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The Common Ground
BY HO BERT P. BRICKEY.* W 7QAG

Plagued by hum in your audio equipment? Clobbered by oscillation in your
r.f. equipment? Do you get belted every time you touch two different chassis?
Then you may have common ground problems. Covered below are the effects
of improper grounding and the corrective measures necessary in power line

a.f. and r.f. circuits.

T
oo of ten. th e importance of using proper
ground ing techn iques is not fu lly a ppreci
aledo Technological advances a re con

stant ly making possible higher gai n lower no ise
receiving eq ui pme nt, while at the same time
the density of other types of electronic equip
ment is rapidl y increasing. With the rapid in 
c rease in the use of two-way rad io equipment.
ama teur, citizen band, indust ria l. business band ,
pol ice. erc., as well as the consta ntly increasing
number of TV sets, porta ble radios. and the like,
it is becoming of paramount importance to use
proper groundi ng techniques in a congested a rea
in order to a void unnecessa ry interference be
tween these se rv ices.

Of course grounding a lone will not solve all
interference problems. With the great congestion
of electronic eq uipme nt many other factors must
he cons idered in orde r to keep inte rference to a
min imum. Such thi ngs as proper circuit design .
sh ie ld ing. proper operating techniques, etc.• must
rece ive special attentio n. It is true however tha t
many interference problems ca n be traced. at
least in part . to im pro pe r gro und ing.

I nte rfe rence is not the only as pec t of proper
ground ing . Next time you bui ld an amplifier
tha t behaves more like a signa l gene rator it
might be well to take a closer look at the ground
ing techniqu es you used. Ma ny problems as
socia ted with instability can be traced to im
pro per grou nd ing techniques.

Because of these factors many common
grou nding prac tices are not adequate un der
prese nt day conditions. As we will see late r, a
grounding sys tem wh ich is ent ire ly adequa te
unde r so me conditions may be useless in o the rs.
Wh ile some of the effects caused by improper
grounding a ppea r baffli ng. when they a re a na l
yzed in te rms of basic e lectrica l theory most of
these effects a re eas ily understood. W ith a little
forethought it is possible to avo id most of the
pitfalls connected with grounding.

Why Ground?

If ci rcu its co uld be made completely inde
pendent of each other in such a way that they
had no ci rcui t elements in common there would
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be no need fo r common ground . A transistorized
por table recei ver for instance. if it conta ins its
own power source. ante nna. speaker. etC. does
not need to normally be connec ted in com mon
with othe r surrounding equi pment. It is necessa ry
however. to provide common connec tions with in
the rad io receiver itself . T his common connec
tion is usua lly refe rred to as ground a lthough
it is not a lways common to a n ac tua l earth
ground. The term ground is commonly used to
ex press a common return connec tion fro m a
number of loads. When using a rece ivin g an
tenna one side of which is the earth itsel f. it is
necessary to include the earth in the common
connec tion. Also the a.c, power source is fre
quently connec ted to ground on one side of the
c irc uit. This so me times makes it necessary to
includ e the earth in a common connec tion.

In the same piece of equi pment. some times.
the re may be more than one common sys tem .
For insta nce there may be a common c ircu it
fo r the retu rn curre nts in the a udio sect ion .
ano the r common sys te m for the ret urn current s
in the r.f. sect ion and still ano the r common
syste m for the powe r supply. In o ther designs
a ll o f these returns may be made commo n to
each othe r.

The common connec tion may take the form
(If a ny type of electrical conduc to r. The most
fre quently used common return in elec tronic
eq ui pment is the metal chassis that the equipmen t
is constructed upon. Since the chass is usuall y has
a considerab le surface a rea, it provides a reason-

,.

Fig. I -Circuit d iagram of on a ud io amplifi er she,willg
coupling between the fi lament cir cuit a nd the a ud io
input sig na l. This type of cou pling could be e limina ted
by g ro undi ng all of the ground returns to the sa me

point o n th e chassis.
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Fig . 2-Since there is no common g ro und lead betwee n
equ ipment A ond equipment 8, there will be a lo rge
e .c, curre nt flowing in the shie ld oroun d the sig na l
line. Th is e .c. current will induce hum in with the signal.

ably low impedance connection between the
various loads which are connected to it. The
impedance between two points on the chass is is
not zero. however. and it is this fact which
crea tes many of our grounding problems.

