
low-cost spectrum analyzer
with kilobuck features

Build WA2PZO's

useful instrument

for operating position

and lab bench

Although laboratory-grade spectrum analyzers
cost $4500 or more, you can build a spectrum analy
zer offering many features of its costlier cousins for
about $50. How can such amazing capabilities be had
at such incredibly low cost?

• Through the use of a commercially mass-produced
varactor tuned TV tuner that covers the VHF low, VHF '
high, and UHF TV bands. It will tune down through
the 2-meter and 6-meter Amateur bands without
modification, with better than l-microvolt sensitivity.
By using a crystal-controlled converter and a narrow
er IF filter, anyone of the HF Amateur bands could
be viewed as well, by simply upconverting to a TV
channel.

• Through the use of consumer-grade integrated cir
cuits in the oscillator/mixer, dual ceramic filter, IF am
plifiers/ detector, and audio amplifier (offering audio
as well as scope output it is really a spectrum monitor).

• Through the use of your own oscilloscope. Just
about any scope may be used; I used a 1951 Heathkit
Model OL-l with its original cathode ray tube.

spectrum analyzer applications

Spectrum analyzers allow the user to observe in real
time an adjustable/variable bandwidth of radio fre 
quencies. One of the earliest spectrum analyzers for
the ham bands was the " Panadaptor, " manufactured
by Hallicrafters in the early 1950s. I used one to check
for F2 propagation 6-meter band openings in the
mid-1950s and credit the panadaptor with my earning
the IARU 6-meter WAC award (phone) issued by the
ARRL.

The band of frequencies swept by the spectrum
analyzer described in this article may be varied from
zero up to about 38 MHz on VHF low TV = 50 MHz
- 88 MHz, zero up to about 85 MHz on VHF high

.TV = 135 MHz - 220 MHz, and zero up to about 300
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MHz on the UHF TV == 500 MHz - 800 MHz. When
the sweep width is set at zero, each of these bands
of frequencies may be manually tuned just as in a
single-frequency receiver. Both wideband FM and nar
rowband FM signals, and surprisingly, even amplitude
modulated signals are detected quite well by the FM
IF amp /detector IC and amplified by the audio IC.

Figure 1 is a block diagram of this spectrum analy 
zer using a Sanyo varactor tuned TV tuner. A ten-turn,
10k pot with + 35 VDC across it is used to adjust the
center frequency of the tuner. A low varactor bias
yields low frequency and a high varactor bias provides
higher frequency on the TV band to which the tuner
is set. The sawtooth sweep voltage that is capacitive
Iy coupled into the tuner's varactors is the horizontal
sweep voltage from the oscilloscope. If your scope
doesn't have the horizontal sweep output (the Heathkit
OL-1 does not), just mount an RCA phono jack on the
front of the scope and bring out the horizontal sweep
from the scope 's horizontal multivibrator to this point.
The 100 kilohm load across the horizontal sweep out
put should have little or no effect on the scope's
operation .

Besides the TV tuner and scope , the rest of the cir
cuit consists of only three integrated circuits. The
second mixer /oscillator chip is a Siemens S042P. The
ceramic filter is a Murata SFJ two-section filter at 10.7
MHz. The combination IF amp /detector/ AGC amp is
a National LM-3089N, and the 1/2-watt audio amp is
a National LM-386N.

construction, testing, and alignment
Figure 2 is a schematic of the analyzer. A printed

circuit board is available from WA2PZO; I recommend
using this and WA2PZO parts kits . (Although the pots,
S-meter, and speaker aren't furnished, most are avail
able from Radio Shack .I Figure 2A shows the com 
ponent layout on the WA2PZO printed circuit board
(foil side down). Alternatively, you could use perfboard
and point-to-point wiring.

Figure 3 is a schematic diagram of the interconnec
tions between the Sanyo tuner, the three-IC printed
circuit board, and the scope , Once everything is con
nected as shown in fig. 3, alignment can begin. (It
should be easy, since there are only four adjustments,

By Robert M. Richardson, W4UCH, 22 North
Lake Drive, Chautauqua, New York 14722



the ferrite cores in Ll , L2, L3, and L4.)
With all the parts on hand - and assuming you're

using the PCB - assembly time is at most an hour
or two. I tuned up my unit using only a grid dip meter
as a signal source in about 20 minutes.

