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Watch That Signal!
Haul out your old oscilloscope and turn it into a

signal monitor. The conversion is easy and the price is right.

Fig. 1. fhe basic etemerns /l('eded for rf monitoring.

Choosing a Scope (or R(

Curren t scope spec ifica
tions make the uruts of even
f ifteen years ago look bar
baric by cont rast. The mod
ern scope has t riggered
sweep calibrated in frac
tions of a second per divi 
sion on the SCOpt' face, We
can no longer create some

monitor their transmit ted
signals or us!' rn or utors fo r
making adjustments The
part of the equation that
stops most hams IS probably
the scope itself and no t the
adaptor , There Me seve ra l
good w orking designs and
we shal l look at il fpw before
cl osing. However. tht , idea
o f ow n ing and then modify
ing an os cilloscope st i l l
creates an xiet v in rnanv
hams, 50 le i 's begin by look
mg at w hat make-, a good
scope for rf work .

O sc illo sco pe adaptor",
fo r rf hav e been

around a lo ng tune. They be
came popular with the ad 
vent o f 5SB and inexpensive
scopes after the end of
W orld W ar II Today. many
o f the lead ing ham equip
ment manu factu rers. includ
ing Heath, Yaesu. and Ken
wood, provide matching
scope unit s for moni toring
transmi tted -and in SOIlW
cases, received c- signals
The equ ipmen t is excellent .
but so is the price tag. There
are cheaper ways to have an
etfecnve rnomtor. especial 
ly if you are inte-rested only
in seeing you r t ransmitted
signal All you need is a
cheap work ing scope and a
simp le adaptor r ig 1 shows
in simp lified form wh at we
need.

As simple av ttus scheme
is, ret a t tve lv fe w hams

An eXferna/ \lie~\ of fhe adaptor shown in Fi~. 8, wifh ..nioki
oci connec tions to fht, n'a r of the 5COP<' and om..a rd to t /J ('
vertical deflection platp,s,
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fig. 1. Rf connection» to typica l vertica l amplifier c ircuits.
(a) Triode dc-coupled Otl/put ~ t .l~e. (b) Pontode dc-couo ted
o utp ut ..ta~{' . tc) Pemodo oc-couotoa outpu t ..tage.
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Fig 3. Iso lar ing rf and nor
ma/ scope .. ignals.
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cases, you will need no
other work on the scope, It
wi l l operate norma lly when
rf is not present. When using
the scope to monitor your
transm itter, keep the verti
cal gain at minimum, and it
you have input attenuator
posit ions, set them at maxi 
mum, For monitoring, we
simply bypass the vert ical
amplifier and generate the
voltage needed to cit-f leet
the t race verticallv by other
means,
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however, shielded leads are
best, especially with higher
power,

Betwee n the socketterm i
nal s and the jacks, insta ll
O1i1f disc cerermc capac i
tors of at leasll000-volt rat
ing. Keep the leads as sho rt
as possible, and try to keep
the capacitors at right an
gles to anything to whi ch
you might co uple signa l
Many scopes used to have
accessory jacks on the rear
panel for any number of im
probable uses (for example,
dc voltages to power units
under test if they by chance
happened to requ ire exact ly
the volt ages provided at a
ve ry l im ited current). I f
these are close enough to
the scope tube socket, then
mechanical work will be fur
ther m inimized.

Fig. 2 shows the connec
tions schematical ly, along
with some typical vertical
amplifier connect io ns to the
same socket p ins. In most

c

monitors begin with this
problem as a design consid
erat ion, and it may be easier
to bu il d a scope f ro m
scratch than to rebui ld a so l
id-state unit tha t wa s never
intended for rf service.

Tube-type scopes of the
next preceding generation
do not suffer the problems
of solid-state scopes. A few
volts of rf in the case w ill not
injure the tubes or o ther
components A hamfest wi ll
t urn up many of these
scopes for sale. The main
item of concern is the qua l
ity of the cathode-fay tube
and the power t ransformer.
Hath are difficu lt to replace
and cos tly at best. If the
scope puts o ut a bright ,
well-defined t race wi th the
Intensity co nt ro l at the half
way point, then other faul ts
can be repaired with the in
vestment of troubleshooting
time ra ther than money.

