
Harmonic-Free QRP~
Avoid an FCC pink slip b y measuring second-harmonic power

with the ZS6UPreactance load,

- ~ and ca lcu la te the swr
on40m.

I chose the latter ro ute
and put Xl-l() - ~40 = 100,
whe re t he s u bs c r ip t 40
means 40m and later on the
subscri pt 80 will mean 80m.
Put in Eq uat ion 4, we get
swr-l() = 5.83.

So, if we now know the
swr on 40m how can we ap
ply it to find Ef on 40? From
Equation 3 we can write
Equat ion 5: Ef.w = [Er.J:swr..,
+ 1Fl'(swr-l(! - 1F. We also
know tha t as swr80 = 1, there
is no reflected power o n
80m . So all the reflected
power is due to 40m (or high.
e r) harmonics. Tota l forwa rd
power Eft is equa l to EfllO +
Ef«l' For the measurement
and ca lculatio n of Ef.JEfll<),
we go about as follows:

Put the di rectional watt
meter in the li ne between
the transmitter and the spe
c ial dummy load . Read the
forward power, which is Eft
= Ef80 + Ef«l' Read the re
f lected powe r, which is
e q ua l t o Er~ o. From t he
abo ve equa t io n, ca lcu la te
Ef.....· Then Ef80 = Eft - EfD
and the ratio EfllO to Ef«l can
be calculated. An example
late r on wil l make it clearer.

certain that almost all of the
power going out is on 80m.

More Sophistica ted
Method

In t he fi rst-mentioned
method . no idea c a n be
formed of the ratio of 80m
to 40m power, but it can be
ca lculated if the swr on 40m
o n the 80 m anten na is
known exactly. (So mehow it
doesn't appeal to me to put
a ll these signa ls on the air
fo r tes t ing pur poses on ly,
even if I announce my ca ll
sign every time.) So I sta rted
think ing of a type of dummy
load which has an swr equal
ing one on BOm and a much
higher (but known) swr on
4Om. Such a dummy load is
shown in Fig. 2.

In Fig. 2, the 51.Qhm resis
tance. R, has more or less the
same value as the imped
ance of 52.Qhm coaxia l ca
bJ e (Zo).On 80m, X. = ~and

t hu s cance l out whe re x,
= inductive reactance of in
ductor L(O hm) and ~ = ca
pac ita nce re a c t a nc e o f
capaci tor C (Ohm).

O n 4Om, X, "* >\;-, which
causes a certain swr on 4Om.
See box for theoretical cal
culat ions.

In pract ice, we choose R
= Zo and for 80: Xl = Xc. If To ca lculate values of L
these va lues a re put in Equa- and C in Fig. 2, we can write
tion 4, the swr = 1, as it the following equations:
shou ld. If for 40m X, is not Xl«l - Xce = 100 (chosen
equa l to Xc, the swr is a value va lue); XUIO - Xc80 = O. Thus,
greater than o ne. We can fo r 40m:
now either choose a va lue 2:11" x 7 x 1Qb x l x 10 - b 

for the swr and calculate Xl 1 /(2 r x 7 x 1 0 x C x l 0 ~ 1 2) =
- Xc or choose a value for Xl 100, and for BOrn:
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through the years I devel
oped first a simple relative
method and then a some
w hat more soph isticated
method of determ ining sec
ond-ha rmonic power. Of
course. there are higher har
monics also. but in this dis
cussion I sha ll stick to the
second ha rmonic. In thi s a r
ticle, I concentrate on 40m
power from an 80m QRP
transmitter.

,

Simple Relative Method
J know that on my 80m

antenna there is a frequency
spot where the swr is exactly
1:1 . So, when I finish build
ing a Q RP transmitter, I tu ne
it to this frequency and hook
it throug h a d irecti onal wa tt
meter (a simple swr meter
will also do) to the 80m an
tenna (see Fig. 1). As the swr
is 1:1 on BOrn, there will be
no re fl ected power on BOm.
All t he reflected power is
thus on 40m o r higher fre
quencres.

All that I then do is to tune
the output stage and fi lter of
the QRP transmitter so th at
th is re flected power is at a
minimum. Then I check the
forward power again to see
if it has n 't dropped too
much. After this I am pretty

~~
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Fig. 3. Construction of spe
cial dummy load.
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Fig . 1. QRP tran smitter
hooked through d irectional
wattmeter or swr meter to
80m antenna.

M ike van de, Wesrhuizen ZS6UP
POBox J3947
Sinov ;lJe
Pretoria 0129
South Africa

Fig. 2. Special dumm y load.

Like many others who like
to keep thei r hands busy

and who like the sme ll of
so lder, I also pass my ti me
by building simple receiv
ers' and QRP transmitters. I
am always worried that the
output f ilter of t he QRP
t ransm itter is not working
wel l and that I put out too
m uch second-ha rmo nic
power. It is no use listening
to the second harmonic on
the station receiver-it al
ways sounds strong and no
real idea can be formed of
the st rength in relat ion to
the primary emission.

