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FOREWORD 

The immediate acceptance of the Hewlett-Packard 
851A/8551A shortly after its introduction to the indus - 
try can be explatned only because its characteristics 
differ so greatly from the traditional spectrum ana- 
lyzer. The Hewleti-Packard design philosophy was 
to provide as many analyzer controls s possible in a 
calibrated formso that the spectrum analyzer became 
literally a frequency domain oscilloscope. This, of 
course, implies that in many ways the new spectrum 
analyzer is as casy to use as a standard type of time 
base oscilloscope and that the applications are far 
more extensive than the traditional spectrumanalyzer. 

Since an engineer spends much design time with fre- 
quency plats, so the frequency equivalent of the con- 
ventional time scope assumes new importance. 

Since the publication of Application Note 63 on "Spec~ 
trum Analysis" a wide variety of additional applica~ 
tions of this remarkable analyzer now make it even 
more versatile for the user. This supplemental note 
will describe a number of these in detail. For further 
application assistance and information, contact the 
field office listed on the back cover. 

  

  ‘Equations should read as follows 

Page 15, para. B. 

Page 26, peak power. 

Page 38, table of transforms. 
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MORE ON SPECTRUM ANALYSIS 

1. HOW SPECTRUM ANALYSIS ASSISTS WORK 
IN MICROWAVE SEMICONDUCTORS. 

‘The emergence of microwave semiconductors in their 
various forms has made the use of a spectrum analyzer 
in the designand production areasa virtual necessity. 
Microwave semiconductors are now being used in many 
forms: microwave transistors, parametric ampli- 
fiers, varactor harmonic generators, tunnel diodes, 
abrupt recovery diodes and a variety of special effect 
devices such as Gunn effect, Reed effect and other 
diodes. One characteristic underlies most of these 
semiconductor applications, however, and that 1s that 
the circuit outputs aregenerally dirty signals. Para- 
metric and noise oscillations, signal distortions, and 
intermodulationsare facts of lifeas mostsemiconduc- 
tor designers know. The use of 2 spectrum analyzer 
therefore is extremely important in determining what 
the cixcuit is dofng at any particular time. 

As an example, Figure 1(A) shows a simple one-step 
harmonic generator using an abrupt recovery diode 
and being operated from 4 1900 me drive signal. A 
balanced diode arrangement is mounted across the co- 
axial drive line following an Input double-stub tuner. 
The output signal then is tuned by the use of the wave- 
guide cavity that is formed between the semiconductors 
and the waveguide slidescrew tuner stub. 

‘The input and output impedance considerations for such 
diodes are critical to the operating stability of the cir= 
cuit. That this s true is illustrated in Figure 1(B) 
(C) and (D) where the output signal is observed on the 
spectrum analyzer set for a 2,000 me sweep and the 
circuit mistuned to show the parametric and noise 
oscillations present from the harmonic generator. The 
Last picture then shows how only a simple adjustment 
is required to clean up the signal so that the harmonic 
generator is operating in stable condition. 

Several key characteristics of the ~hp- 8551 analyzer 
set it apart from any other analyzer for microwave 
semiconductor work. The broadsweep capability of up 
10 2,000 me permits analysis of spurious signals well 
separated from the specilic outputs of the microwave 
semiconductor circuits being tested. Another is its 
capability of very wide vertical display range of 60 db 
ATt e S 
ate its own distortion products in the Input mixer. 
This is important to be able to compare signals and 
distortion products. The addition of 83 db more IF 
range with accurately calibrated IF attenvator makes 
it that much more useful. Fially, by sweeping 2-4 ge 
with the local oscillator into a 2 ge IF, all signals 
between 10 me through 10 ge may be mixed in gue coax 
input mixer and presented on screen. Inmost cases 

this "wide-open” front end should have preselection 
applied with filter techniques to be discussed in later 
section, However, in tuning the harmonic generator 
above the appearance of all signals somewhere on 
screenis adecidedadvantage. Specific CRT responses 
can easily be identified by use of the internal signal 
identifier which computes the particular mixing band 
involved. 

2. HOW TO DO SIGNAL AND DISTORTION 
ANALYSIS WITH THE ANALYZER. 

Distortion and signal analysis functionsare easily per= 
formed on the 8551A Spectrum Analyzer, Figure 2 
shows the analysis of a sigoal generator output running 
at 800 m and on the same trace showing the second 
harmonic distortion product at 1600 me 32 db down. 
In this case the broad sweep characteristics and flat 
response in this fundamental mixing mode allows the 
signal and its harmonic to be presented on the same 
screen, The front panel 60 db RF attenuator should 
be usedto assure that the 20d harmonic andother sig- 
nals are not being internally generatedby the analyzer 
itsell, Set the vertical display for 10db/cm and switch 
in 10 db of RF attenuation. If the signal moves more 
than 1 cm, the mixing {5 not in the linear range and 
the signal must be reduced. 

Figure 3 shows a VHF transistor amplifier operating 
with a 150 mc output signal under twoinput conditions. 
Ove shows the specified input andthe second harmonic 
of the output properly 35 db down. (Spec 26 db) The 
second picture shows overdriving characteristics 
where many harmonic products are present. Also 
note noise appearing in the pass band is higher since 
analyzer gain was turned up. 

In the case that the second or other harmonic distor- 
tion products occur In another mixing band, it is ob- 
vious that they will stll appear on the same screen 
presentation since all harmonics appear (f 2000 mc 
sweep is used). However the actual calibration of the 
Sensitivity of the second (or higher) harmonic mixing 
must be performed to give the proper comparison 
between the fundamental and the distortion products, 
For instance, Figure 4 shows a signal gencrator input 
at 1800 me with iis second harmonic signal appearing 
on the same screen and identified at 3600 me. 

To calibrate the actual power relation between the 
fundamental and the second harmonie product, itwould 
be necessary to use a fundamental operating signal 
generator running at the second harmonic requency to 
calibrate the sensitivity of the second harmonic mixing 
band. Also see Section 9 for general purpose sensi- 
tivity calibration technique. 
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Figure 1. 
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  (A) Shows an abrupt recovery diode harmonic generator setup. Parametric Oscillations 
and noise outputs shown in (B) and (C). Picture (D) shows proper 3300 me output, 

Vertical 10 db/cm allows good readability of undesired signals.
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Figure 2. 800 me signal and 1600 me 2nd harmonic 
shown on one sweep. Horizontal 200 mc/cm, 

vertical 10 db/cm. 

  

a 

  
(B) 

Figure 3. _Picture (A) shows normal 150 me transis- 
tor amplifier output. (B) shows amplifier over~ 
loaded with distortion products. Horizontal 

200 mo/cm, vertical 10 db/cm. 
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3. USE FOR FREQUENCY COMB 
GENERATION 

The fact that the ~hp- analyzer provides one complete 
band from 10 to 2000 me in one fundamental mixing 
mode sweep is important because a lot of semiconduc= 
tor harmonic generation and {requency com genera- 
tion goes on in the range upto 2 ge. For example, 
in Figure 5 anabrupt recovery diode s being operated 
at a 50 me rate and & 50 me frequency comb being 
generated oul into the 2000 me range. In this case 
the comb is desired to be flat and free of its own 
spurious intermodulations. This adjustment in opti- 
mization of such a comb generator 1s a very difficult 
{if not impossible) thing to do without the availability of abroad sweepanalyzer whichprovides fla response 
and a high frequency IF with notch filter. Analyzers 
with broadband second converters (100 me) are not 
adequate because they transmit multiple comb response 
inthe IF. 

One precastion must be observed in measuring these 
characteristics of parametric and semiconductor de- 
vices. In the -hp- analyzer the loeal oscillator is 
operatedirom 2 to 4gc and operated into an unbalanced 
mixer as the first conversion stage. This provides 
some L. O. outputpower at a levelof about 1 milliwatt 
at the input terminal which can possibly disturb and 
excite external semiconductor devices under test. The 
best solutionfor eliminating this local oscillator feed- 
out effect on microwave devices, if it is a problem, is 
touse a simple low-pass filter which cuts off at ap- 
proximately 1900 me (or any other cutoff that permits 
working below it). Generally a filter which has a re- 
jection band of 40 to 50 b is adequate to eliminate 

  
Figure 4. The 1800 me generator output is on the 

right in the 1 = 1 band. 3600 mc harmonic 
Ieft of center 15 in the n = 2° band. Hori- 
zontal 200 me/em, vertical 10 db/cm.
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Figare 5. Full sweep from 10 mc to 2000 me and 
vertical scale of 10 db/cm, allow irequency 

comb generator to be optimized from 
50 me base oscillator. 

problems caused by the local oscillator feedout. Fig- 
ure 6 shows a 1200 me low-pass filter characteristic 
rejection to a broadband impulse noise generator. 
1t work i5going on in the 2000 o 4000 me range, which 
is the specific operating area of the local oscillator 
BWO, the use of a 2-4gc ferrite isolator is necessary. 
This provides unilateral transmission of the signal 
under test and yet rejects the local oscillator signal 
from coming back out the input jack. Figure 7 shows 
& plot of a coaxial isolator (Melabs Model 3035), and 
it 15 noted that the out-of-band characteristics of the 
isolator are adequateto allow signal transmission into 
the analyzer all the way down to 150 mc andup ashigh 
as 5000 me. An E&M Model S21N has good forward 
characteristics from 1 0 4.5 ge. 
The local oscillator feedout can also be minimized in 
bands higher than 4 ge by simply utilizing Hewlett- 
Packard Model 3430A Series Bandpass Filters. More 
attention 1s given to filter technigue in the following 
section. 

Application Note 63 on page 18 provides information on 
the capability of tuning parametric amplifiers with the 
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Figure 7. Typical forward insertion 10ss of a com= 
mercial ferrite coaxial isolator. 

Melabs Model 3035. 

  

Figure 6. Filter rejection plot on a 1200 me low= 
pass filter using an impulse generator. Hori~ 

zontal, 110 2 Ge; vertical, 10 db/em. 

analyzer. The important characteristic which gives 
this capability is broad mixing range of the coaxial 
mixer which allows the pump, idler and signal fre- 
quencies to appear on the screen at various computed 
locations, 

One problem comes upwhen pump or idler frequencies 
exist which exceed the 12.4 ge limit of the internal 
coax mixer. For instance a typical C-band paramp 
might have & K-band pump, thus it would be desirable 
to operate both the external waveguide mixer concur- 
rent with the internal coax mixer. 

To do this, it is only necessary tosplit apart the input 
frequencies as shown in Figure 8 to run o the appro- 
priate mixer. The mixer outputs are the combinedby 
going Inside the analyzer and coupling together the coax 
Ieads atthe coaxrelay Ad. Coaxial wires W1 and W21 
are coupled together with a BNC-Tee at terminal J15. 
To get access to this area it is only necessary to re- 
move the top cover of the 8551A and swing up the con- 
verter casting. Instead of 2 BNC-Tee, a 3 db com- 
bining coupler at 2 ge may also be used. A coupler 
might provide somewhat improved performance be- 
cause it stays matched and also prevents the external 
‘waveguide mixer bias from being groundedby the paral- 
lel coax mixer in this application. 
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Figure 8. This diagram and a simple internal con- 
nection permits both internal coax and external 

‘waveguide mixers to operate and display 
concurrently. 

 



Appl. Note 63A 

4. HOW TO GET BEST PERFORMANCE BY 
USE OF FILTERS, 

‘The proper use of amulti-band spectrum analyzer re- 
quires the understanding and application of preselec- 
tion filter techniques to restrict the input signals at 
the front panel to a usable minimum, As shown nthe 
following chart, the Hewlett-Packard bandpass filters 
now are provided in nominal 2 gc segments from 1 ge 
to 10 ge. Low-pass filters are also listed, 

Table 1. Hewlett-Packard Filters, 

  

BANDPASS LOW PASS _ BAND REJECT 

L.P. Stop 
[Model | Passband | Model | Cutoff | Model | Band 
  

8430a | 1-2gc [ 360A | 700 me [ 8430a | 22 
84314 | 2-4gc [ 3608 [1200 me me 
84324 | 4-6gc [ 360C [2200 me at2 
84334 | 6-8gc [ 360D 4100 me g 
84344 | 8-10gc | X36247 16 ge (©0 
84354 | 4-8gc | PSs2ar 23 gc b 
84364 | 8-12.4 ge| K362A%| 31ge down)               R362A7| 47gc 
  

*Model 3624 waveguide low-pass filters act like band- 
pass type because the waveguide cuts off transmission 
Delow the lower band Limit. 

‘The bandpass filters or others should be chosen with 
reference to Figure 20 on page 22 of Application Note 63. 
Depending on the particular operating band required, 
the user should choose a preselection filter that re- 
stricts input signals toa specific band of operation 
andgives the least possible interferiog mixed products. 

