rvi th a singlc
tuniùg rì l t i t .

.  Ài lobi l ( ì  l r r t terv (12 vol t)  opcr l t iorì  as rvcl l  as
powcr l i r rc opcrî t ioì t .

.  Dircct roadiÙg froqueDcy dinl .

r  Scl f ,corrfaìncd frerpelcy r tarkor for ntei ìsur i lg
srnl ì l  f requercy cl i f lorences.

.  \ r l j r r s t r r l , l n  l r c , 1 r r - 1 1 1 1  < l i s p . r r i o . . .

o Sirglc knob UNIDIAL t  f rer lutrrcv control .

o Electronical l )  regulatecl  power suppl ies.

P O L A R A D  E L E C T R O N I C S  C O R P O R A T I O N

i \ Iorlrl S.\-S11

43-20 34th 5t. ,  tons ls lond Ciry l ,  N. y.  .  Exerer 2.4500



FrEquencyRange........-....................................-10 mc to 40,880 mc, covered in
eight bands, in one tuning unit .
Band 1: l0 to 410 mc
Band 2: 250 to 980 mc
Band3:700 to 2,120 mc
Band4:2,000 to 4,400 mc
Band 5:4,200 to 8,900 mc
Band 6: 6,300 to 13,500 mc
Band 7: 12,800 to 27,200 mc
Band 8: 19,250 to 40.880 mc

Sleclrum 0isp1ay.........................-..,..........,..Si9na1 amplitude on the vertical
axis versus frequency on the hori-
zontal  axis.

Resolution Bandwidt[......,.,.......,.............,.....20 kc at all frequencies (at 3 db
Doints).

freq!Ercy 0isprrsio[:
l0 mc to 55 mc .............................................500 kc to 5 mc, adjustable.
55 mc to 40,880 mc .................................500 kc to 25 mc, adjustable.

Swecp ReDetiîion nate ..........................-...- 1 io 30 cps adjustable.
Synch r0[lzati0 n ........-...............".....,................. Extern a l, or I ine fre q uency.

Spectrum Calibrator trequency...-........160 mc center frequency with a
tuning range of 113 mc; accuracy
of a 5% of the avaì lable display or
al  nc lor the maximum display.

Frequency0iafAccuracy. .  . . .  . . . . . . . !1% of the lundamental  local
oscillator lrequency 10 mc to 2000
nci !7Y" ol  dial  reading above
2,000 mc.

l-F Attenuati0n ........-.........................................Ca1ibrated from 0 to 41 db, variable
in 1 db incrementsi  accuracy 0.1
dbldb.

0isplay Tube.....................................................-..5 inch CRT ph0sphor coating; with
.  edge l ight ing provided 0n grat icule.

tacilities l0r Camera M0unting............... Provided on CRI bezel.
0perat ing Tenperalure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -10"C to 55"C (14'F t0 131"0.
Power Requirements ................................-.....A0, 115,/230 volts a 10%, 50,/60

cps, 140 watts;  DC, 12 vol ts nomi-
nal,  110 watts.

Dimensi0rs ...........................,,,...........,..,.,,.,,.,,,,,,..16%r" wide x 173/att high x l8lz,,
deep.

W0igit ........,....,.,...,......"..,,....,.......-......,"...,..,...-.-- I00 lbs. wìth tuning unit.

Accessories Sup0l iedl
0ne wfench ki t  no. A25109
one anber f i l ter no, 827336.1
one rf  cable no. BPl255l
0ne Instruction lvanual lor Model SA-84T.
0ne handbook on "Spectrùm Analyzer Techniques".

Accessories Avai lablel
lnstrument Dol ly l t lodel DA-4 for convenient handl ing of equipment.
Brackets, Rack lMounting, either llush-mount or non--flush.ùoijnt.
Eandpass Fi l ters.
Attenuators, Ku band.
Attenuators, K band.
Attenuators, la band.



APPLICATIONS

o Simplifying ffeld intensity measurements by dis-
playing thc cntire range of each band (up to
4,000 mc).

. Determining pulse widths and pulse shapes by
spcctrum analysis techniques.

. Observing and measuring sidebands associated
with modulated signals.

. Chccking the tracking of a radar syste.m's trans-
mitter and rcceiyer.

. Measuring noiso spectra.

o Simplifying broadband lamming measurements.

. DeterminiDg r,f attenuation, insertion loss, and
gain charactcristics of microwave components
and systems.

FEATURES

o Wide band display up to 4000 mc.

. Rapid band selection by illuminated
push button switches.

. Frequency marker for measuring
frequcncy-diflerences up to 4000 mc.

o End markers indicating frequency
limits of each band.

. Centcr marker allowing operator to
switch from wide band to narrow
band without hunting for the r-f signal;
displays truo r-f ccnter.