Of course, like most other
hams, I don't own a spec
t rum ana lyzer to determ ine
the harm o nic o utpu t , b ut



THEORY

Here are some equat ions for the calculation of swr-see

reference 2.
(1) Swr ., (1+ p)/(l _ pl, where p = reflection coeff icient; and

(2) P .. ./ErI.JEf, where Ef = forward power (Watt) and Er .,

ref lected power (Walt).

(3) Thus swr = (.JEf + -JE";)I(.JE"f - .JE";).
In terms 0 1 impedan ces, the complete equation for swr is

(4) Swr ., (.J(A + 'Z)2 + (X.. XJ2 + .J(A z"i + (X.. X(2)

divided by (.J(A + Z<i + 0<.. XJ2 - .J(A Z<i + (x.. X(2).
(5) Ef• ., IEr..,(swr.. + 1 ~ 1/(swr.. - 1~.

2..- x 3.5 x 10" x l X 10 -1>
- 11(2..- x 3.5 x 10 x C X

10 - 11) "'" O.
Here we have two equa

ti ons with two u nkn ow ns,
and from simple arithmetic
we get l "'" 3.03 microhenrys
(JtH), and C "'" 682 picofar
ads (pFJ

(By th e way, we d o n ' t
need the actua l X values, but
here they are as a point of in
terest: Xu o "'" XeIlO "'" 66.6
Ohms, Xu o "'" 133.3 Ohms,
and Xe.oo "'" 33.3 Ohms.)

Construction

Construction is very, very
simple. Using the well known
formula for coi ls (in all hand
books). t wound a coil, l ,with
value 3.03 /lH. For the capac
itor, C, I put 470 /IF in para llel
with a variable. connected it
to my capacitance meter,
and turned the variable until
total capacitance was682 pF.
If you don't have a capaci
tance meter, just put a few
capacitors in parallel to get
682 pF. For resistor R use 51
O hms. (47 or 56 Ohms will

al so do; 5 Watts; carbon.) Put
the itemstogether as in Fig. 3_

To test the contraption, I
tuned my stat ion transceiver
to as Iowan output as possi
b le.1swttcbed to Jf M Hz and
connected it to the special
dummy load through the d i
rect io nal wattmeter{swr me
ter. The sw r w as exact ly 1.0.
Then I tuned to 7 M Hz, and
10 and behold, the sw r read
6.0, very near to the theoret
ical value of 5.83. I began to
get the feeling that this thing
was going to work !

Application

After the test, I removed
the station transceiver and
hooked on my latest BOrn
Q RP transmitter. The direc
t io nal wattmeter read: for
ward power. 22 Watts. Thus,
Eft"'" Efao + Ef~o "'" 22
Watts. I switched to reflect
ed power, and the m eter
read 1 Wa tt.

Thus, Eroo "'" 1 Watt; from
Equat ion 5: Ef.oo "'" [1 x (5.83
+ 1)'1 / (5 .83 - 1)' = 2 .0
Watts .

Thus, Eflll' "'" Eft - Efolll "'"
22 - 2 "'" 20 Watts; Ef,../Efoo
= 20/2 = 10 = 10 dB.

Thus. the 40m signal i s
only 10 dB low er than the
BOm signa l. Th is is not good
enough, and I now know I'll
have to work aga in on the
output stage and low-pass
filter of my QRP transmitter.

Conclusion

I have described a meth
od and simple device w ith
w hich one can ascertai n the
second harmonic power of a
ho me-buil t t ransmitter. I am

sure that wi th a little think
ing it can be extended to mea
sure the higher harmonics,
also. Is there an ingenious
reader who w ill attempt this,
without near ing t he com
pl exit ies o f a real spect rum
analyzer?
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ALL MODE MOBILE TELEPHONE INTERFACE
Automatic Vox Phone Patch System
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OPTIONAL:

DTMF TELEPHONE
TYPE SPEAKERJ
MICROPHONE

HOTLINE·OO7 is a fully automatic simplex telephone interconnect. Operates through any base transceiver with FM-AM
Squelched SideBand mode. No modifications to the transceiver, just connect to the external speaker, microphone and phone line.
VOX operation both transmit and receive. Selectable tone or rotary dialing. Repeater pickup operational also.

• Programmable access code
• Adjustable VOX both transceiver

and phone line.
• Will not transmit when frequency

is busy. 7 second clear time

• Programmable CW ill
• Adjustable microphone

and line gain
• Microphone jack for

base operation

• 3 or 12 minute timer
• Dial restrict switch
• Ringback (reverse patch)
• Accepts speed dialing
• Operates on IISJ220VAC, 12 VDC

NO EXTRAS TO PURCHASE FOR OPE RATION, TRANSCEIVER AND PHONE UNE CONNECT TIME 30 MINlITES.
N.c.o. co.

EXCWSIVE IMPORT DISTRIBUTOR

1275 N. Grove Street
An aheim, California 92806

NOTE: Prices and specificationt Sub;eCI to clwIgt
without notice or obligation
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