An example of the trouble tha t this chassis
impedance can ca use is shown in fig. I. In this
exam ple the chassis is being used as a common
return for both the filament circui t and input
circuit of the amplifier. T he arrows show the
path of the filament current during one-half cycle
of the supply frequency. Since the filament re
turn current flows through a section of the
chassis. and this chassis contains resistance. the
result will be a very small a.c. voltage drop be
tween points A and B on the chassis. Notice
tha t part of this voltage is in series with the input
circuit to the vacuum tube amplifier. This a .c.
voltage will add to the incoming signal and the
amplifier output will contai n some of the fila
ment supply frequency in addition to the desired
output signal.

It migh t be thought that the voltage drop
across the chassis would be small enough to be
negligible. In some cases this is true. especially
when the am plifie r gain is low. the chassis re
sista nce is low. the fil ament current is not too
great and a very low hum level is not necessary.
In man y cases. however. the results would "or
he sa tisfactory. The ripple from this source could
be eliminated in this circui t by either runni ng a
separa te fil ament return lead to the tube instead
of using the chass is or by returning the secondary
of T1 directly to RI in order that the fi lament
circuit and the input circuit of the ampli fie r do
not contain the common chass is impedance.

When buildin g any type of high ga in ampli fier ,
considerable ca re must be exercised when co n
necrin g various points in the circuit to the co m
mon chassis in order that output current returns
will not prod uce voltage drops that will be fed
back into the input of the amplifier. If the
feedback through the chassis is properly phased
the am plifier may osci llate. This type of feed
back is often very difficult to isolate and correct
once the equipment has been co nstructed. It is
usually good practice to connect all of the bypass
ca paci tors and other returns for a particular
stage or closely associated group of stages to a
common point on the chassis. Grounding in
this way eliminates the return cu rrents flowing
through the chassis and therefore prevents pro
ducing a voltage drop across it.
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When duplicating equipment described in
magazine articles it is wise to follow the ground.
ing scheme used in the original equipment as
closely as possible. T his is especially import~~t

at high frequencies . Don't be too quick to CTl.u

cize the author of the article when your equip
ment doesn't function properly if you have made
any changes whatsoe ver in the groundi ng syste m
or in parts placement. To those who lack ex
perience it is difficult to impress the importance
of grounding to the chassis in the right way.
While it often seems to the beginner that any
thing connected to the chassis is rea lly connected
10 a common potent ia l it ca n be seen in fig. I
that th is is not the case.

Safety

Another importan t reason for using a common
ground is safety. Although sometimes it may
not be necessary to ground certain pieces of
eq uipment toge ther for their proper operation,
it is advisable to connect their chass is in com
mon to eliminate any difference in potential that
may exist between them. As there will normall y
be ot her objec ts in the immediate vicinity that
are at earth ground potent ial . this common
chassis connection should also be connected to
an earth ground. The lead used for th is ground
connection should be at least as large as the
incoming power mains from the breaker panel.
This is important because in the event of a short
circui t in the equipment between the incoming
power line and the chassis. the ground lead
should be able to carry sufficient current to trip
the breaker. If an insufficient wire size is used
and such a short should develop. the resulting
current through the small wire could produce
enough heat to start a fire without tripping the
breaker. There is also a possibility tha t the wire
may burn out altogether leaving the equipment
with line potential to ground. Since this gr<;)lJnd
lead may be requ ired to carry an appreciable
current it is advisable to run the ground lead
back to the same ground point used for the
incoming power. Doing this will eliminate the
resistance through the earth back to this poin t.

Connecting various pieces of equipment to
a common ground also has many opera tional
advantages. It is common practice to connect
a bypass capaci tor from the power line to the
chassis in each piece of equ ipment in orde r to
bypass radio-frequency signals that may enter

II'" -60"\"

Fig . 3-1f the common ground lea d has low re sisto nce
compared to the resistance of the shieldin g on the
sign ol line, most of the a .c. g round curre nt f rom

equipment A will flow th ro ugh the g ro und lead .
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Fig _ 4-lf a balonced 'ignal line is used the shield
need not be con nected on the sending end. e limi na ting

the c,c, cu rrent throu gh the shie ld .

or leave via the power line. Usua lly a small
val ued ca pacito r is used whic h has low reactance
10 the radio- f requency and a fa irly high re
actance at the power frequency. Wh ile the re
.I.etance of this bypass capaci tor at the power
line frequency is fairly high there is still enough
~urrent flow to cause problems when a signal
IS fed from one piece of equipment to another
unless proper grounding techniques are used.