. Intemal r-f attenuators (0 to 100 db)
for signals up to 12.4 kmc; external attenuators
availahle for use above 12.4 kmc.

. Automatic Faiì-Safe circuitry to protect
Backward-Wavc-Oscillators.

o T-F atlerrualiorr from 0 to 60 db

o Large 7-inch cathode ray display tube.

o Fixcd resolutiorr of 20 kc and 1.5 mc.

o UNIDIAL@ control for simplicity of tuning.

PC,LARAD ELECÎRC'NIGsl CORPORATION
43-20 34th 3î.. LONG TALAND Ctîv l. N.y.

Tel. Exelèr 2-46@



SPECIFICATIONS MODEL WSA

Fr0qrcncy Ralgr -.-.-.....--.--.-.""...*.10 mc t0 40,000 mc in 20 Bandsr
Bard 1 ..".,.*".,.,.-.,.,..*---.10 to 410 mc
Band 2 -...."-".,...".,.,.-*--.-...410 to 800 mc
Band 3....."---.--...-"."".----800 mc to 1.32 kmc
Band 4..,."-....,.""".",.,.."--"..1.32 to 2.2 kmc
Band 5..,.,..,..".,.,.,...."-...--*.,..2.2 to 3.5 kmc
Band 6.-...-..--"-..,."....-."-.--..3.5 t0 4.5 kmc
Eand 7 .".,.",."-.""".-.--."..".,..4.5 to 6.1 kmc
Band 8..-----...-..."..,.,.--.,."."6.1 to 8.0 kmc
Band 9...,.,.,.".,.",..-..-.-.....".,.".8.0 to 9.15 kmc
Band 10...."",.--,."".....,.-*--9.15 to 10.6 kmc
Band 11 ...."".."".,....,.""".,.--...-10.6 to 12.4 kmc
Eand 12.."...,"".."--..""--.,.-.12.4 to 13.6 kmc
Band 13 .,.-.--""".".,."-."""...",13.6 to 15.5 kmc
Band 14.".*-....,.,."*,"----..15.5 t0 18.5 kmc
Band 15.-*"--.,.-."-"".-.,.""."-18.5 to 22.0 kmc
Band 16 ..""",.".."-."---".,."".-22.0 to 26.0 knc
Eand 17 ....--.".,.""-.""-"".,.-.,..26.0 to 28.5 kmc
Band 18 ".--,.".",-".-"--.--.,..,.-28.5 t0 32.0 lmc
Band 19 -".-*""..-".""'.*"32.0 to 36.0 kmc
Band 20."."-..,."".--"".,.-.-*""36.0 to 40.0 knc

n+ FrGqùorcy Dlrl
Dfm A00ura0y .,".,.-.,-.",.-.,.*.-. 15% of dial setting

Band Sslscllon.".","".,.---**."*-AÍtomaticr with illuminated push'
buttons.

Dlrpcrelon "".".,"..,.-.,.,.,."*-,*",,.""*.Narow Band: 1 mc to 25 mc.
wide Bsnd: 50 mc to 4,000 mc.

Rssolutlon .".".,.,.""*,.".,.*".*.*.-.-Narrow Bandr 20 kc
Wide Sandr 1.5 mc

Sw6sI Rrp6tiú0n nat0 -.,.-"*-*--..1 t0 30 cps; adjustable.

Syncft mrlratlol .*"*".-"-"*.-.-*External, 0f, 0r line frequency.

Sp60tr!mCallbral0r""...,"".-,,.-.-."-Generation of direct readìng fiÈ
quency markers to measure fre"

.. . quency deviation lrom I mc t0 4,000' - 
mc, accuracy of f5%,

Sp0ctrum tllsplay."".,.",--"....*"".*.Signal amplltude 0n vertical axis
versus frequency on horizontal axis'

l-t froqucnclss ......-...."...,,.,.".....-...-.,...,8200 mc, 3600 mc, 1000 mc, 160 mc,
64 nc; depending on band solection

l-F Atlenmtl0r .."".......""-...*"--."-0 to 60 ó.

Intornal R.f Attsruabr naryo--*o t0 100 db 0ariable), for use up to
12.4 kmc.

lld 8.nd Martcrs-."*-.".---'."---Aut0matically marks end limits 0f
band in use to oDerator.

Csnter trequency Ìla*er ...'.-"*.Automatically marks cenler of band
in use to operator, permitting switch-
ing from wide band t! narrow band
without hunting for the r-f signal.

tail.Safs Syst0m..**".-".".**Automatic fail-safe circuitry protects
life 0f mìcrowave oscillator tubes.

0leratirg Tempeniure Range..-.-20oc to 55oC F-4oF to 130oR

Display Tube .-.-......."..,."-.-.-""."".....-..7 inch cRl, phosphor coating flat
face, with edge lighting Provided
on graticule.