Since the publishing of AN 63 Hewlett-Packard has 
added an additional Model 8439A 2 Ge noteh filter which 
provides a 2 me reject band centered at precisely 
2000 me. The use of this filter is recommended in 
any application where there are signals at the inpat 
jack that involve noise or signal level at precisely 
2000 me. The reason for this is that the first IF am- 
plifier operating at 2 gc may be driven directly from 
the frontpanel jack. Thus if broadband noise or other 
signals at 2 g are present, the baseline of the entire 
sweep will shift upward irrespective of what the local 
oscillator sweep indicates. 

Figure 9(A) shows the baseline being raised by the 
presence of broad band noise at the input of the analyzer 
and the 9(B) shows its elimination by use of the notch 
filter. 
The 8439A notch filter is particularly useful on har- 
‘monic generation where ane of the [requency comb sig- 
nals oceurs directly at 3000 mc. 

It's important to remember that most filters must be 
used between well-matched source and load. Thus a 
bandpass or low-pass filter should not directly follow 
an unmatched semiconductor for example or passband 
characteristics will not be preserved. 
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Filtering in waveguide when using the -hp- accessory 
waveguide mixers, 11517A and 115214, is also easy 
since the -hp- Model 362A Low-Pass Filters may be 
utilized to eliminate spurious signals outside of the 
normal waveguide band. The 362A filters, although 
designed as low-pass filters, naturally exhibit high- 
pass characteristics also because the waveguide itself 
cuts off at the nominal band cut off frequency. This 
‘makes them useful for bandpass service from X-band 
and above. 

Low-pass filtering is especially important when doing 
work below 2000 me as mentioned before, especially 
in the applications that exhibit sensitivity to local 
oscillator outfeed, HP Model 360A and Beut off at 100 
and 1200 me, respectively, and may be used if opera- 
tion is Intended for input signals below those fre- 
quencies. 

  

@ 
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Figure 9. (A) 800 mc signal with broadband noise 
into the input mixer can feed directly into 2000 

me IF and raise baseline. (B) 8439A Noteh 
Filter installed, vertical 10 db/cm.
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Finally, another new IF filter is available for the fol- 
lowing requirement. The present 1 ke crystal filter 
utilized in the narrowest IF bandwidth position has skirt 
characteristics that make it difficult to separate closely 
spaced signals. Hewlett-Packard now has available 
an aceessory filter, Model 84424, exhibiting the fol- 
lowing characteristics when installed. The combina- 
tionfilter has a 1 ke 3 db bandwidth. The skirt selec- 
tion of the filter, however, Is such that it exhibits 60db 
rejection at 10 ke or less bandwidth. This makes the 
filter extremely useful for separating closely spaced 
spectra. Figure 10 shows separation of two 150 mc 
spectra 10 kc apart with the normal 1 ke filter and with 
the new 84424 installed. The filter is simply placed 
In the 20 me IF line between the 851B and 8551A. 

It 15 necessary, of course, that the sweep be some- 
what slower for this filter since the sweeping char- 
acteristics requires additional time for the filter to 
respond. 

In general, then, it is highly recommended that some 
sort of preselection filter be employed in virtually all 
measurements utilizing the analyzer. The obvious 
exception to this is where signals of 2 broadband nature 
and all bands are to be analyzed on one presentation. 

  

Another application requiring the use of filter techn 
quesand tied in with the distortion limitations of ana~ 
Iyzer's mixer is the measurement concerned with sig- 
nal distortion analysis, The problem comes up when the 
unknown signal distortion to be measured is substan- 
tially below the carrier level. I the true distortion 
products are below the point where internal distortion 
is generated in the first mixer then a filter must be 
used to prevent the high level of the carrier from gen~ 
erating internal distortion. 

The technique which can be used is to "notch filter" 
Out the carrier with either a notch rejection ilter ora 
low-pass filter. Following the procedures mentioned 
earlier, an operator would first attempt to measure 
signal distortion using the analyzer by ltselfand make 
the 10 db RF attenuation checktosee whether internal 
spurious are being generated from the first mixer. It 
these spurious are being generated, then a high-pass 
filter would be used o reject the fundamental signal 
50 that the second and third harmonic products can be 
analyzed. 

If the distortion products are close in to the carrier 
then notch fillter techniques must be used to reject the 
carrier alone while the close-in distortion products 
are being passed through. A tunable notch filter for 
this purpose is manufactured by Electro-Mechanics 
Company of Austin, Texas which is tunable up to 
1000 me. This filter is very sharply tuned and can be 
utilizedto notchout the carrier signals up tothat range. 

Notch rejection filters similar tothe -hp- Model 8439A 
2 ge noteh filter which exhibits a 2 me rejection down 
t080 db could be used tonotch out undesired high-level 
signals. These multiple-tuned reject cavities can be 
obtained for other frequencies of interest although the 
tuning ranges are relatively narrow and the basic de- 
sign shouldbe consistent with the spectral requirement 
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Another method of rejecting high-level signals while 
examining low-level signals on the same line is to 
utilize a preselecting transmission cavity which can 
be tuned to a particular signal that is to be analyzed. 
In this casethe preselecting transmission cavity would 
reject undesirable signals by perhaps 40 db and pass 
the tuned signal of Interest. The main disadvantage 
here is that only onedesired signal can be passed at a 
time. However for known distortions at a known fre- 
quency, the cavity can still be used to reject other 
carriersand high level signals. Frequency Engineer- 
ing Laboratories at Asbury Park, New Jersey offers 
a series of tunable bandpass filters which can be me- 
chanically tuned to frequencies of interest and reject 
other unwanted signals. Typical operating procedures 
wouldbe todisplay aband of interest, insert the filter, 
and then to manually tune the filter across this range 
and observe the signals coming through at the tuned 
frequencies. 

  

&) 

  
Figure 10. These photos show the increased reso- 
lution posaible with the -hp- 8442 1 ke filter. (&) 
Normal 1k BW. (B) 34424 installed. Horizontal 

scale 10 ke/em, 2t150 me, vertical 10 db/em. 
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5. A FEW SIMPLE OPERATING HINTS IN 
INTERPRETING SPECTRUM PRESENTATIONS 

In the day to day operation of the analyzer, the inter- 
pretation of spectra occuples most af the operator's 
time and some simplified concepts an common spectra 
‘may be useful 

Figure 11{4) shows a simple CW signal as displayed 
on the analyzer, the horizontal axis indicating fre- 
quency and the vertical axis indicating the magnitude 
of the signalas it appears at the input of the analyzer. 
I this CW signal Is modulated with a single sine wave 
tone two side band will appear on either side of the 
signal as shown in Figure 11(B). These sidebands will 
be separated from the carrier by the modulating fre- 
quency (im). Figure 11(C) shows how these sidebands 
would look if the carrier were modulated 100 (voltage 
or linear display). You'll notice that the sidebands 
have an amplitude which is exactly half thatof the car- 
Tier, Inother words, as viewed in the spectrum analyz- 
er, a 100% modulated carrier will have sideband which 
are 6 db down from the carrier. Thus the spectrum 
analyzer becomes an excellent tool for measuring per 
cent modulation of an AM modulated carrier. 

For anarbitrary AMspectrumas shown a Figure 11(D} 
now on a logarithmic presentation, measure the num- 
ber of db the sidebands are down from the carrier, for 

® ® 

s = 
peser—couna s ni— 

®© ® 

2 £ 
9 

(N PHasE) 
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example, 26 b, subtract & db from this to obtain the 
number of b down the sidebands are from 100% modula- 
tion, in this case 20 db. Since 20 db attenuation s 
equivalent toa voltage ratio of . 1 the index of modula= 
tion m in this case is equal to 1. The log display per~ 
mits very small indicies to be resolved. 

Very small values of frequency modulation appear in 
the spectrum analyzer display in exactly the same 
‘manner as amplitude modulation, This is because the 
spectrum analyzer does not retain phase information. 
1f phase information was retained, the analyzer dis- 
play would appear as shown in Figure 11(E) with one 
sideband going upand the other sideband as shown dotted 
extending below the base line. Here again the side- 
bands are separated from the carrier by the modulation 
frequency and the index of modulation can be deter~ 
‘mined in exactly the same manner as for AM. Meas- 
ure the number of db the sidebands are down from a 
carrier, subtract § dbfrom this figure and convert the 
dbintoafraction, Thisiraction is the index of modula-~ 
tion. Since phase modulation is much the same as 
frequency modulation for low indexes of modulation 
its spectrum would appear identical to FM. 

Figure 11(F) shows the spectrum of an AM and FM 
modulated carrier. You will nole that the sidebands 
are not symmetrical in amplitude. The only way that 
you can have ane sideband larger than the other is for 
both AM and FM or phase modulation to exist simul- 

® = ® 
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Figure 11 Typical modulation and distortion spectra. See Text. 
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taneously andat the same modulation frequency. Either 
one alone, regardless of the wave shape, will always 
produce a symmetrical spectrum inamplitude andfre- 
quency about the carrier. This asymmetry in ampli- 
tude can be easily explained by noting in Figure 11(E) 
one FM sideband extends above the Line and one below 
the line when phase information is retained. 

‘The spectrum analyzer adds together the AM and FM 
spectra and displays the absolute magnitude of the 
result. One sideband is added to and the other side- 
band is reduced. The difference in the amplitude be- 
tween these two sidebands is twice theamplitude of the 
FM vector, Realizing this, both the AM index of mo- 
dulation and the frequency index of modulation can 
be measured. This measurement depends on the peak 
FM deviation being in phase with the peak AM. That 
is the general case since incidental FM is usually 
caused by the peak excursion of amplitude modulating 
elements such as a_power amplifier reactiog on an 
oscillator. If the FM were not present the AM side- 
bands would be exactly the average of the two side- 
bands shown. This Lovel can then be used tocalculate 
the percentage of AM modulation. The ratio of the FM 
vector to the AM vector multiplied by the AM index of 
‘modulation will be the frequency index of modulation. 
It is important o note that these measurements must 
be made on a linear scale. 

One of the important new terms which confronts the 
user of a wide dynamic range spectrumanalyzer is the 
conceptof distortion. The spectrum analyzer isa very 
useful tool In measuring distortions. Figure 11(G) 
shows a carrier modulated with 2 pure sine wavestone 
producing two symmetrical sidebands spaced at the 
modulating {requency and two additional sidebands 
spaced at _twice the modulating Irequency from the 
carrier. These additional small sidebands are the 
distortion products which resulted because of non- 
linearities in the modulating process. The ratioof the 
smaller sideband tothe larger sideband is the per cent 
distortion. Distortion sidebands 20 db down from the 
fundamental modulating sidebands would indicate a 
10% distortion of the modulation signal. 

The extremely wide sweep and ilat response of the 
spectrum analyzer makes possible the measurement 
of distortion in the carrier itself. Figure 11(H) shows 

@ carrier at 800 Mc and its second barmonic at 1600, 
T the 1600 Me signal was, for example, 40 db below 
the 800 Me signal the carrier distortion would be 1%. 
In making this measurement care must be taken to 
assure that the distortion shown is not produced in the 
input mixer of the spectrum analyzer. This type of 
distortion in theanalyzer is called harmonic distortion. 
Nospecification for this distortion is given in the speci- 
fications of the analyzer because it varies so widely 
from band to band and from one frequency to another 
within the band. ~ Since this distortion is_produced by 
nonlinearities in the mixing process, the level of the 
local oseillator, the level of the signal and the design 
of the mixer are all important factors in the level of 
this distortion, 

Harmonic distortion can be measured by introducing 
a clean carrier into the spectrum analyzer at a low 
level and increasing the input level until distortion 

Appl. Note 63A 

products are first observed. This typically will vary 
irom -30 dom to ~20 dbm on Band 1. The difference 
in carrier level and distortion product level s a meas- 
ure of the harmonie distortion. To keep this ratio as 
Iarge a5 possible the inpat signal level should be kept 
as low as possible and maximum sensitivity in the 
analyzer utilized. 

The second important type of distortion which can 
accur in the spectrum analyzer is second order inter- 
modulation. This is shown in Figure 11{I). This oc- 
curs when a bigh frequency signal such as a carrier 
at 800 Me mixes with an equal amplitude low frequency 
signal such asa carrierat 10 Mc to produce sidebands 
around the higher frequency signal. These sidebands 
will be spaced, in this case, 10 Mc from the carrier. 
‘This type of distortion is measured as before by intro- 
ducing & clean 10 Mc and 800 Mc signal of the same 
amplitude into the analyzer and increasing their ampli- 
tude together wntil the sidebands around the 800 Mc 
signal are observed. The ratio of the 800 Mc carrier 
to its sideband isa measure of the sccond order inter - 
‘modulation, 

  

  

The third type of distortion important in the analyzer 
is called third order intermodulation. This type of 
distortion oceurs when two signals closely spaced to- 
gether are of large enough amplitude to produce har- 
monics at twice their frequency. These harmonics 
then intermodulate with the fundamental signals to 
produce sidebands around the fundamental signals as 
shown in Figure 11(J). This third order intermodula- 
tion is really a combination of the harmonic distortion 
and second order intermodulation. It is measured the 
‘same way by introducing two clean signals at frequency 
Aand B, increasing their amplitude until sidebands 
are (irst observed. The ratio of the carrier to these 
sidebands s the third order intermodulation. 