Construction of the PCB proceeds as follows:

1. Install the jumper at the lower edge of U3 as illus
trated in fig. 2A.
2. Install the 11 resisto rs as shown in fig . 2A .

3. Install the 16 capacitors as indicated in fig . 2A.
Since C6 and C7 are electrolytics, be sure to observe
the polarity indicated in fig. 2A.
4. Install the Murata ceramic f ilter , FLl . Because it's
symmetrical, it can be installed in either direction.
5. I recommend carefully installing sockets for U1
(16-pin DIP), U2 (8-pin DIP), and U3 114-pin DIP).
6. Install L1 through L5, carefully bending the pins
slightly so that they fit easily into the PCB's pre-drilled
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fig . 1. Block diagram of WA2PZO spectrum analyzer.
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BRANDNEW JUST RELEASED HOT OFFTHE PRESS!!!
GET · •• CONNECTED to Packet Radio

by Jim Grubbs. K9EI

Beginners ' guide to Pack et Radio operation.
Packet comrouncencns rs one crthe nottest sUbJecls ,n Amateur RadiOui eseoeve.Noted corn
puler authorJ im Grubb s, aulho, 01the Commodore Ham'sCompanion and Command Post ,has
pu t logelher one at the first books on how 10 gel on Packet RadiO Pac ket basics are tully crs
cussed in a step-by-ste p manner , SubJecls also covered are : selecting a TNC, selting up yOUf
co mputer , packet organizations and publications, crotocor. networking, Packel answering rna-
crune. me transfers, accessories and more! 1986 208 pages tSl acmon.

JG·PR Soltbou nd $12,95
Also avai lable The Commodore Ham 's Companion . Order cco e JG·CC . $ 15 95,

and Command Post. Oroer cco e JG·Cp, $9 95

Ple a* add $3 50 1m Shipping and handh"9

Don 't let it.. ..m all dimensions (4" )( 3")(2") foo l yo u- the Grov e
Miniluner III is a big weapon against images. intcr rnod and
phanto m signals o n yo ur sho rtwa ve receiv er !

This short wave/ lo ng wave pre-se lecto r is des igned to boos t
performance in th e 100 kHI-30 M Hz freq uency range. If you
o wn o ne of the popular gene ral coverage co m mun ications
receive rs and aft' ustng an ou tside antenna . you NH D this exira
m easure of selec tiv ity .

No power required . Simply co nnect between your receiver
an d ante nna . Eq uipped for standard Pl -259 co nnectio ns. Only
$39 (f ree UPSship ping : '5 U.S. Mail/ Parcel Pe st]. O rder TUN-J.

Meet the Eliminator.

Shop Grove for fanta stic values in shortwave
receivers, antennas, cable, performance

. boosting accessories and literature.
Cett (704) 837-9200 or wr; /e 10 ebove dUdr('S) for tr ee col fa/ng !

~ ,..

Ham Radio's Bookstore
Greenville. NH 03048
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f ig . lA . Co m po nen t la yo ut o n th e WA2PZO p rin t ed ci rc ui l board Uo il , ide downl.

li g . J . S chemat ic s how in g in!... connect io ns belw e ..n
!u ner. prinled CirCUli board. a n d os c illo sc o pe. NOle ; + 35 .
4 20. a nd • 12 VO c SOUfC"", ar e regui llt ed s u p p lies.

9 . Peak the ferri te slugs in L2 and l3 for max imu m
signal ou tpu t on the scope.
10. Con tinue tuning the center frequency POI un t il a
TV aud io signal is found , then adjus t l4 for ma xim um
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holes. Because l5, the 150 pH induc tor. is symmetri ·
ca l it can be ins talled in either d irec tion.
7. M ost important : lubrica te the small Iemte COtes of
L'l, L2. LJ, and l 4 with a drop or lWOof W D·40 beIOfe
attempling adjustment. These cores are extremely brit
tle; use a plast ic or nylon tuning 1001 ma tched 10 the
wid th o f the ferr it e slo ts (using a meta l one w ill guar
an tee their dest ruction l.
8. If you 're not using a 2OO-pA S-mater, install a jum
per from 'A' to ground .