Figure 2 shows an example of the sort of
thing that can happen. An unbalanced shielded
sign.at line is connected from equipment A to
equipment B. Of course the line is shielded to
prevent pick-up of stray magnetic or electro.
stat.ic fields in its vicinity. However if equipment
A IS not properly grounded. current can flow
from the ungrounded side of the power line
through the by pass ca pacitor to the chassis of
equipment A. down the shield of the sig nal line
to equipme nt II and then to ground. The supply
fr~qucncy current fl owing through the shie ld
wil l produce an a lte rna ting magnet ic fie ld around
the sh ield which will cu t the in ne r-conductor
and prod uce a lterna ting currents in it a lso. In
some cases the hum pick-up from th is source
~a~ be very serious. It is often thought tha t it
rsn t necessary to ground equipment A in a case
like th.is since it is grounded anyway through
the shielded lead. It can he seen in fig. 2 that
the ground currents flowing through the shield
do more harm than good.

. Figur.e 3 shows the same equipment setup
With umts A properly grounded . If the resistance
of the common ground lead is made very low
compared to the resistance of the shield on the
signal line the bulk of the a.c. current will flow
through the common ground. This great ly re
duces the hum induced in the signal line. To be
effective in th is way it can be seen that the
common ground lead must have very low re
sista nce .

A still bett er approach to the problem is
show n in fi g. 4. If a balanced signa l line is used
ra ther than an unba la nced one as in the pre
ceding exa mples it will not be necessa ry to con
ne~t t.he line shield to both pieces of equipment.
This IS because the returning sig na l current will
flow through the second conductor of the balance
line rather than through the ..hield . It can he
..cen that now the total ground current will flow
through the common ground lead and there will
be no line current flowing in the shield. The
shield on the signal line will be most effective

if il is grounded a t the load end of the line.
If it was grounded a t the source. the a.c. voltage
drop across the ground lead resistance would be
present between the shield and the input at the
load.

R.F. Ground,

Due to the increased impedance of ground
conductors the grounding technique used be
comes even more im portant at radio-freq uencies.
T he impedance of the ground conductor becomes
higher fo r severa l reasons. As the freq uency of
the curren t fl owing in a cond uc tor inc reases. the
magne tic fie ld thi s curren t produces causes the
bulk of the current fl ow to be near the surface
of the conduc tor. Th is is shown in fig . 5 and is
kno wn as skin effect. The reduc tio n of current
in the ce nter of the cond uctor at high frequen
cies reduces the effective cross sectional area
of the conductor. T he result is an increase in
the effective resistance at h igh frequencies.

Not only is the resistance of the conductor
greater at high frequencies. but unless its length
is exactly right it will also have considerable
reactance. Any conductor has inductance and
the inductive reactance it causes inc reases
directly with frequency. However. not only does
a conductor have inductance but it also has
distributed capacitance. If the capaci tive re
actance is of the same magni tude as the induc
tive reactance. the conductor will be reso nant
and if it we re not fo r radiation fro m the line its
im pedance would be eq ua l to its effective re
sistance.

Wh en a long ground run must be made. its
im pedance is ofte n reduced by making it a
resonant length . However the radiation from
a resonated ground lead of this type will in some
cases be fairl y high. raising its impedance. This
radiation may also produce harmful interference.

In general then. in order to red uce the im
pedance of the ground lead. while a t the same
time keeping the radiation from the line to a
minimum. it is desirable to use the shortest
possible ground leads at radio-frequencies . A lso
in order to reduce the inductance and effective
resistance of the line as much as possible. a
conductor with considerable surface area should
be used. A copper strap for instance will have a
much lower impedance at radio-frequencies than
a rou nd conductor with the same cross sec tional
area.