On important measurements, of course, it is recom= 
mended practice o use the RF attenuator to assure 
that the input mixer is not being overdriven. By 
switching in 10 db on the attenvator, any real distor- 
tion product from an external signal should move 10 db 
on the screen. 

Early use of the -hp- analyzersalso indleates a general 
need for better understanding of spectral displays in 
the bigher frequency regions where multiple responses 
are present. In the region from 4 ge to 10 or 12 ge, 
the existence of multiple responses from the many 
products of harmonic mixing can be especially con~ 
fusing unless an operator understands the various 
mixing processes. It is suggested that the section on 
Spurious responses on pages 9 to 11 as well as the pre- 
selection filter section on page 23 of Application Note 63 
be reviewed. This text, in conjunction with the various 
mixing curves of Figure 9C (AN 63) gives a reasonable 
understanding of the mixing process used in the ~hp- 
analyzer. 

The multiple response characteristic is also easlly 
noted in the section 9 of this note which shows many 
ditferent sweep frequency records of the display of the 
analyzer in the upper frequency bands. The region 
above 8 ge, as anexample, can bea relatively trouble- 
some area at first glance since It can be seen from 
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Figure 9A (AN 63) that at 8. 5ge there are noless than 
five major responses occurring on the display as the 
local oscillator sweeps from 2 to 4 ge. These re- 
sponses also show up in Figure 12E where a BWOwas 
placed on the input and swept from 8 to 10 ge. It is 
noted that five different responses appear across the 
trace 

It should benoted that thereare many areas from 4 g¢ 
upward where three or more mulliple responses can 
oceurand proper technique should be used toeliminate 
their confusion. As an exanple, let us suppose that 
an operating band from 5.4 to 5.9 ge is desired. On 
first glance the o = 1+ harmonic might appear to be 
bestbecause of increased sensitivity in the fundamental 
mixing mode. On the other hand looking at Figure 9C 
{AN 63), we can see that the sweep from 5.4 (0 5.9 in 
the n = 1+ mode will also get interfering sigoals on 
the trace with the n = 2+ mode as the local osclllator 
sweeps from 3.40 to 3.84 go. Proper technique in 
this case would indicate the useé of the n = 3- band in 
spite of the fact that some sensitivity would be lost in 
using the third harmonic mixing. 

  

As a general operating rule, the mixing band should 
never be used inregions where several mixing products 
are converging, suchas the end points of the 6 ¢ input 
frequency or at 8 ge or 10 ge where several more of 
the mixing products converge. At 4 ge Input, for in- 
stance, it would not be good practice to use either the 
n= 1+ 'or the n = 3- but instead work at the o = 2 
mode. 

Note that -hp- 84304 series of preselection bandpass 
filters in noway alleviate the multiple response prob- 
lem since they donothingbutlimit the input frequencies 
to a usable minimum. In the above example, for in- 
stance, restricting the Input frequencies to 5.4 to 
5.9 ge does nothing to eliminate n = 1+ and n = 2- 
interference near 6 ge. 

Nor, obviously, can the bandpass filters be used to 
select certain harmonics of the L. 0. BWO before 
driving into the mixer. This is because  high L. O. 
drive level Is needed to get the one mixing crystal in 
and out of the conductance region at the fundamental 
frequency. 

Consideringall of the above information and the curves 
and sweepingdisplays, it 15 0bvious that the best solu- 
tion 15 to choose the appropriate mixing harmonic and 
restrict the general sweep of the local oseillator to 
areas where interfering modes are not present. 

  

HOW TO MEASURE THE FM LINEARITY OF 
KLYSTRONS AND OTHER VOLTAGE-TUNED 
MICROWAVE TUBES. 

Page 20 of Application Note 63 discussed a technigue 
known as the Crosby Zero Method for measuring fre- 
quency deviation. An extension of this technique may 
be used to conveniently measure the FM modulation 
Linearity of klystron repellers and similar microwave 
tubes. The -hp- analyzer is an excellent tool for this 
measurement since the technique depends on discerning 
the point where the carrier has gone to zero in aspec- 

Page 9 

trumdisplay. The -hp- analyzer's 60 db display range 
provides estreme accuracy in this measurement. 
Changes in linearity as small as 0, 1% canbe measured 
by measuring small changes inthe indexof modulation. 
The technique depends on the fact that at an index of 
modulation (carrier peak deviation/modulation fre- 
quency) of 2.405 the center Irequency component of 
the spectrum goes to zero. By setting up the precise 
2.405 index of modulation at various points on a tube 
tuning curve, the modulation sensitivity can be meas- 
uredand a comparison of these modulation sensitivities 
gives the funing linearity across the range. 
The technique used is to modulate the microwave 
source with a low frequency test signal with small 
deviationand then position the modulating voltage along 
the tuning curve by DC voltage changes on the tube. 
The measurement procedure is as follows: 
1. Set up the tube to be tested on CWand position its 

Irequency in the center of its band. Tune in the 
signal on the spectrum analyzer, 
Connect a modulating oscillator whose frequency 
is monitored with an electronic counter tothe FM 
input jack of the tube under test. The modulating 
oscillator must maintain a_constant amplitude 
within the accuracy of the linearity desired. Thus 

15 change in amplitude of the oscillator results 
in'a 1% inaccuracy In the linearity measurement. 

  

3. Pick a convenient modulating frequency, such as 
10 ke, which provides FMsidebands that are easily 
discerned with the -hp- analyzer at every 10 ke 
spacing. 

4. Increase the audio modulating signal voltage until 
the amplitude of the carrier on the analyzer log 
display first goes down to zero. As the carrier 
amplitude is decreasing the other sidebands are 
appearing on both sides of the carrierat the 10 ke 
spacing. At the first carrier equal zero point the 
modulating index is 2. 405. Read and log the exact 
electronic counter readout of the audio frequency. 

5. Nowltune the repeller toanother point on the tuning 
curve using the appropriate DC repeller voltage 
adjustment. The presentation will move off the 
analyzer display. After returning it back on the 
center of the analyzer, the carrier spectral line 
has moved up from zero. 

6. Without readjusting the oscillator amplitude, re- 
set the modulation (requency until the carrier zero 
is again realized and again read the modulation 
frequency with the electronic counter. 

7. Since at both conditions of measurement the mod- 
ulation index has been set to m = 2.405 it can be 
shown that the modulation linearity is equal to the 
percentage change in modulation frequency. If the 
modulation signal amplitude was constant, _the 
fractional change in slope (sensitivity) Is calcula~ 
ted as follows: 

m 
Linearity = 

- tm,    
T 1 

where fm1 and fm, arethefirstand second modula- 
ting (requencies.      
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Thus, if the first modulation frequency was 10.00 ke 
and the second modulation frequency was 10.100 ke 
the tuning linearity is 1% 
The carrier zero method of measuring FM deviation 
is alsoa very powerful technique for use in calibrating 
FM signal generators and other FM deviation meters. 
For the -hp- analyzer, modulation [requencies in the 
10 ke range are most useful since this is generally 
within the passband of most FM modulation circuits 
and, at the same time, providesa display that can have 
the 'spectral Lines spaced by at least 1cm for good 
resolution on the spectrumanalyzer. Table II isa use- 
ful chart that provides the modulation frequency to be 
set on the counter for commonly used values of devia- 
tion for the various orders of carrier zeros 
The procedure for setting up a Known deviation is as 
follows: 
1. Select the column with the appropriate deviation 

required, such as, for example, 250 ke. 
2. Select an order of carrier zero number which 

givesa frequency in the table that s commensurate 
‘with the normal modulation bandwidth of the gen- 
erator to be tested. For example, if an audio 
modulation clrcuit is provided in the 250 ke ex- 
ample above, it will be necessary to go to the 5th 
carrier zero to get a modulating frequency within 
the audio passband of the generator. (16,74 ke) 

3. Set the modulating frequency to 16.74 ke. Moni- 
tor the generator output spectrum on the analyzer 
and adjust the amplitude of the audio modulating 
signal unti the carrier amplitude has gone through 
four zeros and stop when the carrier is at its fifth 
minimum,  With the modulating {requency of 
16.7 ke and the spectrum at its fifth zero, then 
unique 250 ke deviation is being provided by the 
setup. The modulation meter may then be cali- 
brated. You can make a quick check by moving 
to the adjacent carrier zero and resetting the 
‘modulating frequency and amplitude. (i e. , 13. 84 
at the sixih carrier zero in the above exampie). 

Other intermediate deviations and modulation indexes 
are settable using various orders of side band zeros 
Dut these areinfluencedby incidental amplitude modu- 
lation. Since it is known that amplitude modulation 
does not cause the carrier to change but instead puts 
all the modulation power into the sidebands incidental 
AM will not affect the Crosby zero method above. 
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7. HOW TO PROVIDE ACCURATE FREQUENCY 
MEASUREMENTS WITH THE SPECTRUM 
ANALYZER. 

Several methods are available for improving the 1% 
frequency accuracy of the basic dial drive in the 8551A, 
First and easiest is the useof the local oscillator out- 
put connector on the rear of the instrument which pro- 
vides a sample of the local oscillator frequency inuse 
atany particular time. Thus an electronic counter, 
such as an_ -hp- 5245L and & 5254A plug-in reads 
directly to3 ge or a transfer oscillator and counter, 
can be used fo read out the LO frequency from 2 to 
4ge. The signal appearing on the CRT display, of 
course, is displaced from the LO frequency by the IF 
frequency. The 2 go IF frequency offset 15 normally 
accurate within about 1 mc. This provides a rela- 
tively fast and easily computed signal frequency, es- 
pecially if working down in the area where an elec- 
tronic counter and a converter plug-in can be used 
directly. 

For better accuracy of the 2 ge offset, it's best to 
measure it for a partieular analyzer. Simply set the 
frequency dial {or 2 ge and narrow sweep width until 
the 2 gc BWO signal comes straight through the 2 ge 
IF and count the BWO Irequency. Be sure to marrow 
the sweep width down to 10 ke/cm or so to get best 
resolution. Once the 2 ge offset is measured, the 
20 me IF filters and 180 and 1800 me LO Irequencies 
Will remain quite stable for some time. 
For frequency monitoringaccuracies in the 0. 1%range, 
1t 1s also possible (0 use a coaxial wavemter, such 
as the -hp- Model 5364, operated from the local 03~ 
cillator output on the rear into a crystal detector with 
the [requency dip presented ona separate oseilloscope. 
Thus as the local oscillator is sweeping to present the 
analyzer display, the Irequency meter can be tuned to 
the center of the scope display. Naturally, the same 
wavemeter could have been used in the miin RF line 
running into the spectrum analyzer also and the dip 
noted n the 851B CRT display, although with signals 
such as pulsed RF waveforms it is usually difficult to 
get enough power absorbed from a broad spectrum to 
See the wavemeter dip clearly. 
Marker generator techaiques are also available to 
measure frequency more aceurately - either on an 
absolute basis or as is more often desired, on a rela- 

Table TL. List of Modulation Frequencies to be used to set up Certain Convenient FM Deviations 
  

  

  

Order of Commonly Used Values of FM Peak Deviation 
Carrier | Modulation 
Zero Idex |7.5ke | 10ke | 15ke [25ke [30ke [50 ke [ 75 ke [ 100 ke [ 150 ke [ 250 ke [ 300 ke 

1 2.40 | 8.12 | 4.16 | 6.25 | 10.42 [12.50 [20.83 [31.25 [41.67 [62.50 | 104.17 [125.00 
2 5.52 | 1.36 | 181 (272 | 453 |5.43( 0.06|13.50|18.12 [27.17 | 45.20 54.35 
3 8.65 .87 116 [ 1.73 | 2.89 | 3.47 5.78 | 8.67|11.56 [17.34 | 28.90( 34.68 
1 11.79 66 | .8 | r2r | 2.12 [ 2.54| 424 636 848 [12.72 [ 21.20] 25.45 
5 14.98 .50 67 [ 1.00 [ 167 | 201 5.35| s.02( 6.70 | 10.05 [ 16.74| 20.00 

[} 18.07 a2 | 55| e8| 1e8] 166 2.77] 4.15] 5.5 | 8.30 | 13.84 16.60                         
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tive frequency basis. The -hp- Model 8408A frequency 
comb generator provides 1, 10, and 100me frequency 
‘marker spacing from an infernal crystal oscillator and 
is relatively flat in amplitude up to 6 gc. Thus, the 
CRT display may be easily calibrated by successively 
using the 100 me spacing, then the 10 mc, thenthe 1mc 
‘marks to narrow In on an unknown signal. 

Two other functions are available In the B406A. It 
may be driven externally from a stable tunable gen~ 
erator such as the -hp- 606A or Boonton 3200A. Also, 
it may be operated in an amplitude modulated mode 
where a raster of sub-markers are generated around 
the 100 me marks for instance from an external source. 