For an rf m on itor at the
o perat ing desk, I prefer a
smalle r scope to the round
faced f ive-inch m odels. To
ward the end of the tube era,
a number of compact three
inch units appeared, includ
ing the Eico -US and 430
The Bvi " by 6 " by 11 ~ audio
f requency 430 cost $69,95 in
k it form in 196'5, and it may
be worth half to two-thirds
of that price at a hamfest if
it is in excellent condition . If
you prefer a larger sco pe
face, there are numerous
Dumont and Heath models
(among o thers) that can be
picked up for a so ng and a
few greenbacks.

Getting a scope is hal f the
bail ie. Modifying it for di 
rect rf input is simple. l o
cate the vertical deflector
plate terminals on the sco pe
tube socket. As close as pos
sib le to these te rm inals, in
stall a pair of connec tors on
the rear panel of t he scope.
Phono connectors work well
if you use thin coax for the
leads from the adaptor (one
lead for eac h terminal. since
the signal will be ba lanced)
Pin jacks o r sim ilar connec
tors will work if you use
twinlead or other balanced
l ines f rom the adaptor;

o f the funny picturesof yore
beca use t he re cur r en t
sweep, cal ibrated in fre
quency, is gone. V irtually all
scopes are sol id state. D ual 
t race capabil ity is the ru le
rather than the except ion.
The frequency limits of the
vertical ampli fier have gone
out of sight. Except for very
expensive lab scopes, a
S-MHz l imit was rare twenty
years ago; today, the limit is
fast approach ing HX) M Hz ,
with 20- and 3D-MH z units
common, O ne o ther thi ng
has kept pace with the rising
specifications: the price.

Modern scopes are excel
lent. If you own one, then rf
monitoring is a simple m at
ter of taking an exceed ingly
small sample of your t rans
m illed signal and feeding i t
d irect ly into the vertica l am
plifier of your scope. You
need no adaptor. Unfortu
nately, few of us have the
m oney for a 30-M Hl scope
th at w ill get onl y an occa 
sional workout in the shack.
Indeed, if we have access to
such a piece of equipm ent.
It will most likely go on the
test bench where it w ill be
used more regularly.

If we do buy an older
scope, our tendency is to
choose one of recent vin
tage. This would be a solid
state scope with at least o ne
j\-1Hz, and perhaps five, as
the vertica l amplifier limit.
It wou ld have recurrent
sweep and singl e t race.

I should have stopped the
moment I mentioned solid
state! A lt hough there are
good solid-sta te scopes ca
pab le of hand ling t he
SOwd volts of rf that we
shall put into the case with
at least an inch or two of
lead, few of the cheap units
have suff ic ient shield ing be
tween the amplif ier boards
and the neck of the scope
tube where our leads are
needed. The odds of pop
ping one o r more t ransistors
is very great. We can add
shie ld ing, but our chances
of successfull y eliminating
all rf danger are slim to non
existent M odern sol id-state



Fig. -I. The typical adaptor circuit of the 19605.

pick-up and tuning sections.

Recent Adaptor Designs
More recently, designe rs

have real ized that tapping a
50- o r 75-{) hm coax lin e
would cause no significant
problems if the tap imped
ance wa s fair ly high. This
has resulted in the use of al 
most d irec t connections be
tween the rf line and the
scope tube. Fig. 6 shows a
generalized idea of the
scheme. The switch controls
a se lection of capac itors a r
ranged to successively dou
ble the reactance and lowe r
the signa l leve l seen by the
scope p late s. Si nc e t he
scope def lect io n pla tes re
quire a balanced input, the
ground side is elevated off
ground. The system is per
fe ct ly adequa te for most
monitoring pu rposes, al
though a better ba lance is
easily ac hieved.

In 1979, VE7CG K presen t
ed an in te rest ing scheme
(73. June. 1979. p. 110); it is
shown in Fig , 7. His ba lun
used an ordinary 2--inch-<Ji
ame te r antenna core. The
swamping resistor across the
core is no n-c nnca l In va lue.
and anything with up to a
th ree-to-one rat io to the va l
ue given seems to work . It
evens t he frequency re 
sponse by lowering the Q of
the coil. However different
his coupling scheme ap
pears to be from that in Fig
6. 1t is electrically identi cal .
He has used a variable ca
pacitor (with a se ries fixed
capaci tor) to replace the
switch. Like a ll the uni ts
shown, his works well. with
one exception. It is d ifficu lt
to find a va riable capacitor
with a 150-pF top va lue that
will go below 10 pF mini
mum. The 5-pF value in Fig.
6 is needed when viewing
kW signals on a sensitive
scope tu be.