The type of ma teria l used a t very high fre
quencies is a lso important since a lmost a ll of

Fig . 5 - (rou sect iona l d rawin g showing the 't a ri a tion
of current den sity In a co nd ucto r carrying rad io Ire.
quency current. Since the in terior of the conductor is
surrounded by more flux lines than the e :derior it
will hove more reactance . As a result the re is m~re
current fla w near the surface. increasing the e ffective

resistance .
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the current flow is concentrated very nca r the
sur fa ce of the conduc to r. It is des irab le that
thi s surface have conductivi ty a nd it is often
helpful to use plat ed mate rials. It is importa nt
tha t a good plating job be do ne however as a
poor one may have higher resistance than the
origi na l ma terial. In some cases protective coa t
ings may be applied to the conductors in order
to prevent deterioration of the surface. Because
of these effects. construction of v.h.f. and u.h.f.
equipment on chassis of different material can
have a great effect on a performance.

Earth Gro und s

Several times in th is article we have referred
10 an earth ground. It is often very difficult to
obtain a good ground connect ion to the earth.
\\'h ile the old standby water pipe ground connec
tion may be adequate in some cases. the imped
ance of th is type of ground at radio-frequencies is
likel y to be fairly high. In considering a ground
connection it should be recognized that the type
of ground syste m necessa ry may de pend on the
freq uency involved.

At low freq uenc ies. due to the multiple paths
fo r the current through the subsurface of the
earth. the resistance of the earth itse lf is negli-

CQ Reviews:

gib le even though the res ista nce through any
o ne path may be fairl y high . In fact. d ue to
the earth's grea t size. its resistance is so low
that if a se ries loop is formed of a trans-atlantic
tele phone cable and earth. all of the resistance in
the series loop can be accounted for in the wire .!

It ca n be .seen. therefore. that the primary
problem is to obtain a low res istance connect ion
to the earth since the earth itself has a very
low resistance. At low freque ncies a sa tisfactory
grou nd can usually be obtained by burying
conductors with large surface area deep in moist
soil. The grou nd res istance can be red uced con
siderably by depositing sa lt in the area around
the conductors since th is is where the current
density is greatest. Of course the sa lt will shorten
the life of the ground system as it will a ttack
the metal conductors chemically.

In dry rocky areas it is d ifficult to obta in a
low impedance ground connection . A t radio-fre
quencies. in areas like this. a cou nte rpoise will
often provide a better ground. This may be
formed by placing a ne twork of conducto rs

[Continued on page 94 ]

ICa rd, R. H ., Earth Resist ivity and Geological Structure,
trans. A lEE. j 4 , 11.5 3, 11J3.5 .

The Dow-Key DK78 Coaxial Switches
BY W IL F RE D M. SCH ERER.' W 2AE F

T
il E latest additio n to the line of products
put ou t by the Dow-Key Company is the ir
D K78 ser ies of man uall y-ope rated coaxial

swi tches. These are especia lly designed fo r the
pu rpose. both electrica lly and mechan ically. and
as such a re not just adaptations employing wa fer
type switches. T hey are re latively small in size.
yet are ruggedl y constructed for reliable opera
tion with high current-carrying capacity for
handling r.f. power of I kw at frequencies up
to 500 mc and the)' have high cross-talk isolation
and low v.s.w.r. All the r.f. connectors a re
mounted in the same plane facing directly o ut
from the rear to facilitate cable connect ions in
a minimum amount of space and wit hout the
need of right-angle connectors for doing so. The
switches are available in four configurat ions as
shown at fig . I. These are : s. p.d .t., s.p.jt..
s.p.6t. and transfer-type.

Constructio n

Since the Dow-Key D K78 coaxi al switches
utilize a specially designed switching mechanism.
we thought you'd like to see a picture of the
" inna rds" of one of them. Shown in the ac
companying pb otogrnph arc those of the
DK7S-T transfer switch.

T he main body or shell of the switch is shown

<recn nrca r Director. CQ.
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at the left. T he la rge circ ular me ta l disc is ro
ta red by a shaft from the ot he r side of the shell.
T wo d ua l-contac t arms are mounted on insula
tors o n this d isc. each in a separa te oblong
twx -like shield enclosure . At the right of the
photogra ph is the back. plate o f the swi tch
showing the rear of the four r.f. connecto rs with

One of the Dew-Key DK7 8 coo xiol switches. This is
the tronsfe r mod el.
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ma ny of the fellows from giving up ham ra dio.
you know some people just don't have tooooo
much money. Let's sec what kind of mail we
get about the idea.