Other convenient marker combinations are the Model 
6064 generator driving a Model 105114 spectrum gen- 
erator which puts out useful harmonics p to 1000 mc. 
Also the Boonton 3200A driving its harmenic doubling 
probe Model 13515A has harmonics up to 2000 mc. 
These irequencies may be injected into the {ront end 
of the analyzer by use of a resistive teeor directional 
coupler that permits them to eater the input mixer 
along with the signal under test. These marker fre- 
quencies mixed with the local oscillator can present 
deflections on the CRT whenever the mixed frequency 
152000me. Furthermore the comb is presentedacross 
the entire spectrum width of display spaced at the 
‘modulating frequency. 

It should be noted that the harmonic comb spectraare 
not needed above 2000 me since once a beat is obtained 
on the o = 1- band ({s = n {0 + 2Gc) against the BWO 
then that particular point on the CRT is marked for 
various harmonics of the local oscillator. For in- 
stance, an unknown signal at 5500 me would be pre- 
sented on the spectrum analyzer screen as the LO 
frequency passed through 3500 mc. If @ marker har- 
monic frequency of 1500 me was injected fnto the 
analyzer at the same time, this marker would also 
appear on the screen in the same location. Thus if the 
606 frequency was tuned to 50 me and counted on an 
electronic counter, a very accurate determination of 
the unknown frequency could be made from the 30th 
harmonic. (1500 Mc or 5500 Mc) 

8. HOW TO EXTEND THE USEFULNESS OF 
THE SIGNAL IDENTIFIER ON NOISY OR 
UNSTABLE SIGNALS. 

The theory of design in the unique signal identifier of 
the -hp- analyzer depends on shifting the second LO 
frequency a calibrated amount and thereby computing 
the harmonic mixing number n. The specific proce- 
dure calls for using a 100 ke/cm sweep width and ad- 
justing the signal identitier for a 2 cm trace shift 
which then reads out the desired n number. 

On noisy, drifting, or otherwise unstable unknown 
signals, harmonic identification may be a problem 
when using the required but relatively narrow 100 ke, 
em spectrum width. The following procedure isuse~ 
ful in these situations. 
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1. Set the sweep width calibration to 10 me/em. 

2. Using a simple type N tee on the (ront panel inpat 
apply a Model 6064 or 608C/D Signal Generator 
to the input mixer In parallel with the unknown 
signal. In the higher microwave frequencies, it 
may be better to use a resistive power divider 
such as Weinschel Model 1506. 

3. Set the signal generator for 10 mc. The input 
mixer will mix the 10 me signal with the unknown 
and provide AM sidebands on the screen. Turn 
up the power until the sidebands are made to ap~ 
pear on the unknown spectrum. 

4. Turntheharmonic band selection tothe n - 1 band. 
It the first order sideband appears at 1 cm then 
abviously the harmonic mixing number i3 n - 1 
{10 me/cm). If the first order sideband from the 
signal generator comes on the screen at 1/2 cm 
or less, then turn the band switch up to n = 2 or 
3 beyond until a 1 em deflection is noted. When 
the firstorder sideband s at 1 cm then the proper 
band and harmonic number is being used. 

5. Now to determine whether the unknown signal is 
on the plus or minus mixing product -~ take the 
signal modulation off of the noisy or drifting signal 
and reduce the sweep width to the point where the 
signal can be malotained in the center of the screen. 

6. Now move the front panel signal identifier knob up 
as far as necessary to getthe signal to move plus 
or minus and use the normal signal ideatifier di- 
rection sense to determine whether the unknown 
is a plus oF minus mixig harmonic. 

7. Better resolution canbe obtained by using the same 
technique except that a mixing frequency of per- 
haps 50 me fed in parallel {o the uoknown signal 
can be usedso that 5 em deflection is notedon the 
CRT. This would be useful if harmonic numbers 
of five or more were being used. 

8. For microwave Input frequencies, the 608 modu- 
lating generator may be easily coupled into the 
mixer by feeding it directly through the mainline 
of a 10 db directional coupler. The unknown 
microwave signal then would be coupled in through 
theside arm. With this hookup, the coupling valve 
at 10 me would effectively isolate the 608 from 
the microwave source but would still pass the ua~ 
known microwave through. 

9. When using the 115174 and 11521A waveguide 
mixers, (where relatively higher harmonic num- 
bers are common) the modulating generator may 
be coupled in parallel at the BNC connector of 
the mixer. 

9. HOW TO MAKE THE ANALYZER INTO A 
CALIBRATED RECEIVER. 

Some real usefulness to the spectrum analyzer can be 
envisoned when it s realizedthat in the linear display 
mode the CRT presents a sensitive sweeping, micro- 
wave voltmeter presentation. In the log display the 
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analyzer represents a sweeping power meter. Al that 
is necessary is to provide calibration for the various 
sweeping bands of the analyzer which can be transferred 
toa calibration grid as will be described. The call- 
bration is especially useful when relative measure- 
meats are being made ontwo different harmonic mixing 
bands which naturally have different sensitivities. The 
example of Figure 4 with an 1800 me signal and 3600 
me harmonic is typical, and easily done. 

‘With the voltage and power calibration grids available, 
the operator can then utilize the analyzer to directly 
monitor with good accuracy all sorts of microwave 
phenomena that requires calibrated information rather 
than the relative information that is presented by nor- 
mal spectrum analyzer techniques. Thus applications 
of RFI measurements, spectrum surveillance, and the 
Like are easily doneand the power measured by refer- 
ring to the calibration chart. The procedure for pre- 
paring a calibration chart follows. 

Set the analyzer for a 100 ke bandwidth, 2 ge IF, 
the spectrum width for 200 me/cm and the band 
for n =1 position. Al input signals will be run 
in this mode since all signals up through 12. 4gc 
will show up on sereen. Set the display for LOG, 
and connect an ~hp- 8614A UHF signal generator 
to the input. Set the signal generator output for 
-20 dbm power at 800 me. Set the input RF at- 
tenuator to 10 db. 

  

Now adjust the IF attenuator so that the signal at 
800 me comes Tight up to the -30 db grid line on 
the vertical scale. Use asweep speed that is slow 
enough to prevent sweep reduction of signal. 
30 ms/cm is satisfactory for 100 ke bandwidth. 

  

3. Put on the scope camera and set the analyzer 
sweeping; expose the graticule with UV and as the 
analyzer sweeps repeatedly, manually tune_the 
signal generator from 800 me to 2000 me. This 
will then give a presentation such as that of Fig- 
ure 12(A). It represents the frequency response 
of the analyzer (o a -30 dom signal at the input 
mixer (20 dom at the input and 10 db RF at- 
tenuation). Tt's obviously necessary to record 
the setting of the RF attenuator, the IF attemutor, 
the BW and sweep speed so that these conditions 
may be repeated. In this case the readings were, 
for example, 10db, 58 db, 100 ke, and 30 ms/cm, 
respectively. 

4. Using an -hp- Model 8616A Leveled Signal Gen- 
erator, a similar sweep is run as the signal gen- 
erator is manually tuned from 2000 to 4600 me at 
-20 dom. That pattern is shown in Figure 12(8). 
Do not change the RF, IF attemators, BW or 
sweep speed. 

5. A 693A/B sweep oscillator then operating from 
4-8 g 15 utilized as shownin Figure 13 toprovide 
4 calibrated mixer input at -30 dbm in the 4-8 g 
range. In this case the RF attenuator remains at 
10 db._Separate runs are made from 4-6 ge and 
from 6-8 ge so that mode displays may be dis- 
tinguished more casily. See Figure 12(C)and (D). 
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6. The various mixing modes, of course, overlap. 
Figure 12 mode plots show most of them. They 
may also be determined by use of the frequency 
dial to see where a particular CW frequency ap- 
pears. Or, Figure 9c of Application Note 63 is 
helpful. 

7. A similar sweeping setup may be utilized in X~ 
band where an -hp- Model 694AB sweep oscillator 
is utilized with a 789C Directional Detector to 
provide -30 dom input signal to the analyzer mixer. 
Again sweep X-band in two segments, 8-10 ge and 
10-12.4 ge. 

8. Make another sweep using the 200 me IF and 
sweeping the input from 1. 8104. 2 ge withan 88164 
generator at -20 dbm output. 

9. When all of the appropriate Polaroid camera pic- 
tures are obtained, it is a simple matter to ab~ 
stract the information from them and plot a curve 
which is the calibration chart for the particular 
spectrum analyzer when used with the controls 
sét as recorded in Paragraph 4. If operating in 
one particular band, of course, the ealibration 
response can actually be grease pencilled across 
the CRT face plate. If operating in various bands 
such as would be required by RFI testing or har- 
monic analysis, then the chart can be referred to 
for a_particular band of inerest. In any event, 
the chart is adirect power calibration of the CRT 
graticule for the control positions indicated. Fig= 
ure 14 is a calibration chart constructed from the 
Polaroid pictures of Figure 12. 

10, 1t 1s also useful to calibrate the relative response 
of the various IF bandwidths since the peak gain 
is aot preserved from one bandwidth to the next. 
Measurements at one [requency is all that s needed 
for example 800 me. For this measurement, set 
the dial to 800 me and sweep width o 1 mc/em. 
After setting a reference at -30 db for the 100 ke 
bandwidth at 800 me, change the bandwidth switch 
to 1 me and record the vertical deflection as the 
calibration graph of Figure 14. Then swiich to 
the 10 ke, 3 ke, and 1 ke and record those verti- 
cal deflections.” It will likely benecessary to use 
the stabilized mode at 10 ke and less. Since the 
IF banduwidih response is not related to the par- 
ticular harmonic mixing band, these ratios be- 
tween IF bandwidth response hold for any of the 
measurements 1 sweep speed does not Limit re- 
sponse. Thus, the chart shown in Figure 14 can 
be corrected if the operator wants to move to a 
different IF bandwidth for more resolution. 

By getting the spectrum analyzer set up for the power 
calibration as described, it is available for a variety 
of measuring purposes all the way from direct power 
measurements on other low level phenomena to RFI 
measurements and the like. The same sort of cali- 
bration procedures may be followed to calibrate the 
analyzer i the linear mode for a uvolt or millivolt 
readout. In fact, the reading resolution in the linear 
mode is far better than log for certain applications. 

3
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  dependent on the signal generator accuracy itself as 

  

  

  

  

couda well as the resolution and care with which the photo- 
weren graphs and calibration charts were prepared. It is 

T likely that overall calibration accuracies of approxi- 
mately 3 to 5 db are achieved In power calibrations. 

7o A need for increasedaccuracies wouldrequire that the 
THERMISTOR | analyzer be actually calibrated down at the area of 

interest or over the specifie band of Interest. ~taaa 1 
: essnse 7800 ok o] s 

owe HomeErons :'/,—mm.m 10. HOW THE HP ANALYZER PROVIDES FOR             
  g e SELF-CHECKING OPERATION. 

',“ j“ s 
Because of the specific design of the -hp- analyzer 
which provides for the local oscillator sweeping from 

=0 2 to 4 ge and the IF ruming at 2 ge, an extremely 
convenient self-check capability is built-in and pro- 
vides a day-to-day confidence factor in the use of the 
machine. Self-check procedure is as follows: 

  

        

Figure 13, Setup for generating flat output from 4-8gc. 

  

  

  

  

  

  

  

  

  

  

  
  

             

at -20 dom. By tuning the BWO to 2 g, as indicated on the fre- 
quency dial of the front panel, the BWO signal will pass 

1t is immediately seen how useful the chart canbe in  directly through the 2 ge IF amplifier. Furthermore 
the previously mentioned measurement of harmonic  because of the unique internal phase locking capability 
contentof a signal generator of Figure 4. The funda=  of the -hp- analyzer, it 1s possible to phase lock while 
mental is inone mixingband and harmonics Inanother.  sweeping the BWO. ' This, of course, 1s the normal 
Reterring the two frequencios to Figure 1chart gives  SEBIEA modo ol sweep. Ths the ieat sigral” belng 
one correction factor to apply fo the CRT readout. injected through the IF under these conditions is an 

extremely linear sweep being referred back to the 
Since the calibration described is dependentonvarious 10 me sweeping-stabilizing VAF oscillator which is 
analyzer gain considerations as well as mixer conver- the reference to the phase lock circuit. After passing 
sion loss, it is recommended that such calbrationsbe  through the rest of the amplifier and conversion stages 
re-performed if there is any question regarding the in theanalyzer, the signal is shown on the CRT display. 
basic accuracy such as when an overload may have 
been appliedwhich could have damaged the input mixer  Place the vertical display switch n LOG, the IF BAND- 
erystal. This is easily done by spot-checkingany par-  WIDTH to 100 ke, tune t0 2 ge, and you will find that 
ticular point with a convenient signal generator. If  at somesettingof the IF gain control a full scale L.O. 
the operator uses care in the handling of the analyzer,  Signal can be displaved on the CRT (see Figure 13). 
calibrations every month would be considered satis  This sefting should be determined upon recelpt of the 
Inctory. The basic accuracy of the overall system s spectrum analyzer and the IF gain settings logged for 
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Figure 14. Sensitivity ealibration for various barmonie mixing modes.
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Figure 15. The BWO local oscillator serves as a 
convenient and very linear test signal for analyzer 

self-check. 

future reference. These IF galn seftings represent a 
figure of merit for the particular analyzer. If at any 
later time the BWO power or any of the amplifier or 
filters fail, additional gain would be required to get 
the same full scale reading on the CRT. 