The fina l des ign that fits
into the sma ll box shown in
the photo combines the best
o f these two designs with
so me m in ia t uri z at io n
thrown in. Fig. 8 shows the
circuit. The capac itor sec
tion is standard. The balun is

through stages of evolution,
Initial designs were open
breadboards . You were ex
pected to tack-solder a coi l
each time you changed
ban ds , Plug -i n co ils fo l
lowed, but they required
you to open the shielded
box which was added to the
design . In 1970. W1 KL K
mounted a ll the coils on a
rotary switch (QST. October.
1970. p. 36). He also used the
smallest diameter coils I had
seen to that time. ranging
from I!J inch for 10 meters
to 1'1. inches for 80,

The principle of the de
sign was to gene rate the nec
essa ry defl ectio n voltage
through the high Q of the
tu ned circuit. The tuning ca
paci tor. insulated from the
front panel and the opera
tor's hand, provided peaking
when tu ned to resonance. If
the voltage provided too
much deflect ion (somewhat
a ra rity with olde r, less sen
sitive cat hode-ray tube s),
detu ni ng the ci rc u it at 
tenuated it effec t ively .
Despite its size. the unit
worked very well.

The same design can be
significantly mi niatu rized
through the use of toroid
co res for the ind uc to rs
throu ghout. as shown in Fig.
5. The schemat ic diagram is
essentia lly the same. a l
though some changes have
been made in the drawing to
indicate the mechanical
changes. A short straight
li ne with Teflon'" insulation
runs between the coax con
nectors and throu gh a hal f
inch core. I have used from
6 to 20 turns of #28 wire 10

the secondary without dis
turbing the line impedance
seriously. The tuned c ircuit
coi ls in the aggregate take
less room than the switch on
which they are mounted, Al
though a t h ree-section
switch is shown, I have a lso
used a two-section switch.
with one side of each coil
(and the capacitor) to a co m
mon. This d id not seriously
upset the ba lance of the out
put. The entire unit can be
mounted in a single box with
a pa rti tion between the
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adaptors for osci lloscopes
have grown simpler. I have
built most of the designs.
disca rding them as a more
compact arra ngement be
came avai lable. My present
uni t fits in a rX2"x 4"
a luminum box mounted on
the back of my scope. with
on ly one switch to manipu 
late. The photo shows how
compac t the adaptor can
be. We may never reach the
ul timate min iatu rization in
anything. but if another
ad ap to r d e s ig n comes
alo ng, I will hesitate before
replacing the present un it.

Most ea rl y design s used
tuned c ircu its. one for
each band , Fig. 4 shows the '
general de sign which was
fairl y standard fo r about a
decade. The re were two
separate boxes: a pick-up
unit and a tuni ng uni t. The
p ick-up box contained a
o ne-turn coi l ru nning be
tween th e input and o ut
pu t coax co nnec to rs, with
a two-turn link runn ing to
the tuning unit . The idea
was to minimize the im
pedance bump in the tram
mitter tra nsm ission line .

The tu ning unit went
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Fig. 7. The VElCCK adaptor.

If you encounter pro b
lems with the use of the
scope for non-rf purposes,
then you will want to install
the double-pole. do uble
throw switch shown in Fig. 3.
This w ill effectively iso late
the two modes of operat ion.

Fig. 6. A simple rf scope
adaptor in wide use toda y.

Fig. S. A minia tu rized vers.on of Fig. -s. utilizing foro id
cores.

Rf Adaptors
Through the Years

Wh il e almost every other
piece of electronic equ ip.
ment has grown more com
plex through the years, rf
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Fig '-J. Physical layout of the
hybrid scope adaptor.

sible with C\\' dots or dashes
sent at a con..ta nt rate (easi
ly done with an electronic
kever) and w it h two-tone
tests o n SSB For the usual
Christmas-tree pattern seen
in casua l monitoring of S5B
o r for AM trapezoid al pat 
te rns . sync is u se l e ss
Nonetheless. the technique
for deriving a sync voltage is
sim p le in principle and
deserves menuon.

Fig. 10(il} shows a sirnplr
AM d e te c tor typ ical of
th ose found in rf probes,
With thp isol ,lIing resi..tor,
Its output is verv low, too
low to drive the externa l
vvnc connections on many
..copes TIlt' problem bt'
comes clear III Fig 10(bl.
block diagrams of two tvpe...
o f svnc inputs In one caw .
ext ernal sync is amplif ied
befo re going to the sync lim
iter. In the other, sync volt 
agp goes direct ly to the lim
m-r. A small externa l vvnr
voltage cannot drive tht·
seco nd circuit without fur
ther amplificatio n For two
tone test ing SSB signals, an
aud .o ampl ifier work s well .
hUI for CWoa de amplifier i "
better. If your scope ha .. a
stable sweep osc illator, thi ..
additional ci rcuitry adds li t
t le to the effectiveness of
monitoring, but it does ere
ate a need for feeding power
to the adaptor which is
o therwise a passive device.
For standard linearity pal 
te rns, of course, a pair of de
tectors is needed, but since
the regular horizon tal and
vert ica l inputs o f the scope
are used for the te st, no
power source is needed.