Testing and alig nment proceed as tallow s:

1. Connec t the TV tuner's VH F input to yo ur z.merer
antenna .
2. Se t the V HF / UHF switch 10 the VHF position .

3 . Set the Hilla sw itc h to Hi.
4 . M ake sure the top o f the ferr it e core in II is exact 
Iy evan w ith th e top 01 its shielded hou sing .
5. Sel the squelc h conuol to zero and adjus t the

volume cc nuol fOI a sligh t h iss from the speaker WIth
the gai n control at ma ximum res .st ance 110 k ilohmsl.
6 . Se t the wid th conuot (saw tooth sw eep h om score !
to zero.
7. Connec t a von rneter to p in 10 o f the TV tuner
tve racto r mpurl . Use the + 3Q·VOII voltmeter range
l adjus t th e cen ter frequency 10k ·tu rn pol so that
varec tor bias is below + 30 VOCI.
8 .Turn the can ter frequency pot slowly dow n treduc
ing varac toe b ias vol tage) un t il a local TV video earne r
is both heard on the spea ker Ibuzz) and seen on the
scope . If no TV stations are nearby, use a signal qener
a lar w ith modulated output or a grid d ip meter .
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aud io outp ut and minimum backg round noise hom the
speaker.
11. Though each varectcr tuned TV tuner w ill hav e
somew hat different vo ltaqe versus frequency re o
sponse. see fig . 10 to see the response we obtained
using a Sanvo varec to r tuned TV tuner .

Figure 4 is a photo of our finished spec tr um analv.
zer . The tun er and PCB are mounted on top of a 2

f,g 4. Co m ple ted spect ru m a nalyzer . IAl lr o n l. IBI . .... . , ICl tup.

l ig . S. VH F low TV band w ith hori l o n tal $w e e p a m plilud e
se t 10 maxim um .

fi g , 6 8 MHI ho.; l o n lal !Iw ee p wi d th. wi th c han nel 2 vid
Ito !Iig na l al l.. tr and c ha n ne l 2 audio e e right .

II 5 II g·inch 15 II 13 II 23 ern! aluminum chassis. The
PCB is mounted on l / 2-inch 11.3 cm l threaded stan 
do ffs . Left 10 right. the five po ts are: volume. squelc h,
center frequency, swee p w id th, and tuner ga in . The
two mini-toggle sw itc hes on the right o f f ig , 4 are
VHF·UHF (to p! and VHF LOW - VH F HIGH Ibot tom l .
On the rear of the chassis are sill RCA ph ono jack s:

+- 35 V D C for tuner cen te r frequen cy : + 20
VDC l or tuner: I 12 VD C lor osciuatcr rmixer , second
IF amps. U3 aud io amp; horizonta l sweep from scope;
vertica l ou tput 10 SCOf>e; and aud io out pu t 10 the
Bcohm speaker.

o pera t io n
Now tbe lUll really begins. For antennas, I used my

tw o 23 -element Cushc rat t z-meter " Boomers," IN a,
I don 't bounce sig nil ls all th e moon wit h them , but
1 can w ork in to Zmeter repealers in Tor ont o, some
125 miles aw ay . M y OTH is on the south shore 0 1

Chautauqua l ake, some 65 miles southwest 0 1

Buffalo; because 01 this distance, and the presence
0 1 a range 0 1 hills about 300 teet 190 me ters! hig h be
Tween Buffalo and Chautauqua. TV signals aren't par -

-
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ticularly strong. Nevertheless, all the TV channels on
both the VHFlow TV and VHFhigh TV bands were dis
played on the first try. Both the vestigial sideband video
signaland its accompanying FM audio signalwere clear
ly displayed for each channel.