At the same time the IF gain figure of merit is meas- 
ured as above, the 308A L.O. load on the rear panel 
of the analyzer should also be removed and the BWO 
power output measured with 4 microwave power meter. 
This power output should also be recorded and later, 
when any change occurs, it can be immediately deter~ 
mined whether the changes are due to the BWO loeal 
oseillator power or the amplifier string failing 

The availability of the extremely linear phase lock 
BWO sweep internal to the unit obviates the need for 
any additional sweeping sources in checking the call- 
bration accuracy and IF bandwidths of the 2 gc and 
200 me IF amplifiers. Frequency markers may be 
generated and injected into the front of the unit to aid 
in this bandwidth calibration, as was explained in 
Section 7 on Marker Technigues. 

Normally there is somuch BWO feedthrough that in the 
Linear vertical display even the internal IF attenuators 
do not permit on-scale presentation on the CRT. To 
use the BWO for calibrations of the linear mode, the 
IF signal should be attenuated by placingan -hp- 355D 
VHF attenuator in place of the rear panel 2 ge IF input- 
output jumper cable. Although the 355D is only rated 
to 1 ge it works adequately at 2 ge and provides good 
padding for these BW adjustments. 

Here is the method to calibrate the IF bandwidth. Tune 
the dial to 2 ge and center the BWO signal on the CRT 
display. _Set the SPECTRUM WIDTH to 1 me/cm, IF 
BANDWIDTH to 1 mc and STABILIZE the BWO. Use 
the 355D and the IF GAIN CONTROL so that with the 
vertical display in LINEAR the signal on the CRT is 
exactly 6 cm high, Now increase the IF GAIN by 3 db; 
the original reference at 6 cm is now the half power 
pointon the display. Since the spectrum width is 1 mc/ 
em and IF bandwidth 1 me at the half power point the 
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signal displayed on the CRT should be approximately 
1cm wide, The other IF bandwidths can be checked 
in the same manner by comparing against the appro- 
priate spectrum width settings. 
Note that when in the stabilized mode two advantages 
are realized. First, the linearily of the sweep is 
‘much better, as mentioned before. Second, the signal 
source (the LO BWO) now has a minimum amount of 
residual FM, This is so because we are using only 
the L. 0. BWO as the signal source rather than an ex- 
ternal sweeping generator. If we used an external 
generator we would have the combined residual FM of 
the external generator plus the BWO L.O. to contend 
with, 
In addition to using the BWOas a built-in signal source, 
the fact that a 2 ge input signal can come directly 
through the first IF without mixing permits measuring 
the “relative" conversion efficiency of the input mixer 
diode. In this case a leveled signal generator such as 
an -hp- BG14A is used. 
Set the VERTICAL DISPLAY to LOG. Tune the 6614A 
o exactly match the 2 ge IF frequency. Since 1o mix- 
Ing s needed (o get this signal through the 2 g IF, it 
makes nodifference what the L. O. frequency is. Thus 
the baseline on the CRT Iifis and becomes a straight 
line across the CRT. Now tune the spectrumanalyzer 
toaround 1800 me (band 1) on the tningdial. Use the 
AF control on the -hp- 8514A generator to make sure 
you get. maximum vertical deflection of the baseline. 
With the IF BANDWIDTH inthe 100 ke position, adjust 
the IF GAIN control o that the baseline is at ~10 db 
line on the LOG DISPLAY. 
Without changing any other adjustments on the analyzer 
ar the signal generator, tune the generator down to 
1800 me. . You will see that the signal on the CRT is. 
now lower in amplitude than the original baseline ref- 
erence. The B614A has a Leveled output and thus the 
2000 and 1800 me signals were of equal amplitude at 
the Input since we have changed none of the other set- 
tingson the generator oranalyzer. The only difference 
is that now mixing is taking place. This means that 
the difference in signal level is a relative indication 
of conversion loss in the (irst mixer diode. Since the 
vertical display Is 1n LOG, we canread the conversion 
loss rightolf the display at 10 db/cm. Or, increase 
the IF GAIN until signal is again at the -10 db ref- 
erence line and take the increase in gain required o 
be the conversion lss of the diode. 
Typically the relative conversion loss in this funda- 
mental mixing mode is between5 and 13 db. This value 
should be recorded so that ata later time it will be 
easy to determine if any damage has been done to the 
input mixer diode. Note that this ‘relative” conver- 
sion loss is not the same as normally defined since 
that would be measured by bypassing the mixer with 
internal connections. 
Complete step-by-step bandwidthadjustment and other 
internal adjustments are available in the spectrum 
analyzer operating and servicing manual supplied with 
theinstrument. Nevertheless in the day-to-day appli= 
cation of spectrum amalyzer these simple self-check 
features permit the operator to make 2 front-panel 
check and quickly assure himself that his analyzer is 
operating properly. 
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1. HOW TO DO SELECTIVE PULSE GATING 
USING STANDARD COMMERCIALLY 
AVAILABLE EQUIPMENT. 

There are several important applications that require 
the ability to selectively gate recurrent pulses intothe 
spectrum analyzer. One of these is the traditional 
multi-pulse coded waveforms used in transponder 
identification and the like. In these cases it is gen- 
erally important to be able to selectively gate a par- 
ticular pulse out of the coded pulse train for analysis 
of its spectra to be sure that the transmitter tube is 
operating properly an each pulse of the RF digital 
code, 

Another Important application is in antenna range lo- 
cations where a number of different high-power signals 
may be on the air at any one time and interference 
from one causes spurious signals to appear on the 
analyzer trace. 

Figure 16 shows how a standard Hewlett-Packard 
Model 8403A/8730A PIN Modulator with its associated 
pulse circuitry may be used to selectively gate these 
waveforms. The modulator is used as a gate inthe 
2 ge connection from the 2 ge IF tothe 2nd converter. 

A pulse time reference is furnished tothe Model 84034 
and its delay controls adjusted so that its pulse output 
frames the desired RF pulse on a dual channel scope. 
At the same time the spiked pulse output switches the 
PIN into an unattenuated condition so that the pulse 
appearing at the first IF is being passed through into 
the display circuitry. In this way the spectral output 
i5 such that only the spectrum of the individual desired 
pulse Is presented and not a multiple pulse presenta- 
tion that is incapable of resolution. 

In the case of anteana ranges where square-wave mod- 
ulation is sometimes used on the low-power transmit- 
ters in the presence of other higher power interfering 
signals, the same tectnique may beused. In that case 
the 8403A modulator isadjusted for square-wave mod- 
ulation and synchranized using land line synchroniza- 
tion from the transmitter at the remote area (see Fig- 
ure 17). Thus the desiredreceived signal is gated on 
a synchronous basis and the interfering signals pass 
through on a random basis. 

Although the PIN line may be placed directly in the RE 
input line, it s recommended that it be placed in the 
2ge IF line because mateh is not so critical and in~ 
sertion loss is less critical. The general usefulness 
of the PIN diode line as a gating element for micro~ 
wave circuitry is therefore seen. The excellent input 
and output match in both the on and off condition ex- 
hibited by the -hp~ 8730A/B PIN line serles makes it 
very useful for synchronous detection purposes in se- 
lective RF detection. 

Appl. Note 634 

12. HOW TO PROVIDE RECTILINEAR 
ANTENNA PATTERN MEASUREMENTS 
WITH AZIMUTH CORRELATION. 

Pages 27 through 29 of AN 63 described a rectilinear 
methodof plotting antenna patterns which gave another 
versatile mode of operation tothe analyzer where ex- 
cellent dynamic range is displaced, A minor limita- 
tion to the method was that 1t did not permit direct 
correlation of horizontal display with the test antenna 
azimuth, 

‘The newest Model 851B display units now being shipped 
have an additional sweep drive capability which per- 
mits this function. By applying 0-15 volts to the 8518 
display unit the trace is made to move across the 
screen. The specirum width should be set to zero. 
Thus, a voltage ramp taken from the test antenna 
pedestal azimuth indicator may be used to drive the 
horizontal display plates of the CRT. This provides 
for direct calibration of the horizontal scale of the 
rectilinear plots of patterus as the analyzer is used as 
a fixed tuned receiver, 

13. HOW TO GET MORE SENSITIVITY FROM 
FUNDAMENTAL MIXING 6 GC TO 40 GC. 

The addition of the external sweep input on the 851B 
Display Unitgives the capability of fundamental mixing 
up to 40 GC using an external ~hp- 690 series sweep 
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Figure 16, Commercial PIN modulator 1s used to 
selectively gate multipulse transponder spectra.
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Figure 17. Multiple antenna interference may be minimized by a synchronizing gate. 

oscillator as L.O. The advantage of using the -hp- 
690 sweep oscillator is that the fundamental mixing 
provides increased sensitivity inthe higher bands over 
that available by harmonic mixing of the 8351A. Direct 
mixing can be done up to40 ge with available -hp- 690 
sweepers and, by using the second barmonic, mixing 
displays can be made above 40 ge using accessory 
waveguide equipment, 

‘The block diagram of Figure 18 shows a particular setup 
which is used for X-band sweep. The 694A/B X-band 
sweeposcillator is driven through a directional coupler 
into the Model 11521A X-Band Waveguide Mixer with 
the unknown signal coming in the other port of the 
waveguide coupler. The Mixer output at 2 gc is fed 
back into the external mixer input of the 85514 Spec - 
trum Analyzer and after conversion presented on the 
CRT. (The range switch should be set to 8.2 - 18 gc 
range to connect 2 ge IF to front jack,) Also turn the 
power switch to stand by so the internal BWO is shat 
off. Thus a BWO sweepbetween 8 and 10 ge mixes an 
input frequency from 10 to 12 ge. Likewise a sweep 
on the backward-wave oseillator from 10 to 12 gc 
gives a mixing from 8 to 10 gc. Obviously the 2 gc 
offset inherent in the use of a 2 ge first IF in these 
applications requires that the iront panel reading on 
the backward-wave oscillator be translated by 2000 me. 
Appropriate preselector filters may be used to reject 
unwanted images. 

  

It will be noted that the main limitation to this techni- 
queis the fact thatat thenarrow sweep width positions, 
the residual FM of the backward-wave oscillator be- 
comesa factor, For that reason, sweep widths of less 
than 1me or so may become marginally useful al- 
though the broad sweeps and broad dynamic range of 
the analyzer is preserved In this application. _Either 
the "Af" or "Start-Stop" sweep functions of the 690 
sweep oscillator may be used as desired. The ex- 
ternal sweep input function of the 851B Display Unit 
is specifically adjusted for direct use with Hewlett- 
‘Packard 630 Sweep Oscillator sweep outputs. 

The other block diagram shown in Figure 19 gives the 
typical equipment setup for a sweep to be made in K- 
band (26 to 40 ge) utilizing an -hp~ Model 697A Sweeper 
and again feeding through the appropriate 11520A R~ 
Band Adapter and into the 115174 Waveguide Mixer. 
Itshould alsobe noted that in a sweepLrom 26 to 40 g¢ 
froma 6974 Sweep Oscillatar that the image separation 
with 2 2 ge TF will be 4 ge and thus double imaging is 
presented in the signals shown on a full 26 to 40 ge 
plot. 1t it is necessary toreject this image, narrower 
bands may be swept. 

One limitation will occur in applications where high 
power radiated signals are present. The unwanted 
signals can be coupled into the relatively unshielded 
BWO's of the sweeper and thus give unwanted mixing 
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Figure 18. -hp- 694 series sweeper can be used to 
get fundamental mixing from 8 - 12.4 ge. 

Figure 19, Setup for more sensitivity 
in 26 - 40 gc range,
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products, Thus attentionto external eabling technique 
is indicated. HP can also supply BWO tubes with RF 
shielding such as is used in the well-shielded 85514 
BWO tube. 

The use of the external sweep input on the 851B Display 
Unitgives several other interesting functional capabili- 
ties. For extremely slow sweeps and special setups 
it is possible to geta sweep slower than the present 
3 sec/cm by the use of an external function generator, 
such as an -hp- Model 2024 or Model 33004 Low- 
Frequency Function Generator. The analyzer of 
course tunes along with the input ramp sweep. An 
operator's own function ramp can also be used if other 
system synchronism must be tied in to RF sweep. 