Using the moni tor is an
easy process. Connected as
shown early in the article,
the adapted scope will dis-

tc
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UsinR the Adaplor

Svnchroruzmg the mom
to red signal 10 the sco pe
sweop is desirab le but not
e....r-nt ia l to th e ob..crvanon
process. II is useful and pes-
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the capac itor choice i.. .1(le
q ua te for the rno..t common
rangt' o f ham signals The
scope wh ich the adaptor
ft,t'(h , lilt identallv. I .. an
Lico 4JO.

Fig. 10. A simp le envetooe detector for lineari ty checks and
sync. fa) Envelope detector. (b) 5cope sync systems.

In ter ior v.cw o f tbe adaptor sho wn in f ig. 8. The mefa l
...hield nm f the top covers the through l ine from trammit ter
fa iln /PllIJa, wh ile ttw swnciv hold.. the cap,lcitor--{!ivider,
fhe broadband IramforfT)ef balun i.~ mounted between the
ou tput iack~ at the IO\-\ cr right. The\ma ll perfboard holds
an em'elope' detector fo r »vncivonuing the scooe's sweep.
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FiR. 8. The hybrid min iature
scope adaptor.

wound on an FT 50-.61 core
and is designed for about
1200-Qhms im pedance at
3.5 MH z, or abou t 54 micro
henries per section, Twent y
e ig ht turns b ifil ar, con
nected as shown, meet the
requ irement ,

Construction is simp hc itv
it sr-lf As Fig !J ..haws. the
sw itch i.. m o unted on om'
Side of the U....haped (han
nel of t ilt' box, tho output
ral k.. on tho other. A thm
aluminum I over wit h a hok
f o r till' ca pa citor lead
co vers lilt' wire br -twt-r-n
({M X ronnectorv Thp re
main ing pMI of thl' box
mounts on Iht, rear o f tht'
..( ope, "0 tilt' umt i.. almo,t <I

pluu-m device. Leads t ro m
lht, adaptor 10 the 'COp t' ,HI'

kept ..hort . p.rr t fv by caref u l
thought betorvha nd on
pM '" a rrangem en t. COIl 

st ruct ion r an vary accor(llng
to what i.. convemeut III

te-nu.. of your ...cope. I he on
lv rules to follow an ' th e
u-ua l ones about short It'ads
to r rf

The response ot t h iv ,1(I<1p
l or is smooth a crov ... lht' h,lI11
band, f rom 00 to 10 meu-rc.
with no .. igili f icant differ
('IKe in tht , defh-cuou o f
e-qual power signa ls among
bands. Nor art' there any pe
cu liar peaks or other odd
quirks In short, the adapt or
doe- It s passive task tanu-lv
but effectively. Position 1
on the SWitch is used for tht'
normal j On.watt output
f rom the rig and yields over
.1Il inch 01 deflection. Po..i 
non 1 permit s vie-wing 01
much lower power sigrl<lb
I he output from my SB-2tXI
produces about an inch and
,1 half of def lec t ion in post 
l ion 4, thus confirm ing thai
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Parts list

Total cost: $10, If all parts new; under $5 with surplus and/or used
parts.

1 Single·pole, Spositlon rotary
switch

1 FT so.61 ferrite toroidal core
128 enamel wire (28 bi lilar
turns on core)

2 SO·238 coax soc kets
2 phono sockets
1 1.5k-Ohm, 'h-Watt resistor
1 4Q.-pF silver mica capaci tor

1 2O-pF silver mica capacitor
1 l().pF silver mica capaci tor
1 5-pF silver mica capacitor
1 2.5-pF (or two 5-pF in series)

silver mica capac itor

1 2 'I. w x 2 '1. w x 4 W aluminum
utility box

play CW w aveform s, plus
two-tone and Chr istmas
tree SSB patterns. No better
observation of C\V make
and-break patterns has bee n
invented. a nd the result s o f
adjustment s to com ponent
values become Immed tatelv

Radio Shack and other sources

Amidon and other sources

Radio Shack and other sources
Radio Shack and other sources
Radio Shack and other sources
Available from mail-order
sources such as Semiconduc
tor Surplus

Note: disc ceramic capacitors
with 35().volt or higher ratings
will substitute for the silver
micas
Radio Shack and other sources

appa rent. With respect to
observation o f SS B, ,hI' sim
p le adap tor techn ique might
be considered somewhat ar
chaic. A spec t rum analyzer
will in fact provide more
sensitive ind ications of in
correct linea r-ampli fier ad-

justment . However, a spec
trum analyzer is an expen
sive piece of equipment.