Camefa M0u[ting tacllitles -".,.-.-Provided on cRT bezel upon request'

P0wer Requirements -.,..,.-.,.".,"."".,.,.115 vac + 10%, 50,/60 cps (U25
watts).

Dimensions .-.-..-".-....,...-"...-..."--.."--82" high x 33" wide x 33" Iong, 0n
roller dollY.

IntEr[atVenti1ati0n.,....,...,.,..,.,.,..,.,.,."".C001 running, h0llow center, forced
chimney type.

Wsight.".-...,."".,..,".,..,,.,,.,.-.,.,..,...".,.,.".,....1000 lbs. crated.

Sensitivity

ilominal InPut
Íreqú0nly nange Sensitivlty R-t Atténuati0[ c0nneollo[

10to 410 mc -80 dbm 0 to 100 db TYPe N

410 to 12,400 mc -70 dbm 0 t0 100 db lvpe N

12.4 to 18,5 kmc -60 dbm kteroal attenuator Waveguide:
Choke
flang€ for
RG.91/U

18,5 to 26.0 kmc -50 dbm External sttenuator Waveguide:
Choke
flange for
nG.66/U

26.0 to 40.0 kmc -50 dbm External attenuator Waveglide,
Choke
flange for
RG.96/U...

llolel (1) Sensitivity figures refeilèd to minimum discernable signal
(natrow band operation).

(A Specifications subject t0 change without notlce'

lcoossories Sup!li8d!
l{mber filter No. 827336-1
l-wrench lit No. 425109
l{able assembly, lype RG-94,/U
l{able assembly, Type RG.9AIU

with Type UG.2lDlU
l{able assembly, Type RG-71,/u

wìth Type UG-2604/U
l-power cable

Accessories AYalleil€:
(u band variable attenuatot C105314
K band variable attenuator C105341
Ka band variable attenuatot C105342
Band pass tilter for.each bàd,

@ Polq.Òd El.dronics Corpordio., l9ól



FEATURES

o 50,000 mc to 100,000 mc frcquency coverage using
it sitÌglc tuìliùg t[ìit.

o Disporsion contiùuously a<Ijustable frorn 50 mc to
1,000 mc.

o Irroquelcy clial nccrrracy of t l%.

r One UNIDIALO frerluercy corrtrol for simplicity
ot tuning,

o Fail-safe circuitry prcveuts dnmage to mrcrowave
oscillators alcl arnpliffcr tubes.

e High frequency i-f's assure goocl image reiection.

o Frerlucncy rnarkers for spoctruln <ralibration have
a t 5% acc[riìcy.

o Onc BWO covers coùplete frcrluency range.

o Flat 7-inch catl iocle ray tube.

o Pwer supply is metercd for moDitoring all major
voltagcs rncl clìrr.ttts re(luircd for optimum op_
eriìtknr,

APPLICATIONS

. Obseryatiqr of pulsecl signals as narrow as 0.01
microseconds.

. Measudng spcctral characteristics of pulse mod*
lated signals.

e Simplifyirrg ffclt l iDtensity measurements.

. Waveform monitoring.

. Checking the pcrformance of microwave oscilla-
tors, such as klystrots and magnetrons, for pulling
or double-moding.

. Detecting and identifying spurious signals.

o Simultancous obscrvation of several signals within
a radar system.

. Measuring the attenuation, insertion loss, gain or
VSWR of microwave components,

. Countermeasures analysis.

P O L A R A D  E L E C T R O N I G S  C O R P O R A T I O N  . 4 3 - 2 0  3 4 r h  S î R E E T ,  L o N G  t s L A N o  c t r y  r .  N . y
Tet.  Exeter 2-4SOO



SPEGIFIGATIONS:

Frequency nalgc -----.----..-*.",--50 kmc t0 100 knc with one tuning
unit in three bands:
Band 1:50 to 62 kmc
Band 2: 60 to 80 kmc
Band 3! 75 to 100 kmc.

Sensitiyiv -"".,.---.'"'-".-"--.".--..-50 dbm nominal.
*frequency llisporsi0n ..*--.,."-.,..50 mc to 1,000 mc continuously

variable.
trequsnoy Dial Accuncy -..,.""--...... Ì 1%.
*Resolúion -.,.".,".-"--."""-".-.-.""""- I mc.
Inprt C0rnectior.".""-".."....".""-""."RG"99./-U Wavoguide with a UG-387,/U

cover nange.
l.t Attenmlion.-...-""".-.,...""-......*...,.".0 to 60 db, internal, continrously

vana0t8.
Synchmnintion .".".-.-".,."".-*,*.,".- | nterna l, off, or external.
Sw00t Rat0 ".""."-"-"-.,.""".,.""".".,.--1 t0 30 cps adjustable.
Disllay Tube ..".,.-."".--.-....".--....---.-7 inch flat face cathode ray tube.
treqlency Difference Marker-..-.-l'{egative pulse, amplitude_variable