Finally, the external sweepinput may also be used for 
a manual sweep function whereby & simple 15 volt 
power supply (HP 721A Power Supply) programs in 
vollages from 0 to 15 volts allowing manual sweep of 
the Spectrum Analyzer across its calibrated range. 
‘The analyzer will, of course, sweep over whatever RF 
range is set upon the 85514 ront panel spectrum width 
control as the external sweep input voltage goes [rom 
0 - 15 volts. 

14. HOW TO OBTAIN VIDEO ENVELOPE 
INFORMATION FROM THE HP ANALYZER. 

Sometimes there is important informationta be gatned 
in @ video-time analysis of the unknown RF signal 
coming into aparticular analyzer. This is easy o ob~ 
fain in the -hp- analyzer merely by using the 20 me 
IF test point at the rear of the 851B. The series of 
plctures of Figure 20 shows the type of additional in- 
formation that can be obtained by utilizing the time 
domain scope to obtain information on the signal. The 
Hewlett-Packard 140A/1402 scope preseatsdirectly a 
20 me waveform and isaccarately calibrated on a time 
base so that the pulse repetition frequency may be 
noted from (C). The RF frequency spectrum of the 
pulse is noted in (4) and (B), one in the log display 
and one in Linear display. From the lobe bandwidth it 
s noted that the RF pulse width indicates that the RF 
pulse should beapproximately 3.3 microseconds wide. 
The time domain picture (D) confirms this and for 
comparison purposes the actual RF output pulse is 
detected by a crystal video detector and also presented 
on the oscilloscope (E) and shows the same thing. 

Some surveillance operators depend upon determining 
rep rate merely by listening in on earphones; and, of 
course, this alsocan be tapped off of the vertical out- 
put of the B51B Display Unit. 

I even wider band video information is desired the 
entire 3 me bandwidth of the 2 ge IF amplifier can 
easily be used for fast rise time video information. 
‘The technique is to simply tap off of the 2 ge inter- 
comection on the rear of the 8551A utilizing a power 
splitter or adirectional coupler whichoperatesai 2 gc. 
Part of the signal is fed back into the 8551A for the 
normal frequency analysis while the other portion of the 
signal is split off into a travelling-wave tube ampli- 
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fier. This amplifier, such as an -hp- Model 491C or 
2 low noise (ravelling-wave tube amplifier is then fed 
directly into a video detector, such as an -hp= 423A. 
These broadband circuits then provide fast response 
video information from the RF signal whichis tuned in. 

15. HOW TO MAKE IMPROVED X-Y 
RECORDINGS OF THE ANALYZER 
DISPLAY. 

Hewlett-Packard highly recommends as a first choice 
the keeping of spectrum records by use of camera 
photography. The camera with its virtually instanta- 
neous peak detection capability is hard to beat for see- 
ing everything on the trace. For instance, broadband 
RFI caused by single shot translents is presented as 
extremely fast wide band spectra. To record such 
phenomenon with an XY recorder requires expensive 
coupling circuits that give pulse stretching charac- 
teristics at greater complexity. The camera techni- 
ques are fast and i many pictures are to be made, a 
convenient routine may be followed which provides 
calibration information on an envelope into which the 
photograph may be placed. 

Notwithstanding the above, X-Y coordinate recorder 
outputs are provided on the rear of the §51B display 
unit. These are intended primarily for XY recording 
of CW type signals. Thus the actual video output from 
the rear terminals to the XY recorder is a signal 
corresponding to the CRT deflections as the analyzer 
sweep is made across the signal. Because of the re- 
sponse time of the typical XY recorder, it is neces= 
sary 1o utilize a very slow sweep speed espectally if 
sharp skirts are presented on the trace. 

As an added hint in this application, it might be noted 
that no pen lift circuit is provided, such as isavailable 
in the -hp- model 690 sweepers, So that the operator 
must observe the trace and manually Lift the pen as 
the recorder reaches the end of its track. 

The use of an XY Recorder for pulse-type spectra 
recording presents a ditferent problem, however, in 
that the video signal arriving at the XY recorder 
actually is an envelope of the pulsed RF being applied 
to the inputof the analyzer. As such, the XY recorder 
merely integrates the average value under the curve 
and generally does not respond. 

If it is necessary to provide XY recordings of the 
spectral response of a pulsed RF, then the following 
procedure Is recommended. 

Provide a_simple peak detection eircuit at the output 
of the 851B display unit (Figure 21) and use this to 
drive the highimpedance input of the ¥-chamnel of the 
XY recorder. This circuit works well with repetition 
rates down toabout 50 pps. It can beused on IF band- 
widths up to and including 100 ke.
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  (B) Spectrum Width - 300 Ke/em 

IF Bandwidth - 10 Ke 
Linear Display, f = 1620 Mcs 

(A) Spectrum Width - 10 Mc/em 
IF Bandwidth - 10 Ke 
Log Display, fc = 1620 Mcs 

    
  

{D) The RF pulse has a voltage pulse width of slightly 
over 3 isec agreeing with the analyzer prediction. 

(C) Here the PRF period is toted as 230 psec 
giving a PRF of 4 Ke. (50 18/em) 

(E) For comparison, the output RF pulse is shown 
detected by a 423A Crystal Detector. 

Figure 20. This is ahypothetical spectrum surveillance situation where an interfering signal at 1620 Mc is noted. By 
‘arrowlng the spectrum width control, it s noted that the Interfering signal is a pulsed RF type. The main lobe nulls 
areapproximately 600 Ke apart, thus 2/ Pulse Width yields an RF pulse width of approximately 3. 3 jseconds. Time 
‘Domain Information (C)and (D) was made by connecting a Model 140A Scope to the 20 Mc IF test jack. The IF signal 

here is time correlated with the incoming RF signal. 
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Figure 21, Tiis simple peak detector provides more 
sensitivity for X-Y recordings of pulse waveforms. 

16. HOW TO VERIFY VERY FAST PULSE RISE 
TIME MEASUREMENTS. 

Present tunnel diode pulse generators are achieving 
subnanosecond rise times with ease these days and 
the sampling oscilloscope method of measuring the rise 
times becomes marginal. The broad sweep analyzer 
provides amethod of shawing video-type pulses direc- 
tly and analyzing them for pulse shape characteristics 
and rise time considerations. For instance, 2 1nano- 
secand width video pulse should exhibit @ spectrum 
zero at 1000 me. Figure 22, as an example, shows a 
10 nanosecond width pulse with spectral components 
extending all the way out to 2 gc and its first spectral 
zerq at about 100 me. This technique is a powerful 
check on fast pulse circuitry. 

Not anly can envelope zero crossings tell much about 
pulse width, but the frequency envelope shape reveals 
the rise and fall time characteristics of the video pulse. 
Referringto Figures T and8on page 37 of AN 63 shows 
how a (requency spectra envelope differs between an 
ideal rectangular pulse (6 db/octave) and 4 triangular 
one (12 db/octave]. These transforms are useful in 
interpreting fast video pulse spectra. The more com~ 
mon trapizoidal wave shape falls between these two 
limiting cases. Thus an unknown pulse with an enve- 
lope exhibitingT to 8 db/octave spectral envelope fall- 
off has a rise time slope nearing a perfect rise. The 
spectral envelope can be measured ia the log mode 
with readings made at oetave frequency intervals. If 
the falloff is near 12 db on any octave, the pulse is 
near triangular. I the operator can control_pulse 
width on the tost pulse, then he can narrow it until 
12 db/octave 1s obtained and kaow it is triangular. 

17. HOW TO GET MORE SENSITIVITY IN 
SPECTRUM SURVEILLANCE APPLICATIONS. 

The ~hp-analyzer was specifically designed for a com- 
pletely wide open front end so that it could be used in 
a variety of applications. Thus no RF passive or active 
preselection is provided and the input goes directly to 
the first mixer. This means that the mixer conver- 
sion loss and the noise figure of the first 2 go IF am- 
plifier presents a relatively poor noise figure to an 
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input signal. For spectrum surveillance purposes and 
a number of other requirements, therefore, RF pre= 
selection and amplifieation is desirable and, in fact, 
requiredin many cases. It was determined that when= 
ever this sortof preamplification is required it is best 
to do it ona specific application basis so the pream- 
plification can be specifically chosen for bandwidth, 
gain, andnoise considerations and put in the right place. 
For obvious reasons it is recommended that RF pre- 
amplifiers be placed very close to the recelving an- 
tennas, such as the conical spiral or periodic loga- 
rithmic antennas used in surveillance testing. 

Although a wide variety of preamplifiers can be used, 
the following listing is offered as a suggestion since 
they have been tried and found suitable for providing 
low-noise guin 

0 70 150 MC. 
The -bp- Model 4614 is a broadband amplifier intended 
for video amplifier service but useful for preamplifi- 
cation. When used in its 40 dbgain position {the 20 db 
attemutes at the input), it provides approximately 
16 db noise figure operating in a 50 ohm input-output 
system, resulting in overall system improvement of 
as much as 15-20 db. 

10 10 500 MC 
The Boonton Model 230A Is a tunable narrow-band 
power amplifier but one which provides excellent 
small-signal gain t0o. It has low noise figurc and is 
useful across the entire VHF band. The230A provides 
a minimum of 24 db of gain with bandwidths ranging 
between 700 ke and 1.4 me and thus is entirely suit- 
able for preamplifying most of the AM and FM modu~ 
lated signals on the air in this frequency range. Since 
it is & narrow band tunable amplifier it also provides 
its own preselection capability and thus rejects many 
of the other high level signals often on the air in the 
vicinity of a receiving antenna. 

  

  

    

  

  
Figure 22. Pulse spectrum of a 10-nanosecond 

pulse exists out to almost 2 Ge. 
(Horizontal 200 Me/cm. ) 
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30 10 1000 MC 

Two models of tunable RF amplifiers are provided in 
this band by Electro International, Inc., Box 391, 
Anagolis, Maryland. One model covers the 50 to 
300 me range in two bands with approximately 23 db 
of gain, 4.5 dbnoise figure and bandwidths {rom 2and 
5 me. The second model covers the 300 to 1000 me 
range in a tuned mode width a bandwidth from 3.5 mc 
and 15 me and a nominal gainof 26 db. The bandwidths 
of these amplifiers againare adequate for most of the 
signals encountered In this VHF and UHF band. 

P 10 1000 MC 
Applied Techaology, Inc. at 3410 Hillview Avenue, 
Palo Alto, California, provides a broadband untuned 
amplifier series that operates in the 100 to 1000 me 
frequency range. 

Band Model  Galn  Noise Figure 
100 -200me  SP110  25db 4db 
200-400me  SP120  25db 4db 
250 -500me  SP150  25db 4.5db 
300-600mc 5P 150 30db 6dn 
300 - 1000me  SP 140 25db Bdb 

Most semiconductor and other preamplifiers cause a 
1085 of theanalyzer dynamic range. A typical pream- 
plifier dynamic range would be about 30 db and thus 
care must be exercised to avoid overloading the am- 
plifier with either the signal under test or other adja- 
cent high level signals that might be in thearea. Pas- 
sive preselector filters may be used. 

1000 MC TO 12,000 MC 
The most convenient method for covering the micro- 
wave frequency range is 4 series of low-noise octave 
range traveling-wave tubes. These are typified by a 
Series from Watkins-Johnson Company, 3333 Hillyvlew 
‘Avenue, Palo Alto, California, exhibiting the following 
charcteristics. 

  

Band Model  Gain  Noise Figure 
1 - 2ge Wi-268  25db 0db 
2 - dgo WJ-269  25db 5.5db 
4 - Bge WI-211  25db 6.5db 
8 - 12ge w216 25db 8.5 

These traveling-wave tubes are particularly well 
suited for preselector service since they are indiv 
dually packaged in a small physical size and seli- 
contained with their own power supply operating di 
reetly from 115 volt line. As such, they may be con- 
veniently mounted on the remote pedestal holding the 
receiving antennaand provide low-noise amplification 
inta the drive line back to the analyzer. The tubes, 
although fairly broadband, provide some element of 
preselection. However, they should actually be used 
in conjunction with the -hp- 8430A Bandpass filters 
mentioned in Section 4 so that better band Selection 
may be realized. 

    

As ather preamplifiers are encountered and evaluated 
they will be reported in subsequent editions. 
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18. HOW TO USE THE SPECTRUM ANALYZER 
FOR RFI MEASUREMENTS 

The present and expanding spectrum utilization has 
required increased attention by industry to radio fre- 
quency interference and thus much increased activity 
is being generated in the areas of RFT testing and con- 
trol. Hewleti-Packard's own environmental test lab 
has begun the use of the 851B/8551A Spectrum Analyzer 
in frequency ranges where seasitivity Is adequate since 
the measurement time is greatly reduced because of 
the wide-range sweeps available. 

Although there are a wide variety of specifications, 
limits and procedures, much common information 
underlies many of the tests and may be useful. Some 
of the current government specifications are: 
MIL - 1- 16910C (Navy) 
MIL - STD - 826 (A. F.) 
MIL - 1 - 6181D (A. F. ) 
MSFC - SPEC - 279 (NASA) 

In general, the sensitivity of the ~hp- analyzer is ade- 
quate to measure interference signals over the range 
from 200 me to 10 ge. In the region from 10 me to 
200 me, the specifications generally require more 
sensitivity so design work is proceeding at HP on a 
broadband lownoise preamp tobe used for RFT meas= 
urements in that range. 