My gosh, fellows I didn't even get a pic ture
of tha t reprehensible character CQ DOG X RAY
this month and as I have said before YO U arc
news to others, why don't you want your pic ture
in CQ? Any way have a happy new year. That is
just about all for this month so the best to you
and yours as I am writing this on ew Years
Day. ~I y best wishes for better DX conditions
and less fighting on the air over the many things
that we know so little about . 73. ' Vall , \V8ZC V

Ham Cinic Uro", page 67)

tube. Next . check 'he 6BE6 b.f.a. tube and
lastly check for loose connections. A loose
alignment capaci tor may also be part of the
trouble.

Th irty

Next month we will cover the addition of one
or two bands to transceivers . This is a subject on
which we have received many letters.

Although we cannot personally ack nowledge
them all, we want to thank the hundreds of
hams who sent us personal seasons gree tings.

For this month then, 73 to all the fine faithful
readers of H AM C UNIC. 73, Chuck, W6QLV

Club Forum Urom page 18J

GO SINGLE SIDEBAND!
Inexpensive all Iransislor fill er type SSBexciler
for building your own rig. Includes audio stages,
filter, balanced modulator, mixer, etc. Provides
I watt PEP tor driving linear amplifiers. Use
your VfO (or crystall or our matching transistor
VFO lor desired band. Operates from 12 V.D.C.
requ ires no inverter for mobile use. Write for
detailed specifications and prices.

AQ UA DYNE , INC .
414 Main St., E. Falmouth, Mass. 02536
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Wn . RHllnrt. M. tt, Mitten . GUlrantud ' ,r
WIN" d W id, RectDtI ,,, 600 Watb Alii 1200558
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eilld. : , . u . eat "'D'H'.
('00111lrll I I ,110"0 lolal )t'nnh 10~ h . _Uh 96 fl. of 1t ohmbl "
IlK"N 1'II lnll ne. li t -Impact rooMed reton l n t trap•• on . 3 oz. I " J.
:." lonK I . V,U JUII tunt t. dUI" d bInd tor bu mUke re. u IU . EI 
t'ellt'nt for A LL _orld ·wl,jt' , nofl -wu e r l'l'eh efi Ind Imlleur
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I<:X TItA Tl::'\ I<: Rl' 011 OA n O t.,. l' :,\t.: I<: D E D! Elimlnalt'. 3 .ePI
r i te en tenn.. "'.-lth euell,nl ee rrereunee « ul rlnleM. Inu n. p le_
uou. for Fun y N . I , hbor~d.1 :'\ U HAYWIRE HOl ' l'E AP
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, ;:. · 411 . :!O· 1d- I O rueter h. nd •. Complt'll " ~_ ' 15.95
to- :!O·I5 -10 meter , 34 · fl . (he. t tor 1"1 . Co mplete ' 14 .95
S E N D ONLY $3.00 (ruh. tk .. mo l Ind PI" pollman balaore COD
plu. pO' lI, e on .rrl ,,1 or leod full price for pGltpl ld lieUren- .
J<'ree IntormlUon on otlwr a U band anlennu. 180-8 meters, ere.
A"lla lJh~ on ly from
W ES T ERN RADiO • Dept. AC-3 • KNir ney. Nebra l ka

o r urt e r- In c rmattu n, c ec n u m r 42. o n page 110

EASY TO LEARN CODE
service department" of your local rad io sta tio n
on your list. Many rad io program s feat ure such
announce ments and are very will ing to cooper
a te. As with all form s of publicity be su re it's
submitted far in advance and properly type
written.

It might be brought to your attention that
amateur radio is not wit hou t a group dedica ted
to the cause of promoting the "good word" of
our fraternity. The Amateur Radio Editors As
sociation (A REA) co nsists of over o ne hund red
such hams in every fie ld of amateur publicity.

Further information on publicity is available
from the A RRL in the form of a packet of
typical news releases and other related items.
Finally study news items of ot her organizations.
Before long sending out news releases will be
second nature.