The two -to ne test pro
vides good indicat ions of
improper am plif ier ad just
ment if the operator take s
the t ime to become person
ally fam il iar with and sensi
t ive to the meaning of the
curves. Handbooks of a few
years back provide ample
drawi ngs o f various co nd i
t ions o f operation and their
meaning.

Some recent m ateria ls 011

the sub jec t have bent over
backward to discredit our
ability to read two-tone en
velope pat terns effect ively.
This is true on ly if we do nu t
thoroughly learn the pecu
liarities o f our equipment.
The idiosyncrasies of each
am plifier and each scope re
quire that we make exten
sive on-the-air and dummy
load tests to discover at
what point slight fl att en ing
of the pattern top. or ..l ight
cu rvat ure to tilt' pattern

sides. means distort ion o f
our voices or adjustments o f
the drive or load ing which
an' out o f spec. 'Ne may not
be ab le to match laboratory
result s, bu t we can keep our
ri gs we ll within FCC regula
tory requ irem ents and well
w ith in w hat cou rtesy to
o the r opera tors dictates.

Despite the fa ct that rf
ada pto rs for ol d au d io
scopes have been suppl ant
ed by more sensitive meth
ods of monitoring. tt will be
a long tune before we can
all afford up-to-date test
equrprnent . In the mtertrn. a
sm al l inves tment (maybe
$30 to $50 for (l used SCOpE'

and $5 f or the monitor) can
go a long way toward help
ing us put out c lea ne r sig
nals, The tiny rnorutor box
show n here (w hich might
even f it inside ..orne of the
l ar ge old scope cas es)
makes the process of moni 
toring O IH' step easier. I only
wo nder how small the next
monitor design w il l be,.
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* TECHNICAL FORUMS

~ ~* ARRL AND FCC FORUMS Z 0

* GIANT 3-DAY Fl...fA MARKET 0 ~J ='=l®....Starting Noon Friday
~ I I I

All Day saturday and Sunday 0* NEW PRODUCTS AND EXHIBITS V* GRAND BANQUET April 27. 28. 29.1984* ALTERNATIVEACTMTIES* ELECTRICAL SAFYIY FORUM HaraArena and Exhibition Center - Dayton. Ohio* SPECIALGROUP MEETINGS* YLFORUM Meet your amateur radio friends from all over the world at the internationally
* PERSONAL COMPiJfER FORUM famous Dayton HAMVENTION.
* CW PROFICIENCY AWARDS seating will be limited for Grand Banquet and Entertainment on saturday* AMATEUROFYEARAWARD evening so please make reservations early. Harry Dannals. W2HD. Past Presi-* SPECIALACHIEVEMENTAWARDS dent ARRL will be featured speaker.
/ " If you have registered within the last 3 years you will receive a brochure in

ADMISSION January. If not, write Box 44. Dayton. OH 45401,
$7.50 in advance. S10 at door. Nominations are requested for Radio Amateur of the Year and Special Achieve-

(valid forall 3 days)
ment Awards. Nomination forms are available from Awards Chairman, Box 44.

BANQUET Dayton. OH 45401.
S14 in advance, $16 at door.

FlEA MARKET SPACE
For special motel rates and reservations write to Hamvention Housing. Box

$15 in advance, 1288. Dayton. OH 45402. NO RESERVATIONS WILL BE ACCEPTED BY
(valid for all 3 days) TELEPHONE.

Checks for advance registration to All other inquiries write Box 44. Dayton. OH 45401 or phone(513) 43J.7720.

Dayton HAMVENTION ALL Flea Market spaces will be sold in advance ONLY. NO spaces sold at gate.
Box 2205. Dayton, OH 45401 Entrance for set-up available starting Wednesday. Special Flea Market tete-

phone(513) 223e0923.
-, / Bring your family and enjoy a great weekend in Dayton.-, Sponsored by the Dayton Amateur Radio Association, Inc.
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