The types of RFI radiation usually considered are: 

A. Conducted. Three types of spurious radiations 
conducted through power line, CW, pulsed CWand 
broadband. Measured by connecting RFI analyzer 
across a standard line impedance stabilization 
network. These are notperformed by microwave 
analyzers 

  

B. Radiated. Seli-explanatory. Measured by con- 
hecting RFI analyzer info antenna placed a speci- 
fied distance from unit under test. 

  

1. CW. (Narrowband) Discrete or single fre- 
quency radiation. 

2. Pulse CW. (Broadband) Where  spectral 
widh Is greater than a specified receiver 
bandwidth. 

3. Broadband. Wideband radiation suchas gen- 
erated by noise or impulse sources. Since 
noise and broadband Tadiation is dependent 
upon bandwidth, radiation intensity specifi- 
cations are stated in terms of 1v/me below 
Tge. (uv/me/meter above 1 ge.) 

  

  

The units of radiation intensity measurement vary with 
the frequency range. Below 1ge. Antenmas are gen- 
erally located within the near field of radiation pattern. 
Measurements generally are made in terms of voltage 
induced on a standard antenna at specified distance. 
1 to 10ge. Antennas are located in far field, or 
Frauahofer region, at shorter wavelengths and stand- 
ard antenna field intensity formulas can be used with 
gain calibrated antennas. Measurements are made in 
terms of uvolts/meter at specified antenna distance. 
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The following procedures will supplement the infor- 
mation from page 24 and 25 of Application Note 63. 

CW_RADIATED 
In the 200 me to 1000 me range and in the 10 ke band- 
width position, the -hp- spectrum analyzer has a sen- 
sitivity specification of -95 dbm for a 500 system. 
Since ~107 dbm is equivalent to 1 volt in a 500 sys- 
tem, this means that theanalyzer sensitivity is equiv- 
alent to +12 db above 1 uvolt. Allowingabout 8 db for 
the dipole to 500 correction plus cable loss and 6 db 
for the specification requirement that the receiver 
sensitivity be 6 db better than the spec imit, the effec- 
tive sensitivity is +26 db UV. In a typical narrow band 
CW/RFI specification the specification limit is 30 db 
above a uvolt (antenna induced) (dbuv) at 200 m to 
440 dbuv at 1000 me. (See Figure 23). This means 
that the basic sensitivity of the analyzer is adequate 
to measure narrow band CW RFT in this range. 

Anappropriate low-pass filter, suchas the Model 360B, 
should be used. Generally a tuned dipole is utilized for 
the receiving antenna and it is tuned to the recommended 
frequencies of the required specifications. The analyz~ 
er is calibrated by a signal generator method across 
the frequencies of use. In this case the analyzer would 
be set up for a 200to 1000 me sweepand a signal gen- 
erator applied to the input terminal at the various fre- 
quencies of interest. The signal generator power set- 
ting would be determined by the particular antenna gain 
characterlstic and the conversion correction from the 
720 dipole to 502 Line. A typical correctionis +7.7db, 
since the specification is in terms of an open circuit 
dipole but the load on the dipole balun is 500. 

As seen by the typical limit line of Figure 23, various 
signal generator settings would be needed to calibrate 
theanalyzer graticule. A grease pencil or transparent 
‘mask might be useful. 

1000 10 10,000 MC 
The analyzer has also been found adequate for sensiti~ 
ity In the 1 t0 10 ge rangeand much the same proce- 
dure s followedas above. The Polarad CA-LPR model 
log periodic antenna is recommended since excellent 
Matness characteristics are obained and_adequite 
antenna gain is available to utilize the available sensi- 
tivity of the analyzer. The general narrow-band CW 
RFI specifications are +60 b above a microvalt per 
meter (idbve) for this range. Again correction must 
be made for the antenna gain and the preselection 
interdigital ilter losses in the range of interest. Pre- 
selection is recommended and sweeps of less than 
2 ge are also recommended for these measurements 

However, for quick look considerations the mixer on 
the analyzer can be left wide open and be fed directly 
from the 1to 11 ge antenna so that all signals in that 
range of reception can be presented on the front panel 
of the analyzer at all times. This would be used for 
quick surveillance type RFI reception so that adjust- 
‘ments may be made to the equipment under test. After 
various components have been corrected then recourse 
can be made to the individual preselection bandwidths 
for detailed study of the specification. 

Appl. Note 834 

PULSED C-W. 

The pulsed-CW response (line spectrum display) are 
calibrated the sameas CW signals except for the cor- 
rection which must be made for the pulse desensitiza- 
tion caused by the finite bandwidth of the spectrum 
analyzer. It is generally better to work on a wider 
bandwidth, such as 100 ke, position for this test since 
it does not present as muchdesensitization to the sig~ 
nal being measured. Typical Limits for this test are 
also presented in Figure 23, Pulsed CW signals are 
measured in 1+v/me and plotted under the broadband 
limits. 
The pulse desensitizing factor is computed from a 
knowledge of the pulse width of the nterference and 
the BWused. a = 20 LOG KTAf (See page 25 AN 63) 

BROADBAND 
1. Broadband signals such as noise can be conven- 

iently measured in terms of power /unit bandwidth 
over broad ranges. 
Connect a_ microwave power meter, -hp- 4315/ 
478A (o the 20 Mo IF test point on the rear of the 
8318 through an -hp- 461A VHF Amplifier. 
a. Set the vertical display control to linear. 
b, Set the IF bandwidih to 1 Mc. 
c. Tute in the signal from the calibrating signal 

generator. 
d. Reduce the spectrum width to zeroby turning 

the vernier completely counter-clockwise, 
This makes a fixed tuned receiver. Adjust 
the tune control for maximum CRT deflection 
on the analyzer. 

e. Adjust the gain of the amplifier and power 
meter and the analyzer's RF and IF attenui- 
tors for a convenient reference seiting on the 
431B for a given RF signal generator input 
power. 

1. Reduce the signal generator power by 10 db 
and check to see If the power meter indica- 
tlon decreased 10 db. 

§ The spectrum analyzer 1s now calibrated in 
@m/Me. A correction should be made for 
the fact ihat the band pass shape of the 85514 
1 Me bandwidth position is such that it corre~ 
sponds toa 1. 1 me equivalent aoise bandwidth. 
(5db) 

h. Comnect the noise source to the analyzer and 
read the power,/ Mo on the 4318. This reading 
could also be converted back to dbuv/me to 
plot on broadband Limit curves. 

Many varieties of specialized RFI tests may be per- 
{ormed with the spectrumanalyzer, limited only by the 
imagination of the operator. For instance, in the 
sequence of pictures shown in Figure 24, the -hp- 
analyzer was set up with a dipole antenna_and the ig- 
nition noise {rom a 1957 Ford monitored. The display 
frequency range is 102 Ge and ignition noise com~ 
ponents are noted strongly across most of the range. 
The analyzer may, as before, be calibrated to read 
directly in ~dbm/me of power density by utilizing a 
signal generator. Note the partial shielding influence 
of the hood position. 

w
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Figure 23. Hewlett-Packard RFI limits for radiated interference ( MIL-I-6181D from 150 ke up).  
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Hood up Hood down 

Figure 24. 1957 Ford ignition system shows influence of hood up or down. 

19. OTHER APPLICATIONS 

The following pages are a series of spectral pictures 
which encompass a wide variety of applications that 
show off the general usefulness and versatility of the 
analyzer. These various applications were encoun- 
tered in the early work with customers that are utiliz 
ing the -hp- analyzer. Several represent some rela- 
tively unique applications which may be of benefit to 
other people encountered in similar work. Again, one 
of the main features of the -hp- analyzer is its general 
versatility which permits it to be used in a varlety of 
applications. We hope that some of the ideas presented 

  

here will be useful to you. Be sure to call your local 
“np- field englner whenever any applications or tech- 
nical problems are encountered which may be solved 
with spectrum analysis. 

The following figures show the results of attempts to 
shield the leads of a backward-wave oseillator tube 
for RFI leakage. RFI filters were constructed for the 
leads as shown in the photograph and the pictures show 
the amount of conducted RF leakage for the frequency 
range between 1 and 2 ge. Note that a little polyiron 
material appliedat the proper places does a better job 
than a lot of polyiron.
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Frequency Response. The method shown above uses 
 flat amplifude comb generator to provide instanta- 
neous plotting of frequency response of ilters, atte 
uators, or amplifiers. The sensitivity and 60 db dy- 
namic range obtained here is not available in most 
swept frequency techniques employing video detection. 

  

  

   

  

FM BROADCAST BAND 
88-108MC 3MC/CM 

Appl. Note 634 

Furthermore, video detection measures fotal power 
and does not discriminate frequency. The spectrum 
analyzer will display mixing products, harmonics, or 
spurious signals generated within the tested device, 

  

Site Survey. With preselectors such as band pass 
Tilters or YIG tunable filters, the spectrum analyzer 
will provide the information needed for site survey 
A typicalrecording of the FM Broadcast band is shown 
below. (88-108 me) The expanded view shows two 
strong stations, one with and one without modulation. 
Two weaker stations can also be seen on the right. 

  

For statistical recordiogs more elaborate output ac- 
cessoriesare necessary. A preset gate could deliver 
pulses to adigital register whenever a signal appears 
above the preset threshold. These pulses can be sorted 
into appropriate registers representing a frequency 
interval as controlled by the frequency sweep of the 
analyzer. The sampling process continues for every 
sweep of the analyzer. After a 24 hour period, or 
longer, the registers can be read for the statistical 
“on time" of the signals. 
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The above is 2 typical spectrum signature of the the 60 db log presentation. Note transients from 
fundamental frequencies of an "L" band radar with an magnetron along with extreme FM. Transients would 
approximate 1.0 usec pulse width. The above pic~ not be seen on conventional analyzers with 40 db dis- 
tures were made with a 10 kc band width and show play range. 
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ents occurring onthe high sideof the 

  

Here is a radar where the magnetron is moding rather badly. Note the tr 
carrier frequency. Only @ high speed photographic record would show this. 

This 15 the third harmenic GulpAt of & Fadar perating 
at a pulse width of 4.5 usec and fg of 1300 me.  An 
intexdigital filter (2-4 Ge) was used to trap out the 
fundamental. The sweep width is 3 me/cm.  
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Channel &; 1 me/em 

  

Magnetron output; 100 me/em Duplexer outpst; 100 me/em 

‘This is another radar which employed two channels. Channel "A” operated normally, but Chanel "B" had marginal 
FM. The magnetron output had considerable noise and spikes showing up which did not show up on the duplexer 
outpat. Note the one picture when the base-line dimmer was not used. When base-line dimmer is used, true base 
level remains at zero.
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L Band Radar 300 pps/4. 5 usecond 
3 me/em Spectrum Width Log Display 
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Same conditions as at left except 1 me/cm 
Spectrum Width 

Here is a spectrum display of one of the cleanest radars noted. Note the absence of moding. The FM present 
seems to be normal for conventional magnetron. 

  

  

  

  

  

              

  

4.5 usec 

These are spectrums of a radar when the pulse width is changed from 4.5 usec to 1.0 usec. 
in spectrum. An IF bandwidth of 10 ke and sweep width of 10 me/em was used. 
sient effects on narrow pulse operations. 

  

  

1 usec 

Note the change 
Note the increased tran-



    

Appl. Note 63A 

  

      

  

10 me to 200 me sweep shows TV Channels and FM 
stations. 
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This isa display of a 1 megawatt radar at mid-L band 
showing spurious radiation over 300 me below the main 
carrier andinterfering in TACAN channels. Horizontal 
100 me/m, vertical 10 db/cm. Some emitted broad= 
band output is only 20 db down from carrier (10 kw). 