U Î0 J Cmi aCCUTaCY 0l = lb.
InDut P0wsr n0quirsd".."*..."-"...115 vac t l0% 50,/60 cps, 900

watts,
Wslght .",.".,."-.,.,.,.-.,.,.,..,.".......-....".,.,.,.",.. I 00 lbs. for Display Unlt;

150 lbs. for Powsr supply tlnlt.
Ifimonsions (0v0raf0 ,.."".,".,.-.,".,,.,-.1796" wlde x 20" hiehx24ya" daep

each for Display Unit and Power
Supply Unit

*Narrower dispersi0n and resolution available on roquest,

Accessories supplied'

l-Power cable.3 conductor cable.

2-Wavoguido adaptors: RG-97,/u to RG.99,/U; R6'98/U to RG-99/U.

l-lnstruction Manual for Model DA-70 Spectrum Analyzer.

l-Handbook of "Spectrum Analyrer lechniques".



APPLIGATIONS

FEATURES
. Automatic gating of spectrum anrilyzer

during the interval of pulse analysis.
. CRT display of pulse group.

Sweep expansion provide<l for inspec-
tion of closely grouped pulses.

o Pulse intensiffcation to facilitate pnlsc
selection.

o Contirruously variable swecp width.
. Coutinuously variable gnte wiclth and

gate position for pulsc sclection,
r Triggenrl sweep on first prrlso irr any

pulse traiù.
. Provision for external syrrc antl gare.
o Self-contained unit.

o The Nlodel SD-l Multipulse Spectrum Selector,
when used with the Pola-racl Model TSA or SA-8i
Spectrum Analyzer, makes possible the spectrum
analysis of individual pulses in a pulse gròrrp.o

o Useful in analysis and design of telemetry equip-
ment, IFF, beacons, and radar sysrems.

. Catr be used with any spectrum analyzer or re-
ceiver having an intermediate frequqncy of 160 mc
( or 140 mc on special order).

'ì3i 
;g:'î",:,;:5,'.""',T",63i,'t",:ÍÌs *Jl"f ill#i,",!1ffiì:

Model SD-l

P O L A R A D  E L E G T R O N I C I I  C C , R P O R A î | O N . + g - z o  3 4 r h  s r R E E T ,  L o N G  t s L A N D  c r l y  r .  N . y -



SPECIFICATIONS
0utluts:

Video .,..,..............,........".............."..............,.-...-0 to 8 volts posÌtive, source im-
pedance less than 1000 ohms
signafto"noise ratio 45 db.

SyncPu|se................................-.......................Negative,25 volts from 22K
0nms.

Audio ........,....,.....-..-.................,.......-....,.......... loudspeaker (0.5 walts) or ex-
ternal earphones.

hpuls:
Video..............................,............................,."......1.5 volts peak (maximum), input

impedance 75K ohms.
Sync Pulse ,.............................,........,.,..,............ Ne9ative triggers, 1 20 volts inlo

50K ohms.
Audi0.......,........,.................................,..................V0ice (microphone provided, in-

put impedance of 2000 ohms.
lape Speeds:

PlaybaqF and record ...,....................,....,... l5 inches per second,
Rewin d ......"...-.................,......,............................60 feet per secon d.
Fast Foruard .........,.-...-......,-........,.-......-.....50 feet per second,

Ta[e ......-*..-....-..-..------...-......-.-...--Standard ya inch, I !1i! insÙu-
meltation tYPe wilh 3600 feet of
taoe oermits 48 minutes maxi'
mirm continuous recording time.
lort inch reels.

Heads, 4 -.............-........-"."."-......-.......-.......--\/ideo record, video playback,
audio record'Playback, and audiÈ
Jideo case.

M0tofs, 3 ......-......-...................................---.....,.- l-synchronous motor for cap-
itan drive.

l-ì,ifl.',I,'î,'l,Tiii;.
InputP0wer...........-..-........-....-..-..-.....-...----ll5 volts, il07o 60 cps, 240

watts.
0imGnsi0ns .........."................-..-..-..........-......-.. Rack mounting, Standard 19 inch

rack Danel.
Bencli case, l9l4" high by 21Y4"
wide bY 17" deeP'

Weight .".-.......-..........-.......-.......-..-..-..............-." 100 pounds.
Access[ries Supllied " "" -" ,.1 dynamic microphone, I reel 0f

N0TE: 
tape, I take-up reel.

Polordd ll€droniG Corporotion ro6rv€!
the right b .hcnge rhe {ccifi.clioni with-
out nolic in ord.r to Improv. iho prodùd,

r ì
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