\Ve hope tfiis will assist the club publ icity
chairman and if we missed some good ideas
wh y not send them in and we'll print them at a
later date. 73, AI, WA2T AQ

Common Ground Urom page 52]

above the ground. These conductors are insulated
from the ground and the connection is made
through their capacitance to the earth. \Vhen
current flows into the counterpoise making it
negative. thi s negative charge repe ls electrons
in the ground immediately below, resulting in a
current flow away from the counterpoi...e in
the earth. On the other half cycle when the
counterpoise is made posit ive, electrons are at -

...

HUNDREDS Of TOP QUALITY
ITEMS - 8«..I't'n. T ranJmltlu J.

MlrrOD hont'• • T fl otformt"n . Pown S upplln.
Im·O'rt t'n . )lelt n . P honn . An tenna . . T t .t
t;Qulpmt'tl t . Ind lralon . . ' lIt trJ . Amo li tlu J .
lI...d lt't • . Cc:!ol"t'rtrrt. ('oolrol Bon • • 1I01ofi.
DJ'na motOfl. BIO'ae u . ('ablt . K e}·t'fI. Cbokel.
lIa nd l t' IJ , ~..Itrhn. ere . • t'Lt. S end for F RE E
CATA l OG-OIPI. C .O.

47 11 SHERIDAN RO.. CHICAGO 40, ILL.
4700 Crenshaw Blvd., Los Angeles 43, Calif .
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ENDORSED BY THOUSANDSI
The In. l r uelo, r a ph Cod. Tlleh. r IIlrrl ll,.
tllkh Ih.. I,la re 01 Iii ol't'ulor ·ln.trurlor 10<1
t'o.hle. 11I}'one to Itl rn ,11,1 /IlIUer l"O<le with·
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For- furt her Information, check number 44., on page 11 0
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PACC
Sta rt s : I :!OO GMT Sat urday. April 24
Ends : IHOU G:\lT Sunday. April 25

T hi s is th e 9th annua l PACe contest and
rules are sa me as in previous yea rs . C .w. and
Phone are sepa ra te contests even though they
a re held at the same lime. Complete details
next month .

Co nt est Cale nd a r [from page 80]

Should the re..t period he reduced 10 6 hours?
We are reluct ant It) eliminate it all toge ther. it
wa .. we ll received when it wa .. fi rst inst ituted .

we would apprecia te your com me nts ami
suggestions.

tract ed to the ground underneath. The resu lt
is an a lterna ting current fl ow through the earth
without making a ph ysical con tact to it.

Summary

In a short artic le such as th is it is imposs ible
to do just ice 10 the subject o f grou nding. There
a re so ma ny va ried aspects to grou ndin g that
an entire book cou ld easily be written on the
subject. We have touched upon o nly a fe w of
the many possible examples of proper grounding
tec hniques.

It was our hope tha t this art icle migh t serve
to acquaint tbc uninitia ted wit h some of the
problems associated wit h grounding and a lso to
..Ire". the im po rt ance of the common grou nd .

If we ground proper ly our equi pment will not
only perform better but our stations will he
much safer. •

Editors Note

Not much to report thi s month . It's th a t time
of th e yea r wh en we are tip 10 our necks in
co ntest logs. Co uld use a few good photos of
sta tions in contest activit y.

T he listing of K6EVR in th e claimed Phone
score was in e rror. II should have been K6 ERV
with 52.032 points o n 14 rn c. K6EV R was multi
o pe rator thi s yea r a nd the boys had better than
.HlO.OOt) points. Sorry Ron.

If you need a Liberian QSI.. listen for EI.2
sta tions o n s.n., March l Sth between 1200
2400 GM T . whe n the newly formed EL-Two Club
wi ll hold a field day. Act ivity wi ll be on 70 10.
14020. 14260. 2 1U30. and 2 1300 kc. Send QSLs
to : C harles Segrest. EL2A I. c /o American Em
bassy VOA. ~Ionrovia. Liberia .