Figures 5 through 10 are sketches of the oscillo
scope display in the noted modes of operation. (Os
cilloscope cameras cost about $300; I chose not to add
one to my $39.95 Heathkit scope.)

Figure 5 shows the VHF low TV band with the
horizontal sweep amplitude set to maximum. Each TV
channel pair displayed (video and audio) is noted. The
height of each signal is proportional to signal strength;
some Canadian TV stations really pack a wallop even
though they're 125 miles away.

Figure 6 illustrates about 8 MHz horizontal sweep
width (left side of CRT to right side of CRT) with the
video signal of Channel 2 on the left and the audio
from Channel 2 on the right side.

Figure 7 displays the sweep width reduced to about
2 or 3 MHz with the center frequency set to Channel
2's video carrier. Note the blanking and vertical sync
pulse riding on top of the carrier.

Figure 8 is the Channel 2 video carrier with the
horizontal sweep set to zero. The blanking pulse with
the vertical sync pulse on top is on the left side. The
eight squiggles to the right of the vertical sync pulse
on top of the blanking pulse are the color burst; all
the hazy, wavy signals to the right are the video in
formation. The top of the vertical sync pulse
represents 100 percent modulation and the bottom at
the video information represents the white level of vid
eo at about 15 percent modulation.

Although some scope photos or sketches show 100
percent modulation at the bottom, I prefer it at the
top. If you insist on having it at the bottom, simply
turn the figure upside down and view it in a mirror.

Figure 9 illustrates the 2-meter band with horizon
tal sweep representing about 3 MHz. The left side of
the CRT is at 145 MHz and the right side of the CRT
is at 148 MHz. Spread between 146 and 148 MHz, we
can see about six 2-meter repeaters located in the
Buffalo and Toronto areas.

Figure 10 is a plot of varactor tuning voltage versus
frequency on my Sanyo TV tuner. The 10-turn, 10-ohm
pot used for setting the varactor voltage is an absolute
"must" for fine tuning.

By reducing the sweep width to zero and single
signal tuning across each band, I was able to copy the
audio on the VHF TV low band from the following sta
tions: WGRZ-TV (Channel 2, Buffalo) WPSX-TV
(Channel 3, Rochester), WIVB-TV (Channel 4,
Buffalo), CBLT-TV (Channel 5, Canada), and CTGN
TV, (Channel 6, Canada). On the VHF TV high band
we copied audio from air-to-ground and air traffic con
trol stations; 2-meter repeaters in western New York

and the Toronto area; commercial FM pagers; Toronto
Coast Guard marine weather on 161.775 MHz; the
Erie, Pennsylvania, weather bureau on 162.40 MHz;
the Buffalo, New York, weather bureau on 162.55
MHz; WKBW-TV (Channel 7, Buffalo); WROC-TV
(Channel 8, Rochester); CFTO-TV (Channel 9,
Canada); CFPL-TV (Channel 10, Canada); CHCH-TV
(Channel 11 , Canada); WICU-TV, (Channel 12, Erie);
and CKCO-TV (Channel 13, Canada). On the UHF TV

fig. 7. Sweep width reduced to about 2 or 3 MHz with
center frequency set to channel2's video carrier.

fig. 8. Channel2 video carrier with horizontal sweep set to
zero.

fig. 9. 2-meter band with horizontal sweep representing
about 3 MHz.
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Fig. 10. Varactor voltage versus frequency (will vary
from tuner to tuner).
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VHF low band

frequency MHz
50.00 6-meter band
56.25 channel 2 video
59.75 channel 2 audio
61.26 channel 3 video
65.75 channel 3 audio
67.25 channel 4 video
71.75 channel 4 audio
n .55 channel 5 video
81.75 channel 5 audio
83.25 channel 6 video
87.75 channel 6 audio