 



HP SALES AND SERVICE OFFICES IN THE U.S. AND CANADA 

ALABAMA 
Hontsi 
Helett Pickard 
Southern Sles Diison 
Holiday Ofice G, Sule 18 
12061 8514551 
THR. 5105752208 

ARIZONA 
Scattstale, 85251 
HelttPackard 
Nealy Saes Diison 
3006 o, Seotidale 1 
5 8éb 01 
TWE 6020400111 
Tusson, 85716 
HewlttPackard 
Nedy Saes Divison 
235 So. Tueson Bt 
02 6237562 
T, 6027322758 

caIFoRNIA 
Lus Angets drea 
Hewelt Packard 
Heely Sales Diision 
3938 Lankershi B 
Horth Hollwood 91604 
2131 877.1287 wna TeB 3811 
W 910489217 
Saaraments, 35821 
Hewelt Packard 
Heely Saes Diison 
2551 Cartiad e 
a6 ag2 1663 
T 916 443633 
Sa0 Doy, 82108 
Hewitt Pickard 
Heely Sas Diison 
1058 Stafter Streat 
16 2238103 
TW714276.4263 
Sa Fracisea drea 
HewieftPackard 
Nealy Sl Divsion 
1101 Embarcadero R 
Palo Allp 94303 
1) 275500 
K. 9103731280 

coLoRADO 
Englewood, 80110 
Hewlt Packard 
Nesly Sales Divsion 
7588 st Preati 
a0 713856 
THK: 3037713055 

CoNNECTICUT 
Middetown, 06458 
HewistPachard 
Youel Saies Diision 
560 Sapovoa R 
209 3355811 
T Ti042820% 

FLORIDA 
Wi, 33125 
HewletParkard 
Florda Sales ision 
2907 Nartwest 7 St 
1305 e st 
orando, 32803 
HewleitPackart 
Florida Sas Dison 
€21 Comnonueaii e 
1305 3755631 
THX 3052751238 
St Petershurg, 33708 
HewlatPackars 
Flarida Sals Divison 
41015 &ve. Madeir Beach 
#1302 
THK 813391 0665 

GEORGIA 
‘iaats, 30305 
Hewltt Packarg 
Southern Saes Divison 
3110 Mape Drive, . € 
00 2381141 

T 316751 328 
ILLNOIS 

‘Chcaga, 60645 
HewistPackard 
Ciossey Saes Diison 
3501 West Peterson foe. 
312 275 1800 
TG 8102210217 

INDIANA 
ndanapois. 46205 
HewletPackara 
Crosiey Sales Divion 
313 Maadows O 
317 sig a5 
TR 317635 4300 

KENTUCKY 
Lauisvill, 40219 
HemiattFacard 
Scutnern Saes Division 
St & 3411 Bartstown R 
S07 8534140 
T 2105954128 

MARYLAND. 
Battinare, 21207 

chard 
Horman Sais Diision 
5220 Secuity Biva. 
300 545 3460 
Washington, 0. €. A 
Eevist Pachard 
Horman Sais Divsion 
541 Roling Rrenue 
Rockuile 20857 
30 4277360 
T 710428 9684 

MASSACHUSETTS. 
Bactan area 
HewittPackard 
Tewel Sass Divison 
Widdeses Tunpike 
Buringion D1304 
S0 $729000 
T 1103520382 

MICHIGAN 
Besn. 44235 
HewleiPathard 
Crassey Sals Diision 
18475 West ight il Road 
G13378700 
Tk 3133520702 

MINNESOTA 
St Paal, 8114 
HewiatPackard 
Crowsiey Sales Divison 
822 Raymond hvenve 
17 g6 381 
TR S10583.3734 

MISSOURI 
Kansas £ty 64131 
RarreHanin Comsany 
7915 Fasea Sureet 
@16 esin 
L 8168562423 
SL Lo, 63124 
HarisHanson Company 2514 South rentwoad B 
D) gi7-isss 
W 314623533 

NEW JERSEY sbiny Parc rea 
HewlttPackard 
Robinson Sais Divison 
Strewsbury 
200 7471080 

Engleweod, 07631 
Hewett Packard 
RIG Saes Didsion 
391 Grand fvanue 
) Se7-9953 

NEW MEXICO 
Abugversoe, 87108 
HewlllPackard 
Healy Sales Division 
8501 Lomas Biva 1. € 
505 2855586 
T 9109631655 
s Gruses, 89001 
HewettPacard 
Healy Soes Divison 
114 3, Water Sreet 
506 526.2688 
T 85 5242671 

NEW YORK 
New York 10021 
Howiet Packard 
R Sales Didsion 
235 fast 75 Steet 
21 w0z 
W, 7105814575 
Rochester, 14625 
HowlttPackard 
Syracuse Sles Divlsion 
SO0 Linden Avenoe 
16 3813120 
™ 716221 151 
Poghkespte, 12601 
HowletPackard 
Syrscuse Saes Division 
&2 Washingion S1. 
914 isa 7550 
T 813 4527425 
Syracuse, 13211 
Hewett Backard 
Syacuse Sles Divison 
5855 East Moy R 
3151 4542486 
TWK. 7105410482 

NORTH CAROLINA 
High Point, 21287 
HewettPackard 
Southern Sules Divison 
1523 W han Stret 
o1 gazasrs 
THK! S16526-1515 

oHio 
Clevtans, 4129 
HewieltPackare 
Coosley Sales Diison 
5878 Pear oz 
215! Ba oo 
™ 216 3880715 
Dapton, 43403 
Howlt Pachard 
Ciossiey Sales Diison 
125 W, Doty Line 
13 298355 
W 5139440090 

PENNSYLVANIA 
am il 
HewlttPackard 
Rebinson Saes Diision 
7 e 
Phiadeiphia frea 
Howitt Packord 
Robinion Sais Dission 
144 Eiabeth Strost 
est Conshonacken 13428 
15 2481600 ang 8285200 
W 215328 3817 

Pitshurgh ea 
TewlttPackard 
Ciosiey Saes Division 
2545 Hoss Side Dlvd 
Monvoesle 15185 
i 371527 
T 710:737-3850 

TExas 
Batas, 15208 
HewlaitFackard 
Souttwest Sals Dhsion 
PO, Box 7155, 3605 Inwood R 
216 357.188] and 3325667 
WK, 910361 4081 
Mouston, 17027 
Henittpackard 
Southwest Sais Divsion 
PO ox 22813, 4242 fchmond Ave 
1713 6572607 
TWC 7134711383 

utan 
Sat ke City, 4115 
HeeltPackard 
Necly Saes Division 
1487 Wajr 5t 
@0 iEB 568 
T, 801 5212608 

VIRGINIA 
Richman, 23230 
HowlitFigkard 
Seuttern Saes Division 
2112 Spencr Road 
03 Shasis) 
THo. 71050157 

WASHINGTON 
Seatt rea 
Hewlel Packard 
Nealy Sales Dnision 
1686 1. € Bih St 
Bellwe 38004 
206) 4543971 TR, 9104452303 

caNADA 
Wantreal, Quebec 
HenleltEackid (Garads) Lt 
8270 Wayang Stoet 
8141 738373 
THK: 810421 384 
Ottawa, Ontaris 
HewletPackard (Canadal Lid. 
1752 Carling Avence 
w13 7224073 
THK. 610362 1952 
Toronts, Ontario 
HowleltParkard (Canads) L1, 
1315 Lantence Avenue West 
@16 245.91% 
TR, 6104522582 

‘GOVERNMENT 
CONTRACTING OFFICES 

Middetown, Pa. 17057 
HowieltPackard 
Contract Matkeing Divsian 
Olmsted Plaza 
in Saazin 
THK. 7177604816 
West Conshabachen, Pa. 19428 
HewlertPackard 
Gontract Mareing Divison 
143 Blzabath St 
215 7531811 
T, 215320 3847  



HP INTERNATIONAL SALES AND SERVICE OFFICES 

ARGENTINA HeettPackard Ymb 
Maurico A. Sarez Reginfidstiase 13 
Teleeomunicariones B hunicn§ 
Carles Calo 224, Buenos Ares Tek 48512122 
Tel: 08312 HewlrtPackard Van 5K 

AUSTRALIA Technsches S0 
s ictonis ) P, Kenbarsrsrse 10 
S e 703 e watenber 
Retmand € T, Victoria Tek 6571 
Tel: R24757 3 ies] cagce 
Sample lectroncs NS Py L K Karapais 
¥rase Sireet, G, HSH. Kitmoncs Sauare. Athens 126 
Te: 696338 1 lnes! Tel 230301 5 fines) 

AusTRIA o 
NILABOR o .4, The Scentic nstrument Company, 14 
ssenschatiche nstrument 6. Te] Babacr Sopry R, Alarabad | 
Rymelarogase 85 ¢ Tet 248 
P.0. ox 3, Vinna X7} The Sceatitic Instrument Comany Lo Tel 42 6181 229, Dadasha Naoro R, Gombay | 

BELGIUM Tek: 262682 
Hewlettackar Beneiux The Scentitc estrument Company, LA 
2024 Rue e | Hopital,Brusels 1 11 Espanade East, Galutta 1 
Tel 112220 Tek 254128 

BRazIL Tre Scientific nstrument Conpany, Ld. 
‘CIENTAL IMPORTACAQ E COMERCIO LTDA 38 St S, Mres 7 
R Goms. rispiana, 69,5, Con, 81 Joh o 
Sin Pail, SF. The Scientific nsrument Company, L 
Tei 24402 B3 Agmer Gate Exn, New Delh | 
Fe Tek 91058 

Hewleft Packard (Canada) L. IRAN 
270 Nayrand Sueet Teiscom Lt 
Hontreal Gusbec B0 Box 1812, Teran 
1514 7352273 
HowlltPackard Canada] Ld 1767 Carng A ©ectrics & Engoeging L. Ot Ot emeresh 1. Tl A 7224224 To sy 
HeniettPacard () 18 oy 
il e 
H16) 24asite Tt . Wen 

St Packard Halana SpA 
G 1590 Sntgo Pt e, 25, il tir7s Te B2 S 

Ot T s Lo Joostoma it Yehogaa it askard L nads 1, Copnvogen 8 e 
Tel: 29.48.00 -y el Sachol T AN, e k) B26:31201 019 e 

m Yogana enlrsfachard L PO Bau 183 3o T Eone doymatanaci T Nertinat, Hekink M s T 
Te: 61133 e Si50073 15007 030075 

FRANCE foogaus et Packard HewetPacrd France 3o lmede Kt Dok Gty 150 . asens, Fas 3¢ Te 3613084, 3417005 
Tel: 707.87.19 Yokogaws Hewlett Packard Ltd 

GERMANY 3o TS inehedr WevetFackard {mbt e Nagow iy 
Steindamm 35, Hanburg e 758545 
Tel: 240551 KoREA 
Hewlett Packard Vb . American Trading Company, Korsa, 14 
Kothessensiasse 55 11235 Sokong Dong. gk 
& Franar am Wi Seoul .0, Box 1103 Seou 

2003 Tel: 317048, 37613 

For Sales and Service Assistance in Areas Not Listed 
N EuroPE IN LATIN AMERICA 

HeweltPackad, 5. A, HeettPackard nfe Amricas 
54 Route des Acacias 1501 Page il foad 
Geneva, Swizeriand Palo Ao, Calforna 34304, USA 
Telephone: 022 £231.50 Telephone. 415 25,7000 Teiek 23486 T S0 3731267 
Cabl: HEVPROKSA Tele. Q33511 Cabie: HEWPACK 

NETHERLANDS 
HeeltPackard Benelux Y. 
73 urg Rolsraat, Amsterdam 
Tol 0201 132698 and 135498 

NEW ZEALAND 
Sampl Sictronics M. 2) L1d 
B Mitipo Seet 
Ouelunga §. €. 5, Askiand 
Tel $55361 

Ingenigrima 
& Wassls Gte, Oslo 
Tel 20 15 36 

PORTUGAL 
THECTR: 
Rua Rodri ca Fonsecs 103 
PO, o 531, Lshon | 
Tel 6815072 00 66 50 73 and 6850 74 

PUERTO RICO & VIRGIN ISLANDS 
San Jun Eictonis, i, 
150 Ponce de Leon, Sop 3 
£0. box 5167 
Pia. ¢ Tioa Sta, San Juan 00306 
Tol 722.3%42, 724406, 

SPAIN 
ATHI, Ingenieres 
Ewious Larrta 12, Madrid 6 
Tel 2354348 and 2354545 

S0UTH AFRICA 
£ Fanter & Co Pty), Ltg. 
Rosela House 
Butencingle Steet, Cape Town 
Tel, 33817 

SWEDEN 
HP Instrument 8 
Centraiviger 28 Sana, Cenrum 
Tel. 0524 080 and 10430830 

SWITZERLAND 
ar Pau Frey 
Wanidarteidstrasse 65, Berne 
el 031) 820078 

TAIWAN (FORMOSA) 
Hwa Sheng lectonic Go. L 
21 Nanking West Hoad, Tael 
Tol 4 5078, 4 3638 

TURKEY 
TELEKOM Engincering Bureay 
PO, Box 376 Gaiats, Istabul 
Tel 49040 

UNITED KINGDOM 
HenletPackare Lid 
Dalss R, Beord, Engand 
Tel Becford 68052 

VENEZUELA 
Gioe, €. & 
Edi Arisan 0t #4 
Avda.Francisco e Miranda Chacaito 
Apariado del Este 10437, Caracas 
Tel 718805 

YuGOSLAVIA 
Eeliam S.A. 
85 Avanue tos Minosss 
Brussels 15 Belgiom 
Tei $5.2036 

Contact: 
ELSEWHERE 

HowlettPackard 
Interationl Narketng Department 
1501 Page il Foad 
Pal Al Cafornia 94304, USA 
Telophone. 415 326 7000 
T 103731267 
Telex: 033811 Cable: HENPACK.    



  

  58510002 PRINTED N USA