At this writing a ll the Top Hand bulls a rc
looking fo rwa rd to the Ibn Contest. It promises
10 he a "humdinger." We had exce llent OX con
dition.. on the week-end of January 9 /lOth .
Good luck. 73 for now. P rank. WIWY

P.O. S u 97. M..... n• • Calif. 9206.5

TELREX RDTATOR·INDICATDR SYSTEM MODEL TS2SD·RIS
Ma s t Fe ed s Th ru Ro ta to r $25000
For Safe, Easie r, Insta llation s","'",. ft.·,I, "10l .. 0•
• 1300 IN lBS ROTATIONTORQUE l Ol A.10l -lt4,t)\U' ALS O
• SaF LOCKING BY STURD YWORM GEARS \'(\lUl- TS325-R IS $325
• SElSYlI AZ IMUTH INDICATION " od,l0e4 TS435 RIS $435
• ACCOMMClOATES 2" D.O. MASTING !'&O~ ~oWot'~ TS535: RIS $535
• MALLEABLE CAST MAST.NG ClAMP SUPPLIW ~- !..ol \1 \ TS585·RIS $585
• OUTPUTSPUD APPIIDX. I RPM \ ""0111I , """I
• WIll fIT INTO ORONTO A6" SlOW TOWEll L Qul. - TElREX LABS.
W,i" I., fllU 'L65 O. ur;bin; 11I1010fl Ilnl! Anl.nn., ASBURY PARK, N.J. t _

For fu r ther information. cheek number 3 7 . on p _" e 110

Teletype frequency
Shift Converters

M d I CV S7 1"$ 'U,"I 5 n .oo
o e • .i th t il,," S13S.00

fOB 1.I .C.• N .Y.
SPERA ELECTRONICS

31·101311I1 S,. , l en, h l" n" City. N. Y.

~::=,('~ ·... t·.. :l- ln- I "",1< 1...1 1,1"1 1" ·" ,,1 ·,,,..1,1
.... n'l lnK 1,..." 101 : rnal r..",I..r ...>l rn....-

linn. h""l ~ 'I"'f h·"t. In d""'''''h.
,nl ..m" ...." I.. r , uN"'rl. 11).. -1111 .. I
...."m lor nl , . I.nd.rel I' L~.·. ! ' . It..ln -
t"...· I. ...... I h.... pml ..... ...l . utl r. ·
.ni<-I ,I . .\1 )·""r ha .., 01"". nr $2.9.5
1',. ,1. , ',"upan lno Im"I.lor•. 2 t . .. 9'1e
;>1" 1. I lId ,,,I........." .I..re lnur..-tionl .

Mod. 1 B id.n,icol 10 model A excepl
(on lo in, no lone source or specker.

54950

53950
AUTOMATIC TElEGRAPH KEYER CORPORATION

275 Mod iwn Avenue. New York 10016

Literature
Available

•••• • 0 __0 ••,

•

COMING SOON!
NEW AM ECO 6 a nd 2 METER VFO

He terod yn e YFO with solid s tete oscruatcrs
Highest s tab.l lty-negligible warm·up ti me
Model VFO·62-S59.95-wtlte fo r details

AMECO EQUIPM ENT CORP.
178 Y2 Herr icks Road, Mineola. N. Y. 11501

URGENT, NEED IMMEDIATELY
V"r)' hig h prl('('M p lliel. F reht'h t pn·pa id. A N / GRC; PRe ;
API( ; AJ'N ; An C: ALT ; UHM : U PM: T S. W(' RI~o buy
1111 m ilitl.ry Hn,1 C" lll llle r('i ll] t es t , r Hrl ftr. and eom mu n t
{'Ilt i"n Nlui lllTw n t.
CA U, cot.t.rcr. IT COS TS )'O U NO T H ING TO
I/ f; A U OUH I/U;J1 OF f ' f ;U .

.'oiI'AC t: t:U;CIRO~ ICS

41 711 I',ul. Ate'., Rrmn . =" . v, • (l lli C \ ' 9.flJOO
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BUDWIG MfG. CO.

HYE·QUE ANTENNA·FEEDLINE CONNECTOR

ILEARN CODE•
I THE
I MODERN

I ATKO

I WAY

•',", . , . , - - ._- ,',
i 'or rurth~r info rmal ion, eheek number- 45. on p.ltt" l io
---- - - - - ---~- --- -- - _. - _. -- -- -