VHF high band
135.00 air to ground
144.00 2-meter band
148.20 commercial paging
162.55 Buffalo weather
175.25 channel 7 video
179.75 channel 7 audio
181.25 channel 8 video
185.75 channel 8 audio
187.25 channel 9 video
191.75 channel 9 audio
193.25 channel 10 video
197.75 channel 10 audio
199.25 channel 11 video
203.75 channel 11 audio
205.25 channel 12 video
209.75 channel 12 audio
211.25 channel 13 video
215.75 channel 13 audio

band we copied about six TV stations from Channel
17 through Channel 26, including a French language
Canadian TV station. The Sanyo TV tuner is one super
little box with excellent sensitivity - l.e., much bet
ter than 1 microvolt. All these stations were copied
using only 2-meter antennas.

other uses
Once you become accustomed to using it, the spec

trum analyzer is probably the greatest trouble-shooting
aid since Volta invented the voltmeter. With the proper
probes, attenuators, and converters it can be used as
an RF voltmeter; as a signal tracer in transmitters and
receivers ; and for transmitter alignment, harmonic
measurement, deviation measurement, oscillator in
jection measurement, IF alignment, and spurious radi
ation measurement, to name but a few of its
applications. If you want to dig deeper, Cushman Elec
tronics (2450 North First Street, San Jose, California
95131) publishes a neat little book entitled Using The
Spectrum Monitor Priced at $7.25 (postpaid), it's easily
understood by the average Radio Amateur.

acknowledgement
I wish I could claim authorship for this unique

design , but credit goes entirely to my friend, Murray
Barlowe, WA2PZO, who not only created the design
but has generously made a partial kit of parts, TV
tuner, and printed circuit board available to Amateurs
at virtually his cost.

For more information send an SASE to Murray
Barlowe, WA2PZO, P.O. Box 393, Bethpage, New
York 11714. Once you try it, you'll never understand
how you got along without it. ham radio
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aT Filte,.s TRIPLE DISCOUNT SALE
The more filters you buy, the more you save! 10% Off on one, 20% on two , 30% on 3 or more. For
ex amp le. on e $60 filt er co sts $54: tw o 554 . 48 three 554 ,4 8 .4 2: tour $54 .48 '42'42 On e $110 fil ter
costs 599. two 588. etc Figure each price group separa tely For combos (matched pairs onl y] see
prices below .

8.83MHz 8-POLE FT FILTERS FOR KENWOOD - Reg. $60 ea.
Bandw idt hs: CW 250 . 400 Hz: SSB 1.8. 21 . AM 60KHz Surtabte lor alt mod els l rom TS120 thr ough
TS940 TS440 S introductory Tak e 55 off sale pr ice lor tw o

Filter Cascading Kits with FT Filter
TS430S - Discounted 2 1 filter plus 520 for amp board

TS820S - Di scou nted 2 1 Iliter ptus $5 lor parIs

455KHz 8-POLE FT FILTERS FOR KENWOOD - Reg. $110 ea.
Bandwidt hs avail ab le CW 400Hz . SSB 2 l KH l Su ita ble for R820. TS830 . TS930. TS940 Ma lch ed
Fil ter Pairs for Abo ve Models - Reg 5 170 ea SSB 21 KHz (455 and 883) : CW 400H z: (455 and 8 83)
D isco un ted Pairs: one for $147. $279 for bot h

3.395MHz FILTERS FOR TS520 , 511, R599 - Reg. $60 ea.
Bandwidt hs availab le 250. 400H z. 1 8' . 2 .1KHz '18 spec ial - Take $10 off list. thon di sco unt

'
Same deal for YAESU, DRAKE , ICOM , and HEATH filters !

Chec k your GREE N SHEET lor List prices . or PHON E

LIMITED QUANTITIES - ORDER NOW TO AVOID DELAY

When ordering . spec ify Make and Mod el Number of your RIg : Frequency and Bandwid th 01 filt er( s)
desired .

SHIPPING $5 US and Canada. $12 elsewhere
Order by Mail or Phone VISA /MC or CO D accept ed

G O FOX - TANGO - TO BE SURE' GET THE BEST- FO R LFSS'

FQX-TANGD t:O~'P.Box 15944 . W. Palm Beach, Fl33416
Telephone: (305) 683-9587
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$3 + $2.00
shipping and handling

Send $5.00 to:

Ham Radio's Bookstore
Greenville, N. H. 03048
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